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storage | MicroPython: network, WLAN, I2C,
SPI, UART, PWM, WDT | #i 3% fE J7: pixel/math,
filters, geometry, template matching, QR code,
AprilTag
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filters, geometry, template matching, QR code,
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lcd_touch, espdl, tflite, imageio,
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croPython: network, WLAN, I2C, SPI, UART,
PWM, WDT | i 4% fE J5: pixel/math, filters,
geometry, template matching, QR code, AprilTag

ESP32-P4X- ESP32-P4 ¥ k¢ | #i H: sensor, image, display,

Function-EV-Board lcd_touch, espdl, tflite, imageio,
h264, rtsp, uve, storage, barcode | Mi-
croPython: network, WLAN, I2C, SPI, UART,
PWM, WDT | i 4% € Jy: pixel/math, filters,
geometry, template matching, QR code, AprilTag
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Chapter 3

P AT']

3.1 WiESE

o ESP32-P4/S3 JF % ¥t fifi Jl ESP-IDF v5.5.6 , ESP32-S31 - & #2 {17 Fi] release/v6.1; i source X checkout
] export.sh, ffi idf.py {i T PATH 1,
o —HIIHERS i 5 IR O 24 v HLS FTis Foe R  RR

el CLA KA I IE_ R IT & W5 IDF 46 . v5.5.6 [EEFIANT LA ; S31 fRpE release/
v6. 1 4edpsrs7 . HE IDF WA o] G895 & ESP-IDF s G 4 AP AR, SEG RN, 217170738
Ak, MR BT T MicroPython APL; W] RERR ELIE BRI . overlay SR, I Epdbf Al Rk, »]
& MicroPython Zj g2 5 I, H README,

i AE Windows -4 910, 5552234 Visual Studio Build Tools, F421T 1df.py. fF Visual Studio Build

Tools Z-XEge | {54Ji% “Desktop development with C++” (fifi J] C++ WEIEH %) TAEME, HimiAE s
P& “MSVC v143 - VS 2022 C++ x64/x86 build tools” ZH1{4.

3.2 k. ke

TR, SRISHE QR H SRR 1dE . py §:

git clone —-recursive https://github.com/espressif/esp-vision.git esp-vision }

cd esp-vision

[idf.py —-board ESP32_P4X_EYE -p /dev/ttyACMO build flash monitor J

Z A 295 fT prepare—micropython: K lib/micropython B4 H F [E £ 1Y MicroPython
v1.28.0 $£ %%, FF build/micropython/ F 5 H} T ¥ i) MicroPython ¥ # 8l A&, ¥ overlay/
micropython/ W 2% &I A, K56 & A boards/<BOARD>/port/ # 4t | i% &l A () ports/
esp32/boards/<BOARD>/, lib/micropython IEZARET14¢,



https://visualstudio.microsoft.com/visual-cpp-build-tools/

Chapter 3.

PR AT

3.3 i idf.py @A

we WA

idf.py ——board <BOARD> build AIEHIT %M 22 [E .
idf.py —-board <BOARD> -p TR F R [
<PORT> flash

idf.py —-board <BOARD> -p FTFFER O A o
<PORT> monitor

idf.py —-—-board <BOARD> ¥TJT menuconfig.
menuconfig

idf.py —--board <BOARD> -p 2% flash,

<PORT> erase—flash

idf.py —--board <BOARD>
idf.py —-—-board <BOARD>
fullclean

clean EHELZMAIH @ L .

T3 e BT B Al ) S BE R H 5%

34 s A AR

PR SEG , i REPL JERIF 2L GE . B DAPL A% BIHC T THI#S 2 BE 3 2% Y. AP () W21 T
example/ 7,
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JERHE S

AEfERE ESP-VISION APL 5 5B BIBAE AT I 20RT7 30, A RIEBAL BRI T AL . o
S AAEBANATE R A BisAT, DA BT AT AR Sk S D K &P s . JMLS AP A% X IR
L, BEREERREL ONAAT XHETAE.

4.1 MicroPython if 5 JERH

MicroPython 2 1fj [ f¥icdas il 28 B 1518 1T RY S AU Python 15755 SE¥ . ESP-VISION f# Jf] MicroPython v1.28.0
RN R RES , [RB#EE C/C++ 5 ESP-IDF 44 SCHURE (417 i) FIPE RE A I Ab L. AR ZE /23 1]
BRI ESP-VISION Fi i AR UM 52 8 KUBBEM Db MicroPython v1.28.0 5 5902
e

4.1.1 PATER

_k3i# MicroPython PASEBE Python 3.4 ik H AR, Fk8M: S 5 f5 2% Python BUA /34544 . ESP-VISION
PA EXTRA_FEATURES JiC &2 51478 ESP32 port, I /5 M5 imditas . Bk miids. MPZ KB, 3
FEREVE R THRERR . VES FIRp At ma . VA2 8826840 Python, [HEgidi3% kS 71705,
- 1 MicroPython FEINLIAT. JAERLEUE: Python X4 1% #2 5] ESP-VISION C/C++ 41{4:. ESP-IDF K3
GNER TG

11


https://docs.micropython.org/en/v1.28.0/reference/index.html
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Python 145 R g R iGE R
Y mpy B
¥

MicraPython 1158

l

MicroPython BEHEH,

l

Python SEEEHE

Eensor fimage fespdl) ..

i

ESP-VISION CfC+ iR
5 ESP-IDF IRz

l

E&x. mE. 7F#
P SB35 A iR B

Moy MBS SAER A B4, RS IFUIE S A RAM. P4 - mpy SCPFRIVRES 2] B H i
LR A AT I 2 1T B 5 PR ES RS o (14 A Wl A 3 8 ] DADR BEAE Flash . Python {7352 57 W ] S

ARG A fr 0T, M SR A AL A BT FURWORSE . BIRAL PR, ZfB Rl AT PSR

4.1.2 JEARE

ESP-VISION 4w fit i F it i SORAG B, I SR . b, &0k, ME3F. W% 2%, 5%, BF
SCEHIEE . S AR, S ALK async/await % Python B, SRS EESEEE RN A,

BEA I TE 2R C WU ARSI -

from micropython import const

_MIN_PIXELS = const (80)
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(B L)

class Detection:

def _ init_ (self, label, score):
self.label = label
self.score = score

def accepted(self, threshold=0.5):
return self.score >= threshold

def select_results (results):

selected = []
for label, score in results:
item = Detection(label, score)

if item.accepted() :
selected.append (item)
return selected

try:
detections = select_results((("person", 0.91), ("chair", 0.42)))
for item in detections:
print (item.label, item.score)
except (ValueError, TypeError) as error:
print ("invalid result:", error)
finally:
print ("processing complete")

const () s MicroPython §"J§%, FuifF&iFas AR A0, J D P i AN 42 )m 7 JLT 8 . K230
A B TIF A B AN fHAr B AR, {5 MicroPython A A& AR C XUt FOBIASISAL K B 2h N1 )R -

4.1.3 FEEIRERH
FEME IS b, WA ORI AR R Ik TN L, FORAIE. PSSR R A N AT

E: il AT ESP-VISION {& R i

None 5 bool AArAE FONMEBKARSIRE, ToiRBshE LA HENR.

int 5 float kS FRETRL. AR BIEAI 8. ERFEARIZH W REAIHHTNR ;
R PP T bR SC R Y SRR B

str AujAg TPAESCAS . B4R, BRZEAT JSON 4. PRHEAAIEH TATH
Wl G A TR 1 K AT

bytes K Pt B 00 R B R B DA B R A R b SO
i

bytearray A NHNEE VO IR AR AR S ] b Gt , bSO R
VERR P BB R o

list nJAg AR EANH A PSR . append () 194 A BEZBL AT,
DRI A MR A H 4 51 2 B2 R R/ Nl A2 (8

tuple kS FORFTEAGI G5 2R 45 [ 10 5% . H T4l w H R A @5
KHETH N

dict g FORECEMIE AR B TR Ry, AR
A3 E) B U 4544

set QIS TERONE A R NATTTRE GBI, T A K AP A

range S R BHOE TG, ToHR G E & AR E SR,

memoryview 5 HL& /WAL PARE /D8 DL IR A sl U] P e i s 0L IR 800 ) A A

array RGP s HAREREEILR/ N

MEGI A BAER . T = a5, WANEHREGURRE-—RZESIE, T, RGN e
ST ST A B R A o 3T i R RS W b SRR image . Image X4, X —RJUH:
HE.
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4.1.4 Rl i B VB

MicroPython 1t /67 JE IR AR I A2 B & B Il (4 ORI EL BB 7 1), T AN /& 52 48 7 55 CPython F
WERE . B OB 2 25 5 B ARSI 47, {H RAM, Flash, #3238 F1 N AR BEHT E43 9K BR . MicroPython
Z R BIUR D EE XN LA, WAL E . RS2 AR REFA71, FF
gc.mem_free() 5 gc.mem_alloc () MfsHt,

ESP-VISION 3 Jfl W 7E#E AW BiAI i fb A . #E80 SZopFngb eyt ERE M bytearray
HEG S, BREEEmmeEdEE; BRIECEEH, BWAZE T —IK sensor. snapshot () JF4FLLHF
B ARG o SZ R 5 . Python 38 & F B e 5= AT R Bie ESEn TAE. ISR Abs, Kitt &%
AT . G D RO P AZ AR B A B AR 2

4.1.5 MicroPython % CPython

ASYFESHATIZA TR XS HUE, “Python” FRiEF 21T T PC FIRSS #3127 S8 CPython 3.x. MicroPython
F AR RRAE T [ AL, PR A & ESP-VISION 4 Hifi ¥ [ MicroPython v1.28.0: Jii 43 4
PR IE & M manifest He % 4L asyncio, ESP32 port B ] THF GIL ) _thread, {4 API {557t
R A AR A

XFEE TR

ESP-VISION MicroPython

CPython

ERIB T

EE IR

REEGE
PRI

B

AR AE

17T MCU [N, FTEESh
WERBMRSS -

53 Python 3.4 15 YA B XK )G
ZeRpE; WHER. KL K. 7
AR A BRI W A
AL, RARERAXMMPATERE
P2 AL A 7 [ 1 I R BRI R S ) T
£ i machine.micropython,
esp fil esp32 EMFHE TR
Bien] 2§l 2 76k, Bigmidh .mpy
BORSER E M ARERE R TH
pip AT 3t wheel,

67 55 124 9 R = /N 3 [ i
M, A K A E AR ORI Ak o
PRALE A NURES ) asyncio, EEH
HA#f GIL /) _thread, PAKZTEEE
# GPIO IRQ 5 Timer [5]3f; & Al H
PEA BT et e AT &

T SRRV E T A C/C++ R A
i Python B3 A F T gk

RIS R AR RAM ], 384574

BATH . RESOR. RURRES) . B

BRAFAE AL S -

{52 045 4R Ry 4l Python AU

2?\%1‘5; B A A AN W8 R AR S 5 i
HK.

YENEER G HFEZITT PC. RS 2%
MR AL A RS

FRFE 24 B Python 155 VG, 18 # it
SIAFTEE.

BHASHRA; ZERPEMR L2 h THAAT
Ve -

N B AR It 52 8% CPython A5 ifE
e, (EAETE MCU Shik APL,

WHEHH pip. BEIAEL. I &RIT
WAHIFE wheel,

AR B R, FFRAE]
FTTH BRI RIS 3% Im i

fifit asyncio. L. HAEMEEH
BAER GRS

AR ALY AR L Al JIT f HoAthiz
sz ts, FEEMAEL CPU
5 NAFBER.

5E 3 MicroPython 2 57 SURS JIT 3 i 11
SHEATH

HAR] I, 4l Python {UR% 8 H A e
XX ER G -

ANBE AR B PN nT RS A, IR AR . AR . U RGBS H ARSI 51 . |
i MicroPython 5 CPython 255 its¢ T AT N 2R, MicroPython API Wi ESP-VISION W] 75

API 53 R
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4.2 BIMaS5E

MicroPython PARTERAIR A H LT &2 FACH, (HiR A WS i 2 & RS A L B AT B 20, AR
75 LT ESP-VISION 47 [ 7% {7 F %) MicroPython v1.28.0 /M 44k (AU L 5% CRMEHIT HIES
& P AP 0 manifest SCRY .

4.2.1 BRI A

BRYLH A . py WOCHFEI R -mpy SCPF. PAFRRME __init_ . py SUPFAK— P EZ MR
R H SR, R ISR K AT AR I DA 454 -

my_vision/
__init__ .py
pipeline.py
transport.py

57 F R 5 i I B Python $8A S ABPEL I 5L

from my vision.pipeline import VisionPipeline

pipeline = VisionPipeline ()

4.2.2 i SRR R PR

MicroPython f& fl mip i ASJ& CPython Y pip, W] M micropython-lib. #4412 5| . URL 8 74h package.
json fIA MR {40 . ESP-VISION BRiA manifest 4 5l AT i A&t mip A3, PRLIHGAR o T (4 A8 =2
Ff import mip; TETEIF A EWL LM mpremote R 205 B 48 U1 R G5

F % ESP-VISION BRIA A SR & i mip. 7EB# EIAT import mip B{mip.install () &5l
K ImportError. FHlimpremote mip Ay iR, I HZBOAME 2T K.

mpremote connect <PORT> mip install --target=/1lib <PACKAGE>
mpremote connect <PORT> mip install --target=/lib <PACKAGE>Q@<VERSION>
mpremote connect <PORT> mip install —--target=/lib ./package.json

package. json TR mip TEB1TF B A TAC B B B2 28 10 SCF RIS 0 . B A 2 [E {4 manifest,
AN e DR B AR e 25 9% 4t 1953 ESP-VISION., (T MicroPython % {4 AT BRI ] 24 2y BE B4 2 2244 17
.mpy 304, H LA SR ZS MicroPython v1.28.0 1A% th 2244

WA mip. install () ZRAAFE, FTEEHLECEEAMA mip AR 2% H TLS 52
FFo BOAEEE L FAL mpremote 224, POAKMT AR SR w0, BABSREEEE M4 T
A

423 MRS
ESP-VISION ¥ 4B Flash SCI RS0 H:5] /, 745 /1ib A sys.path. W& AN 2] /1ib;
Ve JE N R TE R A, BIVT S A4 m H SR i . REEHIEA / 1ib R4

JEJH SD K, SD R#E#kF] /sdcard, HHAMUHRZAZAZMA sys. path. FAHFHEIFAH]
it s A A
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import sys

sys.path.append("/sdcard/1ib")
from my_vision.pipeline import VisionPipeline

py WESCE R AR, 201 RAM QRAFFATTE IR ALEIR . Wi mpy U TOHIERA
A A RS B, ENBUE TS 2 5 RAM, i 25 PEE MicroPython HUASFIZER .

4.2.4 iR ARIPER AR

ik {4 manifest I T35 75 B 4015 0 R 45 21 15 {44 5214 1 1) Python LB AIZK {44 . ESP-VISION 571 & #it
manifest ff-7F£1F boards/<BOARD>/manifest.py, 24HiiHEH % A4S i, ESP-VISION %]
IR . asyncio PAMFRE T KR FEZERITIGRE.

BN, K my_vision/__init_  .py KHBIHUNIE boards /<BOARD>/packages F, RIGTEZIT A
M) manifest 5 i AZKA44 :

package (

"my_vision",

base_path="$ (ESP_VISION_ROOT) /boards/<BOARD>/packages",
)

)2 freeze () BREH AT DAARLSE—ANH 848 @M, include () fll require () WATEMACHE
manifest 42 1] manifest ;5 BEFIEKA0. 1E 0 manifest f5, 752 80T HC &I F BT e - & A :

idf.py —--board <BOARD> reconfigure
idf.py —--board <BOARD> build
idf.py —--board <BOARD> flash

4.2.5 EFIEITIX
T AR B 1) B0 SR 4 J H 7 T 77 i [ s R e s 38 0y 3K

HNEER ..

v %% ] 3
BT .. BREH ..

B A .. REFENDb ...

SRS ERONIE 22iS
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% 1 TE T S0

Bt /1ib TH .py /1ib TH] .mpy FEEBIE M

P A= ARG A5 RS ¥l {F Flash Fifg

FALTH A i T M EIE SRR ERERATRGE Y

#
147 RAM FREFIN GG T RAM AR 4 5 1 RAM R 25 =7 1 A A1 4 7T £
FAYE Flash

CiE5 Ve B oS B BRRER cnpy U ST R A
mpremote mip

FE & PR BAREERN S ATTHRARE AT 8 FoE 17 i AR A E 30
(N2 IR Btk

4.2.6 FARIEL G RRAGT I

ETFECERORAR S AT H % . frozen JRALMREME, RIS /1ib, HIL, FAKXIFRSE
BAPOAEIE R S AR R S RGP, T2 manifest "PRS ERVRESECIHEL T BB 1, sl
A RER A4 R

JVRFIT KM manifest MIRESHATFRCAA TR B, DB ERE AT B package. json T4l
i mip LAY SOOI, manifest . py HTF @ SO i ARS8 IR 55 T AN R 3E
Brie, AREHEEAC

Xf T+ ESP-VISION 7 iy, B URE5TE RIMEZE Y A S ST, K7™ IS . TC B 0% 55 S P07 S f e

BRORAFAE /1ibo KU ATRIR PGSR BT IR 75 WA N R SCPFRAFAE Flash, SD Rl SMETFAE
A2 Python BRUF BRI A TGP, PASE SR f i & i ia A7 I 4L E A T -

4.3  Pgiy

ESP-VISION Hf) g — AL EAEHAE TS — A image. Tmage: —ANMBERAUSIAIZ R, SMnfiA
HIE. S BERMAR/NGE. PR ROH . BRI O, PARIRZE N,
5 e ek L IE B A 1Y X B

4.3.1 BRKEX
BEMKXIEG NG N2 DT, DASHBAE I TR .

&R FWMgE A

BINARY 1 bit HiE ., HTEEPL K image. Image.binary () Wi
GRAYSCALE 1 8 P KJE (0-255) . Bk IS5 K I BE G Se 6 s =X
RGB565 2 16 iFth: Z1547. Lk 6L, W51,

BAYER 1 K B AL R R IR FRIE T TP, TR A PR

YUV422 2 SEFEMEEEATAL, W T8k 5 B ik 2

JPEG / PNG NE H image. Image.to_jpeqg () / to_png A ELEF TR .

RGB565 {8 — M Ei Tt 16 i, PAEERG BB # RGB888 — L[ NAF. SR8 —fr, FEHA
IR X 2R (0 B tfUR . image. Image. get_pixel () BER[REIFTEME, Wl [FJRH HEFETE 8 7K (r,
g, b) JtH.
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432 R

R FE LUK B RGB565 £74if, (0 BEAANITE LAB (23 ) k4. LABHERZE (L) SH&Hi@
XAzl (A: 2g-21, B: W-3%) /JF, LK LAB £ BEX A ki b RGB &8s . Xt @ M4
B EESICH (1_min, 1_max, a_min, a_max, b_min, b_max), MAXEHREHREZE (min,
max) .

BEOMe g% % e B OB K % (image.rgb_to_lab(). image.lab_to_rgb (). image.
rgb_to_grayscale() PARH 4 *_to_* RF|) WENMBERBFEXLER, BFFELITHER
fH.

433 WiZErhYy £b_alloc

AN H R, Ik ESP-VISION 5B WifEHE b 43t sensor.snapshot () R[E)EG H—
Heal &2 A Wiggoh £ F—IK snapshot () &85 T . WRFEEEHE—W (BlAHEinage. Image.
difference () W5 JG4EWitLE ), HEXIAH img. copy ().

VAT A I B e R IR A BT — RN Blds £o_alloc, Mg DX Hkl
il e, HAEBRAER B — PR it B SRR YA S O A i D, A AR ER
P A SEAZ ] [ — P i AR S A2 o e A DA

434 EOLBIX (ROI)
LR SO ERRR roi=(x, v, w, h) XHET, SEERIERFITEREOIEA THFN. 7RO L
TR (REHA) UEAFRE (T XRKI) . ROIIAZ DATRIER 15 2 AT 7 .

4.4 PKgabnn

image — Q1% 4L 72 R rp e 38YESE H OpenMV [ imlib &, FEAGEH PA components/imlib IDF
MUY BB ML SR S AS e . SR8 . it adr, DARERER I . 45T
VLI —RMEH 5iE 5.

4.4.1 MWRIAbPRIR K2

2 B 40 R A D) AR DA Ak PR A -
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FH

sensorshapshot()

i

HkE
2ol FREyl

l

pakl
—EitHEE

l

T
B rEit T

i

{7 i kA

Ak FE B PAH & i [l image. Image. to_grayscale (). image.Image.gaussian () Flimage.
Image.histeq(); 4r E# % {ff Flimage. Image.binary (); 47 ¥y B B-{#i fl image. Image.
find_blobs (). image.Image.get_statistics () BUFFERINAR, B o 22 i 45 R s AT
FHRERAE

4.4.2 LS

image. Image.binary () B A MRS AP R LR, EERGEEGONIEIE (B{E 1T LAB
FoRWEGARR) . HEGZEEAN E—BERY B30, BT FEEREZFE6. e inage.
Image.find_blobs () FEAMF RE Lz T 8 HiE 4 BAric, NEAEE X IRIR [ — > image.blob,
WAL AMERE . BEE. Wlm, AKIERE. SSOBESRRIEE T

4.4.3 L CER) Bk

RUTTERBR (2 ksize+l) TR RBOREHIRER R

S S HIE STy Y i
* image.Image.gaussian () MR = (CX) TSI INECTY 5 AR g
W, X unsharp=True N KA.

* image.Image.mean ()
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e image.Image.laplacian () —— W SEGHLZN ; % sharpen=True A] &M E] 5 & DASETH

.
AR ERBCER. mul 5 add FEHOHRESE; mul BN

* image.Image.morph ()

1/sum(kernel) , PARRFFEIGSEIE.
EA1#MH A threshold/offset/invert FHET, WHE— 7 H I8 B AR B H 8 N BIE A EAE .

4.4.4 BRIV LHPRDIEDE

RRUEBET ARIHE P T AR, AR RO S i T 2514k :

image.Image.median () — AL (BRIA 0.5) {H; XIHUER MR RO AE .
image.Image.mode () — Bl & WAH.

image.Image.midpoint () TEs/MES R 183 bias BE -
image.Image.bilateral () [6] I % 25 6] #5 2§ (space_sigma) 5 B 4 #H Ol )&
(color_sigma) WA EITIONT, 5 F-HH XA [R] BRI B0 .

445 oA

image.Image.erode () Himage.Image.dilate () TS T HE Y ok GEY N —(HEEM)
B8 2, image.Image.open () Himage.Image.close () & "% DAFe /N & al B AL,
threshold ZHHEHIFTFEZ AR AR, WM TaMm MR T.

44.6 HITEIS%il

image.Image.get_histogram () % B8 %1% £ H 05, & M W image.histogram W] i} &
Otsu [H{H (image.histogram.get_threshold()) . HANPAMNSEE ST H. image. Image.
get_statistics () —RIRMIBE. PAIE. R W2, WO S &/ Ve KA, BT E
AT B8 E R .

4.4.7  FEAFAS I

BRI A T A B LA 4544 -

e image.Image.find_lines () Simage.Image.find circles() ffi ] & &k 7% #; H
threshold @i/NEMARTEL, *_margin KT HTHEHEIEL NS

e image.Image.find_line segments () {§iJf] Edge Drawing Lines; X threshold J2#x/]> Sobel
¥JFIR{E, merge_distance fll max_theta_diff A TIEHILE S

e image.Image.find_rects () BMWUHIE (GEHTRERCSFRE).

e image.Image.find_qgrcodes () H5image.Image.find apriltags () ¥FABERSAH R AR
LAY TERRBEAHPLN S, AprilTag iR BEIR ] 6 [ Hi A%,

Y Hif ESP32-P4 Rk Bl B iR 1 ZXing-C++ G fit image. Image. find_barcodes () .

Frik: AMEZET OpenMV Hi5Z GPL ¥ A UM% 42 (OMV_NO_GPL=1), [HIt/& L kA &
HEBR . BB THY imlib_config.h JUE ML AT RRIA; KRB MBI IR SAEVA I 5

4.5 Al Pt

ESP-VISION jffi jifespd] 47 432 Fliflite 4270 He72 FRALSG MM 2 M K40 TRE S B {1 ESP-DL, J5
18 1 TensorFlow Lite Micro 247 TensorFlow Lite .t flite 5%, A ] API 28 25 M 555 a5 Bz 1
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FE HRAIA T AR S AL PSR AC P DABCTERE S 1 . i BIACAD B Python 1A, Htpe T H
PRBERL %

4.5.1 BREfrmf

ESP-DL #il TFLite Micro & ESP-VISION 4 {ij 5 % (1) P S BB T 42 . espdl BRI . espdl S0,
tflite.Model ffiff] .tflite (. BRSO AL /sdecard 8 /flash SFRPAEM T, HHEEAT
mHm#. Bk APLIERS. SAbocidin. A S ARt T eIz 1T ISz 4L [w] 52 .

4.5.2 BRSO R

FALE HAE PC i M ZRHESE St S0, 8 DL B i . W Rl dilgs , BBaLE o 0 43E,

HE REFARAR AR AL . P48 NAEFIT B IT 4. 54k < ] scale 55 zero point %5 TEAEHEIF 45 tensor {5 ]
WL B R R s ELAAR TR AN SO JRy B Tz A7 i S e T 2L 4%

4.5.3 HERRAE

— YRR LA T A AT TR B R AR . AT RIS, PG A Y )R] A AR
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B tensor i

|
|
|
|
|
|
|
|
HEH AN :
|
|
|
|
|
|
1

R
|
#H
15 tensor
L .‘_ ____________________
A EHEAY
HRAR
H* ————————————————————

4.54 pikbpe

FEPRRT, AL A S B ZR— 2

o JBAR VAN UC LTSGR A tensor, G A 45 4 HE R AE T 5

o BT 5% Z g0 S RN 2R e .

o H—Ab a0 2l LR HABE 1Y) scale. zero point, mean. standard deviation B HAth 254, #54> API
XL RFNSH, B A] B E B Python H IR .

4.5.5 Jkbpg

IR0 245 Iy G 7 BTSSR S, A RERN BB -

o HEsfiMl (espdl.PedestrianDetect, espdl.ESPDet, espdl.YOLO11) PrAHi2R4%k
PMEIEHE . BERE score FHEMERIGHE, AEBRMIME (nms) XBRESER, H&HEH x, v,
w, h, score, category) JiZH. PedestrianDetect F] YOLO11 i topk FRHI%E .
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o WAL (espdl.yoLolinPose) JAEAKEMIFIN 17 A~ COCO 4 i,

e ¥ (espdl.ImageNetCls) [ FHRJER] softmax, 1k[H topk 4~ (label, score) X,

o BURENINRTY (espdl.Model, tflite.Model) ZRFgAES5MEIDEIIRALE . B AURD 55 2LfiE
1, tensor dtype, ¥ &AL ITCEIE, H AT anchor f#HD . sigmoid B softmax, NMS, top-k %P K
AR BRI G SEBIRUA C A0 PR o

B (EL AN 2 SR A ] DAE IS AT R RE I O R SR I zty, (i eI B s s st A AL
4.5.6 WAL TERE
B2 R AR e iR, 7 BEAE PSRAM A SNk — OBER I BE S T, A S e g . 58 e A

M deinit () (BURERUR)G— 51 M) PUREHCEIAL . HEE 64 0 3 Bl o A 2 PR RS R B,
B/ IR — R HG 4 RS W 28 R o g

4.6 G ik

sensor.snapshot () Figk g —WHM, EHTES K SEAMEXHRERKL, £
TAF image. Image., [ X B EA THME BV (set_pixformat, set_framesize,
skip_frames) PAREFF LM TERERHIE
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4.6.1 INfLEEZS SIS

AL 7R
i/ &FEET THE

l

’gwm-cm gt DvP M

l

{ER PPA iR fr
RREHERE RS

l

EAC=Eul bt il
B &8 FiliRE

l

sensorshapshotl)

l

HEAE B hi

image.lmage

WU, A% B ia B 2 I T A B BRI T B DA S R B R 2o AUz v Fe v/ Ak 38024 1 ot 4[] B
N —MWi. ESP32-P4 fifi Ffifi{: PPA 5¢ 4 R (40, ESP32-S3 Wy #F 58 U4 . TC B J5 )
sensor.skip_frames (time=2000) , B] kB shBEICH B 3 =470 U StaE] .

4.6.2 FIFEBIn v
A8 e S LA TR B % -

Espressif Systems 24 Release 2026.11.06-3-g464c97bafc
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.11.06-3-g464c97bafc%20for ESP32-P4

Chapter 4. ELRlHT &

FERZ S )=y i ER
ESP32-P4 esp_video/V4L2+PPA  MIPI-CSI &8s ; B {4 s (i 45 ik 5 (0 f 346
ESP32-S3 esp32-camera DVP G848 A, Bl /N 3R

BT A sensor APLYERH F5e 4 —3, R—HARREWE Lzt KET R3] 5595
R

463 YW

set_framesize ¥ B ZNPPRENMZ T (QQVGA, QVGA, VGA 4 ). B/INFIMITTERE N Hr BL#h
TR WAE. A ALBREE],  [R 2 AA al B U T N A, Y BRI, TS 2 R M4 /N

4.7  Gifhtd i

ZRFBRWUG, FHEHELE #E R ETENLERE, SR, sUSENHER . ESP-VISION {1t i
g S, FHENT AR,

4.7.1 A9 JPEG 5 PNG

image.Image.to_jpeg () (JEH4% image. Image. compress ()) FE—Migis A JPEG, JPEG A
Pi: quality KEEF (1-100) 7EK/N5 i 2 B A, subsampling ¥ il 4 B 97 46 1) 2
(JPEG_SUBSAMPLING_420 fiz/)y, 444 HFiREF) . W AE{F JPEG 4 19 e BEAT A #1415
M A3 e (esp_new_jpeg). image.Image.to_png () J**EToH PNG, MRFRH KAEKGH,
EE RS

4.7.2 iyEs]: ImagelO

imageio. Image 0 el — A PR WU, AT AR MRS TR, SCHFREAERERE LS 208X
FEs PAESRILIURFFE R L PSRAM ZEofioft, DUEPER 4 SR, T Wimage.ImagelO 18 13

4.7.3 fi%igid: H.264

X ELEUAR, 20 JPEG MRIE 2%, A e JCiE A AR AR [a) (A . h264. H264Encoder F2A:
H.264 Jit, HA B4R ikl (IDR/1) 2 B3GR, M p i g & A28 b sy dmides 808
TR XA -

* gop SRR I . NV B . B Bk, B O 0 SRR RD— A SRR

* bitrate H AR RS FCARE RV o A = s 1 01

* gp_min/gp_max PR & B i AL S ETE R

ZR—AP WSS AHRIR, BB oM Ik, 56T R AR 2

4.7.4 MHERE: RTSP

rtsp.RTSPServer il RTSP % % 4% 5 J5 i) H.264 i, f# VLC. fiplay %5 % ' iim fE#E rtsp://
<board-ip>:8554/ WEREGLHETE. NEFFF1h264.H264Encoder.encode () SR H rtsp.
RTSPServer.send(),
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¥
S 2

sensorshapshot()

i

A
H2EdEncoder.encaodel)

l

T 2 o [
RTaPserver.send()

=

[ RTSP ZEF
HIERS

W55 AR dEdr— A N LA P WIAS ;% FPim g okl , B BmES, A AR LI K
RS AN BRI NDE S U8

4.7.5 FHLpi%: USB CDC

FETT 2 IVIN), A 2) 3508k I S R 7 g image . Image. flush (), Eifd EV-MUX preview.
frame S IEAE Y AT/ — R JPEG #ERX 2] TAL, mBCEm EHL T RMMHF R ZElH o Wi-Fi,
Jois SD K, 2 AR AR ERIARY B3 ] 3

4.8 Kighinift

ESP-VISION {7 Ji] MicroPython ()3 (i 5 3 B AL, FF44 0 Flash SUFRGE. MPAFik. Bk, Bon
FPE MR 55 A B A e AN F U0 R 24 1 [ 52 B S R IR sh WP . 6T B WA AL AE AT R, WS
MicroPython v1.28.0 &0 5 B 8hii 2

4.8.1 ®ESIfERSAL

fili &2 (v 2> J¢ ¥ J5f MCU F1 ESP-IDF iz 470}, T8 H 19 MicroPython 355, b HL. FF & W& {7 # 8
machine.reset (). &I BRI A7 A S TR B R HIR e JRE s 2 ol AR A A o I P 75 B KA S AV R U
B, AIPAf#i ] machine.reset_cause ().

I NAEATE 58 MCU S24 7B A5 3L T 5258151 ) MiicroPython BR45% , AT 3 i & & REPL H1[¥) Ctrl-D
B machine.soft_reset () fil’)k. ESP-VISION £:j# 4 Python X4 ik, 1 MicroPython &1
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FERPISCAFA socket, BEMCEHRL . Bon. HilE. USB. PWM. JEmf#:. UART. 2t HAMITAE B,
SNEEH AT Python EBTAR -

W RGOS T REAERZ NG PR . 4% RTC, CPU INBPECE, DA IP JZABAT I SRS M 2532 1
I AR A BE B E F73 X SE BT Y Python X GATIIRAFAE s 4 U7 IS #F B EHT B ST B HARAS

4.8.2 ESP-VISION g ahlii)y:

WA ALk A7), ESP-VISION 147 DA T JH iR
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BE kel

¥
813 ESP-IDF storage

l

151k MicroPython BT
B ...

¥
fE . flash ¥ fsdcard
E U] H VFS bridge

i

matEgx. &7,
TR SR RS

l

HTFRER _boot.py
EITHETE

¥
B1T RS/ py_inisetup.p

Yo

i

IFIERHIT /boot.py

l

MiEiE UsBigE

HEITE T
FFIERTHLIT frain.py

v | BH. .|
# A RTINS REPL
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EAHLA B TR A )G REPL W] DAERS (i kid main. py, MIMEEIT A& THRIET B 3hE30"
JH BT A P A o

4.8.3 HikKkigh'y Flash C1E&RSE

ESP-IDF storage manager Jit 37 MicroPython VM 55 JF KR 0 R 4. BN iR E NERR £fat X
HHF /flash, FHBAI AR SD KH:# F| /sdcard. WANEY ML %S . &K VM B3hE,
J§i 4= MicroPython VFS bridge 1 Flash & &1 %] / K& #4 /flash, {8 SD % &1 %| /sdcard. KE
{7 E A bridge Xf 4, AaEHEHCHBWWIE XHRS: 15 A5 SD #HEr, REINEA
TR ESTEGSE VM B Ei. JF AT 4 514 ESP_VISION_STORAGE_AUTO_MOUNT_FLASH Y
ESP_VISION_STORAGE_AUTO_MOUNT_SD ¥4 0 EHERXT Wz, WEEALN 1. BRXBHER KL
il 7 USB MSC Al WL Atk . 1 £ 45 2B 1R 7

B sh# G A8 AN B RS IE - ESP_VISION_STORAGE_FLASH_FORMAT_IF_NO_FILESYSTEM
Bt {A 1, ESP_VISION_STORAGE_SD_FORMAT_IF_NO_FILESYSTEM %% ik 0. X #f & [4]
FR_NO_FILESYSTEM Hf, PJ#B ffat BRINWILGML, SD HAFEMR P WX I G A Win ik Xl g
BT HAAS AR AR . XSRS 0 )5 B 3 Esh Rl . AN BN B s,
storage.retry () IHZ Nk, AR FAT RFFEAE, SR AL B s =L E . Tl
Flash F45 (R H5 MBS ; SD WA RESRA HE. RIS . Irasl. &8 SuilmE W4, it 4
b BARRAP . TOEFT I SO T AR RS s WK S, B P B A A K A Python 38, TR
SIS RIS AT R SCERSE, RIS G4 1R, A 53 crash,

EFEGEAREKKEMAXBERC A BN S JF KA A PL# i boards/<BOARD>/
board_inisetup.py LRI ERIN main. py il README . txt NZA .

4.8.4 {Jil] boot.py

boot .py EEHATLATEN. FHBIHI5E . FEmF HARE0E M aatl, Blanes™ miil, MERuE
oS TR R 4% O

import network

wlan = network.WLAN (network.STA_IF)
wlan.active (True)

boot . py MR E, AN ALE R F K AGEHR. ESP-VISION {U7£ boot . py 52541151k MicroPython
USB 1545, FILPHZES K B (A2 1T boot . py FIfiE S8 USB REPL Fl 4L T HIGIAMEH

4.8.5 {§i ] main.py

main.py WAEN RN AL . EBCRE R SE BRI B, (5 S35 B 2 4R 57

import sys
import my_app

try:
my_app.main ()
except KeyboardInterrupt:
raise
except Exception as error:
print ("Fatal application error:")
sys.print_exception (error)

J

Julf KeyboardInterrupt kG, WA Ctrl-C IR HIFUEA LSS REPL. 7 i1 75 2
HMIRE N, WALtk R % )58 machine .. reset () , {HICEME AL TEA S INTT & A2 Wi E

ESP-VISION HRiA main. py & T AR5 (5 B AEIE PR KRR, 6 VSCode 4" A AL F4L T H A
PEPAFERIRL . T4 Ctrl-C PIBRZEA I kA REPL, s MA T /main. py,
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4.8.6 REPL LBk
main.py IEFIRHEAH RMRFFIG, EHNSHEZS AL REPL, Ctrl-C [ iEfEiZ 711 Python
JAYEAN KeyboardInterrupt, fEA%fF REPL Hi4% Ctr1-D W& 53l fiL.

R 1) P TEHE TE RIS, T DATER: REPL, S Cer1-C IR, SRR T 44 MR 30
-

import os

print (os.listdir("/"))
os.rename ("/main.py", "/main.disabled.py")
# R ctrl-D EFE s, FBAETIWMW main.py.

R ICIAYRA REPL, AR QAR H SRABBRIF FOFTBERIT KM . erase—flash R4 Flash,
AOFE SR R G P

idf.py —--board <BOARD> -p <PORT> erase-flash
idf.py —--board <BOARD> —-p <PORT> flash monitor

AIIFT erase-flash RIELHTHERIEH S OR B BUECIF RS, bt n] RELR B A7AE ) boot . py BX

main.pye.
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-—n

REL—

HLUEE . Python FEf7

i SCTE&RSE S B iRy

Device Core. IDE/Agent 2 i AR T BTGB 3224, Hin 2491
P, IR E P oeE . BB RIRE APL Ulstorage —# %15 1 55 s ik 5

K& o

51 At S SRS L
%= L AR TT
NE& LA A& 3

N5 Flash ffat

|H Flash vfs

SD

NVS

fic A 51 &8 NAND [
FF R

Sib B/ Hk

Z3
RAM

FAT; Python B&4% / J 54
/flash, IDF N ##%1% /
flash; ¥ USB device [
FF KA i MSC LUN 0 # %
HA& O A FAT; ARt
I ] {2 oAt SO R 5
FAT, 4% /sdcard; HFF
SD %) USB device - % #z i 1+
MSC LUN 1 g8

MEBECE . B A AR
A FS 07/ DR TS

M Hl M K & F§ O ESP-
VISION X & 48, 1 #F
ESP-Mosaico [{] 12k NAND
] {2 A B i A 2R R
VES

ESP-IDF M —$545 {4 £ %5 . Python VFS 5 MSC
Vi A R B, N2 AR . XA
data/FAT 4 X W] 3 B e B 10 H shA) I 1k 56 i
Ak, sl H P IAEPITIRE .

H 38 s FIHE S A B0 R e irdE gk, RAE
oy, LittleFS 5 N BE#% 24 1 1] % 5717) FAT.
ESP-IDF ME—H4 SCAERSE. SR IR RASRIH
1F Flash. VM Fl# A5 TAE. H Zh 50 T AR IR
WITCEIR AR5 23X Python SD A% LA AN L
Fro HAYKE N &0 JEHE EALE AR RS H AR
FAbH,

5P 8. NVS SR ZRERR NVS 5
¥R AL B AEE . Flash SR AL NVS,

i S 5 I AT I 4R A S SRR, R RE244E SD,
WANBEEE M JF 4G NOR £fat IKa); }ﬁéifz
FRJiiAb #E NAND R85, ECC FIPKE ),
ARGHPE, EARRFAKN . RAM H%
BEEAK, HENEETRFES.

IF By RS A AR/ N ME—MeHe . AN BEARASEALRCAS |

[F 7S Bl A T e A [7] 44 73 DXHE W R

‘Tégﬂf?i@o Board Manager JRENHIANNL . BLAE {7 WAL AP B, ANBETER] — /o b4
—EXERGE.

/.esp_vision_disk HEQI@BIASIFRIARIC. EFMCREER NVS JREHA R0, WA BHHY
REAAIRAL o AR AL AR T T AR SR 25 7 B A R A IO e

24y Flash J5 i 60 H H A W 4GSR ) -
YRS, WAIE ESP-IDF wear levelling 45 .

[S2E=X
[ESEER

[ it 25 R AR s 18] 5 73 A TR T -

512 FATIZHREHIX, 4096 “FAT RIS
A H

EREAE H &
Wl AR S AR L ) 385 18 T B 7 i IR ) £

31
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5.2 n[EEGSERIN A dhiEd

Flash 1 SD Jg {57 B AT 1645 . BRIAJE Bl 21 2% Flash, F4E 2 FF SD #YIT At B80T AR
Flash §t2% / #EBCRMON L IE SD $#£28; SD GR / HERWCAPE 1L Flash 4% #4508 i i 57558
W, el A AN AR . PSR T IE, VMR S T 7 W] B AR F RS2 RE
JRBEAAR 2 B3 SD AT

KBTI KM ATHE boards /<BOARD>/boardconfig.h Hi43 HIZE EBINE :

#define ESP_VISION_STORAGE_AUTO_MOUNT_FLASH (1)

#define ESP_VISION_STORAGE_AUTO_MOUNT._SD (1)
#define ESP_VISION_ STORAGE_FLASH FORMAT IF NO_FILESYSTEM (1)
#define ESP_VISION_ STORAGE_SD_FORMAT IF NO_FILESYSTEM (0)

FFAE— AUTO_MOUNT Hi% A 0 A] K P Bi) B shHEak . iX@ MBS dn it A skmg , A~ /& Python £f
ABCE, WARMASTERE J7. SD {55353 MICROPY_HW_ENABLE_SDCARD HI37 /) SDMMC J5 i, /1)
B H sl # R, )45 unmounted / STORAGE_NOT_MOUNTED; RIfHFF)5 H ¥4k, Wl
] storage.retry ("flash") B storage.retry ("sd") W HH:# ., LA Rk, BESES, B
PR Ak AT BT Python 2k, B 3B AT ) SD -RAUEIF B 3l SD H# ] T /54 VM 5
FEE; CHEHBENYHE S REAERE AR LR
ESP_VISION_STORAGE_FLASH_FORMAT_IF_NO_FILESYSTEM LON ik = 13
ESP_VISION_STORAGE_SD_FORMAT_TF_NO_FILESYSTEM 2R\ J& 0. Hsh & N, H A XN
IR SRR I, FatFs f§ 12 0] FR_NO_FILESYSTEM A HAUG AL H HFTHEE . LN ffat BRI
VIR ToIR I SD REVAGRE, HAEIF)8 SD KIS G4 nnifviiafh. JEam) g, HAl
ARG IR FAT #a] GEak Bl 45 5, B REIER I N %A A MEREdE . BT — RIS R R
Wz i AT BN (R BRI Se P 25 TR B AR B R BRI, DR SRS R 0. 1H vEs TLIRIX
AT AN R AR

A A3 FAT S f B . FR_INT_ERR. VO / Rk / SO IR . D i R R PAAIRRA S5/
PR B S AT A E B A . KRPEAN R A SRS, A& HEIIRILE . storage.retry ()
T AT7 S SCPE RG24 R BEAES AR, H G Wb R s il & vl st 4
IR MGR e, AEJH . AFEL crash.

PN#K Flash 7£ NVS H1£: A ££4/7 PENDING / READY #%fb 3555 RI{EFF /5 Flash 56n%, S Wid g5t
1Rkt | kg Ak, TR PE SRR E . SD YA A A0 H b uk F 4 PR, R
A H e SD Hawliafe, Wit 5 FikEE#ER ] FR_NO_FILESYSTEM W ] BEFRR M IG1b . TCIE RIS HF 3¢
il FRAE ) FAT #R0REA SR T, SXCRGEIERAMI R E ). AR B SRR s oh ety 2R
A SD el A B LV R BRI N2, 13RS BB AT

Flash 1) /main.py Ml /£lash/main.py fgIaIHE—3Cf. 514 HE#EIC A IDF SCHERSEMSE A
Python VFES bridge, AN&xP4E—4 FAT, S| SCIFE3E N USB G4 . AHXT P& F2 R fif 224 1 3% H bridge (1) TAE
H%k. os.rename () NS EV A H—E0HTZE: MicroPython fE48 AN [R] VES £ 5 2 [ B i 44
WF5 / 5 /flash., /flash 8 RS, CHPYYWH flash BESRY, At /flash/flash
ifildl. /flash/sdcard #&[n) Flash FHZ, ANEALT /sdcard sz SD %,

AR TH M AEAE, KA / Al / £1lash SIERIGREIAS SR I I A BT
/£lash fEAWIHRY Flash 3R A, A7 /sdcard,

5.3 M BAELm USB 15

BINER N ESP_FLASH il ESP_SDCARD. HINHEICHARMAMEREIIAY , R A2 X6 &
PR ARG M. USB BB, s IR, 8 D PR M EALMATILUSB 30 B & 5t diar &

JF )5 J5 A4 USB device MSC R %W / 42 1 il —> MSC 2 11 225 [E E 2 5 0. LUN 0 42 N3 Flash,
SCRE SD I M PR AL LUN 1. BASGE TR, N BB A A AT VLRI, L] DA
B f5F . BV MR B KB ER G . AR SD 1IF &t L 24t Flash
1#{37. USB Serial/JTAG ix{$z N AR {Hix 28 MSC #4: «

FNFERSE . RAEBEA T, FHAEXS A AL 5 R 4% Flash Anl I, SD ASHUS LUN O, %
P A S R Gk, Ay GRS USB #:0. /£lash AN LUN. 5K RIS ATTAL
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HH AT Python / IDE HART, W% 4l Frit/E REEH BTG B EIMAHEAFTR
FEHLE VM 0] PARIIR B AME— ISR RS

54 BB PR, Dbl

HERL. MRIANTE. NVS. AL I AR S A, AR TR RO A% (AL, 1744
BB E B RS IR, DB 0 VO MEA, JPBFS REPL. SIS / Bl (.
ARSI . abort, crash SRR K. Python SHFHABFER ok: False A% it

crash,
HERR R WA B A SAs A A, B s A 6 /g FIRGE FHTA5Hf FR_NO_FILESYSTEM HYA/ AR
NG, BRIA Flash FF /. SD K0H . KPR E, HESAS K, B/ KRAEIEIIR G AR

JEURE . NVS JESREIA SR AL, NVS Gkt A GESE Flash F195fR97. storage.retry ()
IGAARIE SRS AR AT

% 20 WS P

RE X BPAENT—%

ready YHRGECHE:; BANRNT  HATE S, 4P 2t ik
BRI A BT SRR shahy o

blank SERERUSHIA S K ETE R fAXB RN =S 6E, wEminhit.

unmounted AT B B SR mFHE, Wi storage.retry();

XA A K

unrecognized ToVAHEE FAT; nlage i) R, JefRE / SR Irfsds. )R, ik
ﬁggg?\%, Wl eI R  HEI. BERE dmmiAgE1k.
T Pk

absent /R R AT KA RANFE A ARRE J75 ANBE ) P HERERS

unsupported AT AR

io_error /IR HEEREURRAN R BEBIR . e R IR, A

unavailable P E S EIR.

state_error NVS #&A A 5S e AT EE R NVS FgdEE T2, AgtdEad
e 2R TH R S AR

format_interrupte

MR RESE L

Flash 23 A RAFBLRP I BOR FUB L E 5
SD A [ S A H RS . B Al A A A
JRHIB 5 RS o

BAT G /R HAMB AFTRA NI, B #HS;  SEMA B, SRR &R A ;
BAHE R ARG SR AT 55 BT PR il
storage.status () RELIRZS. FRUEHNRE . nlEHER. #8 / FE / iehitsd. BAMSR. 20

FatFs 455 i1 Flash J1{i[{5 K&, Device Core ] inspect ({ fields: ['storage']l }) REFEHEA
TFE, i fs_state., fs_error, fatfs_result fil format_supported, XEFERZIRT
PR, AR A B HEEAR S 2 T AT A2 ARG A SRR, AR
A% 3% [B] STORAGE_UNAVAILABLE HIWRIZHL, A &M SCAHTH R

A 7R 320G . SRR AR S, e AR E B e R e bR A . BRI S th ko, 4515 1)
PESIATSAE L. Agent FITCMNMESFAES A REICHEIS . B, 2R “BarahR” woReh )
R IGRT RS AT I BN . [ FERCEL R S0 e R TS B 3h s . AR IR B, iR
Fiz X REPL APL, AR WEA IDE /| Web U T #5071 2ihg A 45l o

55 WG AT . SCHERAR S

EV-MUX S35 T AN SET R GEG AFTA L. Python / IDE S5 A . #y. SR, Wik Z
A Python ., Fip k55 SUH3RAF F AR A T7 SR S1RE R G MSC iR 224l TG, (5
I HFEEEA, HEEARRIE A, B SCER T AL G5R A0 E B SR Y IS F R AR R . TFR
AR N E R I G ALRIIE; (UEHE SDK Ak RS Python [R5 AL 242,
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AR HEH Flash xf MSC Al , XL o5 58 AR 2 K Aids 0. ARG SE FAT 2845 TR H A 3]
IHRIEATIIT S, F5 RPN BERILER B G R B ARY ST . SD RASFIRTRADIRE, HARSALBA A
FI R ARERIME KPR A AR A% 305 ARG R8T 58 At Ak .

JEUAE R AL I SO . T BRI SHA-256. [Wl4 / PRI A KAl il ik st M
IH ST o X BB 3 14 i DRI A A R, AN REPRIIE FAT 229 H SRS B 2 1] 45— ik o 15 LR 4
4o [Al— /BRI IS SCPFRNEE SCUE AN SR AT &y . £syne FISENRILERIG R, A 2AE FAT a5
Flash R REEHAR A HAE . Wil TS . AN R, WIeka B, ket il

BN AR S BRSO, AR ) RS, AR BARE IR B, EEIRIANE) . )R
il H GRS, PP R 2500 . BB AR MU A5 1 25 AT B lstash e A HE
ol A SO A 2 TR

5.6 by GREIL

A LT AN ) (i Bednk,, 3 2 ML I O S DR B B HAR A5 [l — Flash /R _ERG &6y HSRAN
1S9 s e A N 15111 D 18 NN P W S i €

L Wik E s IR, BPERIEES . FIEMARIAIEGEA, LAl MSC H XA
E,ﬁﬁﬁ~ﬁ%iﬁ%%ﬁ%o%ﬁﬁﬁiﬁA,R%Eﬁ%ﬁﬁ%%ﬁﬂ$7ﬁﬁﬁﬁ~ﬁ%
3

2. S PEA, RORICE . Fraftl. BIAUCEER AL B0 FE EALE DRI AR . /D,
SHA-256. B ISR SE / fiRfER. REZ s iAs, AR — o mm Hair.

3. MRS IR N R, I ETISCER A 4. TEERAFT &0 . BENTESERY
# MBI .

4. WA HIR A B AR B0, R MBI A 2. @ B RS EE RrABURTETA, BXK
B i Al Bb M HI R Oy, PR AT, ANGE A ST IR B R S AR

i SCfF APL SZHFi Device Core il / S ABERE UM, SR 2 4502 5 AL MSC &2 il . AR [
F APLRSEBLSE BT B aCA 0y / IR 1) e EHLSCELBE T REmy, Bogsy BRI, Ko, i se
J RWHCR IR RIAS, ASBEIE S il s Bk a1 -
SCPFRGTCIRHERNT, ATDAS R E Jh 7 X BB IR B RO IE Y . JEA ROM X & itz dT;
PR SR G, AT 22 7 DX Hh 4 S o i A% A JRE L

[esptool ——chip <CHIP> --port <PORT> read-flash <OFFSET> <LENGTH> <HOST_BACKUP.bin> J

BB I D AU ER SRR A 0y, BRATI T AR R BEDEREAO AR RIS 1T 3. NVS | REIRAS A
WO FLATAE S PR, BRI . R BB R s ST, R 3
BECHE P Flash: FUf PRI A BTSSR

57 AW RN Flash &

T A G LA

import storage

print (storage.status ("flash"))

print (storage.status ("sd"))

print (storage.retry("flash")) # REREH, 21BN

R retry iR ok: True fll soft_reset_required: True, A %BEHE A & i Fi ) Python
HE. KRR BTSSRI

AN PHIN H AR Flash . GREFTRESCOE, FRRIEIRRRG, A PATUA N ML AR At

result = storage.format ("flash", confirm=True)
print (result)
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WAL AATIRE True; B, BIESE(E PR pHEL . A LR Y data/FAT £fat,
R AT ARG AMEA . CHE / TEE. 1Hvis, 764 SD AKALLARA T / B E AT
HRPHEL . W 1F VO FFRA DM AL . TEER AR XS, AEEER NVS, [E{fE SD,

WA ET, S5 KE0E R NVS PENDING idsgk. HAKAL. THHEEAM READY AR 4
W), ARAT%E. 1258, BRI s R MR AT s TR ITRY PENDING A& HERE , B3R
FAT LA R AT DASERL, a2t i P R B L E o 15 NVS A2 Sl i RS H Ak .

K r ok Ml operation_error, MIHIRE soft_reset_required i, PRI BN E AL, LK
11 Python 2B I Y BRIA SO/

import machine
machine.soft_reset ()

SR P RSP IR, AR A SR . PR Z 00, RS A A6, YA .
b I EEDA R R R SCPERR A . SR B 25 K R R e RS T REANIE s PR TR P4
PERTL AR AR

5.8  Hilfk&a 5%k

W TR BT P SO AT NVS s SEReee . ARz FRE e 32 A AN R 2 e, =LA
mﬁﬁﬁﬁgwoI%ﬁﬁ%ﬁ~ﬁﬁ%ﬁ%ﬂﬁ&%ﬁ%,ﬁ%ﬁ%ﬁ%ﬁoﬂﬁﬁﬁﬁﬁﬁmﬁm
APl T35

BN 7 25 28 PR R BB/ 0T . A AKIH FAT., $335 FAT, G / k7. NVS £515%. 28R . BA / %M
/A1 2 ML A% AL H T BT A ST AN B S I . IR T S HURS B VSl FR_NO_FILESYSTEM
HIRTIRALTRIE DASE , FEE RO 2 B 3h#8 5 / #&201k /| B A NVS; XSRIE AR IAM, BuES/ iR
IAME X Flash ) PENDING / READY H45f#57. [FIFUE REPL Fl& el i, $2nnlEfs, Bl
PRIE R, HAEAZR0 . BV ARG T B SL B i sl f e A SEpLs i, RS HER$E AL
iRm0 RS pRAE R .
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Chapter 6

APl %%

ESP-VISION 2 {51153 R 4E . EIMQALEE . e s . gRI0 5 4 5 DA I AT #EBESE Python APL. FF A&
F8 A DAE B0 [ 4 7 5 A %) MiicroPython #RifE AP, S8 SRE(FEE . WIS, SCHFIN . REE
P K38 FH B T % . ESP-VISION FEiE F i P 325 5 1) OpenMV B4 FK, {04 sensor il image,
FE— 4t display. espdl fil tflite ZEfidh,

ESP-VISION #Ht Ui 5 stubs/ FNHRBUFRAREFE 2, FEARFEIFERT AT IDE #h4x; Hon] A ¢
F4 4 7 B AR 3% micropython.cmake H#h#fES. MicroPython API T Th 2% 5| ESP-VISION [& {4 M [# &
MicroPython AU I UTE T . ARdERE . BE(E. W2, SUERGALETTRT APL,

6.1 MicroPython API

ESP-VISION %7 MicroPython ESP32 port #4 , H B VR HIEET . AriEE . BRG] M4, XRS5
FLzF7Et APL, X428 API 0] DAYE[R]— A 15 sensor, image. display. espdl fHAth ESP-VISION
R A ] ; ESP-VISION R4 HobA T — kB sl iy 44 .

6.1.1 ChYHLZk

ESP-VISION [ % i Fl MicroPython v1.28.0. [ PA MicroPython v1.28.0 (Y “H# g APl &%, | S ZH
MicroPython i 1 ESP32 il 2% ., MicroPython Tfj 1] % VB 57 B i% £ S 1 CPython THRE T4, HILASHESRS
CPython SCRYHL A REER A2 AT A RS A 6] .

6.1.2 ESZHNH API

ESP-VISION ¥ MicroPython {55, PAKNEZA ., wE. . SO, R0, Bmet
B PEAEULEIE 25 MicroPython 155 5 S8 Al 4 B UIRE.

(o P S AL SCAE B R DASR o I IS (IS AT B IR SE B B TR B PR SO R 1 i 1 K A -

try:
with open ("/sdcard/result.txt", "w") as output:
output.write ("capture complete\n")
except OSError as error:
print ("storage error:", error)
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6.1.3  brdfiEE SR

A AR FE array. asyncio, binascii, cmath., collections. errno., gc. gzip.
hashlib. heapg. io. json. marshal, math, os, platform, random, re, select. socket,
struct. sys. time., weakref, z1ib fl _thread. ESP-VISION [#jJ} % #x manifest if £(f MicroPython
) asyncio FRIFALVRES B

@E‘Qﬁ%lﬁ‘]%%ﬂ PRELIE 2 15 MicroPython 2R 5] . b SCRY H A7 O ASEERATS W] f6 PR JUr 226 ] 424 P 25 170 9 0
BB .

6.1.4 JSON Smfa)-rpi

import json, time

result = {
"timestamp_ms": time.ticks_ms(),
"objects": 3,
"confidence": 0.91,

}

payload = json.dumps (result)

print (payload)

J

time.ticks_ms () i A [E] 1) s A0 AR BOAR Hs A7 i TR 8 AR A tick (H2Z 220 VAT time.
ticks_diff (), PAEFAALEITEEISE. Json WM THEAFAE BN 4515 5wl 7 5 AL RS AR

6.1.5 Wif}5 ESP32 API

75 A 19 machine BEHER I MCU 5 il f1 #8525, f04F Pin. Signal, ADC. ADCBlock. PWM, I2C,
SoftI2C, SPI. SoftSPI, UART. Timer. RIC., WDT. SDCard, PAMESF FrmA] ¥ DAC, 125
M 12CTarget. 5| BCAAME MR T A, HIRxLe APT 5543k, Bin. A fiig
T2 A AT, 2 T & AR R B A

T I esp Fil esp32 Bt fit ESP32 port & 1) RGP I HE. esp32.PCNT. esp32.RMT Jz HAl
SoC % FBLHe 2N W] F A e T BTt )5 FH ESP-IDF AU

6.1.6 GPIO 5 PWM 754l

from machine import Pin, PWM

led = Pin (LED_GPIO, Pin.OUT)
led.value (1)

pwm = PWM(Pin (PWM_GPIO), freg=1000, duty_ul6=32768)
pwm.duty_ul6 (49152)
pwm.deinit ()

N RF LED_GP IO Fll PWM_GP IO By rik I &t LAZSIHG . 5653k 2R, f7%. USB Flgefiis s
BERECL 28 5 T4 GPIO, [l b fi i i AG: 25 S B P A A i

6.1.7 Mm% API
Y5 H ) network . socket Fi1 select AR (LR 2% 422 11457 [ TCP/UDP J@{SHE J7. 24 Hil 7= fT & M ic B2 )5
T network .WLAN, {HSZ R A5 B0 28 0 00 28 G {240 ] 2 i

Y ETTF R ARBLE ] T bluetooth F1 espnow, SSL/TLS. cryptolib. WebSocket £l socket event 37 {3 Hi ik
J-H 7 [ (4 /I 1) ESP-IDF fi4<. ESP-VISION EV-MUX 32775/ % $# 1445 MicroPython WebREPL , HJl
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kg _webrepl, HAum5 M HAE AL EV-MUX K owner $240. [ 282 37 (6 1 2 /1 AP
TEAFE W) TCP 384 HEfP PRI SCRHBE LS 7 5 I 2R 34

6.1.8 %% Wi-Fi

import network, time

wlan = network.WLAN (network.STA_IF)
wlan.active (True)
wlan.connect ("ssid", "password")

for _ in range(100) :
if wlan.isconnected() :
break
time.sleep_ms (100)

if not wlan.isconnected():
raise OSError ("Wi-Fi connection failed")
print ("address:", wlan.ifconfig() [0])

Wi- F;rf it LA IR AT A ARC B 7™ i AR Y B BRI | BESAT BN, AL PREOR %, AR T
3R

6.1.9 CTE&RG Bt API

ESP-VISION 7 Jf] MicroPython f REIUSCIF R GEMIFAT N, U4 os, io. viS FINE open () BAL. AN
X SGRELERT S, T EAUSE S &3 /f1ash, /sdcard &7 frfk.

1B AT IR 45 4k 2238 i micropython, gc. sys. time F _thread #&fit, ESP-VISION J5 i T 47 GIL ¥
MicroPython £ ; [5:9F API BHAfTEEA 239 LA H, #4E XT?K%HﬁE{ﬁF%ﬁ%r{/Ejﬂ/\?—ﬁﬁﬁl’ifﬁo

6.1.10 Bl AF IR A AT

import gc, os

print ("flash:", os.listdir("/flash"))
if "sdcard" in os.listdir("/"):
print ("sdcard:", os.listdir("/sdcard"))

gc.collect ()
print ("free heap:", gc.mem_free())

ﬁﬂ%Tﬁ%ﬁﬁﬁuﬁ%ﬁ‘%ﬁ\ T AFTE. 0 2K B AR 2 B 73 TE 1 1 0 s G2 o DX W DA ge
collect (), {HYEARWURBER-f S 5% i [l n] RERE AR ARt

6.1.11 B

XTF# & ESP-IDF () JF &3, asyncio task 2 PMEEE R Python WfE, M ASE FreeRTOS task. £~
= [A]—A> Python 047 BR3¢, I HAVTEPAT await Bk, 6125 . M4 VO, RIS BT E B
TAEN AL SER X FhEEAE , e T DAk G I A D A ERfg sk . BEL, BoRFIMIZZ X4

PATR G548  — S PR SR E K £k, R DN (R R e A PR R IR S B bR R
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MicroPython asyncio B
Hr B

¥
MEES
FE R

SRR
i £ 35 M2 BT E

¥ ¥
BMES i B i 4% S5
e 7L H 15 Hi 5 Dk R 1R

import asyncio
import espdl
import json
import sensor
import time

MODEL = "/sdcard/espdet_pico_224_224_ face.espdl"
state = {
"frames": O,
"detections": O,
"last_frame_ms": time.ticks_ms (),
}
state_lock = asyncio.Lock ()

async def vision_task (detector) :
while True:
img = sensor.snapshot ()
results = detector.detect (img)
for x, y, w, h, score, category in results:
img.draw_rectangle(x, y, w, h, color=(255, 0, 0))
img.flush ()

async with state_lock:

state["frames"] += 1
state["detections"] = len(results)
state["last_ frame ms"] = time.ticks_ms()

tEMEREATNERENEHERLEESFET.
(T
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(B L)

await asyncio.sleep_ms (0)

async def telemetry_task():
while True:
await asyncio.sleep_ms (1000)
async with state_lock:
payload = json.dumps ({

"frames": state["frames"],
"detections": state["detections"],
H)
print ("telemetry:", payload)

# SLER MR RN B A dE T E socket fFHr.

async def health_task():
while True:

await asyncio.sleep_ms (500)

async with state_lock:
age = time.ticks_diff (

time.ticks_ms (), state["last_frame_ms"]

)

if age > 3000:
print ("warning: vision pipeline stalled")

async def main () :
sensor.reset ()
sensor.set_pixformat (sensor.RGB565)
sensor.set_framesize (sensor.QVGA)
sensor.skip_frames (time=1000)
detector = espdl.ESPDet (MODEL, score=0.5, nms=0.7)

vision = asyncio.create_task (vision_task (detector))
telemetry = asyncio.create_task (telemetry_task())
health = asyncio.create_task (health_task())
try:

await asyncio.gather (vision, telemetry, health)
finally:

vision.cancel ()

telemetry.cancel ()

health.cancel ()

detector.deinit ()

asyncio.run (main())

sensor.snapshot (). #EH. EGAHAl img. flush () SR A FIEEAE. PATHAAT—T A,
HAtthfEAfeiztT: BN await asyncio.sleep_ms (0) RAIAEMIS Wi [FRALTEE S Q2R
W& BAE T REFHZE, W asyncio stream 5{3EHZE socket, AN @K B[] $04 7 FHLZE T H

6.1.12 kM5 TS

W HH _thread.start_new_thread () API &5 —4> FreeRTOS task, {H'EA/ERHN 2 OHASE
[f]F xTaskCreatePinnedToCore () ., Python ZE AT 45 1L Je P sk R A 240 MicroPython £
FEE EAE MP_TASK_COREID [, il GIL IL=fRess. W PAM# ] _thread.stack_size () &G
SR B LA AR o

A4 A H ZEREE LA EE R B asyncio B AN _thread, fiiffl _thread.allocate_lock () %
P32 Python $#f ;. Bk APT EHEfULEHER AR 44, BNHHE L. IR, Fnfihdds . BLAURIMIZE o B 1R 2%
[ — AR A . IRQ BB LW DAY asyncio. ThreadSafeFlag A IEIR, L H
PEARAE DX 42

UNSRERY FI 75 B E Y IEE . WA FreeRTOS A5Gz R AN ISR BIML 55 (il 1, i34 7 24K Python
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FiA GIL AR SEhATIY T AR, B TARAE 55 58N ESP-IDF C/C++ 2014, Jf: ] Python %% 14 LI i Y
API, Ji] ESP-IDF {8\ EPf#: W APIREHLEEI asyncio task, FFFRATIHIEERMMEN _thread, LRk
551 A task

6.1.13 3 A Ml kb nf PR

FRUE MicroPython API [ 7] i1 H overlay/micropython/ports/esp32/mpconfigport.h. ATk
FF &) mpconfigboard.h 5§ mpconfigboard. cmake, ESP-IDF M 251441 SoC fE 11 2= 4L A de i .
TP IR R T R, B DASKE b [ A A A 45 5 A i -

help ("modules")
import machine
help (machine)

I3 I 75 2% Z2 ¥t ESP-VISION Ff K ARGZFTHE, N hasattr () 244 import., 7= i Bl (75 245
R T APT i, 0 % 10 B 1 20 6 0

L

i Ji #% 1 MicroPython API #9 W] iz 47 7% f3 £1 35 example/00-HelloWorld/helloworld.py (4
N A) Fil example/06-Peripherals/00-Storage/sdcard.py (% SD £) . example/
07-Network/00-WebREPL/webrepl.py T UiHE 4 WebREPL A% i B, S Aol AR W 4%
BIBH, A2 ESP-VISION |- A[iZ 1711 W 48 23

6.2 sensor 1%k

sensor FIHLH T H B LI RERGN. THH 1115 OpenMV ) sensor fF—3, B AZH
OpenMV JHIA TG 75 sl B PT B AR «

6.2.1 $HG I AL HESCR A
AR A R R FEA G PR SRR A SN B P TRE . AR ESORERR

import sensor

sensor.reset ()

sensor.set_pixformat (sensor.RGB565)
sensor.set_framesize (sensor.QVGA)
sensor.skip_frames (time=2000)

while True:
img = sensor.snapshot ()

J

sensor.reset () &N HIFERBIAEG L E . RGB565 &M T Hn. LR KEZE AL TV,
GRAYSCALE NI ] B ARF A IS VE 0 A7 5 I RILAL FEFF4Y . sensor. snapshot () & [H] i w42 F igk
MIKE I image . Image, HILTREAET —UCREFHREAFFERNEARAR, WA HHZE R . H] P
e AN—A LAY MW P S &0 X sensor.snapshot (buffer) ; R[EIHEG SR H IR ZE X
HI5 1 -

6.2.2 PR D5 5 BHE SR

B I A St 1) ST o 228 5 1) vl B B T RS, W]l K-F BT R MR ELRI AR IR TALIE . status () iR
Bl EI PR BREM LERG ID. BB A EE, W T2k
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import sensor

sensor.reset ()
sensor.set_hmirror (True)
sensor.set_vflip (False)

info = sensor.status ()

print ("sensor id:", info["id"])
print ("output:", info["width"],
print ("ready:", info["ready"])

"x", info["height"])

BB E S PGSR B R . 7S I ERI IR LIS TR status O, BRIASRBCLE 20t
FEIUE VR 2 B RO 5 AL AR — B

6.2.3  BymhE R4k
AN RN DM IR K, I N —OCRERTE H 8

sensor.shutdown (True)

# RALEFERBB LN E S
sensor.shutdown (False)
sensor.skip_frames (n=3)
img = sensor.snapshot ()

RSB TUG, WERE S AWPS IR R E e, YRR IR

P4{E: ESP32_P4X_EYE HYERIA SPI L S HF QVGA Hif% 3k R4S LCD [R B[] . SPT 5 4% i 75 2t
DMA W] FI AT, TR S 815 Sk o e b M R TR S B BRI R BE IS, VT REAE H B K4k DMA 25 (R e
Hif# gc.mem_free () il PSRAM A a] F{lEARIE K. WK display.Display () B lcd.write ()
# i ESP_ERR_NO_MEM, JEREH sensor. snapshot () BBHIT] I 1IEH sensor.shutdown (),
AL AIE R LCD: 2 5 lcd.deinit (), FHM sensor.reset () EHH R

6.2.4 iyl IPA

IPA 1 ISP 4% ) 32 11 2 °] 1% & (4 B fE. {f f] 57 °] i@ & hasattr (sensor, "get_ipa") E{
hasattr (sensor, "get_isp") fufr; [E{PFRGASIZTIRERS, XTI EANFIE.

ffi[f] sensor.set_ipa (False) &1 B AbHE (IPA) :‘r”’fﬁﬂ%% ffiffl sensor.set_ipa (True)
HHEN. WHAHRERLEGk. sensor.get_ipa () REEHIGH S HPRES: A SCRrB s
iR ] None o XN SRR G LI E TPA 24l OSEIIOI

sensor.reset ()

sensor.skip_frames (time=2000)

if hasattr(sensor, "get_ipa") and sensor.get_ipa() is not None:
sensor.set_ipa (False)

print ("IPA:", sensor.get_ipa())
img = sensor.snapshot ()
img.flush ()

sensor.set_ipa (True)

Y IPA RS SFEF IR B e g R, R MG E&. PR, BRmEE . ER0EY
FRRESASPATYIH, sensor.reset () PAM sensor.shutdown (True) JGEFENIEGLSKE
BRI TPA IR

P IR S AN 2R B FUIR A, WS4 XM il OSError Z i, REZM. e fliEG
LR EHESE R IR sensor.reset () TEH NG L.
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F P TPA &5 - H A S50, EAS S ISP 80 GR T AR S S, P i 5w o] GEI% A B A8
ko X B H AT DAYE T W0 v e AR B R B TR (6, TR TPA JF SRR BE RS . BLTF 2 s 24wl
IPA JSON Jir & vh s B LS ot e 3 095453% . S IPA &4 CCM., Gamma, 8425l b S H iR
T HE T FOMEANSENERIRE . BIF 3R £ P 5 A5 B NP SE B B shiHeak A s
Pfif. ESP32_PAX_EYE [¥) OV2710 BB At th A& S A B H iz, A3z TPA #5146l ; 451k IPA ANk
SRR BRI Eh Rk R 0 AR AT A .

6.2.5 EILIPA Ziilfi

sensor.get_ipa_stats (timeout=1000) ¥F IPA iZ2478Aa] 2B —1y #r1 ISP SeiT 538 . i FH wiiE
i hasattr (sensor, "get_ipa_stats") &EREMAEGEMARED, HFWBESR). JFRE IPA,
timeout 4 1 & 1000 ZF WAL, BHTEREME ValueError, #BR R A L EHEFTH TPA $24Hi
BRI None; FRESLAWIIGI . TPA B % A e i & ER I OSError,

HWRRHAAE ML H NS TTAS), REER, EEaEE. SIS S I RE B R 24,
EEREmE = e, I Be7E B IHUIFR PP 2€ Python, PR SUESSCE R AR . PR EEHR . [R] 4422
P8 sensor.snapshot () HEHEBEFE M. i1 /F 55 Python /) snapshot () KRG EE ——X W AAR
k.

R FHIE RS AT . ANREIEO T I RO SE TTECR None , ASHHEAREHE OIS ITHE.

% I IPA T 7B

# X

seq 64 Gt FE; gkt IPA W ia4L G vl BE B 0T34

flags IPA H%i{v; : AWB=1, AE=2, HIST=4, SHARPEN=8, AF=16, AWB_SUBWIN=32,
AE/AWB 1/ % 5 J5i i ESP Video #7310 A

ae 5x5 SRS, 4% (=] [y] RTl.

awb % counted (HAITE). sum_r. sum_g. sum_b FFHM ., GRERNE
ST T RE N2

awb_subwin i3 [é‘]i [v] K51 5x5 Mg, FRITTFEYE awb MHE. TEGm. & R5ET
[N=Es

hist FAE B B X BB HES A 16 A~ 304 DXTR 5 i 24 i ISP L o e

sharpen [ E SN

af SAE O FEIYE, FHE definition (JEMIE) F luminance (5%

BE)o XEERIBGIE, NEFELOIE

sensor.reset ()

sensor.set_ipa (True)
sensor.skip_frames (time=2000)
sensor.snapshot ()

stats = sensor.get_ipa_stats (timeout=200)
if stats is not None:
print (stats["seq"], stats["ae"], stats["awb"])

XFHRH counted > 0 [y awb, FHIALFERPA counted RJAFEIX WAL THRVEESE. ME1FH
G RS ER ISR, IR RGB M ; OV2710 J5 it ] REH (4 R 25 7 (1 i 1 M
JEHf counted=1. FFREAA KA image . Image [WiHEHHE.

example/01-Camera/04-IPA/ipa_stats.py i/ MV A E I 1. 1%4% IR ] TIPA 75 2% Y
ISP i A1, NEEHEERER G . SRS RS I8 RS HTE L get_isp () [

e

6.2.6 T-@hfsii] ISP

¥R iL)S, sensor.get_isp (block) iR [BIUKEN M1 SHH 7 I A SCHRFZAL BRI R [1] None.
FRAGCL IR A S 1, B R R RS RN R H R RE R, R TN SRR 1sc
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ESP32-P4 v1.0 XA F, blc F3 v3.0 &PAE; 1M SC2336 414 Bes B G2 R 5, Wik sensor.
get_isp ("exposure") HiFiR A None, {H{iA[if T sensor.set_isp ("exposure", value=..
) WEBE.ESP32_P4X_EYE {#i {1 OV2710 3R ¥% A S T3 exposure 8 pixel_gain: B2HUR [H]
None, A4 ESP_ERR_NOT_SUPPORTED [{J OSError. H A% A 55 1 A REARYE B2
ANEFkHW B AGES . FehBEARIYCH A sensor.set_ipa (False)., sensor.set_isp (block,
**params) BE—MEBEE, K EFEBIF Y AIECE . IPA ZTE S Al OSsError,
CICN Rk SRTIE 28

sensor.reset ()
sensor.skip_frames (time=2000)
sensor.set_ipa (False)

print (sensor.get_isp ("wb"))
sensor.set_isp ("wb", enable=False)
sensor.set_isp("ccm", enable=False)
sensor.set_isp("gamma", enable=False)
sensor.snapshot () . flush ()

sensor.set_isp("wb", enable=True, rg=1.8, bg=1.4)

P NATXHFIRE L ENERE (R4 ov2710)

# sensor.set_isp ("exposure”, value=10000) # B fL: A, #% 100 {5 B %,
# sensor.set_isp ("pixel_gain", value=2.0) # ¥ 3% 1= %,

sensor.set_ipa (True)

J

get_isp () BEHUKSNACE, NN, HAZREEGRHSEINSE. get_isp ("wb") Hift
45 ISP [P A FiA B, R OV2710 NEE AWB 3925, It enable=False, rg=1.0, bg=1.0
A PA S A% B8 N AWB [RIAFFE . X T 38A Ml P AL B 1 P4 IRAS, BRENGF 3 3T irithas 5
CCM & .

SREZ PR REC A B AR BRI R, FAARIRA &4 P e IR W PR S ot Y R 8 R 5, s /e
Ml sensor.skip_frames (n=3) JHZHBNI IR . EFEIHWIHFAKE BURE AT R, WAL as
HaEHE S RE: ER S A EE RIS GE AT 56 E FG AT N Rk Bl .

AL PSR 55 By RS 250 a4 -

2% 2: ISP 3§

(L3S

exposure

FH

value: BJGITE], FALIRED, FUMIER. Bl mibh 100 fpboy AL,
BE AT BEEE] 100 fRFb, BURS BT G s ERITER- 52, " E
TFRBI R LB E . BN SC2336 7 1280x720 30fps "~ AEHEZ 200 b 33.2 ZFP,
AN 100 f4AD

pixel_gain

value: IEBOMARIERL, FEARIEERVE PN 2R a0 23 B e el i — I

demosaic enable, gradient_ratio: BFEHI, JEGEL, FEHIHIRSNAE SEHE R E .

wb enable, rg. bg: Z[. WiEEEMGE, JEEY 0 2] 1023/256.

lsc enable, lsc_gain_size., gain_r. gain_gr. gain_gb. gain_b: PU{-H435
%, KWWMY get_isp ("1sc") REIFKE—2, BUEIERH 0 2 1023/256.
K JEHRER T UE

blc enable, stretch_enable, top_left_offset., top_right_offset.
bottom_left_offset, bottom_right_offset: BH S WiEE, MO0 3| 255
RS

bf enable, level (2-20). matrix: FEFTHEAMISLAEEEL, JE/EN 0 3 15,

sharpen enable. h_thresh., 1_thresh (0-255, {XHME A KT EHH(E) . h_coeff,
m_coeff (0F]255/32). matrix: HATHEMIMILEES, JEEIN 0 7] 31,

cem enable, matrix: #ATHA B SLA FREE, 86T -4 2 4 2 [H).

gamma enable. x, y: P/MKEN 16 BUREEDIER, BUEM 0 2] 255, X MERE&BZSTTF

Ui, BRI AN 2 B RJE— AU 255, I RS —Bla] R 256
ShFE
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6] EL 56 PR RSEER I FH BT S 80, WA & enable=True. {4 A enable=False £ K%L PR
He, WA RAERRESE . BRI aa e SRR, FRRIT KR . Gamma {52[0] 213 14 i
2 WHE x By 2XGRUEI N T = ANEE, (UEMOF N AR E Al A 4. LSC R il |55
SKEFA R R, AERR RN % TPA Y A 20 FEMRSHE sz =z 1, Gk R e A%mIA
%, AR 2R3N T BEAE IR SR8 R R 2 B S B AR 4T, R b ise 45 5 A 2R W s il A (R S ] g
ANHE s CRERR ARG Y e BB CSL TS . S BORE B 5 B 0] RE IR Bl 24k

AR . TERCEUE S B KRR SR B M ATRE IR . A LR S ALl OSError, B&HTIR
ATRER P C N HBCE, AT sensor. reset () EHWILHL.
example/01-Camera/04-IPA/isp_preview.py /RNHIFCELE R &, FXM IPA, RIGHEFZETGE,
2 FRHALUHEE G . e, PP AT AN CCM, 4T BN SR B G S IR BN 2l i3 2 . 1P
I CCM 2%, HF|# Cul-C {51k, W RMEW UPDATE_INTERVAL_MS MA&SEGERF &A% X4
HIE B AN Z I BUE ST BBkt , Ao hWriibe. 51k, TPA LR PR A g — IR ik .
UL

AR KRR UL T — WG ] I EHG A% B #S Bl ik image . Tmage; EZART NG ERA S O
[E]

W 15 1T 7/~ Pil: example/01-Camera/00-Snapshot (CR4E 1R 7E) 5 example/01-Camera/
03-MJPEG (Wi-Fi MIPEG i) .

2

6.2.7 Constants

sensor .GRAYSCALE
Pixel format constants accepted by set_pixformat().

sensor .RGB565
sensor.QQVGA
Frame size constants accepted by set_framesize().

sensor .QVGA

sensor.VGA

6.2.8 Functions

sensor.reset ()

Reset and initialize the camera with the board default sensor configuration.

sensor .shutdown (enable=...)
Stop or restart the camera stream.
SH
enable —True shuts the camera down; False starts it again.
sensor.set_pixformat (pixformat)
Select the output pixel format.
S8
pixformat —sensor.GRAYSCALE or sensor.RGB565.
sensor.get_pixformat ()

Return the current pixel format constant.

sensor.set_framesize (framesize)
Select the output frame size.

BH
framesize —sensor.QQVGA, sensor.QVGA, or sensor. VGA when supported by the board.
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sensor.get_framesize ()

Return the current frame size constant.

sensor.width ()

Return the current output image width in pixels.

sensor.height ()

Return the current output image height in pixels.

sensor.get_id()

Return the camera sensor ID.

sensor.set_hmirror (enable)
Mirror the camera image horizontally.
¥
enable —True enables horizontal mirror.
sensor.get_hmirror ()

Return whether horizontal mirror is enabled.

sensor.set_v£flip (enable)
Flip the camera image vertically.
S8
enable —True enables vertical flip.
sensor.get_vflip ()

Return whether vertical flip is enabled.

sensor.set_ipa (enable)

Optional API: present only in firmware with IPA/ISP control enabled. Start or stop the IPA controller after
camera initialization; briefly pauses capture. Existing ISP tuning is retained when disabled; enabling returns
configured blocks to IPA. IPA controls only algorithms declared in its active JSON configuration and sup-
ported by the backend. Sensor-side automatic exposure/white balance is independent. Unsupported cameras
raise OSError. OV2710 exposure/gain remain sensor-controlled when IPA is stopped; manual controls stay
unsupported.

sensor.get_ipa ()

Optional API: present only in firmware with IPA/ISP control enabled. Return the IPA controller state, or None
when runtime control is unsupported. A supported camera must be initialized first.

sensor.get_ipa_stats (fimeout=...)

Optional API: collect one new statistics packet while IPA is running. Uninitialized/stopped cameras or disabled
IPA raise OSError. AE and AWB subwindow grids use [x][y]; unavailable blocks are None.

BH

timeout —-1..1000 milliseconds; None means timeout or unsupported backend.

sensor.get_isp (block)

Optional API: present only in firmware with IPA/ISP control enabled. Read current ISP block parameters, or
None if unsupported. Initialize the camera first. Blocks the camera driver or chip revision does not implement
return None, including “exposure” on sensors whose driver makes it write-only. Readback is driver configu-
ration, not a frame commit barrier or sensor-side AWB gains. OV2710 does not support manual exposure or
pixel_gain reads or writes.

sensor.set_isp (block, **params)

Optional API: present only in firmware with IPA/ISP control enabled. Update one ISP block using keyword
parameters; unspecified fields retain their values. Disable IPA before writing. Invalid parameters raise Val-
ueError; device errors raise OSError. BF level is 2..20; use enable=False to disable filtering. Consume queued
frames before evaluating a change; skip_frames is not a hardware commit barrier.
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sensor.skip_frames (time=..., n=...)

Drop frames while camera exposure and processing settle.

B

time —milliseconds to wait. n: number of frames to skip.

sensor.snapshot (buffer=..., /)

Capture one image from the camera.

S8
buffer —optional writable buffer of at least the configured frame size. The returned Image
retains it.

sensor.status ()

Return camera readiness, size, format, mirror, flip, and crop status.

6.2.9 Classes

class sensor.SensorStatus

Dictionary returned by status().

class sensor.IPAAWBStats
class sensor.IPAAFStats

class sensor.IPAStats

6.3 image —Z|{RAbHH

image Bt Image XE AT OpenMV imlib Pt L £, w85, 1R, Bt/
SN, DARCERERSIN (BLk. £RBr. |, M. —4ifS. AprilTag). A inageio. ImageIO
Ilimage. ImagelO —A4%7.

i ESP32-P4 iRk il Bk & B A ZXing-C++ £ J5imAl image . Image. find_barcodes () .

6.3.1 Zzbellygifataeitipy

import sensor

sensor.reset ()

sensor.set_pixformat (sensor.RGB565)
sensor.set_framesize (sensor.QVGA)
sensor.skip_frames (time=1000)

img = sensor.snapshot ()
img.draw_rectangle (10, 10, 50, 50, color=(255, 0, 0))

thresholds = [ (30, 100, 15, 127, 15, 127)]
for blob in img.find_blobs (thresholds, pixels_threshold=80, area_threshold=80) :
img.draw_rectangle (blob.rect (), color=(255, 0, 0), thickness=2)

img.draw_cross (blob.cx (), blob.cy (), color=(0, 255, 0))

J

RGB565 [ 5 2 & 7~ LAB ¥ Bl (H: (L_min, L_max, A_min, A_max, B_min, B_max),
pixels_threshold £ it JEVCALE 2T DR X I, area_threshold 23 J84ME M TE M ARt /M)
ik, HAsbR AR GG o A, W B E SR .
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6.3.2 JEIES Mo

sensor.set_pixformat (sensor.GRAYSCALE)
img = sensor.snapshot ()
img.gaussian (1)

img.binary ([ (80, 255)1)

img.erode (1)

img.dilate (1)

img.flush ()

gaussian () TER{EABERTNE E B . binary () FFILECAKEEERARNA R ME, B CE M
2K AT 25 B IRSLAR IR AR . X LT IA 2 B e R

6.3.3 ALy

sensor.set_pixformat (sensor.GRAYSCALE)

img = sensor.snapshot ()

for code in img.find_grcodes() :
img.draw_rectangle (code.rect (), color=255, thickness=2)
print (code.payload())

find_qrcodes () IR [B] AR IR TLAT AR ERIBRALS A 2 DK BE S A EL % T ARRAIRAC BT 45 2R — 2
I S HH B Y [ DX, 38 P AR B8/ ROIL

6.3.4 HZk. ZeBtBIKM

img = sensor.snapshot ()
for line in img.find_lines(threshold=1400, theta_margin=25, rho_margin=25) :
img.draw_line(line.line (), color=255, thickness=2)

for segment in img.find_line_segments (threshold=50, merge_distance=10) :
img.draw_line (segment.line (), color=255, thickness=2)

for circle in img.find_circles (threshold=2500, r_min=8, r_max=80, r_step=4):
img.draw_circle(circle.x (), circle.y (), circle.r (), color=255, thickness=2)

find_lines() Ml find_circles() i H Z &k B i #f W . find_line_segments () {#i M
Edge Drawing Lines 5 | 28, I # threshold 2 H T 7= 4 3 1B & 3 % 1) & /> Sobel # & IF {H,
merge_distance H T HIF AR LB, i m BUE AT /DB 55 ke 25 5L FR R ARYE L. ROI B &
B PR DA &, Il R T i e .

6.3.5 ZiyIFORArFEIR

import image

img = sensor.snapshot ()

Biele] img.to_jpeg(quality=85, subsampling=image.JPEG_SUBSAMPLING_420)
jpg.save ("/sdcard/snapshot.jpg")

print ("encoded bytes:", Jpg.size())

JPEG quality ] T AU 2 i (AR5 MR AR Y, 4:2:0 (& FERIRRE 0] DA B/ NKR G IR . PRAF R8T
Hpr S RGN E SRR Bl

REFFHIRAER T 2R M EE A S, R DAEEX T : img.to_grayscale () .gaussian(1) .
binary ([ (128, 255)]).
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S
%?ﬁ%?‘b&%‘f}éﬂmﬁﬁ, S AR (GERR. OFaSE. Wigh) S5Ea4a22 (JEN. BEk.
FRAEASI )

[z 7Rl example/02-Image-Processing (. EH. BifiBE. WZZ5) . example/
04-Barcodes (Z4EfY) 5 example/05-Feature-Detection (AprilTag., HZ. L. ).

6.3.6 Constants

image .BINARY

1-bpp black-and-white pixel format (one bit per pixel).
image.GRAYSCALE

8-bit grayscale pixel format.
image .RGB565

16-bit RGB565 color pixel format.
image .BAYER

Raw Bayer mosaic pixel format from the sensor.
image.YUV422

Packed YUV422 pixel format.
image.JPEG

JPEG-compressed image format.
image .PNG

PNG-compressed image format.
image . PALETTE_RAINBOW

False-color rainbow palette (cold to hot).
image . PALETTE_IRONBOW

“Ironbow” thermal palette.
image .PALETTE_DEPTH

Depth-map palette.
image .PALETTE_EVT_DARK

Event-camera dark palette.
image .PALETTE_EVT_ LIGHT

Event-camera light palette.
image.AREA

Scaling/geometry hint flags for copy()/crop()/scale()/draw_image(): area-average downscaling.
image.BILINEAR

Bilinear interpolation hint.
image .BICUBIC

Bicubic interpolation hint.
image . HMIRROR

Mirror horizontally.

image.VFLIP
Flip vertically.
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image . TRANSPOSE
Swap X and Y (transpose).

image.CENTER

Center the source in the destination.
image .EXTRACT_ RGB_CHANNEL_FIRST

Extract the RGB channel before applying the color palette.
image .APPLY_COLOR_PALETTE_FIRST

Apply the color palette before other steps.
image.SCALE_ASPECT_KEEP

Keep aspect ratio, fitting inside the destination.
image.SCALE_ASPECT_EXPAND

Keep aspect ratio, expanding to fill the destination.
image.SCALE_ASPECT_IGNORE

Ignore aspect ratio, stretching to the destination.

image .BLACK_BACKGROUND

Treat the background as black (needed for correct alpha blending).

image .ROTATE_90

Rotate 90 degrees.
image .ROTATE_180

Rotate 180 degrees.
image .ROTATE_270

Rotate 270 degrees.
image.JPEG_SUBSAMPLING_AUTO

Let the JPEG encoder pick chroma subsampling automatically.
image.JPEG_SUBSAMPLING_444

4:4:4 JPEG chroma subsampling (best quality).
image.JPEG_SUBSAMPLING_422

4:2:2 JPEG chroma subsampling.
image.JPEG_SUBSAMPLING_420

4:2:0 JPEG chroma subsampling (smallest size).
image.SEARCH_EX

Exhaustive template-search strategy.
image.SEARCH_DS

Diamond-search (faster, approximate) template-search strategy.
image .EDGE_CANNY

Canny edge-detection method for find_edges().
image .EDGE_SIMPLE

Simple gradient-threshold edge-detection method for find_edges().

image.CORNER_FAST

FAST corner detector for find_keypoints().
image.CORNER_AGAST

AGAST corner detector for find_keypoints().
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image .EAN2
Barcode symbology constants returned by barcode.type() / accepted by find_barcodes().

image .EANS
image .EANS8
image .UPCE
image.ISBN10
image.UPCA
image.EAN13
image.ISBN13
image.I25
image .DATABAR
image .DATABAR_EXP
image .CODABAR
image.CODE39
image .PDF417
image.CODE93
image .CODE128

image.TAG16H5
AprilTag family constants accepted by find_apriltags().

image.TAG25H7
image.TAG25H9
image.TAG36H10

image.TAG36H11

6.3.7 Functions

image.binary_to_grayscale (pixel)

Convert a 1-bpp binary pixel to a grayscale value.
image.binary_to_rgb (pixel)

Convert a 1-bpp binary pixel to an (r, g, b) tuple.
image.binary_to_1lab (pixel)

Convert a 1-bpp binary pixel to a LAB tuple.
image.binary_to_yuv (pixel)

Convert a 1-bpp binary pixel to a YUV tuple.
image.grayscale_to_binary (pixel)

Convert a grayscale value to a 1-bpp binary pixel.
image.grayscale_to_rgb (pixel)

Convert a grayscale value to an (r, g, b) tuple.
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image.grayscale_to_lab (pixel)

Convert a grayscale value to a LAB tuple.

image.grayscale_to_yuv (pixel)

Convert a grayscale value to a YUV tuple.

image.rgb_to_binary (pixel)
Convert an (r, g, b) color to a 1-bpp binary pixel.

image.rgb_to_grayscale (pixel)

Convert an (r, g, b) color to a grayscale value.

image.rgb_to_1lab (pixel)
Convert an (1, g, b) color to a LAB tuple.

image.rgb_to_yuv (pixel)

Convert an (1, g, b) color to a YUV tuple.

image.lab_to_binary (pixel)
Convert a LAB tuple to a 1-bpp binary pixel.

image.lab_to_grayscale (pixel)
Convert a LAB tuple to a grayscale value.

image.lab_to_rgb (pixel)
Convert a LAB tuple to an (1, g, b) tuple.

image.lab_to_yuv (pixel)
Convert a LAB tuple to a YUV tuple.

image.yuv_to_binary (pixel)

Convert a YUV tuple to a 1-bpp binary pixel.

image.yuv_to_grayscale (pixel)
Convert a YUV tuple to a grayscale value.

image.yuv_to_rgb (pixel)
Convert a YUV tuple to an (r, g, b) tuple.

image.yuv_to_1lab (pixel)
Convert a YUV tuple to a LAB tuple.

6.3.8 Classes

class image.line

A detected line segment with Hough-space attributes.

line ()

Return the line as (x1, y1, x2, y2).

x1()
Start-point x coordinate.
yl(Q)
Start-point y coordinate.
x2 ()
End-point x coordinate.
y2()
End-point y coordinate.
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length ()
Segment length in pixels.

magnitude ()
Hough accumulator magnitude (line strength).
theta ()
Line angle theta in degrees (Hough space).
rho ()
Line distance rho in pixels (Hough space).
class image.circle

A detected circle.

circle ()

Return the circle as (x, y, r).

x()

Center x coordinate.
yO

Center y coordinate.
r()

Radius in pixels.
magnitude ()

Hough accumulator magnitude (circle strength).

class image.rect

A detected rectangle (quadrilateral).

corners ()

Return the four corner points in clockwise order.

rect ()

Return the bounding box as (x, y, w, h).

x()

Bounding-box top-left x.
y()

Bounding-box top-left y.
w()

Bounding-box width.
h()

Bounding-box height.
magnitude ()

Detection strength.

class image.blob

A connected color region found by find_blobs().

corners ()

The four bounding-box corners.

min_corners ()

The four corners of the minimum-area enclosing rectangle.
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rect ()

Bounding box as (X, y, w, h).

x()

Bounding-box top-left x.
y()

Bounding-box top-left y.
w()

Bounding-box width.
h()

Bounding-box height.
pixels ()

Number of pixels in the blob.
cx ()

Centroid x (integer).
cxf ()

Centroid x (float).
cy ()

Centroid y (integer).
cyf ()

Centroid y (float).
rotation ()

Orientation of the blob’ s major axis in radians.

rotation_deg ()
Orientation in degrees.
rotation_rad()

Orientation in radians.

code ()
Bitmask of the thresholds this blob matched.

count ()

Number of blobs merged into this one.
perimeter ()

Bounding-box perimeter.
roundness ()

Roundness metric in [0, 1] (1 == circle).
elongation ()

Elongation metric in [0, 1].
area ()

Bounding-box area (w * h).
density ()

Pixel density: pixels / area.

extent ()
Alias of density().
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compactness ()

Compactness metric in [0, 1].
solidity ()

Solidity (pixels / convex-hull area) in [0, 1].
convexity ()

Convexity metric in [0, 1].
x_hist_bins ()

Horizontal projection histogram bins.
y_hist_bins ()

Vertical projection histogram bins.
major_axis_line ()

Major-axis line as (x1, yl1, x2, y2).
minor_axis_line ()

Minor-axis line as (x1, y1, x2, y2).
enclosing_circle ()

Minimum enclosing circle as (X, y, 1).
enclosed_ellipse ()

Best-fit enclosed ellipse as (X, y, X, ry, rotation).

class image.qrcode
A decoded QR code found by find_qrcodes().

corners ()

The four corner points.

rect ()

Bounding box as (X, y, w, h).

x()

Bounding-box top-left x.
y()

Bounding-box top-left y.
w()

Bounding-box width.
h()

Bounding-box height.
payload ()

Decoded payload string.
version ()

QR version (size) number.

ecc_level ()

Error-correction level.

mask ()

Data mask pattern index.

data_type ()
Encoding mode of the payload.
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eci ()

Extended Channel Interpretation value.
is_numeric ()

True if the payload is numeric.
is_alphanumeric ()

True if the payload is alphanumeric.
is_binary ()

True if the payload is binary.
is_kanji ()

True if the payload is Kanji.

class image.barcode

A decoded 1D/2D barcode found by find_barcodes().

corners ()

The four corner points.

rect ()

Bounding box as (X, y, w, h).

x()
Bounding-box top-left x.
y()
Bounding-box top-left y.
w()
Bounding-box width.
h()
Bounding-box height.
payload ()
Decoded payload string.
type ()
Symbology type constant (e.g. EAN13, CODE128).
rotation ()
Rotation of the barcode in degrees.
quality ()

Decode quality (number of agreeing scan lines).

class image.apriltag

A detected AprilTag with optional 6-DoF pose. Attributes are fields, not methods.

class image.histogram

Channel histogram returned by get_histogram(). For RGB565 the L/A/B channels correspond to the LAB

color space.

bins ()
Combined bins (grayscale/binary) or L bins (RGB565). Values are normalized floating-point pixel fre-
quencies, not integer counts. For a non-empty selection their sum is approximately 1.0 (floating-point
rounding applies).

1 _bins ()
L-channel (lightness) bins.
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a_bins ()

A-channel bins (RGB565 only).
b_bins ()

B-channel bins (RGB565 only).

get_percentile (p)

Return the value at the given cumulative percentile (0..1).

BH
p —percentile in the range O to 1.

get_threshold()
Compute an Otsu threshold from the histogram.

get_stats ()
Compute statistics (mean/median/mode/stdev/---) from the histogram.

get_statistics()
Alias of get_stats().

statistics ()
Alias of get_stats().

class image.percentile
A percentile result from histogram.get_percentile().

value ()

Combined/L value at the percentile.

1_value ()

L-channel value.

a_value ()

A-channel value.

b_value ()

B-channel value.

class image.threshold
An Otsu threshold result from histogram.get_threshold().

value ()
Combined/L threshold value.

1_value ()
L-channel threshold.

a_value ()
A-channel threshold.

b_value ()
B-channel threshold.

class image.statistics

Region statistics returned by get_statistics(). Combined accessors apply to grayscale/binary; 1_*/a_*/b_*
apply to RGB565 LAB channels.

mean ()
median ()

mode ()
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stdev ()
min ()
max ()

1g()
Lower quartile (25th percentile).

uq ()
Upper quartile (75th percentile).

1 mean()
1_median ()
1_mode ()
1_stdev ()
1 _min ()

1 _max ()
1_1q0)

1 _uqg()
a_mean ()
a_median ()
a_mode ()
a_stdev ()
a_min ()
a_max ()
a_lq()
a_uqg()
b_mean ()
b_median ()
b_mode ()
b_stdev ()
b_min ()
b_max ()
b_lq()
b_uq()

class image.Image (path)
class image.Image (width, height, pixformat, *, buffer=...)
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class image.Image (array, *, buffer=...)

A 2D image backed by a pixel buffer. Create one from a file path, from a width/height/pixformat, or from
an array; most often you get one from sensor.snapshot(). Most in-place methods return self so calls can be
chained.

Load an image from a file (BMP/PPM/PGM/JPEG/PNG depending on build).

SH
path —source file path.
width ()

Image width in pixels.

height ()
Image height in pixels.

format ()
Pixel format constant (BINARY/GRAYSCALE/RGB565/---).

size ()

Size of the pixel buffer in bytes.

bytearray ()
Return the pixel buffer as a bytearray (no copy).
get_pixel (x,y, * rgbtuple=...)
Read one pixel. x, y: pixel coordinates.
rgbtuple —for RGB565, True returns an (r, g, b) tuple, False the packed value.
set_pixel (x, y, pixel)
Write one pixel. x, y: pixel coordinates.
S8
pixel —grayscale value or (r, g, b) color.
flush()
Push this image to the host as a binary EV-MUX preview. frame JPEG.

save (path, *, roi=..., quality=...)
Save the image to a file; the format is inferred from the extension.
S
* path —destination path.

* roi —optional source rectangle (x, y, w, h).
¢ quality —JPEG quality from 1 to 100 when saving as JPEG.

copy (¥, roi=..., x_scale=..., y_scale=..., rgb_channel=..., alpha=..., color_palette=..., alpha_palette=...,

hint=..., copy=...)
Return a scaled/cropped/converted copy of the image. x_scale, y_scale: horizontal/vertical scale factors.
BH

e roi —source rectangle (X, y, w, h) to read from.

* hint -bitwise OR of AREA/BILINEAR/BICUBIC/HMIRROR/VFLIP/TRANSPOSE/ROTATE_*/SCALE

flags.
* rgb_channel —extract a single RGB channel (0, 1, or 2; -1 for all).

* alpha -blend alpha from O to 255.
* copy —True returns a new image; False converts in place.

crop (¥, roi=..., x_scale=..., y_scale=..., hint=..., copy=...)

Crop/scale the image to a region of interest. Same options as copy().
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scale (* x_scale=..., y_scale=..., roi=..., hint=..., copy=...)

Scale the image by x_scale/y_scale (alias of crop in this build).

compress (¥, quality=..., subsampling=..., roi=...)
Compress the image to JPEG in place (alias of to_jpeg).
S8
e quality —JPEG quality from 1 to 100.
¢ subsampling —one of the JPEG_SUBSAMPLING_* constants.
to_bitmap (*, copy=..., roi=...)
Convert to a 1-bpp bitmap.

to_grayscale (* copy=..., roi=...)
Convert to grayscale.

to_rgb565 (*, copy=..., roi=...)
Convert to RGB565.

to_rainbow (¥, copy=..., roi=...)

Apply the rainbow palette and convert to RGB565.

to_ironbow (¥, copy=..., roi=...)

Apply the ironbow thermal palette and convert to RGB565.
to_jpegqg (*, quality=..., subsampling=..., copy=...)
Encode to JPEG.
SH
e quality —-JPEG quality from 1 to 100.
¢ subsampling —one of the JPEG_SUBSAMPLING_* constants.
to_png (*, copy=...)
Encode to PNG.
clear (*, mask=...)
Fill the image with zeros (optionally only where mask is set).
e
mask —optional 1-bpp image limiting which pixels are cleared.
draw_line (x0, Y0, xI, yl, color=..., thickness=...)

draw_1line (line, color=..., thickness=...)

draw_rectangle (x, y, w, h, color=..., thickness=..., fill=...)

draw_rectangle (rect, color=..., thickness=..., fill=...)

draw_circle (x, y, r, color=..., thickness=..., fill=...)

draw_circle (circle, color=..., thickness=..., fill=...)

draw_ellipse (x, Y, rx, ry, rotation, color=..., thickness=..., fill=...)

draw_ellipse (ellipse, color=..., thickness=..., fill=...)

draw_string (x, y, text, color=..., scale=..., x_spacing=..., y_spacing=..., mono_space=...,
char_rotation=..., char_hmirror=..., char_vflip=..., string_rotation=..., string_hmirror=...,
string_vflip=...)
Draw text using the built-in bitmap font. X, y: top-left position of the text.

BH
* text -string to draw.
* color —text color.
* scale -integer/float scale factor of the font.
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draw_cross (x, y, color=..., size=..., thickness=...)

Draw a cross marker centered at (X, y).

draw_arrow (x0, Y0, x1I, yI, color=..., size=..., thickness=...)

draw_arrow (line, color=..., size=..., thickness=...)

draw_edges (corners, color=..., size=..., thickness=..., fill=...)

Draw connecting edges between a sequence of corner points.

draw_keypoints (keypoints, color=..., size=..., thickness=..., fill=...)
Draw a set of keypoints.
draw_image (image, x=..., y=..., ¥, x_scale=..., y_scale=..., roi=..., rgb_channel=..., alpha=...,
color_palette=..., alpha_palette=..., hint=..., mask=...)

Alpha-blend/scale another image (or a solid color) onto this one. X, y: destination top-left position.
x_scale, y_scale: scale factors; roi: source rectangle; alpha: 0..255;

BH
* image —source Image, an (r, g, b) tuple, or a packed scalar color.
¢ hint -SCALE_ASPECT_*/interpolation flags; mask: optional 1-bpp mask.
binary (thresholds, *, invert=..., zero=..., mask=..., to_bitmap=..., copy=...)
Threshold the image into a binary mask against a list of color thresholds.
BH
* thresholds -list of grayscale (min, max) or LAB 6-tuple thresholds.
* invert —invert the match.
* zero —zero out matching pixels instead of setting them.
¢ mask —optional 1-bpp image limiting the operation.
* to_bitmap —output a 1-bpp bitmap.
* copy —return a new image instead of modifying in place.
invert ()

Invert pixel values.

erode (ksize, *, threshold=..., mask=...)
Morphological erosion with a (2*ksize+1) square structuring element.
BH
* ksize —structuring-element radius.
* threshold -minimum number of set neighbors to keep a pixel.
* mask —optional 1-bpp image limiting the operation.
dilate (ksize, *, threshold=..., mask=...)

Morphological dilation. See erode() for parameters.

open (ksize, *, threshold=..., mask=...)

Morphological opening (erode then dilate).

close (ksize, *, threshold=..., mask=...)
Morphological closing (dilate then erode).

difference (image, x=..., y=..., *, roi=..., mask=...)
Absolute per-pixel difference against another image/color (frame differencing). x, y: placement of the
other image.

ZH
image —other Image, (1, g, b) tuple, or scalar color.
histeq (*, adaptive=..., clip_limit=..., mask=...)
Histogram equalization (global). adaptive is not supported in this build.

B8

clip_limit —reserved; mask: optional 1-bpp image.
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mean (ksize, *, threshold=..., offset=..., invert=..., mask=...)
Box (mean) blur over a (2*ksize+1) window. threshold/offset/invert: adaptive-threshold the result.
S8
¢ ksize —kernel radius.
* mask —optional 1-bpp image.
median (ksize, *, percentile=..., threshold=..., offset=..., invert=..., mask=...)
Median filter (edge-preserving denoise).
S8
¢ ksize —kernel radius.
¢ percentile —rank in [0, 1] to select (0.5 == median).
mode (ksize, *, threshold=..., offset=..., invert=..., mask=...)
Mode (most-common value) filter.
S8

ksize —kernel radius.

midpoint (ksize, *, bias=..., threshold=..., offset=..., invert=..., mask=...)
Midpoint filter ((min + max)/2 blended by bias).
S

ksize —kernel radius; bias: 0 == min, 1 == max, 0.5 == midpoint.

morph (ksize, kernel, *, mul=..., add=..., threshold=..., offset=..., invert=..., mask=...)
Apply an arbitrary NxN convolution kernel.
S8
¢ ksize —kernel radius; the kernel must be (2*ksize+1) square.
* kernel flat or nested sequence of integer weights.
e mul —output multiplier (defaults to 1/sum(kernel)); add: output bias.
blur (ksize, *, unsharp=..., mul=..., add=..., threshold=..., offset=..., invert=..., mask=...)
Gaussian blur using a separable Pascal-triangle kernel (alias: gaussian, gaussian_blur).
S8
* ksize —kernel radius.
* unsharp —True turns the filter into an unsharp-mask sharpener.
gaussian (ksize, *, unsharp=..., mul=..., add=..., threshold=..., offset=..., invert=..., mask=...)

Gaussian blur. See blur() for parameters.

gaussian_blur (ksize, *, unsharp=..., mul=..., add=..., threshold=..., offset=..., invert=..., mask=...)

Gaussian blur. See blur() for parameters.

laplacian (ksize, *, sharpen=..., mul=..., add=..., threshold=..., offset=..., invert=..., mask=...)
Laplacian edge filter (or sharpener when sharpen is True).
S5
ksize —kernel radius.
bilateral (ksize, *, color_sigma=..., space_sigma=..., threshold=..., offset=..., invert=..., mask=...)
Bilateral filter (edge-preserving smoothing).
S
¢ ksize —kernel radius.

* color_sigma —range sigma (color closeness); larger blurs across more contrast.
* space_sigma —spatial sigma (distance closeness).

get_histogram (thresholds=..., *, invert=..., roi=..., bins=..., I_bins=..., a_bins=..., b_bins=...,
difference=...)

Compute a channel histogram over the image or a region. bins / 1_bins / a_bins / b_bins: bin counts; -1
selects the channel default.
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BH
* thresholds —optional list of thresholds to restrict counted pixels.
* invert —invert the threshold match.
e roi -region of interest (X, y, w, h).
¢ difference —optional image to histogram the difference against.
get_hist (thresholds=..., *, invert=..., roi=..., bins=..., [_bins=..., a_bins=..., b_bins=..., difference=...)

Alias of get_histogram().

histogram (thresholds=..., *, invert=..., roi=..., bins=..., [_bins=..., a_bins=..., b_bins=..., difference=...)
Alias of get_histogram().
get_statistics (thresholds=..., *, invert=..., roi=..., bins=..., |_bins=..., a_bins=..., b_bins=...,
difference=...)
Compute region statistics (mean/median/mode/stdev/quartiles).  thresholds/invert/roi/bins: as in
get_histogram().
get_stats (thresholds=..., *, invert=..., roi=..., bins=..., [_bins=..., a_bins=..., b_bins=..., difference=...)

Alias of get_statistics().

statistics (thresholds=..., *, invert=..., roi=..., bins=..., |_bins=..., a_bins=..., b_bins=..., difference=...)

Alias of get_statistics().

get_regression (thresholds, *, invert=..., roi=..., x_stride=..., y_stride=..., area_threshold=...,
pixels_threshold=..., robust=...)

Fit a line to the thresholded pixels via least-squares (or robust) regression. x_stride, y_stride: pixel sam-
pling steps. area_threshold, pixels_threshold: minimum region area / pixel count to fit.

¥
¢ thresholds -list of color thresholds selecting the pixels to fit.
e invert —invert the match; roi: region of interest.
¢ robust —use a robust (Theil-Sen) estimator.

find_blobs (thresholds, *, invert=..., roi=..., x_stride=..., y_stride=..., area_threshold=...,
pixels_threshold=..., merge=..., margin=..., threshold_cb=..., merge_cb=...,
x_hist_bins_max=..., y_hist_bins_max=...)

Find connected color regions (blobs) matching the thresholds. x_stride, y_stride: pixel sampling steps.
area_threshold, pixels_threshold: minimum bounding-box area / pixel count. threshold_cb / merge_cb:
optional Python filter/merge callbacks.

BH
* thresholds -list of color thresholds.
e invert —invert the match; roi: region of interest.
* merge —merge overlapping blobs; margin: extra merge margin.

find_1lines (* roi=..., x_stride=..., y_stride=..., threshold=..., theta_margin=..., rho_margin=...)
Find straight lines with the Hough transform. theta_margin, tho_margin: merge tolerance for similar
lines.
BH

e roi —region of interest; x_stride, y_stride: sampling steps.
* threshold —minimum Hough accumulator magnitude to report a line.
find_line_segments (*, roi=..., merge_distance=..., max_theta_diff=..., threshold=...)

Find line segments with the Edge Drawing Lines detector. merge distance and max_theta_diff merge
nearby, similarly angled segments.

S

threshold —minimum Sobel gradient magnitude used to seed and trace edges.

find_circles (¥ roi=..., x_stride=..., y_stride=..., threshold=..., x_margin=..., y_margin=...,
r_margin=..., r_MmMin=..., r_mMax=..., r_step=...)
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Find circles with the Hough transform. x_margin, y_margin, r_margin: merge tolerances. r_min, r_max,
r_step: radius search range and step.

%
B threshold —minimum accumulator magnitude.
find_rects (* roi=..., threshold=...)
Find rectangles/quadrilaterals (e.g. for fiducials).
S8
threshold —minimum edge-magnitude score.
find_grcodes (*, roi=...)
Find and decode QR codes.
L
roi —region of interest.
find_barcodes (*, roi=...)
Find and decode 1D/2D barcodes (requires the barcode backend).
S8
roi —region of interest.
find_apriltags (¥ roi=..., families=..., fx=..., fy=..., cx=..., cy=..., pose=...)

Find and decode AprilTags, optionally estimating 6-DoF pose. fx, fy, cx, cy: camera intrinsics for pose
estimation.

S8
e roi —region of interest; families: OR of TAG* family constants.
* pose —True computes translation/rotation (needs intrinsics).

6.4 display -LCD /i

display BEIKENFF &M _F ) LCD, f)7Z—/> ESP32Display (4N display.Display), HH
ESP32Display.write () EEGIHER] R,

6.4.1 B PI%

import sensor, display

sensor.reset ()
sensor.set_pixformat (sensor.RGB565)
sensor.set_framesize (sensor.QVGA)

lcd = display.ESP32Display ()
while True:
lcd.write (sensor.snapshot (), fit=True)

i) fit=True i}, JRRRSGURCAERCH A, FHH R RIS E T BRX g H fd—
UOFFFEEE N B QBRI R & BB iR L 5r3 BT R

6.4.2 %3 Image 2N %

RN FHE AT -, v A — A1 ) RGB565 R % vh K- H & W, L4 1cd.

write () :
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import display, image
lcd = display.Display ()

canvas = image.Image (lcd.width(), lcd.height (), image.RGB565)
canvas.draw_rectangle (0, 0, canvas.width(), canvas.height (), color=(6, 8, 18),.
—fill=True)

canvas.draw_string (20, 20, "ESP-VISION", color=(255, 255, 255), scale=2)
lcd.write (canvas, fit=False)

JAEEWTA ARELAE O HI A~ Image., B RIKEKFEIRBRE AR FIRICH 2 A e n Kah
Mg X

6.4.3 ENL. Gl ERGT

il = Fly B/ E, i x_scale fl y_scale B4k, Hilit roi {UB/RIFEEIE R E
X 4 :

img sensor.snapshot ()
lcd.write(

img,
x=20,
y=10,
x_scale=0.5,
y_scale=0.5,
roi= (40, 30, 160, 120),
fit=False,
)

Y fit=False W}, #ith 2 aCHG a2 00 00 B A48 L il 4% . RO R B Ak dr, #5Xh (%, v,
width, height); 4i/)y ROLIAH] DAJ/ANE A R a4 i I 18 Bl 2 .

6.4.4 L VTR

lcd display.Display (backlight=80)

print ("panel:", lcd.width (), "x", lcd.height())
lcd.backlight (30)

lcd.clear ()

lcd.deinit ()

FOIC(E N 0 3 100 B 7 b o B K ARCR R &R A deinit O BRBIRAIIA G A G4kEES
NG L

UL

HzfT/80l: example/06-Peripherals/01-Display/lcd_preview.py.

6.4.5 Classes

class display.ESP32Display (width=..., height=..., refresh=..., *, backlight=...)
ESP32 display object for the board LCD.

Create and initialize the display.

S
* width —requested display width; O uses board default.
* height —requested display height; O uses board default.
* refresh —target refresh rate in Hz.
* backlight -initial backlight percentage, from 0 to 100.
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deinit ()

Release the display driver resources.
width ()

Return the physical display width in pixels.
height ()

Return the physical display height in pixels.
clear (display_off=...)

Clear the display.

S8
display_off —True may turn the panel output off when supported by the board.

backlight (value=...)
Get or set backlight brightness.
B8
value —None returns current brightness; otherwise set O to 100 percent.
write (image, *, x=..., y=..., x_scale=..., y_scale=..., roi=..., fit=...)

Draw an image on the display. X, y: destination top-left position in display pixels. x_scale, y_scale:
optional manual scale factors.

BH
* image —source image, normally from sensor.snapshot().
* roi —optional source rectangle (x, y, w, h).
e f£it —True scales the image to fit the display area.

6.5 lcd_touch —fphfiiim A

lcd_touch BEREEPUT A MAMESE, Toif eWIin b Bnisiatr. Touch () BORITAME FL Bl FAE 1,
ASCRFIT B Al OSError,

6.5.1 LI fidss At

import lcd_touch
import time

touch = lcd_touch.Touch ()
try:
while True:
points = touch.read()
if points:
print (points)
time.sleep_ms (20)
finally:
touch.deinit ()

J

read () REIH (x, v) BREARAMGICH, BAMGRHRE () o AAPRETEIT AR EERCE M
i 2 AT AL PR PR AR FO I 18 (07 F 0 L ) A B e fe
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6.5.2  FiATL L BT IRRE K

il 515 5 R S0 L =2, BIESHY Touch () 2 REIFA ARG RS 258 S TH S0 Toyk 4k S 3L, H deinit ()
W EA SR LR s, RN deinit (), EERMZE40), MicroPython %t
EDAURES S0 g e

S UL:

T 158 T /&~ Pl example/06-Peripherals/03-Touch/touch_read.py Hll example/
06-Peripherals/03-Touch/touch_lcd.py.

6.5.3 Classes

class lcd_touch.Touch

Touchscreen object for the board LCD. Requires a board with configured touch hardware; otherwise raises
OSError.

Initialize touch input without requiring display initialization. A new instance takes ownership of the shared
touch device.

read ()

Return (x, y) pixel coordinates for each touch, or an empty tuple. Raise OSError if this instance is inactive
or reading fails.

deinit ()

Release the touch device if this instance still owns it.

6.6 espdl —fiFIf{E R

espdl FEHLAE RSB W B Lz 17 ESP-DL [¥) .espdl #AL, FFHE4ha WAL 55 56 H Args I
(PedestrianDetect, ESPDet, YOLOll) BT (YoLolinPose)., B 425 (ImageNetCls)

M HFREE (NanoTrack), [RABA#E T Model ¥ ESP-DL JE 5% H tensor Z&5& %5 Python.

6.6.1 FLHEBHIA U H britids

espdl.NanoTrack iz 47 NanoTrack V2 4 INT8 #iZ, f models/nanotrack_v2/ H ) =4 .
espdl SO #3544 /sdcard/nanotrack_v2/ BIn], ZHb &b SC 56 SRAFAE B Z 5 1) build/
experiments/nanotrack-v2, NEEIEETG LK GE T, P4/S31 {§iff] ESP32-P4 14y ; AFidt
ANEZIRA INTI16 SCIGHRAY . S3 FRZL1H 7] S3 FHT &b I B Al HIE

example/03-Machine-Learning/00-ESP-DL/nanotrack.py BRIAERTL 64x64 3BHE . 5 H bR
TRARER, $#% BOOT % (ESP32-P4X-EYE #il P4 Function EV Board 34 GPIO35) 4B FRIEHIR
BIERERAS . K BRGSO 2 R & . MPLEG IR R ST Bow, /N LD X,
NG, Pl BUTTON_PIN Ml BOX_SIZE j& FLHAWAE (R H AR Rt e HIbR R sEal, #E b
B AR A .

745 ] AT C Y MATCH_THRESHOLD = 0.95, [H[_f) match @RI 4, A2 H b S0k
AR .

from machine import Pin
import display

import espdl

import sensor

import time

(T
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MODEL_DIR "/sdcard/nanotrack_v2"
# Active—low BOOT button on ESP32-P4X-EYE and P4 Function EV Board.
# Change this pin for other boards.

BUTTON_PIN = 35
BOX_SIZE = 64
DEBOUNCE_MS = 30

# A match score is not a calibrated target-identity probability.
MATCH_THRESHOLD 0.95

lcd = None
tracker None
try:
button = Pin (BUTTON_PIN, Pin.IN, Pin.PULL_UP)

Sensor.
Sensor.
Sensor.

reset ()

set_pixformat (sensor.RGB565)
set_framesize (sensor.QVGA)
sensor.skip_frames (time=1000)

lcd display.Display ()

tracker espdl.NanoTrack (

(% 750

MODEL_DIR +
MODEL_DIR +
MODEL_DIR +

"/template_deploy.espdl",
"/search_deploy.espdl",
"/head_deploy.espdl",

)

frame = sensor.snapshot ()
width, height = frame.width (), frame.height ()
canvas = frame.copy ()

# Center at native size;
min (width,
min (height,

smaller displays show the center crop.
lcd.width())
lcd.height ())

visible_w
visible_h

view = ((width - visible_w) // 2, (height - visible_h) // 2,
visible_w, visible_h)

offset_x = (lcd.width() - visible_w) // 2

offset_y = (lcd.height () - visible_h) // 2

size = min (BOX_SIZE, visible_w, visible_h)

roi = ((width - size) // 2, (height - size) // 2, size, size)

tracking = False

last_button = stable_button =
changed_at = time.ticks_ms()
# A button held at startup must be released before it can confirm.
armed = stable_button == 1

button.value ()

while True:

now
level

time.ticks_ms ()

button.value ()

pressed False

if level != last_button:
last_button level
changed_at now

if level != stable_button and time.ticks_diff (now, changed_at) >= DEBOUNCE_
—MS:
stable_button = level
if level:
armed = True
elif armed:
armed = False
pressed = True
if pressed:
if tracking:
tracking = False
(BT )
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(750
else:
canvas.draw_image (frame, 0, 0)
canvas.draw_string(view[0] + 2, view[l] + 2, "Initializing...",
color= (255, 255, 0))
lcd.write (canvas, x=offset_x, y=offset_y, roi=view, fit=False)
# Use the last displayed raw frame, without any annotations.
tracker.init (frame, roi)
tracking = True
frame = sensor.snapshot ()

—None

begin = time.ticks_ms ()
result = tracker.track (frame, threshold=MATCH_THRESHOLD) if tracking else.

canvas.draw_image (frame, 0, 0)
if result is not None:

X, y, w, h, score = result
message = "Tracking - BOOT: select"
canvas.draw_rectangle(x, vy, w, h, color=(0, 255, 0), thickness=2)
canvas.draw_string(view[0] + 2, view[l] + visible_h - 14,
"match %.2f1 ¢d ms" % (score, time.ticks_diff (time.

—ticks_ms (), begin)),

color=(0, 255, 0))

elif tracking:

# Preserve the template and retry near the last accepted position.

message = "Lost - searching..."
else:

message = "Aim box, press BOOT"

canvas.draw_rectangle (roi, color=(255, 255, 0), thickness=2)
canvas.draw_string(view[0] + 2, wview[l] + 2, message, color=(255, 255,.

—255))
lcd.write (canvas, x=offset_x, y=offset_y, roi=view, fit=False)
time.sleep_ms (0 if tracking else 10)
finally:
try:
if tracker is not None:
tracker.deinit ()
finally:

if lcd is not None:
lcd.deinit ()

init (image, roi) ZiffFHARRHE, SREREHCEMRBIAL; RRMIA head FE5E, HBHELE I I ) 5
BB [l — UGB BRI RSP ANAE . R HIPRIER) RGB56S SR Z KB . 458K (x, v, w, h,

score) ;

IR T BE R &R None, ANEH E—#ZRE. SPHONRELRIE B ARIZATT L. 102 R 5 H

BER, A4 R E ShHR e s R A I

6.6.2 JEh&Hi s tensor

import sensor, espdl

model =

espdl.Model ("/sdcard/custom.espdl", mean=(0, 0, 0), std=(255, 255, 255),.

—letterbox=True)

try:

print ("inputs:", model.inputs())
print ("outputs:", model.outputs())

img

= sensor.snapshot ()

outputs = model.predict (img)

for

name, tensor in outputs.items/() :
_, shape, dtype, exponent, raw = tensor
print (name, shape, dtype, exponent, len (raw))
(ZEF )
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finally:

(B L)

model.deinit ()

24 D BT 45 B B R VU TR R B A Ry st 7T B Mode 1. ESP-DL AT 17 355 5 AL A HEFE ; predict ()
R [ iR i i tensor, Python RS AT B AR KA. inputs () #l outputs () iR [H] TensorInfo
JG4H (name, shape, dtype, exponent)., predict () iR[E$#HiH tensor 4 FRET| ) RawTensor
JG4H (name, shape, dtype, exponent, bytes). NWIR{E dtype fEEIFEIAFTT, N ESP-DL
M K% exponent EALHHBI, FRIFT sigmoid. HEARRL. NMS. softmax mY top-k #EFF55EE 5. 255 H

letterbox=True,

6.6.3  H skl

AT 5 15 5 0 5 TR BT A PG padding,

import sensor, espdl

det = espdl.ESPDet ("/sdcard/espdet_pico_224_224_ face.espdl", score=0.5, nms=0.7)

try:

img = sensor.

for x, y, w,

img.draw_rectangle(x, y, w, h, color=(255, 0, 0), thickness=2)
img.draw_string(x, max(0, y - 12), " :¢d" % (score, category))

finally:
det.deinit ()

snapshot ()
h, score, category in det.detect (img) :

)

J

score T UEMREF EARIEHE, nms M T4 HI EEAR MR A ARG 4 AR, "TE
BT LK BRI PIHEZWIZBIE N deinit () SREHUIBIBERIFEIZ X

6.6.4 PicoDet

PicoDet &0 )& BT AMEALR F AR #$ K . B #) anchor-point % 4 tensor Hf ESP-DL f Pico J5Ab#
PR, %i7H 55 ESPDet, YOLO11 KA,

6.6.5 PedestrianDetect

PedestrianDetect {3 1 224x224 PicoDet F7 AFH ) Python AP, ‘& i i iZ A5 2 14 5 AL B ERIA
B, HaR[BEIFRAEAR I A -

det = espdl.PedestrianDetect (
"/sdcard/pedestrian_detect/pedestrian_detect_pico.espdl",

score=0.7,
nms=0.5,

6.6.6 PRk

import espdl, image

img = image.Image ("/sdcard/cat.jpg") .to_rgb565 (copy=True)
classifier = espdl.ImageNetCls (
"/sdcard/imagenet_cls_mobilenetv2_s8_vl.espdl",

topk=5,
score=0.0,

)
try:

for label, score in classifier.classify(img) :

(T

Espressif Systems

7 Release 2026.11.06-3-g464c97bafc
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.11.06-3-g464c97bafc%20for ESP32-P4

Chapter 6. AP1 &2

(750
print (label, " " % score)
finally:
classifier.deinit ()

Ay 2 A BB Ay 3R 8] ¢ % topk A (label, score) JRZH. WhBEINF RN SCIF Gl
RGBS565, i (A A AT B R 2 4252«

6.6.7 Z&Ahit

pose = espdl.YOLOllnPose ("/sdcard/espdet_yolollin_pose_160_160_coco.espdl", score=0.
—35, topk=5)
try:
img = sensor.snapshot ()
for x, y, w, h, score, category, keypoints in pose.detect (img) :
img.draw_rectangle(x, y, w, h, color=(255, 0, 0))
for px, py in keypoints:
if px > 0 and py > O:
img.draw_circle (px, py, 2, color=(0, 255, 0), fill=True)
finally:
pose.deinit ()

B LSEIRAE 174 COCO KA. HURBURER XN 2RI, (0, 0), BT KL
KA B RERFH L

6.6.8 BT R

[det.setfthresholds(score:O.65, nms=0.6) ]

s BT MBS B TS SOR(E, S A ARIDEIE . B es 5 H s R A BT s S

6.6.9 & cdl

¢ TensorInfo: (name, shape, dtype, exponent)

e RawTensor: (name, shape, dtype, exponent, bytes)
o MM (x, y, w, h, score, category)

o A y, w, h, score, category, keypoints), & 174 COCO 45

(x
o (label score)
« iBE: (x, y, w, h, score), {KTICHEBER A None

UL
Al 32 /43 ESP-DL PR AE . .espdl &3, BALDAKHIGALEL ., FEHIRANE S 0L 5| AN Frag 427,

"2 7R Pl example/03-Machine-Learning/00-ESP-DL ({7 A#il. ESP-DL Jii 4& %y 1 f# 1
ESPDet., YOLO11., #¥%. ImageNet 4325, BOOT ##4Hf1A#Y NanoTrack 185 ) .

6.6.10 Functions

espdl.load_model (path, *, profile=...)
Preload an ESP-DL model file.

B
* path —model path, for example “/sdcard/model.espdl” or “/flash/model.espdl” .
» profile —True enables ESP-DL profiling output when supported.
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6.6.11 Classes

class espdl.NanoTrack (femplate, search, head)
NanoTrack V2 single-object tracker using full-INT8 NHWC ESP-DL models.

Load search and head models. The template model is loaded only during init().

S
* template —127x127 template backbone .espdl path.
* search —255x255 search backbone .espdl path.
* head —two-input NanoTrack V2 head .espdl path.

init (image, roi)
Cache target features from an unannotated RGB565/grayscale image, then release the template model.
L
roi (X, y, w, h), inside the image, at least 10x10 pixels.
track (image, *, threshold=...)
Track in a same-size image; return (X, y, w, h, score), or None below threshold.
S8

threshold —raw foreground score in [0, 1]; rejected frames do not update the search
state.

deinit ()
Release models and cached features. Repeated calls are safe.

class espdl.Model (path, *, mean=..., std=..., rgb_swap=..., letterbox=..., pad=...)

Generic ESP-DL model runner for examples that implement model-specific decoding in Python.

Create a raw model runner from an .espdl model.

ZH
* path -model path.
* mean —optional RGB mean values for image preprocessing.
» std —optional RGB standard deviation values for image preprocessing.
* rgb_swap —True converts RGB input to BGR before model inference.
* letterbox —True keeps aspect ratio and pads the model input.
* pad —optional RGB padding values used when letterbox is enabled.

deinit ()

Release model resources.
inputs ()

Return model input metadata keyed by tensor name.
outputs ()

Return model output metadata keyed by tensor name.
predict (image)

Run model inference on an image and return raw output tensors keyed by tensor name.

image -RGB565 or grayscale image.

class espdl.ESPDet (path, *, score=..., nms=..., mean=..., std=...)
ESP-DL object detection wrapper for ESPDet models.

Create a detector from an .espdl model.

B
* path —model path.
* score —optional confidence threshold.
* nms —optional non-maximum suppression threshold.
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* mean —optional RGB mean values for preprocessing.

» std —optional RGB standard deviation values for preprocessing.

deinit ()

Release model resources.
detect (image)

Run object detection on an image.

SH
image -RGB565 or grayscale image.

set_thresholds (* score=..., nms=...)
Update detector thresholds.

B8

¢ score —new confidence threshold, or None to keep current value.
¢ nms —new NMS threshold, or None to keep current value.

class espdl.PedestrianDetect (path, *, score=..., nms=..., topk=...)

ESP-DL PicoDet pedestrian detection wrapper.

Create a pedestrian detector from the bundled ESP-DL model.

S
* path —model path.
* score —optional confidence threshold; defaults to the upstream model’ s 0.7.
* nms —optional non-maximum suppression threshold; defaults to the upstream model’ s
0.5.
* topk —maximum number of detections returned per frame.
deinit ()

Release model resources.

detect (image)
Run pedestrian detection on an RGB565 or grayscale image.

set_thresholds (* score=..., nms=...)
Update detector thresholds.

S8

* score —new confidence threshold, or None to keep current value.
e nms —new NMS threshold, or None to keep current value.

class espdl.YOLO11 (path, *, score=..., nms=..., topk=..., mean=..., std=...)

ESP-DL YOLOL11 object detection wrapper.
Create a YOLOL11 detector from an .espdl model.

* path -model path.
* score —optional confidence threshold.
e nms —optional non-maximum suppression threshold.

* topk —maximum number of detections returned per frame.

* mean —optional RGB mean values for preprocessing.

* std —optional RGB standard deviation values for preprocessing.

deinit ()

Release model resources.
detect (image)

Run object detection on an image.

BH
image -RGB565 or grayscale image.
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set_thresholds (* score=..., nms=...)
Update detector thresholds.
S
* score —new confidence threshold, or None to keep current value.
e nms —new NMS threshold, or None to keep current value.
class espdl.YOLOl1lnPose (path, *, score=..., nms=..., topk=..., mean=..., std=...)
ESP-DL YOLO11n COCO pose wrapper.

Create a YOLO1 1n pose detector from an .espdl model.

S
* path —model path.
* score —optional confidence threshold.
* nms —optional non-maximum suppression threshold.
* topk —maximum number of pose results returned per frame.
* mean —optional RGB mean values for preprocessing.
» std —optional RGB standard deviation values for preprocessing.
deinit ()

Release model resources.

detect (image)
Run COCO pose detection on an image. Returns 17 COCO keypoints for each person.
S8
image -RGB565 or grayscale image.
set_thresholds (* score=..., nms=...)
Update detector thresholds.
S8
* score —new confidence threshold, or None to keep current value.
e nms —new NMS threshold, or None to keep current value.
class espdl.ImageNetCls (path, *, topk=..., score=..., mean=..., std=..., softmax=...)
ESP-DL ImageNet classification wrapper.

Create a classifier from an .espdl model.

S

* path -model path.
* topk —maximum number of classes returned.
* score —optional minimum score threshold.
* mean —optional RGB mean values for preprocessing.
» std —optional RGB standard deviation values for preprocessing.
* softmax —True applies softmax to output scores.

deinit ()

Release model resources.

classify (image)
Run image classification on an image.
image -RGB565 or grayscale image.
set_thresholds (*, topk=..., score=...)
Update classifier thresholds.
S8

* topk —new maximum result count, or None to keep current value.
* score —new minimum score, or None to keep current value.
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6.7 tflite —p 74 Hi: Pl

tflite Bidefnzk TensorFlow Lite . t £1ite flatbuffer, 34 TensorFlow Lite Micro j217. ‘B~ TFLite &
BUER A A THE 1 SRR TR B A PR al 5 AR PRI, o] DAFE b ARk 25 0 1 2 i A 55 42
[

6.7.1 AL

import tflite

model = tflite.Model ("/sdcard/sine.tflite")
try:

print ("input:", model.input_shape, model.input_dtype, model.input_scale, model.
—input_zero_point)

print ("output:", model.output_shape, model.output_dtype, model.output_scale, .
—model.output_zero_point)

outputs = model.predict ([input_array])

raw = outputs[0]
finally:

model.deinit ()

J

predict () £ DA ulab ndarray 3% [5] Jt 4 i i tensor. & ALH A& H BRI BEALTR B, M
output_scale fl output_zero_point HfTHiE,

6.7.2 Callable % A

PTG, EAEE TR A tensor FE1E HLSEH & H R ndarray B4 :

def fill_ input (buffer, shape, dtype_code):
t WEAERATEALNEHNERERF ¥ .

outputs = model.predict ([fill_input])

callable 21§t 2| % A tensor 1) 7] 5 bytearray £ [&. tensor shape, DA ord ("b") X% dtype code. X
M EEAEIE A TE Python sR i i A BRI G 48 0. K BEREAS AT AL

6.7.3 Jaibpp

Model A] PAIZEULBRIN postprocess [AE, predict () WA PAIEIL IR callback. [EHSEH
(model, inputs, raw_outputs), FEA]PARFIEE Python X}4:,

S

1547~ example/03-Machine-Learning/01-TFLite (person/no-person 5 sine smoke test) .

6.7.4 Classes

class tflite.Model (path, *, postprocess=...)
TensorFlow Lite Micro model wrapper.

Load a .tflite flatbuffer from the filesystem.

S
* path —model path, for example “/sdcard/model.tflite” or “/flash/model.tflite” .
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* postprocess —optional callback that receives (model, inputs, raw_outputs) and returns
the final result.
deinit ()

Release model, interpreter, and tensor arena resources.

predict (inputs, *, callback=...)
Run inference.
B8
e inputs —one item per input tensor. Each item is an ulab ndarray or a callable that fills
the raw tensor buffer.

¢ callback —optional one-shot post-processing callback; overrides the default postpro-
cess callback.

6.8 image.ImagelO &40k

image . ImageIO AL TSR HIAI MG IFH , A% B WiR] B R (B B% o SCPRTRTEAEAR H S 25 4m S0
WA B R EAE T T e X . B DA image . TmageTO B RERTE image Bl b5 RAUF
HAIT stubs/imageio.pyis

6.8.1 iliSIfFfi%

import sensor, image

stream = image.ImageIO ("/sdcard/stream.bin", "w")
for _ in range(30):
stream.write (sensor.snapshot ())
stream.sync ()
print ("frames:", stream.count (), "bytes:", stream.size())
stream.close ()

B write () S RAFEIRLA RS E—WiZ MR E]RIFE . sync () AIAEAS K PR 00 5 3C1F 2%
R AAF . SCPFIR T S SRS P, PASE AR s e R R e I B A

6.8.2 Il Lo i Pl 1% i

import image

stream = image.ImageIO ("/sdcard/stream.bin", "r")
try:
while True:
img = stream.read(loop=False, pause=True)
if img is None:
break
img.flush ()
finally:
stream.close ()

pause=True &3 MK MR FEIEFT L, loop=False NMISTEF LR AR None, A M F]
B, FFEDAMCFERE S FO VA A R B U, MR pause=False,
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6.8.3 i HMATFPl %

stream = image.ImageIO( (320, 240, image.RGB565), 10)
for _ in range (10):
stream.write (sensor.snapshot ())

stream.seek (0)

first = stream.read(pause=False)

print ("buffer bytes:", stream.buffer_size())
stream.close ()

J

WA EAT i VO, T A ORAFAEIN Ta] PR D s sl Se BRiZE Ab B, (HETEEAIN 2 7E RAM 5 PSRAM H
— W AR A

S
YRR AL 5 3R —IFNZE T ImagelO, JPEG. H.264 DA USB CDC i i % .
aJ 1z 7 N ff]: example/02-Image-Processing/03-Frame-Differencing/

in_memory_frame_differencing.py {#i ] N1 ImagelO jii.

6.8.4 Constants

imageio.FILE_STREAM
Stream backed by a file on storage (e.g. /sdcard/stream.bin).

imageio.MEMORY_STREAM
Stream backed by a fixed-size buffer in PSRAM/RAM.

6.8.5 Classes

class imageio.ImageIO (stream, mode)
class imageio.ImagelIO (stream, count)

Record and replay sequences of images, preserving inter-frame timing. Exposed as image . ImageIO. A file
stream reads/writes the OpenMV “OMYV IMG STR” container on storage; a memory stream keeps frames
in a pre-allocated buffer for fast capture/playback.

Open a file stream for reading ( “r” ) or writing ( “w” ).

BH
* stream —path to the stream file.

[39%)) “ 2

* mode —“r” toread, “w” to create/overwrite.

type ()
Return the stream type: FILE_STREAM or MEMORY_STREAM.

is_closed ()

Return True if the stream has been closed.

count ()

Return the number of frames recorded in the stream.

offset ()

Return the current frame index (read/write cursor).

version ()

Return the container version for file streams, or None for memory streams.

buffer_size ()

Return the per-frame buffer size for memory streams, or None for file streams.
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size ()
Return the total stream size in bytes.
write (image)
Append one image to the stream (records the elapsed time since the last write).
BH
image —frame to store.
read (copy_to_fb=..., *, loop=..., pause=...)
Read the next frame from the stream.
5y
¢ copy_to_f£fb —True loads the frame into the frame buffer (and updates the preview).
¢ loop —True rewinds to the first frame at end-of-stream instead of returning None.
* pause —True sleeps to honor the frame’ s recorded timestamp (real-time playback).
seek (offset)
Move the read/write cursor to the given frame index.

B8
offset —target frame index.

sync ()

Flush buffered file data to storage (no-op for memory streams).

close ()

Close the stream and release its resources.

6.9 h264 —H.264 4t

h264 BT AT Annex-B H264 NAL BT, W] F FHAULBIR HIEI 1k, 8% Arsp - RTSP 4% I
S5 . 1B F T ESP32-P4 Fy

6.9.1  Znth ouii Pl 15

import sensor, h264

enc = h264.H264Encoder (320, 240, fps=15)

nal = enc.encode (sensor.snapshot ())

print ("bytes:", len(nal), "keyframe:", enc.keyframe())
enc.close ()

i i RO i 5 B — kg A PR —3. encode () PA bytes iR[al— Wi %, keyframe () HIF
AW el 24 5 14 11 $ 2 75 8 IDRVI it

6.9.2 kil H.264 #L19%

import sensor, h264

FRAME_COUNT = 300
OUT_PATH = "/sdcard/out.h264"

sensor.reset ()
sensor.set_pixformat (sensor.RGB565)

(T ID
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(750
sensor.set_framesize (sensor.QVGA)
sensor.skip_frames (time=1000)

first = sensor.snapshot ()

enc = h264.H264Encoder (
first.width (),
first.height (),
fps=15,
bitrate=1_500_000,
gop=15,

try:
with open (OUT_PATH, "wb") as output:
output.write (enc.encode (first))
for _ in range (FRAME_COUNT - 1):
output.write (enc.encode (sensor.snapshot ()))
finally:
enc.close ()

BRPIH AN S MP4 K451 Annex-B BEAG), Wil ffplay out.h264 §i, o7 AL EEH
. bitrate FoRHAREEAY TR, gop s PAWCN BAOZHY S BEMTRIRS , QP b7 BRIl SR VY 5
B SHEBNEHE .

6.9.3 PRS- S

1 g [ 7y PR B — g as , R IUBR PP S, BTS2 50 PR G P o AR R AR BT
R TCIRAERFRC B IR AN R, PR BER . MRS AR 1A 2 SO B 2 35 -

S YL:
U fRRL 5 AR ULIH T YRS TiRE, DAML H.264 SCHEWTE RTSP G4 2 [AH X &,
Wzl example/01-Camera/01-H264/record_h264.py.

6.9.4 Classes

class h264.H264Encoder (width, height, *, fps=..., gop=..., bitrate=..., qp_min=..., gp_max=...)

Hardware-accelerated H.264 video encoder. Feed it images frame by frame with encode(); it returns Annex-B
NAL units ready to mux into a file or stream over the network (see the rtsp module).

Open an encoder for a fixed frame size.

B
* width —frame width in pixels.
* height frame height in pixels.
» fps —target frame rate; also the default GOP length.
* gop —keyframe (IDR) interval in frames; O selects one keyframe per second (== fps).
* bitrate —target bitrate in bits per second; 0 auto-selects width*height*fps.
* gp_min —lower quantization-parameter bound (better quality, larger frames).
* gp_max —upper quantization-parameter bound (lower quality, smaller frames).

encode (image)
Encode one image and return its Annex-B NAL units as bytes.

ZH

image —source frame; its size must match the encoder width/height.
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keyframe ()

Return True if the most recently encoded frame was a keyframe (IDR/I).

close ()

Release the encoder. Using the object afterwards raises OSError.

6.10 rtsp -RTSP i

rtsp BHLE T RTSP HpY k3% H.264 NAL BIC, i VLC. fiplay 2% Ui A i 190 245 W % 545 Sk I T o
T5-55h264 ~H.264 % 5 FLA M . BT T ESP32-P4 .

6.10.1 CRAE. Gy iR

import network, sensor, h264, rtsp, time
from machine import Pin

WIDTH, HEIGHT, FPS = 320, 240, 30

lan = network.LAN (
mdc=Pin (31),
mdio=Pin (52),
reset=Pin (51),
phy_addr=1,
phy_type=network.PHY_TIP101,

lan.active (True)

for _ in range(100) :
if lan.isconnected() :
break
time.sleep_ms (100)
if not lan.isconnected() :
raise OSError ("Ethernet connection failed")

sensor.reset ()

sensor.set_pixformat (sensor.RGB565)
sensor.set_framesize (sensor.QVGA)
sensor.skip_frames (time=1000)

enc = h264.H264Encoder (WIDTH, HEIGHT, fps=FPS, bitrate=3_000_000)
server = rtsp.RTSPServer (WIDTH, HEIGHT, fps=FPS, listen_port=8554)

print ("rtsp://%s:8554/" % lan.ifconfig() [0])
try:
while True:
server.send(enc.encode (sensor.snapshot ()))
finally:
server.stop ()
enc.close ()

SR PAKIR S| IS 145 TP101 RMIT PHY () ESP32-P4X-Function-EV-Board ,  HoAty = i JF % # W (i
FAXF I 8 BLE . RTSPServer ATRIMTERE . & BRI 5 gnfith g Bl e — 2.
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6.102 7% )i GINBIAT

A ffif] ffplay rtsp://<board-ip>:8554/ s HAZH¢ RTSP (KA T th ootk . send () &
P B MABNS , I HASERF i BA & P& P om b B i i, Win] BEwiE 7,
AT 3 G PH ZE R AENE IR . AN S o HER B S 2R g A s L A R, PI3E K max_frame_len.

6.10.3 {5 kRR S5

TN 25 B i i 2 R T L AR ) server.stop () o i/ try/finally AJ AR BIAS 1 b ml 4 o
ST 23 58 IR B
S Y

U i A b AR SEREN A T ORSE . AR HE T IR AR
Wizl example/01-Camera/02-RTSP/stream_rtsp.py.

6.10.4 Classes

class rtsp.RTSPServer (width, height, *, fps=..., listen_port=..., max_frame_len=...)
Minimal RTSP server that streams H.264 video over the network. Create it once Wi-Fi is up, then

push encoded NAL units from an h264.H264Encoder with send(). Clients connect to rtsp://
<board-ip>:<listen_port>/. Only video (no audio) is served.

Start the RTSP server and advertise the given stream format.

S8
* width -advertised video width in pixels.
* height —advertised video height in pixels.
» fps —advertised frame rate, used for SDP and pacing.
* listen_port ~TCP port the RTSP service binds to.
* max_frame_len —max accepted encoded frame size in bytes; O uses width*height as a
safe ceiling.

send (nal)

Queue one encoded H.264 frame (Annex-B NAL units) for delivery. Frames are sent in order; if the client
is slow or absent the frame is dropped rather than blocking the caller. Frames larger than max_frame_len
are ignored.

S8
nal —encoded frame bytes from h264.H264Encoder.encode().
stop ()
Stop the server, join its task, and free queued frames.

6.11 uve —USB £5{% L5 1

J& Fil USB-OTG Device [¥ 41 & 2 s [7] Bif 2 4t CDC. MSC F1 UVC., PC #5143k # /44T FF ESP-VISION
Camera B AT 3205 1% . BRI & 8 [5{F P B: ESP-VISION logo, AHHE4LE 5K sensor. 28H] USB Device
AR R I

R MIPEG, 320x240. 10 FPS, {i il 45 %%, JPEG Wi FERy 48 KiB. SCBrmita sz ALY BRI
ftb USB i & M. get_mode () REISHFFHIRIA; is_streaming () NFREHEHARER, A6
UERREAN R  ER
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uvc.write (img)
EALHER QVGA image. Image, FHLARI EH H R False; MIE R 6l 3] B R:H 1%
IR A True, AMUEFHEUE]. RGB565. KA JPEG fi Al i 3t 5 JPEG 4t )2 AL B,
T EE R el g A 25 BRI ValueError, il /ll Rl OSError. 1&[ml 5 A DA HIE
FAALGE R IX . R AR Win] e e, IEFE IR IR 2 56

uvc.set_frame (img)

S E QVGA B8, T BHLEATIF. fRER preview S85E , FFELEZIZMN, EEIR s reset, 1
Uikl True, RIGHHORER 1H B .

uvc .bind (source)
"preview" #fEH| img. flush () KMALHELESR . UVC il EV-MUX 3t ] —K JPEG 44t , If
ThST FI W% ek 28RS JOFR IDE 4R BT i ] UVC, HiAth RSP WA 6 4E UVC, {5 ] i
EV-MUX Fii%i . WiERE UVC 5B I W, A EV-MUX. None ffR 45 & 152 logo.
28 5 LR MR VEE TR 527 Togo.

uvc.reset ()

IR EIEIKIL logo, ANEE USB 4%l , AWiIF CDC/MSC. VM HSZ (7 R logo. SEIRfAE™
FEES A RS, BOAE RS — il

uvc.is_streaming ()
A EHLR A R AR 1 H. USB SR 4.

uvc.get_mode ()
B[l {"format": "MJPEG", "width": 320, "height": 240, "interval_us":
100000}, fUATHEZX B,

FABLALBREE S 1T DA b & AE WA i H -

import sensor
import uvc

sensor.reset ()
sensor.set_pixformat (sensor.RGB565)
sensor.set_framesize (sensor.QVGA)
uvc.bind ("preview")
try:
while True:
img = sensor.snapshot ()
img.draw_rectangle( (20, 20, 100, 80), color=(255, 0, 0))
img.flush ()
finally:
uvc.reset ()

JiTs EV-MUX Fibibf, Wnl MR uve.write (img) o [A]—WOANZERE A& KA. USB [H]iH
AT Python [m]JH B AHBLATMT .

6.12 storage —{¢fifiZWT SN AL

TAEAME IR L N IAS . EAHER, SRR R Y Flash £fat. 775K IMoE L5
GERGRIEL TCR SR Python S . BRI AR M58 AL WL 74 % . Ui 2 s b5 B 1R
o WA, ATRERR B PRI ik KA Python 2,

UHIASCERAELAR AL SD, WAL E -G . M FREEREES S, R A AR E
True; AREAEBEIHFIRIG H BB EMIASEL.

6.12.1 Functions
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storage.status (volume=...)

Return non-destructive status and recovery guidance for flash or sd. Storage faults are represented in the result,
not by rebooting the board.

B
volume —“flash” (default) or “sd” .

storage.retry (volume=...)

Retry mounting without formatting or erasing any data, including when board policy disables automatic mount-

ing. Check ok and operation_error; after success, soft_reset_required requests an explicit soft reset to publish
the Python mount.

ZH
volume —“flash” (default) or “sd” .

storage.format (volume=..., *, confirm=...)

Explicitly initialize an unmounted flash data/FAT partition named ffat. This destroys files and requires the
literal confirm=True after user approval and any required backup. Mounted volumes, legacy vfs, open
handles, quarantined writers and online SD formatting are not supported. Check ok, operation_error and
soft_reset_required; failure never triggers automatic reboot or another format.

B
* volume —“flash” (default); “sd” returns an unsupported operation result.
* confirm —Must be the boolean True; omission, False and truthy strings are rejected
before any write.
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PEIR

T [ LT 55 (1) ESP-VISION 4 B4 H »

7.1 @M Python il

ESP-VISION 3 i MicroPython [ USER_C_MODULES #L | 5% Python il ., 45:& 27T modules/, X
RO S 2 APLIE D PN Sl C B platform/ . ARFEELAGSINE N foo BIRLHL M) .

YA
7.1.1 W%

modules/py_foo.c # %% % + MP_REGISTER_MODULE (MP_QSTR_foo, ...)
modules/qgstrdefs_esp_vision.h # M Z T R EE gstr
micropython.cmake # ¥ py_foo.c fm NJE X H 7 %k

stubs/foo.pyi # ft IDE %2 @ £ A F R

docs/.../api-reference/foo.rst # HFE W H

7.1.2 1. G Bk

i modules/py_foo.c: & XHEREL, % globals “F L, H BN . IABHUR B it
AR AL T S % modules/py_sensor.c, BRIEEIHA[Z# nodules/py_display.c.

Va3
* SPDX-FileCopyrightText: 2026 Espressif Systems (Shanghai) CO LTID
*

* SPDX-License-Identifier: Apache-2.0
*/
#include "py/runtime.h"”

static mp_obj_t foo_hello (void) {
return mp_obj_new_int (42);
}
static MP_DEFINE_CONST_FUN_OBJ_O (foo_hello_obj, foo_hello);

static const mp_rom_map_elem_ t foo_module_globals_table[] = {
{ MP_ROM_QSTR (MP_QSTR___name__), MP_ROM_QSTR (MP_QSTR_foo) },
{ MP_ROM_QSTR(MP_QSTR_hello), MP_ROM_PTR(&foo_hello_obj) 1},
bi
(BT 50

85
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(750
static MP_DEFINE_CONST_DICT (foo_module_globals, foo_module_globals_table);

const mp_obj_module_t mp_module_foo = {

.base = { &mp_type_module },

.globals = (mp_obj_dict_t *)&foo_module_globals,
bi

MP_REGISTER_MODULE (MP_QSTR_foo, mp_module_foo);

CH+ Ml .cpp”” (B " modules/py_espdl.cpp) ; AN C++ i X & B
—-std=gnu++2b,

7.1.3 2. ¥t gstr

KZH gstr (MP_QSTR_foo, MP_QSTR_hello) £ HBIMIRIGILEE . (44 FRZARBIN eI KAl 5X
FoyERE gstr TR R BB, AFEPA Q (name) R IEINE) modules/gstrdefs_esp_vision.h,

714 3. RRIROSCIHZ AR

JE micropython.cmake [ ESP_VISION_MODULE_SOURCES H I AZIE S

set (ESP_VISION_MODULE_SOURCES
${ESP_VISION_ROOT}/modules/py_display.c
$S{ESP_VISION_ROOT}/modules/py_image.c
${ESP_VISION_ROOT}/modules/py_foo.c # Fri

)

FBHUHER 8 i EAR, AN IDF_TARGET H|Wrkrr (H.264 5 RTSP i R A 7 = BR
EN esp32pd). HFEHIMAM, TR idf: i zxing IPEEH target_link_libraries £%3:.

7.1.5 4. FIMPBAIAEHL

B# stubs/foo.pyi MR ATFH N, T IDE #p4x, fRE Apache SPDX S5 BUA 7R HR KU RG—
2.

7.1.6 5. G SR
B docs/en/api-reference/foo.rst 5 docs/zh_CN/api-reference/foo.rst, ffi Jf]

Python 54 (.. py:module::. .. py:function::, .. py:class::) , FEWMESTH
api-reference/index.rst {J toctree A foo,

7.1.7 6. HRIFEIE

[idf.py ——board ESP32_P4X_EYE build

SRJETE REPL i :

import foo
print (foo.hello())
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7.2 WLl R ohhE

ESP-VISION fifi ] B JH B . PRI . AifE MicroPython . 74k Python fCRSAMIMR LR 55 9773 A
ME AN A EZ o 7 i PERE ] ARSI AT 2R RE ), DA Flash, RAM. HOBUMIMG AT, tnl DA
S RS, T JC R S RSk T A AL PR .

7.2.1 B LI

16 AT R, I S B A A SR T 1] B A ESP-VISION [ {7, it 2 A0 TAT ) e BRI A A A8 O H 5%
micropython.cmake £ 5% Wi A7 W XTI 8 i 26 AR T % £ boards/<BOARD>/" " (&1
H ) MicroPython #H X {ff ° boards/<BOARD>/port/) {UEMIXIWIF M. XFF 7 mMALHK,
574 RS Ao b T AR BIEMSZAR AL, TN e B UL SR IT A A B

7.2.2 %ii{t ESP-VISION Python kil

micropython.cmake HI[f) ESP_VISION_MODULE_SOURCES 4| &t & 22 75 45 Python ) C/C++ 4 5E .
FEBRUERG S, BV [w] Bk A BREARKE A A B RS s WA MRS isf v 228 45 o @ 04 Python #23 . {GE T3040
RS AE X B ) IDF_TARGET 254, 4N H.264 5 RTSP 4 {h esp32p4 JHHH .

set (ESP_VISION_MODULE_SOURCES
${ESP_VISION_ROOT}/modules/py_display.c
${ESP_VISION_ROOT}/modules/py_image.c
S$S{ESP_VISION_ROOT}/modules/py_imageio.c
${ESP_VISION_ROOT}/modules/py_helper.c
${ESP_VISION_ROOT}/modules/py_sensor.c

)

J

BBRAEFEMASADIBRETENIAFERSSICE AT BBOEMI R, EF/RE
target_sources. target_link libraries., #HFHRAKELA size |45, #IANTTERKE 2
AP

723 HHMeRIR S

& B P % HL i) boards/<BOARD>/imlib_config.h H T ik HF W %A imlib . M A
IMLIB_ENABLE_* & W HEBR AN A A 535, G 32 SR e SCnT e LA vk . WO Be A 45
PEWE . LIk . RSN AprilTag.

#define IMLIB_ENABLE_MEAN
#define IMLIB_ENABLE_GAUSSIAN
#define IMLIB_ENABLE_QRCODES
#define IMLIB_ENABLE APRILTAGS

#7> Python J7 ¥AAE i KA R A R BEAESRE 2 h, FEAETR I AL 5% o IV APT SCRS . 7R BRI E
BRI T IR SRR S ik B R — 8. RAEVPIEH &, AR oMV_NO_GPL,

724 %ifkRlk MicroPython J)f

f§i [l boards/<BOARD>/port/mpconfigboard.h 783 I & AR HE MicroPython ZHEEZ:, {5l
M2 . Bluetooth, ESP-NOW, ADC,. SD . USB, DA HAth MICROPY_PY_* Fl MICROPY_HW_* Y&Tj,
CMake 23 A% sdkconfig 4% M7 mpconfigboard. cmake HHLE .

#define MICROPY_PY BLUETOOTH (0)
#define MICROPY_PY ESPNOW (0)
#define MICROPY PY NETWORK _WLAN (1)
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X L] GEHHST ESP-IDF JiA5 SoC fiE 175, M Python ThfiE)m, Wl AEILFT A% XM ESP-IDF fit .
ST, A REFRAS LI r [ (R R B G

7.2.5  PCYE AR SR

i PSRAM 1) JF A& Mt 38 #f boards/<BOARD>/port/ | I sdkconfig W & 4% & B 4> B i A
CONFIG_SPIRAM MALLOC_ALWAYSINTERNAL 42 ESP-IDF 2RiA 43 Bt #& #1 ESP-VISION [ 3} 43 Fit %
W5 A 1 B R KT B Y 43 L AR S8 68 9 RAM,  BE R 4 BE A 46 i | PSRAML,
CONFIG_SPIRAM_MALLOC_RESERVE_INTERNAL N BAZd > B 2 A1 H At s 25 (6 ) N 38 RAM [ 45 B2 P
BNAE. THEBENAD BB, BB M &) sdkeonfig BRIAME .

REUPI B WURINIG R e DXAE i3 R ) SLVFIH DL e B PSRAML, 8 111 75 25K LB DMA 37 [ (]
ATV, 2 FCILET PR % RE S PAX_EYE (4 SPT /Rt al DA 8-bit framebuffer 4142 il 5,
(125 LCD & )22 2 1o Bz 3145 5 DMA e genh X5 X2 BB = k12, A2 E % DMA
K. B PSRAM [T S AR SAERE ) SR VRIS (8 ] N TR AT-

7.2.6 %&iliMb#i4s Python U

I & M boards/<BOARD>/manifest .py ¥4 il 45 8] & 4 vf 1 Python #iHe, A #R$E MicroPython
manifest HL | {# ] freeze (). module (). package () B{ include () ¥hr=iEmsh Ui, JFEaLE:
05 RNFFEREANREGS B A B . 25 H -

freeze ("$ (PORT_DIR) /modules™")

freeze ("$ (ESP_VISION_ROOT) /modules", "py_inisetup.py")

freeze ("$ (ESP_VISION_ROOT) /boards/<BOARD>", "board_inisetup.py")
include ("$ (MPY_DIR) /extmod/asyncio")

VR S TR T B — SRR SO B AT, (L% o 11 Flash, ¥ % 300180 i 0 8 015 e
HSClE, RARERAERSCPE RS (B /1ib FRIBID) o /sdeard .

7.2.7  RHAERGIR S5 ST 4Lk
W55k . Bl SD REEI T boards/<BOARD>/ ., fffE camera.c, display.c fil sdcard.c

B, micropython.cmake £ HBNEM . g CMake JF 3£ W iHE boards/<BOARD>/board. cmake
H R4 T P4 R ARGE ST ESP_VISION_ENABLE_BARCODE Ji Jf i ¥ 1 ZXing S400 51 .

[Set (ESP_VISION_ENABLE_BARCODE OFF) J

WA, WEMEES L IDF 204, ¥ H553:38) usermod_esp_vision_platform; B4
Bf, N—REBEREL ., SLCFgE . miFE . IR mA g nsgl .

7.2.8 it H5EHIE
&k CMake. sdkconfig. manifest S{TIAEZ:f5, W BBTIC & I A B T e AR -

idf.py —--board <BOARD> reconfigure
idf.py —--board <BOARD> build
idf.py —--board <BOARD> size

7 REPL R IERLI T AFISZ B M1 APL, Sz f7Hl Kon B, HXF B RTIG Y size M. i 54
SCRE, PR AR SR B AR BB 47 5 S AR [ C B 1 B0 2
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7.3 KA RE R

[ f 5 Device Core 37 & ffi. A&7 npm fl ({2$% Device Core 0.3) A &xiz 74 L& %, H
B A KA CLEL N bR 2% A 4 54T pack_launchpad. qualify_firmware_release £l
upload-dl-trigger, 2026.08.27 S50 A AR T C8dHA RI6e, Kt 36 T80 e E
{H firmware/<board>/<version>.json i&x[a] HTTP 404,

7.31 %A’y URL %)
IO GE M AAT R R IDF 770, ANEBiIEEF. binaries/ PP

config.toml
releases/<tag>/manifest.json
esp-vision—-<board>-<tag>.bin
esp-vision-<board>-<tag>-app.bin
firmware/<board>/<tag>.json

BRI config.toml, releases/ fl firmware/ {£88¥F https://dl.espressif.com/
AE/esp-vision/ MRHE, B S SCAFMGA bin/ . Core ARFEHLALE URL A HITH: BIfEAE
WY, 1%k E bin/ firmware/ W S8 HTTP 404, AL #8035 52 18 B s BH 1Y) & 77 % 5 Fl a] & MCP
A, R TCK Y .

F ) NARATRAGTE, BRIATRA 16 4~ BIN, 8 4A~& 4k JSSON, 1 ANANH[AE 75 BAFN 1 AN, 3t 26 4>
W5 i EATRERI AL MCP 40 )% bin/mcp/latest . Json F% alias 2 28 4>, i BIN fizt£:44 8 /|~
% F BIN F1 8 /%4 JSSON, |~ 8 4~ BIN Jiii Hi/config, 1 10 MX§4% (7 MCP 4 12 4-) . VRS HL &
5 H A B —1y TOML; 255 s PAAR config PH— MBS B4 A 15 | HEERRCR AT 4235 . MCP latest alias
M B ERA N

)5, tools/ci/launchpad/validate_release.py <tag> &R NEIGHRI, A3 RLEE MW
FERIIAR L . Bl TF ek e B e ek . BB AR R By R DL . URL 4545, kiR, 5]
RRTNF5y KREN A R SR BT T A S AR R B A OB AR i 4 . (N ZER AR K R A T
B, AEHRPEDERATCFE AT ARG KRS, AR e FAgd.

7.32 AR L YA D

T BEAE—/AA[AF releases/<tag>/manifest.json, & schemaVersion = 1., A, 588
40 i/ sourceCommit, 1F#&%{ ClpipelineId. layout. &EPHBLAHIA. ZIR5EEE website
HE S BRI mep AR JSON null. RIAS R EaE: b w 2 I sc, ANEHIER L. R config.toml
£R 8 launchpad “FECFIFRA M E I, FEHEM [publication]: [A—H{5. manifestUrl, JEHJFELH
FAH) SHA-256, previousConfigSha256 fil releases itat. B0 H A0 HIZMUE A AW A, T
B bR AR IES . ME— boards 5.

TR E—( AT config, Bub AN LI A A . S GBS G FARARIC R . F 3L
B R W E RPN, A EFE kS kA . Git SRZAUEI AR, A& HEBCIEsR. [HM AR
SRE TEA D, NREESPIGH AR SRANA G . ELEMIRANGER 4 EHTH.

manifest.website BRI IIBIR BRI, R config. website JAAIHIH & B R i
B P SARAS LA R B ] TR publication 1C5%, ANREHE 4 REGHRZUS -5 B A BUA SR A R -

7.3.3 i) Wi-Fi fig )y

M &K AT Ui ) capabilities.wifi 3 H release-build-identity.json, CI ¥ il #4 #& 5
52 W 2% R 45 VR SC AR R B OSE g R a2, (s AT WAL R, VR K Br include B% 4R A ZZ E . BE
W € 7 %3k MICROPY_PY NETWORK_WLAN && ESP_VISION_ENABLE_BACKGROUND_NETWORK &&
(CONFIG_ESP_WIFI_ENABLED || CONFIG_ESP_WIFI_REMOTE_ENABLED) . S/} SCA4E FE Ml .
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WPERAS  SE B GR A S I ] SHA-256., i 2 sl B IC B 0 AN BB et BEA 11455 AN BB DR s sl Al 2
2 BUERR S} Wi-Fio

7.34 [k BIN 1 )5

2R3 ESP_VISION_PUBLICATION_LAYOUT=legacy. A % manifest F4J] ) Core iR K'E
P ECEE S, A BXSH single-bin. B HEAH/\ 585 BIN FIASeig i, A AW ] BIN
B &M JISON., W image.source &5 url, bytes., sha256 K& HATER A NIIFETT
offset, image.url & T Z&#% URL, |ij image.bytes il image.sha256 {5l . source W4
5 install WERAM 3, YR MBS T HESHE. Core Jelnik st B4 2R MY Y, FAUR
B SERAR RSP TS AT R S Z e .

7.3.5 MCP 5%k k%

S B4 schema B6E MCP, FRA1SEH M. JRAEIEAREE AT, WA AR SE 8RR RL 5
KB . HA B ESP_VISION_ALLOW_MISSING_MCP=1 A A mcp: null, JEEANGET|IH
IH latest.json. H%¥ alias fH_EABRRAESHIA O RG4S, AMEN AR

T A E Y, WA SR AT qualify_firmware_release WIHfSEfREA4 b 75 b (140
F4 . Function 7/ =41 IDF HIL. SDK #I host/config/MCP #2¥, I DASLFREEAS M /K 2k ID &k,
A% trigger [R] B HCHEA T AR T TS5 0T . EABER FRRAZ R IAS job, e AR IF B EA Al AR 95 7 53
B, feJa T previousConfigSha256 W I AZHn] 4% config AT . i B I K A5 e 78 55 SE 5T )
T .

7.3.6 KAkt

1 e AR LAL4R 5 Core 322y, IFARREMRH FA B . IHIH & ANGEEH 31 BIN #X

2. FTHRZ T4 55 #7 Plugin F1 Knowledge MCP [#) npm A<, FAE BN LI B rp A= BHARTE] Y Core Al
CLI minor i Bl AR UK FRMT AR . 55 19 CLI M EL 28 & i HLSEBRdT 45 & Core; Plugin % E
%A CLI, patch JiiAs HBEMeA MBS A8, WA minor AT DA INARZA T EE, HA major fiAsn]
PABIAAEZAEE 5 patch A1 major A A FGHR AN T fE. Core F CLI f A i 32 £ 3 ERIA 43
IR RIS KA

3. SN S AR A B B 2 GitHub, &€ R ARRIEE R E 4 nT A, TR 1E 5 2 AR
WAV EFRZS; AR gAEHEDE config B &4 1 AW I IRER RS . . HIL. SDK J%
AT : npm RATAEF KA .

4. AR config [#] publication W35 B UEARAS T L . AE AR ZU4E &, website/MCP (RIRFIGE 4G A . il E
dry-run 54337 CT IR AL = FAL .

i 32 BIN MU RIAE i ARG DR B . AN BN IH BT R it okt . B 5 [F) &4 AR SO git R8s e s tt.
KU A AL 2 KA hr%: . npm 5 CDN % .

74 SIA PR

ESP-VISION ¢ £ IS ALZ 7845 . BSP-DL . espdl BiZU{f fespd] —+272 332 fibk, TensorFlow Lite
.tflite BBV Hifliee 270 52 Bk, BIBURNSR AR, MRAFBIERBAE T . BT, &
FRE A TES B T

7.4.1 1. FREUEE iy

TP T -
* ESP-DL: u[ M\ ESP-DL %4 2 SRIUIL ALK - espdl, Bl ESP-DL {1 &40/ 5tk T HARR 5 A1
RGN . espdl #:0, FE S5 HFRSH (ESP32-P4, ESP32-S3 5 ESP32-S31) L,
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» TFLite Micro: {ii ] TensorFlow Lite .t f1ite flatbuffer, FHf{FAE A E T TensorFlow Lite Micro DA &
B R HWE TS ELRIRETEIET, 210 int8 FAYIE 72 B SLhr i H A5

QO L VRV, 35 mode s/ Fif) I 4540, B mode1s/espdet / filmodels/tflite/.
7.4.2 2. JBEREE UL B ATik

Ff .espdl B .t flite SCOFRCRIEAF T BRI AEE R, BN /sdcard BUARE % /¢

e SD R B I ER L, #3858 /sdeard,
« i I FAT (ffat): #¥a/n Xl USBMSC %458, RSO RA BARME, HEKAEANRE
%/, BB SR ] BAE /my_model.espdl,

7.4.3 3. EFEAIEN AP

HRIHEAT IR 55 e RS Y. APT:

®% API #R

ESP-DL H#r#6l (ESPDet) espdl.ESPDet (x, y, w, h, score,
category)

ESP-DL H#53#M (YOLO11) espdl.YOLO11 (x, y, w, h, score,
category)

ESP-DL 3&75# espdl.YOLOllnPose K581 17 4~ COCO &4 =

ESP-DL &4 42 espdl.ImageNetCls (label, score)

ESP-DL % Hi /i Python fi#i  espdl.Model Ty tensor JLERE I IR 4G 4y T

i@ il TFLite Micro $fT tflite.Model JE hG %y 1Y tensor,  BY [M] JE 1 [F1{E

X} ESP-DL $4¢, #BIAFHELZOAF ) HE a8 S8, TG R % A mean, std. rgb_swap.
score, nms, topk B} softmax, 24 FEE{%E ESP-DL #i3H . {H¥F Python FF#iS &y i, WG espdl.
Model.inputs () fll espdl.Model.outputs (), P predict () R RawTensor Fi7. X
F TFLite Micro #i% , WAE% input_shape. input_dtype. input_scale, input_zero_point,
output_shape. output_dtype. output_scale fl output_zero_point, ¥ Python BiH{t
it v SRS RAH 5 1) Ak BBl Je A 3L

7.4.4 4. s57 ESP-DL Hi:p

import sensor, image, espdl

sensor.reset ()
sensor.set_pixformat (sensor.RGB565)
sensor.set_framesize (sensor.QVGA)

det = espdl.ESPDet ("/sdcard/my_model.espdl", score=0.5, nms=0.45)

while True:
img = sensor.snapshot ()
for x, y, w, h, score, category in det.detect (img) :
img.draw_rectangle(x, y, w, h, color=(255, 0, 0))
img.flush ()

7.4.5 5. 1¢ Python P ESP-DL i i

YRR AT (] ESP-DL R WAL BEAIHERE , {HA i tensor 75 22y Python MRS, W flijespdl . Model,
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import sensor, espdl

model = espdl.Model ("/sdcard/my_model.espdl", mean=(0, 0, 0), std=(255, 255, 255),.
—~letterbox=True)
try:
print ("inputs:", model.inputs())
print ("outputs:", model.outputs())
img = sensor.snapshot ()
outputs = model.predict (img)
for name, tensor in outputs.items():
_, shape, dtype, exponent, raw = tensor
print (name, shape, dtype, exponent, len(raw))
finally:
model .deinit ()

TN tensor #L VAR BT TR E], H I shape. dtype Fl ESP-DL exponent JU§E. [k
tensor K AUARAL 5. [ ] exponent ], FEHAT sigmoid. HEfFRL. NMS. 433 top-k 5 Ak bRZ: letterbox
SEETUAE O S AL

7.4.6 6. izf7 TFLite Micro ffi:3{

import tflite

def fill_ input (buffer, shape, dtype_code):
# HBERAERE LT ENEHRAFY .

model = tflite.Model ("/sdcard/my_model.tflite")
try:

print ("input:", model.input_shape, model.input_dtype, model.input_scale, model.
—input_zero_point)

print ("output:", model.output_shape, model.output_dtype, model.output_scale, .
—model.output_zero_point)

outputs = model.predict ([£fill_input])

raw = outputs[0]
finally:

model.deinit ()

J

ESP-DL W[ iz47 i 4~ I, example/03-Machine-Learning/00-ESP-DL/ " (' espdet_pico.py.
espdet_pico_python.py. yololl.py. yolollin_pose.py. imagenet_cls.py), TFLite Micro
WBFT A example/03-Machine-Learning/01-TFLite/ "~ (" “person_detection.py Fl
sine .py)o

747 7. W3k PERESBTRISIE

TEUIEFT . espdl BiBUHRERT, I espdl. load _model () % E profile=True, PA%jH ESP-
DL pyPEfg A5 E . X7 TFLite Micro £2Y, R[4THJ model.len, model.ram. #j AJoElAl% T
ai, Jerfiik flash K/, arena KU)N. tensor 7 RFlsAAE E, PR S A3

7.5 % ESPDet Pico fid

ESP-VISION jfi ifespdl . ESPDet iz4T ESPDet Pico H Fpta AL AL, ALYk, 5 M =1L fE ESP-
Detection 1ji H #7152 i,, ESP-VISION fll L fi3c Mz S H 1) .espdl X4, Hi#id sensor. image Hil
espdl BIHSE LR
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ASCPARZ S H FrAs AR 6, BRI IREELede . B4 . 1%, =1uT 3| ESP-VISION Lz
T SE R AR

7.5.1 1. §i:45 ESP-Detection ¥h5%

R G -

git clone -b feat/esp-vision-train https://github.com/YanKEO1/esp-detection.git
cd esp-detection

ESP-Detection {# ] Python Il 25335, ANa5%ic9¢%% ESP-IDF, W45 4% ESP-VISION [E {4, = #iZ17
ESP-DL £ i) C++ 75l TAEH} A4 75 % ESP-IDF,

ESP-Detection {if /f] uv B MRS EAE R GEREHRT I 208 07 2

Linux/macOS:

[curl -LsSf https://astral.sh/uv/install.sh | sh }

‘Windows PowerShell :

[powershell -ExecutionPolicy ByPass -c "irm https://astral.sh/uv/install.psl | iex" }

g%mﬁm‘ HEHATIT A S, BRI 2R A /R RH 4 B A ) PATH. BN uv IS, [RIA200 H 3R
i)

[uv sync }

uv sync 4% Ultralytics . PyTorch, ONNX, ONNX Runtime . OpenCV #l esp—ppq. AIFEHLEFH NVIDIA
GPU, IZFsfb TP WA GPU BRI AE CPU, (HIZRf RIS KR Z .

BT se R, TASeRiAar S A B AT :

uv run python espdet_train.py —--help }

uv run python -m deploy.quantize_aligned —--help

7.5.2 2. dEFSBANAE

{8 i Roboflow #fE &R, HEFEFH vorovil #X. 5t 5l R 52 #5341 ESP-Detection (3¢,
Bidn:

datasets/my_object/
images/
train/
val/
labels/
train/
val/

J

ESP-Detection iZ2H [ /& YOLO detection #3282, &K K FHE labels HRTFA—E4 . txt FrZ&C
. filfN images/train/0001.3pg % labels/train/0001.txt, FRELHH —FTERA—DH
B :

[class_id x_center y_center width height }

HH x_center. y_center, width Ml height HRZHIXHE A 98 I —A0 JF HY9F R, T BlE # N
0.0% 1.0,

190401 B 5] 22 A MRS I Y S0 T A g

Espressif Systems 93 Release 2026.11.06-3-g464c97bafc
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.11.06-3-g464c97bafc%20for ESP32-P4

Chapter 7. #4455

[O 0.5123 0.4381 0.1840 0.1365 }

BB RRZS R 5 4% ESP-VISION i i 7 125 il 4 A — k.
PETE cfg/datasets/ MRIEHIRENE, FlUl cfg/datasets/my_object.yaml:

path: datasets/my_object
train: images/train

val: images/val

test:

names :
0: my_object

path @¥PHEMRE X, train fl val 24X} path ME K H%. names WFIEFEZ, BRE TR
Wi espdl .ESPDet .detect () iR category & L. YIZh5E B AT A B X AN BT

AR ZRAIBRL, AREEAS ISR :

names:
0: helmet
1: person
2: vest

7.5.3 3. JllZ; ESPDet Pico

ESP-Detection 2l 7 espdet_train.py fENRIZGEA L. BESiH cfg/models/espdet_pico.
yaml #47# ESPDet Pico M %%, i th fcfFEACE .

BRI I Zhm Bl

uv run python espdet_train.py \
—-—class_name my_object \
——pretrained_path None \
-—dataset cfg/datasets/my_object.yaml \
--size 320 320

KSR -
S WtER
——class_name WAL S 2 FR, 280 Ultralytics %y H SR F5

-—pretrained_path TRINGAE B A% A TN ZALE R ] None, A2 M cfg/models/
espdet_pico.yaml @A,

——dataset s YAML f£42.

——size AT, #83RH height width. fif0 320 320 Fx 320x320 i A

YIRS TR ERIA G A K254 8. %K batch, RAM cache FIELHS M5 50E . XF T/ VR 4E . kT
RETREOMARIIEE M2, Bt G VIZERUG, AinextT Bl N mEmE e

Training complete: runs/detect/my_object
Best weights: runs/detect/my_object/weights/best.pt

JE S A BH#i ] weights/best .pt.

754 4. EFs B EchE

Tl . espdl HITGEAM intd Bk, BACTHEAHERA . BOER MR RERELME R, SIARDE
WP, AL WA E AR,
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H fA] B0 LR (8 SRR A I

[datasets/my_object/images/val }

AT AR o A — A H 5%

deploy/my_object_calib/
0001.jpg
0002.jpg
0003.jpg

RHER AN EARSE, (H R B R S A . WERAHESR I T 3 —, W RE N BRI RR R bR IR
A 7350 i R i A 1 [P

7.55 5. gt il.espdl

ffiff] deploy.quantize_aligned ¥il|Z:iH-H) best .pt FHi A ESP-DL [ H#E /1 . espdl % :

uv run python -m deploy.quantize_aligned \
—-model runs/detect/my_object/weights/best.pt \
——size 320 320 \
——target esp32p4 \
—-calib_data datasets/my_object/images/val \
——espdl deploy/espdet_pico_320_320_my_object.espdl \
-—data cfg/datasets/my_object.yaml

e LK
SH 5t B
--model YIEAFEF) best .pt, WHTPAZEFH Y ONNX.
——size BB ARSE, AR R ~F—2.
-—target HArts ), Bl esp32p4 8% esp32s3. WAL BITRA A0 H PLHL
—-—calib_data ﬁ(ﬁ@ﬁﬁ%o
——espdl S ESP-DL AR A8 4%
--data BEEE YAML, & A5 BIAR S804 M B AR BLER 5 IEFE AR -

ZL AR TR NS R pt 1) ONNX [fiE4s, SA)5 1 ESP-PPQ i} int8 ESP-DL #5144, 4 Fifi i fift
JH percentile £ . bias correction Ffj[] scale —ELPERY fusion & E . HIASITH S HERNE TSI W
BAE AN ——data, B2F] LS mAP50 Al mAP50-95,

HASERUG, BHIA . espdl SUHFFEAE

[ls -1h deploy/espdet_pico_320_320_my_object.espdl }

7.5.6 6. FIMBLRLC b

AN A RS2 3545 5 ESP-VISION 3 ip gl L 8 8 & 7, BT models/espdet /pico/<name>/
T

models/espdet/pico/my_object/
README .md
espdet_pico_320_320_my_object.espdl
espdet_pico_320_320_my_object.json

Hrp L espdl @SBRI, . Json @RS FRAN T ARSI sidecar T . /> ISON 7R fil:
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"name": "ESPDet Pico My Object",

"architecture": "ESPDet Pico",

"api": "espdl.ESPDet",

"task": "detection",

"input": "320x320",

"inputFormat": "RGB565",

"dataset": "My Object",

"labels": ["my_object"],

"sizeBytes": 574864,

"description": "Detects my_object in camera images."

}

labels WMAIEIRE YAML th names [i)¥F—3, sizeBytes WIHELFRET K/, FE Linux
T RAXRESRHR :

[stat -c '%s' models/espdet/pico/my_object/espdet_pico_320_320_my_object.espdl ]

README . md HUHEHIR Ak . Bl Aok S ARG, BALTERAEA G k. T AT B AR
WA RHERIE README HiBln], AEHLUE it JSON.

7.5.7 7. ¥ MBS Bn A7 ik
ESP-VISION 124 7Hf MU R GBI, & B AAA A

B®iE Rig

/sdcard SD k. *%ﬁiiﬁ?% i{iiﬁjﬁ_ﬁ?ﬁﬁﬁﬂ’ﬁﬁa .

/flash Jr b FAT %UE%IZ it USBMSC B0 U, @G & i
(kiU

BIURS A 5 SD -RARHE S5, B n] AS AL

{MODEL = "/sdcard/espdet_pico_320_320_my_object.espdl" J

nERAL 1 F flash AR H 5%, WIS -

[MODEL = "/flash/espdet_pico_320_320_my_object.espdl" ]

7.5.8 8. 1 ESP-VISION [-i&17

N R 52 %4 ) MicroPython #EF fHI 7 :

import espdl
import sensor
import time

MODEL = "/sdcard/espdet_pico_320_320_my_object.espdl"
LABELS = ("my_object",)

sensor.reset ()

sensor.set_pixformat (sensor.RGB565)
sensor.set_framesize (sensor.QVGA)
sensor.skip_frames (time=1000)

det = espdl.ESPDet (MODEL, score=0.5, nms=0.7)

(ZF 30
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(750
try:
while True:
img = sensor.snapshot ()
for x, y, w, h, score, category in det.detect (img) :
label = LABELS[category] if category < len (LABELS) else str (category)
img.draw_rectangle(x, y, w, h, color=(255, 0, 0), thickness=2)
img.draw_string(x, max(0, y - 12), " " % (label, score),.
—color= (255, 0, 0))
img.flush ()
time.sleep_ms (20)
finally:
det.deinit ()

sensor H NV {# ] RGB565, score 2B ZEH{E, nms =& NMS F{H. 26— B EDE &A%
score MAMALR G RERE HHE , PRI A FITRAS 1 i H 4 .

7.5.9 9. ISUFRIES

VAT I B -

o SEHE I HEMEUELSR R, SIATE SR B B X A B0 A .

A RMA I AEHLEHEIR, BA int® B BOA KRS .

* SXJ51E ESP-VISION bizfTELSHRGC LA, MR R, A BEHDE T AR IIAE.
* JJETHTY score Fl nms, H[E HA . AREENR B IAS .

URBELAR AR IR EARSRROR 22, (I STAS A 28

o ——size @MAINZGR B2

e labels EHEMEIRE YAML F names JIfij 75—

o WHER R @15 78 o5 FLAL R IR S A

o Mgk E S SRR . Bl RE s irid .
* score @RS R, FEALS KNSR )E.

AL JSON JeidiE . README A AE ARG, B0l PARFEZL N A ESP-VISION fY models/
M example/ H3k, fERWE AT,

7.6 GG A B

— I R AR AR 4 e B H S boards/<BOARD>/ H1: T 24 ESP-VISION {4, boards/
<BOARD>/port / - H 5%} MicroPython ESP32 F4A8 S {4, #4345 boards/<BOARD>/port / 4t
F) 4 B MicroPython 4511 ports/esp32/boards/<BOARD>/., VM TEMPLATE HHLE.

7.6.1 MicroPython F&Hi

{%F boards/<BOARD>/port/:

X4 B
mpconfigboard.cmake IDF_TARGET Jit B{H 5 SDKCONFIG_DEFAULTS £#.
mpconfigboard.h MicroPython Zfj§EJT 5% 5 USB 47 .
sdkconfig.board 2% ESP-IDF Kconfig 78 2517 .
partitions—*.csv IR FE,
board. json., board.md AR R T -
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7.6.2 ESP-VISION {ll]

{iiF boards/<BOARD>/:

Xt iz
boardconfig.h 5| 2 e 5 RGBT
imlib_config.h OpenMV imlib HREST 3.
manifest.py RE5 ) Python 55,
camera.c WAL Wi o

display.c LCD Mt 5 L .
sdcard.c SD A H 54 A I 52 21

W H s FAEAE camera.c, display.c, sdcard.c i}, micropython.cmake £ Hahk e, 7
WEMWFE %K board. cmake,

7.6.3 Rt Rk

[idf.py ——board <NEW_BOARD> -p /dev/ttyACMO build flash monitor

ik ATUMESRA. PRGN IR (fFREEEE . PPA ILEL. WIRITF) BTEESb 4.

7.7 EV-MUX v4 3 HLERCA T

EV-MUX ({528l TR Eid 1z 4 45 EV-MUX ., ARTARBIHER A D WS, B0, 23, th
WS BY PAHTET M.

7.8 Agent fCHS 4 kIR

A5 ra 2 Al Agent 2E i, ESP-VISION [ HACHS B R s il PE 23R . WA Z00RE B AR RS0 AHE ESP32 fida il
324719 ESP-VISION MicroPython v1.28.0, i AN42iz4T CPython [ PC., HAEfi I ARHHH A ALE. &N
ik AAUE A, e G RBIUER APT; ASERE S EAFAE s b e A . pip . JRAE
wheel, #ERGMRS . FiFREsk PC U &R S .

7.8.1 (ML

ZRIA ESP-VISION [E{FREEM requirements. txt ZIANZEMM, WA IS nip. £MAH
PR AR pip. BT requirements.txt, WM mip.install (), WAEERERMOBER ISR
M5 =5 . QERANRAL A TR, W R O SRR E S, s UL IS A T AT A T 4L
THEMRE /1ib, S NHAR oy FREEEESIBF, B R s AR,

FAHLu TR B brim S8 T WA AR . PC TR A ] pyserial &% CPython 1, {HAMJURFIX
RABIRCH A EHLEG", HARETE ESP-VISION A i3 X 264
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7.8.2 All-in-One %}

W4k B P I SR A B 28 SO SRR, 5 R (o] — AN RTS8 AT A B A5 I madin. py. BFE RN
import, . WAL, NAHEBHE. B RIMER . S A BRI R RS O SO, R R
PP LA R BIARER  ARCER At — 3 )8 7= n] DAGRAE R Al S S, (H 2080 B TR I 15 4 B
AR vl A

FEIEATCIR = M IEERET, PoseA Bea A B e s . RO 7Eg sk . BB, fafig. MZEsH P
SR HAB B E BELIE BN S, A FTEIME— R ZhbRic. N1 i H AR 482 all-in-one MicroPython Jl
A, HAAFERYHAE—WiE A 4T B EVTEST : OK:

import gc
import sensor

def main () :

print ("EVTEST:START")

sensor.reset ()

try:
sensor.set_pixformat (sensor.RGB565)
sensor.set_framesize (sensor.QQVGA)
sensor.skip_frames (time=500)
image sensor.snapshot ()
width image.width ()
height = image.height ()

finally:
sensor.shutdown ()

print ("EVTEST :0K X heap={}".format (
width, height, gc.mem_free()))

main ()

7.8.3 A lfs AR

Agent 5 IDE. CLI [A]J& FALN H , & &2E f# H Device Core, AN4EP 17 —E EV-MUX & Fliii; 48—
[ E ML/ Core/ MU B 56 22 W7 52 28 4. RIS G R34 . e, BT 54 R BRE—8iga s
# 4 EV-MUX ., SERFHURBELAHRBIE B 2@ 20, MIrnks @ ats; AMEAEF. bk
f& ACK., fip4-[ulfg 5 REPL $/R A8 A H BB b .
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PIE =

ESP-VISION f E#L T H. . FELHAIN 54 &4 71 IDE Fil { & X SDK LY ] H#2{# i Device Core; Al
&P 5T Agent i F {417 Skill, 3# 4 P Device CLI ZEASHUEVE S 4%, 3@ HTTPS 25if) B 7 1E
2 Knowledge MCP, Device CLI i Ji] Device Core, i SDK i i JT & #3271 USB CDC. USB Serial/JTAG,
UART &{ TCP 28 EV-MUX v4 F#/Lif. 345 {627 MicroPython, MLAt/EFREEL . & RS FIRI G
s AR 325 32 7t % MicroPython (mp_obj_t /py/*.h) 4 2.

8.1

SN

ML . IDE $fkgda/ il Am, 3w W A SDK, AL g7, Agent iREFT 5545
T.E; Agent HO3H Alloop.

Plugin (host/esp-vision-plugin, @esp-vision/plugin): 24 Codex. Claude Code. Work-
Buddy $78— 88 71 510 Skill, [ %EWAs Device CLI FI'E 7 Knowledge HTTP i S B &, H-ifik
ST /) WorkBuddy Expert, QoderWork 5 Cursor 5@ L. g S INZ AT 28153 3 58 BT 6 1
s

Device CLI (host/device-cli, Resp-vision/device-cli): i@id shell 54, JSON 4%
T e i A SR R A RE DT FE A P BRI AR ST Ay R 8 A Device Core 243 APIL
Knowledge MCP (host/knowledge-mcp, Qesp-vision/knowledge-mcp): T fA{k
HEPEHE APL, SURYFURBIE . B G HFEL HTTP [lR45; npm f3374F stdio, HTTP HA7#% .
FOM AR, npm WHIRFAZFIG, website T1TTHE 1% 5% HTTP il AR HILBS8T.
Device Core (host/device-core): M RAM) Gesp-vision/device—core npm £ 1T
BURRAT . SR RIE. &, PRI SEAEEar R . B g AR IR APT 7K, SERE322 L 5 A
APl 7%,

EV-MUX v4: Core 5[ [A{51F MY, 7E USB CDC. USJ. UART. TCP |-%—Mmiik%st.
WHRIEIE . FrAAS VM epoch., LS Plas A1 250 HAZ 74T, A5 @4 1E owner.

BRI MicroPython JIAZFT T &AM T A Python 487 ; MUK )E, 54 W TSR lsris
7o

w2 (modules/): Bl USER_C_MODULES ). FZfik image. sensor. display. espdl
M tflite J@id MP_REGISTER_MODULE H¥ M. py_imageio.c #f image.Image10o 2571,
py_helper.c NI BI M. 002 R g6 58 APLER, EZHEL C 5
platform/ i,

B M % (platform/) : H Wy ESP32 JK /K 2. ev_channel.c / ev_mux.c /
ev_control_transport.c/ev_stdio.c (EV-MUX/EV-ATP JiX21&%i). preview.c (EV-
MUX JPEG Fii¥i ). display.c (BHEREZE). sdcard.c (H:# 3| /sdcard). usb_msc.c (i@
i TinyUSB MSC #:#% ffat 4}X). usb_auto_download.c (S3/P4 OTG CDC & i/ F#til) .
jpeg.c (BEMFEE{T JPEG). debug.c, PAMmain.c (JHEIWIRLSHZAAEIR).

imlib #{1}: (components/imlib/): 4fi C ¥iutiEyE, 1ERPA MIT 4414 IDF 2044, i OpenMV
lib/imlib,

WG (boards/<BOARD>/) : &Ml E & ESLWAHN/IER/SD 528, P4X 5 S31 fifi [
esp_video/V4L2, P4X if#i ] PPA; S3 fi[] esp32-camera,
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ESP-VISION Host / Firmware
[ IDE ] [ Custom apps ] [ Al clients / agents ]
Device CLI ESP-VISION Plugin
Host @esp-vision/device-cli @esp-vision/plugin
Device Core Knowledge MCP
@esp-vision/device-core @esp-vision/knowledge-mcp
Host / device boundary v
s N
Control - Framed Python - File operations - Preview / Capture
EV-MUX v4 v P P
USB CDC - USB Serial/JTAG - UART - TCP
& J

ESP-VISION firmware
Ve N\

. A q MicroPython application scripts
Device application [ Y (L P }

User scripts * examples - frozen packages

Python API Bindings (modules/)

(o) (i) (o) (e ) (o) () (=)

Vision Library (imlib)

: | ¥ :
] ! i (I |
I . I
: [ Drawing / Filters ] [ Color Tracking ] N [ ESP-DL Runtime ] ! i [ MicroPython v1.28.0 ] 1
1! { 1
. 1 1 [ TFLite Micro ] 1 :
Service & ; [ Feature Detection ] [ QR Code ] o e [ ESP-VISION Overlay ] i
Framework ! b [ .espdl / .tflite Models } L |
I

} [ Barcode (ZXing) ] [ AprilTag ] 1 ! - 1 i [ ulab ] 1
i I [ Detect / Classify / Pose ] 1 J
N e e e e e e e e e e e e e e ! ‘\ 77777777777777777777 N L e e e e e e e e !
725 \ 2 N
i Platform Services (platform/) ! i Board Backends (boards/) i
1 P! 1
I
1 [ Preview / Capture ] [ JPEG Codec J [ Display Layer J } i [ Camera (V4L2 + PPA / esp32-camera) J :

1 I
i i ]
i i
3 [ SD Card J [ USB MSC ] [ Boot / Soft-reset ] i ! [ Display ] [ SD Card ] 1

I
: 3 |

I I
N e e e e - N e e e e e e ————————— ————— /7

Environment & ST ESP Component Registry ESP32 SoCs
Dependency esp_video - esp32-camera - ESP-DL - esp-tflite-micro P4 - S3-S31

& 1: Device CLI / Device Core HEAM L A4, 714k Knowledge MCP il a7 2 4E501H AR 55
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e MicroPython + overlay: P4 MicroPython v1.28.0 i & & K 4&; Wi H & 3 i T overlay/
micropython/, N %] build/micropython/ FHAEBEIAS.

16 F PR TS G Ao gs A B SDK M2 FRIYIBE /O, Jeids M DNS-SD % BiJE T3 Hi iU M2 1A% 5
ROM [ {1555 { F 37 loader A= JEI 3, Ak EV-MUX (255 H #5515 . {445 SDK AR AT ;
FHLIEA K APL SCRY W Device Core AL SDK

8.2 RSN Y B

N fEER

¥

sensor.shapshot()

¥

image.lmage
(A& AR
¥ “ “
imlib #h / display.write() imga.flush(}
AR = LCD > By-MUY H

sensor.snapshot () FF—MWERER| W Z B WiZ s, HEH N image. Image. BIARM G EHG
T imlib 4b¥H. ESP-DL #EF 8y TFLite Micro P, Tt display.write () 24 LCD, Bt
img. flush () IEHFFHLIE.

8.3 lifs T &EL

FHLIAE R EV-MUX v4, 25 A A user/debug Wi/> stream, 2 %518 8 5 FAE 24 Hi owner [ USJ.
USB. UART & TCP link [~. MicroPython HAL, Cstdio. IDF H 41 JPEG preview 43 H3: AN WV iEIE .

STEREILER . YEED . SEE . Wikl SCPE/Python/ G IS L C i i@ 12 A e

EV-MUX , ##5%7F TA2RZEH) . Agent 18 M VLG W EE 4E. 241 MicroPython 7555 sys.stderr [1) £
R AR DL M) . AT LT U 4rEi g,
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8.4 JRISELEK

= i
host/ NHEFEHL SDK FifLkiiE il ss (RGesp-vision/device-core).,

device-core/
host/device-cli/ M rik#m4d T HA (CGesp-vision/device-cli),

host/ Knowledge MCP iz 17 B, 118 B B F1 IR 5 55 18 (Cesp-vision/

knowledge-mcp/ knowledge-mcp).

host/ Skill, P& CLI. Knowledge it 5 il & A Ze34% (Resp-vision/plugin),

esp-vision-plugin/

idf_ext.py QR E T FRPEME idf . py ¥ RE.

micropython. SRURAL: YENHH P, 5 SRGIE SR include #5482, 45 PE zxing

cmake 5 ulab.,

lib/ [ AN 56 = T8 (MicroPython, ulab., ZXing-C++).

overlay/ K A MicroPython #4275 &) ESP-VISION MicroPython 345 .

micropython/

boards/ FMRBCE . VRS B RN S i o

platform/ Wz ity (FHPL. Fi%i. 7764, &/x. USB. JPEG).

modules/ MicroPython C/C++ 4§ 5Z (sensor. image. display. imageio. espdl.
tflite, PAKBES /B h264 Fil rtsp),

components/ ESP-IDF 2H{}, 4 OpenMV imlib 5 ZXing )5 ifi .

models/ B TH ARG AF A M 2 ) P BE R Y U

example/ MicroPython 7153l I 7%

stubs/ iR C ALY . pyi KA.

8.5 MRyl

— BT B s SRR AR H SR boards /<BOARD>/ Hi:

» ESP-VISION fill (Ti{)2) : boardconfig.h. imlib_config.h., manifest.py, DAKA[iEH
camera.c/display.c/sdcard.c,

* MicroPython #4#fll (boards/<BOARD>/port/): IDF H#¥5. sdkconfig, 4}X . USB FAF . 14
B 2RZ T H 388 8 4R B MicroPython |48 ports/esp32/boards/<BOARD>/,

SEREA IR S R o 3 04 TF K AR

8.6 Fi.ih i ALY

micropython.cmake HR{fi IDF_TARGET MM B B A5, ESP32-P4 #7415 h264 5 rtsp; 24
HI P4 B E A 2 e ) ZXing-C++ FRTEM JGtm. 4T APTAEIE LS 7 5T 240 4.

8.7 MicroPython Overlay

ESP-VISION PA MicroPython v1.28.0 1 2k [# & I i 5t 4. ESP32 port [%) i H 34 & 4 I 7E overlay/
micropython/ F. prepare-micropython #4 & & 38 < ¥ H W ] 3] build/micropython/
idf<ESP_IDF_VERSION>/micropython/ N4 M EI4; lib/micropython TAEH R T E
) EES% .

ESP-VISION 5 E3e0i H 6 R LS B £ 75 4 4L PHIVF THE L% T 32
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Device Core [J[r]— firmware APT £ (It F i ROM #:E: BRAAVCECELA 4 X% . RN ik
DA 6175 bootloader, 43X K5 I B 52 3 Bi 143 B, Wi 9Nl EV-MUX f£4i[& {; IDE, Agent,
CLI & H [/ 5 522 5, ToRess H LR St .
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s &5 5 EV-MUX

A/ 24 ESP-VISION A AL (S 5240 M MicroPython Hy %5 A%t . ESP-IDF H &A% L5,
FIYFEEE O . 2TEFTARL. EV-MUX i, 54352 Device Core SDK %3k IDE, Agent, CLI 5[ & X &
LR H o tCUE B DA BTG R EV-MUX v4 SCEUCRHE; A TRA . EV-MUX 275 BUARFIZE_F ks
KA R AR RS

H%: evMuxVersion:4 24 ih S5HEY); EVMUX/ 1 2FHikga. v4 FE4k£68 ] EVMUX/1, A
ML R EVMUX /4. IDE 1.3.0 ) Device Core H35:32 B S35 v4 (1 [EI{4:
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9.1 —sKPEIFRMREAuE

MicroPython T img.flushi)
print / REPL / files stdio/ - * JPEG preview

¥

HAL / stdio hooks
preview producer

h 4

EV-MUX channels
user + debug streams

¥

One Ses5ion owher
link + epoch checks

¥

EVMU /L frames
bounded TX queues

h 4

usj/ usb/ uart / tep

¥

Host byte transport
sarial/ TCP f WebSocket bridge

¥

Device Core
protocol / sessions / operations

h 4

IDE / Agent ¢ CLI / custom tools
Ul workflows / commands

Pl 1 Besdimibaead i SOorine . IR ZRHIMTER RS, PEEA W] —Ze W PIdE s . T0Lay 0l SO i 213k
parser, AU A REPLAZ Gl A B o FALLFFERtD, POMTERIFIN . SCA S RTAT 8 T DA
e

9.2 HEREBE N
9.21 k. AT E P kiR B
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RGN PR S

IDE. Agent, CLI il { & X THZFgFHYH, JHH R Device Core £, Core 5ZF F 4L API 5
/25 RAS s EV-MUX /& USB CDC., USJ, UART. TCP LRz frigtiil; [F{FS8 i s #fE A
MicroPython iz 471, T EIHfUENE APTOUERYE, AR5eReii.

ESP-VISION Host / Firmware
[ IDE ] [ Custom apps J [ Al clients / agents ]
Device CLI ESP-VISION Plugin
Host @esp-vision/device-cli @esp-vision/plugin
Device Core Knowledge MCP
@esp-vision/device-core @esp-vision/knowledge-mcp
Host / device boundary v
Control - Framed Python - File operations - Preview / Capture
EV-MUX v4 v P P
USB CDC - USB Serial/JTAG - UART - TCP
J
ESP-VISION firmware
-
; . . MicroPython application scripts
Device application ‘ Y L1 o ‘
User scripts - examples - frozen packages
J

Python API Bindings (modules/)

() (s [ Lo ) (e ) () ()

Vision Library (imlib) Al Inference

Runtime

: o ) | ?
1 = [ ;
1 I N i 1
: [ Drawing / Filters ] [ Color Tracking ] N [ ESP-DL Runtime } L [ MicroPython v1.28.0 } 1
P i 1
. 1 1 [ TFLite Micro ] U J
Service & ;[ Feature Detection ] [ QR Code ]‘ | e [ ESP-VISION Overlay ] i
Framework } 1 : [ .espdl / .tflite Models ] } ; :
I
! [ Barcode (ZXing) J [ AprilTag J L ; b [ ulab } 1
] IS [ Detect / Classify / Pose ] 1 J
N ) | CEEaaaaT——————) , _DDDhnminnnammnaae !
725 \ 2
i Platform Services (platform/) ! i Board Backends (boards/) i
1 P! 1
I
1 { Preview / Capture } [ JPEG Codec } [ Display Layer } 1 i { Camera (V4L2 + PPA / esp32-camera) ] :
: 1 ]
1 I I
: { SD Card } [ USB MSC } [ Boot / Soft-reset } i ! { Display ] [ SD Card ] }
: : :
i i ]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ’
Environment & e ESP Component Registry ESP32 SoCs
Dependency esp_video - esp32-camera - ESP-DL - esp-tflite-micro P4 -S3-S31

K1 G REEME; R SURIF B PITR AR
7% SVG 5 README. Z 44844 ) SDK #5rg3E. & FiA ROM L5ty T EV-MUX i /T4, BAR
DR 77 & M W AT RARIA T, AER MRS .
EV-MUX {EWB— 2

EV-MUX ZizfT 7 5 MEZ G 2. ©ARAT Python, A JFA MicroPython VM 4 1,
“EV-MUX VM” . MicroPython {4 ¥ ial¥& 0. 4miske. fRREPAT. A4 REPL. stdin/stdout 153537 Bl
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ESP-VISION 7 HAL HI-¥-5 iz 55 1 S AWML S 23k
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¥

MicroPython Wi
compiler fREPLf user code

l

mp_hal_stdin_ra_chr

mp_hal_stdout_t_stre

l

& _stdio
framing hooks

¥

ey _session, ey_channel
owner fepoch frouting

i

BY_MLIX
T¥scheduling fframe CRC

l

ey _transport
USBJUART JTCP

i

ev_control_transport
parser fauth fRPC

¥

REPL byte queue
VM request queue

Espressif Systems 111 Release 2026.11.06-3-g464c97bafc
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.11.06-3-g464c97bafc%20for ESP32-P4

Chapter 9. i

fH RS

i 5 EV-MUX

Pel 2: fibkas). HALGERCEE . Pl . 28 80h SRR SERE R . EAT stdout FITRAT stdin #5047 527
VM; é@%?ﬁﬁ*ﬁﬂ RPC JWUTU\T ¢ 117 Python 1R 1] .
i R DRUE WA, Wi ASHESCAR %
R prommt etk st ot xdet Clpmiter..)
\
; | | |
mp_hal_stdout_t¢_stm newlib stdouthook newlib stderrhook esp_log_set_vprintf hook
\
i | |
replstdout replstder logidf

Pel 3: niky b 2 JATEIR KL L. Python /) print (

) 5 CH)printf () AlHE

3 AFA[F channel

HFHEEAR; HEXFEPESE “error” HAXEE Eﬁjﬂ‘rﬁi repl.stderr.

L i kA R

iR ESLEINE % LR

Python print (). MicroPython print/stdio — repl.stdout,

sys.stdout. mp_hal_ stdout_tx_strn () — encoding:text,

write (). K T ev_stdio_write_repl_stdout ()

REPL $&/R4F

REPL H ) pyexec.c i H J:ﬁﬁﬁTA HIAE repl . stdout,
* 4 B B H. mp_obj_print_exception (&émp_plat ANEEIILEX stderr H|EF T .
KeyboardInterrupt ...), A HAL stdout,

traceback

24 HI  MicroPython shared/runtime/ LA #E A repl.stdout, If
sys.stderr. sys_ stdio _mphal.c E{/J stdout/stderr ~ JE 5 CPython )i 37, stderr
write () NI stdio_write(); FIFEHE 1E.

C printf ()

fprintf (stdout,

500)
C

fprintf (stderr,

-)

/

ESP-IDF ESP_LOGI/

W/E SFIEH H&E

esp_vision_debug

SFEES
img.flush ()

cooked HAL stdout .,
CONFIG_LIBC_NEWLIB 4745 newlib
stdout—>_write hook,

newlib stderr—>_write hook,

esp_log_set_vprintf () —
ev_stdio_log_vprintf ().,

_ P HEHAZ ] EV-MUX IDF log 5 A

preview producer — JPEG #gfid — lossy EV-
MUX TX,

repl.stdout, metadata 1]
method:c-stdio 7~ C stdio
repl.stderr,
method:c-stdio,

log.idf, method:esp-idf;
7E debug stream,

log.idf; EAK method BT
WHAD.

preview. frame, i

A% printf,

il JPEG;

encoding:text A ﬁlﬁt"¢ﬁ%ﬁf~" UTF-8 PAFE— 47450 AL D) 73« WL ZEOR P 4 ik UTF-8 iRy

AR SE AT N BEB WU S AT T U e T4 U A LR SOA
ik ERMA L ENRED, ANREdEE Y T SOETA TR )21 stderr 478 WSNRFK A Python stderr HE

LT HAL Az, B[FHS R4 gF‘ i A BRI PRSI
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IDF system console &5 MicroPython console

IDF system console 1 Kconfig Y6455 )2 £ %t by 4 H By, MicroPython 1) port Fit & ¢k iE H UART REPL,
USJ. TinyUSB CDC & 4miFMwIia1tk. EV-MUX [ 235 % i F-ok 2 s A7 3l 55 itk ik — A2 8 H
link, SE2=EEE, N —HE NI K.

ROM [ bootloader MicroPython port config
early IDF logs UART JUSIfTinyUSE
¥ ¥
IDF system console ev_stdio_initl
COMFIG_ESP_COMSOLE_* install hoolks+enable mux
Raw UART fUS 1 bytes Runtirme EW-MUX frames
ho EV-MUX contract active owner link,

Pl 4: PG ALRIIY) system console 55igf 7% EV-MUX 4l AS kRl —324). %4 R, #F A ROM s &k
Zéist hook [ panic B, SEHLATBEEERENEA WSk B SCF s GBS AT 5 58 BE TR A -
MICROPY_HW_ESP_USB_SERIAL_JTAG #t7E ESP-VISION/MicroPython 1) USJ 4%, Btk 0, Hik
IDF target/version [¥JERiA system console {5 R Gl USI. [ad3f, 8 MicroPython USJ B}, i #1454k
2 B AFTIF AT EP A internal PHY , A console Iy 52 BUHT 45 1E -

sensor.evmux (False) s&iz 47 W9 B HF ¢, W PAVKE 4 EV-MUX 19 SCA B 48, 24 Fi i 9 1
ESP_VISION_EV_MUX_DEFAULT_ENABLED BRIAfEYE ev_stdio.c WE X, HZ XHEHZEA
boardconfig.h XTI E; HIEMRHB SO E LR 4 EA S KA ERENE . AR %
framing 44F v4 [HIFH I RIHLE] .
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MR/~ 55 SRS AR

# 2 T BT

ETx

FETIE

5 P Python RX &

transport task

A link . PR, AALIAL, ALPRA L.

ARG R . ) 255545 A1 46 C transport stats .

VM task & 1F REPL. Python F J7 ft 1%, filt J%
VES/5T 4 /45411 VM RPC.,
TX task RIRSEEEmT, WPAEE . PHEE. BRI

245 link K%K

network worker / TCP 4%

Wi-Fi g1a64k . S5 PERCR . HERE/ 4

il 1. TCP v [m i .

USB CDC 1] / restart
timer

[ iC 5% DTR/RTS ARZ, FERALHT
B

P AR $A T B AT i Ak P i 2
i, A HUS 5 —%& MicroPy-
thon VM,

KA RE b i E55 B\
F, et 1R A PR VM
23 PRI A

Az 7 A AT I B Y 5 ) Bl
B zEAaAl, AeEE
=1 VM 454t .

4 Python WLAN JL =R 2R 55 5
Ao HEE VM #8527 H 3h B
ERRATC LIRS

~AE USB control callback A 57 B[l
PrlRIKsl; 5 EV-MUX #4872
NG TR

file.write 7F transport task F E 35 FA VES, K &%/ VM RUOFREA G5, AIEA RS
#5P0\% . |HIR script.write., script.run. debug.capture_frame. debug.capture_screen

9 K Python qRZSH) debug.info #E A VM iE3KPAF]. debug.info [ifj scope:transport.stats
EBIAh: BAE VM ATEH AT A BAIVECEHA IR GL, AR BAS 2SR R S s HAE A — N Re A T

K5 T HATRA A 5000 ms, TG T B4R 4 vM_BUSY / VM_TIMEOUT,

LCD #MFAER— VM AL 45 H B R 2 i 5 32 52 19 RGBS65 it fi% JPEG, A sensor o %3k,
N B RN .. B preview 1115, WAEYPLE ;5 display/802 (7 5 BRERAT AT, BEG0IE

R i .

repl.signal Hf Cul-C YEMERERR TR M HTIHAZ KeyboardInterrupt, IR S 74T
#EA REPL i ABAF . EARIEREAE (5 FreeRTOS AL55, WARELRIE SIS A IR 1] VM HY AL BR 4K
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7R VAS)ENES A IR LY

Host Transpott ]

T
|
I
I
soft-reset request / REPL command |

L J

stop input admission; advance epoch

¥

touch ¢ display
camera /VFS
GC cleanup

—

new W
boot,pry

main, py

wmReady=true, event/hells

F 3

session keepalive

¥

Sarme owner, newer epoch; vmReady

L J

new complete marker

Bl 50 BRSLOHERE VM AU, (ofLIRES 200, BOZS ROl (R8I link. JGf5 1110 VM S A, T3 LCD
touch, display. preview. camera %%, vmEpoch L& ALET RIFA, AR “VM ERHFT HIIEHE:
SR %F% vnReady 5 ELS% REPL 4L,

BABI. M AN 2R A g Il

1E % BA) 43 5 1, 16 KiB / 8 i, P4 TCP slot S =—ANPAFFE 5 A4l FiEE 4 KiB /2 Wi, %5
REPL 5 A A5 512 577 staging 524 5 ms &6 1, BGRB8 Wi, preview HARFE FBifF
KEMG, FERFE. AR, FE S %t

EV-MUX BV I, Wil 52/ k% R WOR 24 [R]-— 4% Python 55, C 4y H PR 36 254G H 11, stdio hook 5
TGRS e ZE A AR T BT T B H A T RERS T, BRSO R I £ FF . 247 IDF vprintf
IfGET Ay 512 745, ARG RO T BHCSR drop HaR 1855, AR H D Ry s B i s -
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A ALRT 5 5% P mux S HIIEAT console BAF% . {IBJ2 panic/ROM 45 Abiy L AT, RRLY “%
PEAIR IR Rk

Be ISL DRI A 1D

platform/ev_stdio.c 5 overlay/micropython/ports/esp32/mphalport.c k& A
B2 A platform/ev_control_transport.c #:F AVEIEHI 4 platform/ev_session.c /
ev_channel.c R E AN 5% H; platform/ev_mux.c dt i ki B B2, IR, BASI F1 & 3%
platform/ev_vm_output.c 4B VM # H{5F; platform/main. c HH)FEIFIE (. MicroPython
stderr B4 48 FIE 02 1ib/micropython/shared/runtime/sys_stdio_mphal.c,

9.2.2 YHpEiO . ERAUK S HEAE

e TCP 813 D TR B, ol 5 AW 4 o i o KRR, A $2 X s B 0 A IR % 1%
M. BENS T IR EE VAT R P i 3 0] OIS A5 PR 2 3 O AT SCE B AR I A B AT S T R B
1 18T R CRC 5 AN R BEEAE S B AIE. B TCP L #i I EREE B E & M
%IR%S PGS AETFFURTT, 48 % STA IPv4 Hiuhik 3 78 BB ) 2 F it o 1 A T[] — T M0 . 3 27) ¢
B D B B B ORI E M 2% . R FR BRI OORE, WEFE Tk T A M boardconfig. h Hikf
ESP_VISION_ENABLE_TCP_TRANSPORT ¥4 0 JFE B, i EN . HATEH LA FIREEH
TR ) 240K

sink 3% 55255 link

capabilities.sinks F/REFE LI G0 XY HRIRES. sink ZFRJE usj. usb, uart, tcp, A
BPERAR) /dev/ttyACMO, W AJE channel, usb_otg_cdc F/Rf: kind; %&b 5 ID {552 usb,
KNEEH cde B{ usb_otg_cdc #Aft,

IDEJ Agent/ CLI f custom toals

' ' ' +

ush uart tcp
USB Serial/JTAG TinyUsB (DL setial pins+ adapter ST4 IPv4:3212

Oneacquired link
ownsuser+ debug

Kl 6: ZAPBA AT LLS SR BAEEE, B 51U Al owner, X8 A LR E4AG M. VM )
B RIA

FHU/Core/tY e R UTH 7 % 240 . AR HJEIF EV-MUX 2 NPz it 4EH; &35 ROM loader 4%
A R . ER O /socket i@ it af AN PR A &304 .

Espressif Systems 116 Release 2026.11.06-3-g464c97bafc
Submit Document Feedback


https://github.com/espressif/esp-vision/blob/master/SECURITY.md
https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.11.06-3-g464c97bafc%20for ESP32-P4

Chapter 9. {5 &4 5 EV-MUX

2 3 WP R

sink YIBRZS TR/ T EIRAESR
usj i USB-Serial/JITAG 4Mj, Jo W] & 4k 2 f& W W P4-EYE ERIA/EER O 380]
HEEFIEI D, present A AKX Fl; # GEH I ROM, IDF J5 i jH 5l
BRI LA 29 #i . 5 USB-OTG CDC
AR —AIRE .
usb USB-OTG fff M # H USB [l & 5% WM £ &~ &EEXH. SUHAER: L
TinyUSB CDC; ® 5 present/ready; EL5Z USB Wy 45Uk A%k DTR.CDC Hil
MSC e [F—& A s FF{f link generation 2354 MSC 365 5 ARRA
i/ [A]
uart E5CZ UART TX/RX/GND 5 fi#igt UART REPL 5 15 W &2 AH[F] channel , {H575L
USB-UART #45:4% . BLAITSE BRI R A RS s g s BReRR . 51 0 5 S
ARV FERAS il AR R ER
4R«
tcp B L M % 45 B STA IPv4  accept ZrficAE {7, FIN/RST. BRiA 3232; =~ accepted
TCP server, socket FEIRFIFART A5 link,  slot, #2247 Hiszss W3
Al —AEHE. WEHRT
3 WebSocket-to-TCP =&
iz,
W) v Jes 211

USB ThfEdl &, BCE. EAnMIEE MSC LUN WUSB # v . Bo i b wzdiér 4.

JG il boards/<BOARD>/boardconfig.h, boards/<BOARD>/port/mpconfigboard.h F SoC
RE 73[R e . P MicroPython 42 H 42 S A 4% 1, T ARALAE IE EV-MUX {5 24 A% A MUX
LHBROAAR. NERER S EIIEASBOARCE, B1THPA capabilities. sinks MifE.

4 GRS LR IUR B

sink miFFEM L AR R B B AE 1 TRR i

usj SoC Bt USI H P4 F AWM ESP32_S31_CHATBOT; P4 IDF
MICROPY_HW_ESP_USB_SERIAL_ system console JE i34 H 474G b 7 it &
Ja

usb SoC/port & fit USB device H ESP32_S3_EYE, ESP32_S31_KORVO,

MICROPY_HW_USB_CDC H%K. ESP32_S31_MOSAICO, AtomS3R-M12; P4

BRI SoC Sy [FAIN 2 F& CDC &5 USJ.

uart MICROPY_HW_ENABLE_UART_RE! P4, ESP32_S3_EYE. AtomS3R-M12,
JEH RS S R ESP32_S31_KORVO B 4 W
ESP32_S31_MOSAICO, ESP32_S31_CHATBOT
KMl
tcp ESP_VISION_ENABLE_TCP_TRAl STA 3k 1§ IPv4 J5 A4 fiE W . 4 wi

Jie|2 WLAN 3Kzh v /. ESP32_P4X_VISION [ port fif & > 5] WLAN,

B TCP 4 T KW H M 28 nTis A7

WA 1 I boards /ESP32_P4X_EYE/boardconfig.h.boards/ESP32_S3_EYE/boardconfig.
h Ml boards/ESP32_S31_MOSAICO/port/mpconfigboard.h; J5 i # 3 B platform/
ev_transport_config.h K%,

USB-Serial/JTAG 45 USB-OTG /E 21X 4y

P4-EYE n[ DA[A] R ftE UST #l OTG CDC, Pigk#fal AEEIL ttyACM, BAERG M T ATE . FHUNMKIE
USB fifiid#F. VID/PID. JFHlSMIf RIERAHFMASIE N, B hello/capabilities BARE S 1.
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USJ 5 TinyUSB CDC fiff FI/R [ SMAE/AR BN A2 . Ry — [ 3% hello, I R H 1] 3132 2 S B link s R <% [A]
R R BOA Dt N HT . OB SR, O RN E, HERES
IR

P4-EYE 1124745 CDC PID 41k 0x4003, #%4> S3 #J7{# il PID 0x1001 PAE#E esptool [ USB reset
JF%1; PID Bkt 3k1% Serial/ITAG, 3 Ail TinyUSB OTG CDC %5 JITAG fi{ffE }7. ROM T #fsi=t n]
FOFRCE R T — A0, R RRAR SR e AR A K

link = Ji5%i + H§{ + generation

TCPslot i old queued request fframe
generation & slat &, generation G

i

FIr fRST fclose

i

TCP slot & reused
generation G+1

¥

generation check
reject stalework

Pl 7: TCP RYRLSIUAS ORI RRSATAE . ST FPE RN link 51115 TX HAR. FRAT VM IE3RA
S S e A B T B R L 45 . USB ELSE Wi -5 S R e 2 ik 2 M 7 A S b L
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B2 i ¥i A5 T IDF console Jit ¥

R 5 EZE

BLE 1EH

CONFIG_ESP_CONSOLE_* ESP-IDF system console. &zl 5 5 AR ER B gt AR
%€ EV-MUX owner ,

MICROPY_HW_ESP_USB_SERIAI MicroPython/ESP-VISION USJ %1% 5 #1144k

MICROPY_HW_USB_CDC / MSC ¥{# TinyUSB CDC/MSC 1 i ; /N4:4¢%545 — 4 USB driver 5§ de-

FH 2% port % scriptor owner ,

MICROPY_HW_ENABLE_UART_RE UART REPL 275 i A vl Y300 88 11 )5 bt

ESP_VISION_TRANSPORT_DEF2 Ji owner FJERIA/BLEE . WAL RS I us . usb 8 uart;

/ESP_VISION_TRANSPORT_FAL ANHEERIAZ M ARHEI MK TCP,

ESP_VISION_ENABLE_BACKGRC J54& Wi-Fi/TCP IR 45K M&; WLAN fifi{4-. JR4:/Hosted 3Kzl 5 sd-
keonfig /575 FRH A2 -

ESP_VISION_WIFI_DEFAULT_S A3k Wi-Fi 548, BHAZS; HAERG A NVS 1050 .

/ESP_VISION_WIFI_DEFAULT_

ESP_VISION_ENABLE_TCP_TRZ #iZfk TCP JGHETFERIMENTue O, Wl 3232,

/ESP_VISION_TCP_PORT

Ja MR g I, ARSI 1 USB fidk . W45 5551 TCP AE LIRS 2 8h7&
E‘L supported. present. readyﬁ] owner %%Ulﬁl% “E‘?&ﬁiﬂl” “%ﬁﬁé?ﬁ%@ﬁ'%ﬂﬁ&” “ﬁlé
TR “REFASWE”, NI,

console/null' " (#l4% " none) Hi ev_channel.c fAsHiig kI, AEAFHEN sink, A
HILFE capabilities.sinks. ANEMEAIE v4 295 5K .

UART Jyft 2 A e USB ity pit % K/

UART [ i@ {5 PA 115200 bps 23, E{4Z# capabilities.uartBaud i}, Device Core # 2000000,
1500000, 921600, 460800, 115200 Mifrlik, R EMELEAEREAR. W&5 EIEH QLA —iEY)
#fe; USB-OTG. USB-Serial-JTAG £ TCP A$44T UART {jpf. prepare/probe/commit -5 [n]iE i UL 45 X, .
¥ #3838 5 RPC #493.. ROM/stub T 2 AR B A ph SE PR

UART Ak BRG] Y As TSR R, S il

timeout_ms = max (1500, ceil (frameBytes * 10 * 1000 / baud) * 2 + 250)
timeout_ms <= 10000

10 SR L 8NT A547 5 IR G . Hiad 10 BRI MIESR S i BdELE ;. S0fF preview. frame FR
PRIEAE R JPEG ARREAE MR IR EARSE . PR, PR IR B3/ o sl 1] USB/TCP, {7324k
AR RIS o

TCP ity = A 5

L BXIET MORIEAEHIIEHZ) 3000 ms J5 5 H], PRI TCP % i AN B SEAH 300 ms H FE SRS 5L
K] UT #4F

2. ZiGRLEY: BRUA 15000 ms, ToE VA S WIREIL owner; 1X—20 2 Fir A AL 1L .

3. WA RGP : k% owner J5, socket £ £ 30000 ms % IR A 10 330 ik
ZMEN generation ARG (L. X FEH A & L.

SAECLAVFIAS RS 5 — DRI HAT, FEILTUL . RKIRNL, R S st SaqriE RIN
TCP JEHAE AR U5 KM IE RS Al — link W] ATERLE 37 H N BB AR
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DTR/RTS. RESET 5 ROM F#;

DTR A AR BRI EV-MUX £x3f. & 3¢ F EALER 1A {E USB {5388y, [ R 57 BT RNE 5
WA R X H K1k session.release, 5MEEFHZ3|H.

CDC DTR/RTS H 3l F 3 /& % #b— 2% USB control 4%, -5 Python machine.bootloader () I/
esp_vision_restart (download_mode) JiE/ZK%L; Python 3K 7] 57 Bk 47, USB control callback H
IEFRAS, HER timer XE[RVAANIITE 7. P4 FI S31 & B/E G T 2 IR B RS e HiAt 7 ; S3 A
fEH: ROM USB persistence/PHY %2434y, S31 Korvo I Mosaico & 3% 4% CDC A [1; Chatbot -4 52
HEHE) USB Serial JITAG, AN g FIAR RN OTG M. 1EX 2026.10.23 1) S31 [l {4 i Jo itk S8, /)75 Bhs
77 A ROM,,

I E S AL S31 MR I #E A ROM HYRE T besr I 1R 1 1] 1 R 23R AL I ek S31 7y 1 2%
Fri&, 40 Device Core 0.7.0; |H /L Device Core 0.6.1 A& A BE . & 77 BRI 58 & i PLiC iy
Core, {1 IDE FIE MR .

IIIIIHIIIII IIIIIHHHIII IIIl%EHIIII IIIIHIIIII

I I
| 1
| 1
| EV-MUX: machine.boctloader() 1
| _or USB DTR/RTS control H

v

esp wision_restartitrue)

¥

o

masked boot flag + esp_restart

¥

renpen enumerated ROM interface

ROM/stub flash protocol + readback

clear download latch + reset

| f &

new hellofacquire + identity check

8 A FRBIA. SHURIHSLETER A MALL EV-MUX [ IR {54 ROM K45 6 5
EV-MUX i 178 2 AN BE B IERH ROM BV sk 46 ol be 5 2L i

P4-EYE OTG Mizf77553E A ROM i}, esptool v5 fiff] ——before usb-reset; B4 i3 A ROM. BiZEf;
EHM )G EIR ] ——before no-reset, v4 LEXWHE ] usb_reset /no_reset, [T
HIL BN A SRS . TEAEREES S8R E S0, AIE— E10 B A41ENRY).

9.2.3 USB#:11. BS54

ARFE Y] USB IE BRI AL R WA 5K . EV-MUX GEE W32z o | 3ok S a, . &
BANTARIL G4 R RGHBIBRP .
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YR 1 b g
2% 6: USB ik
#0O EHLINEE B & SRl
Serial/ JTAG (usj)  H01 /JHi{ ) ROM F#H A, £ SoC K

MICROPY_HW_ESP_USB_SERIAL_JTAG
e, A4 MSC Bi#t. TinyUSB
TR RBE A 44 X MR FRE .

OTG CDC (usb) FT EV-MUX. Python fIJ§iA4EScf4% 8 B J8 4= USB  device & 1.

WA, MICROPY_HW_ENABLE_USBDEV
F MICROPY_HW_USB_CDC, USJ nJi%
BANFE OTG BiER:.
OTG MSC — MNREBEMEZED, Bt— 8Py FE % MICROPY_HW_USB_MSC A1 H
4~ LUN, i 5 CDC KJg My UVC 3t i
& TinyUSB device, A7 E#—&
A5,
OTG UVC TR RSk / ST RE. B MICROPY_HW_USB_UVC J Bl A Hf

WAF /RIS ARER
HPLE WAL E AR 0.

AR A R I B Pl A 3, M2 R AT . W R ), AR LRI F S 0y . P4 AR AT BEIR] I S it
USI 5 OTG; & fis(iE A ROM 5 COM / ttyACM %5 il fERAE . "R EE a2 ae o . it 42 ok

LigmE.
LR DALY
7 EE
& REAE

boards/<BOARD>/port/
mpconfigboard.h
boards/<BOARD>/
boardconfig.h

Wk sdkconfig.* 5 ILE port

NN

overlay/micropython/
shared/tinyusb/
platform/usb_msc.c
platform/storage.h

5

Device / CDC / MSC / UVC Hjfig%. USIJF3. | 7 / Fofh /
PO FArER, PAMRE VID / PID ik .

EV-MUX EKiA / [1iB sink . f74#% B 242 / VIR IL NS . HEHE sink
AN USB Zal i B4 L

IDF  console., PHY /B FatFs & H.
CONFIG_ESP_CONSOLE_* A ik # EV-MUX owner, i R~ &
ik USJ #2fit MSC, CONFIG_FATFS_USE_LABEL J& Lt =%H45
API,

NI G IAHIAFFAI class / endpoint FiL#.. fR{FME— TinyUSB
IRE) | FERTF A &, AR5 USB &,

i) 5 LUN BLSHFIAY 544 B MSC inquiry product 2 ESP_FLASH /
ESP_SDCARD; MICROPY_ HW_USB_MSC_INTERFACE_STRING

REABEZPR, AR

B | overlay JESCHF, @I EMRH SRR 1df . py ——board <BOARD> ... B, AMM&eAd:
% MicroPython Elj4<., VID / PID 2444455 kn USB TIRERI EAHLEKEN 2 5E : 52 i Serial/ITAG PID A4

7ok JTAG R fiE
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Ehi. LUN S535F

% 8: WAL 5y

Yl Python $E# i & BN FAT %45 / in- USBLUN
quiry product
N5 Flash / K% /flash ESP_FLASH
SD BRiA /sdcard ESP_SDCARD HiF S SD I 1

FAT EHMEFAEN R L, lH BV s TR . e A shiRn, HoABhh e e Hiasik
BN RECAIESERR, G EE L SD REFK. g AR, 5A A4 5
By VO RS0 FE A, AN FE crash, WA IR LA iR LK. B storage.retry ()
S A AR R, NMEUCETR .

FAT Hirfic % 11 4~ OEM F5. AAF RS, NEEEN KT K SCH4 NGB HSE 6 A5 FR 6l
I, esp-vision.flash / esp-vision.sdcard ANREFE N FAT bR, SEPR{fifH ESP_FLASH /
ESP_SDCARD, Z: i, FatFs 45 AP,

USBJ 7/ Fohh / O AT R I8 B HE; SCSIinquiry product #r3H LUN, Bk 16 F45. B4
N&%E FAT %45, Windows HiTAHELD: / E: #4F, ,\ﬁﬁ?‘\ﬁﬁﬁﬁﬁiﬁﬁﬁ%é, [i] 24 A i 73 A 3
BERAT . ARSI ZE AR A . LUN FEGoEdE, e IS s TG4 HIl H Ax

Windows 7% 5 Hil g o (R 4344 PRl 3 ok B U R BB J%T 4 Function EV [¥) Flash 525, H LR
8 “Uf%”; ESP32-P4X-Function-EV-Board Flash 2 USB MSC 2 1455, #ﬁﬂﬂ/\@/\ﬂﬁ
A LUN B30, A BUAEAER %R, SCSIinquiry product A] i TRER A SR 5, AR ES
b BRI R 435X & ESP_FLASH / ESP_SDCARD, RJR[XApPiFpst; OF HE L&
5P . Jo-R1 SD #87AA l BT FAT %45, Windows 3R] BBl mi f “U 17, AEBAEER: D FA7E
IR FE? ERRE PSSR . 2 UL Microsoft [ 5144 5 USB 22 il fF .

Kﬁfﬂﬂﬂlﬁﬁ,ﬁ\@%ﬁu?ﬁii?)ﬁ% Flash MR ZAL SD 2 LUN O, /flash AHMBEL. A SCHF
SD i H 8 M Flash, 2SRl A5 2 7s MAEAF /e i FEHLEE o

R PR S S
Flash #I SD [ zf # # 7 A M, BN I H. ok 13 X R g2 54 X s

F B — & K m: B {0 ESP_VISION_STORAGE_FLASH FORMAT_IF_NO_FILESYSTEM=1,
ESP_VISION_STORAGE_SD_FORMAT_IF_NO_FILESYSTEM=0, ff v 4 78 &5 X LR ng,
ARG, SW A6, R Rb HaE1RIP,

EV-MUX owner A H#li#145 MSC S5, Python / IDE 5 AB &3, fﬁééﬁﬂﬂfﬁﬂ’ﬁ%%%, It
¥ A X Python, RS S 2B B . WESTELA AT ENL / VM [N S AT —ILZ FAT ¢
RS EE SRR SRR ISy

1. hél_ﬂr_u%& capabilities.sinks, MSC I EE % RE A USB device i [1; #4204
REfEDE OTG A IEH: .
2. 1‘4% storage.status ("flash") / storage.status("sd"), HOHEAETVEALTEA
WG, XM LUN A 0] 5h2g .
3. 4rolkuAr USB MR 58 B, LSk WET o5 . {4, LUN, SLPREin M RSEHATF . (CFE| COM
Djfﬁnu?f/‘f$7 BUERHmG AL E HE 2.
4. Hﬂﬁua WO/ AR S AL G R AL, PR BEA BE M B 2 SCEAR. AR B3R [a]
W, n—% / EREE T E .
5. 53‘71']?5’(’5: CDC. SEfzM LUN M2 FIf ) SD 25 455 U UST i id A g7 5 JR E USB MSC
R ERR

9.24 AN, #EESRKE
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UL AE vA P IHERR S X

JA R D #RE S 2 0eas , (H A s % Je sz 3l W S E 381l Kk owner. X4 i
owner AR}, JEHERASIHIEEHIA; BIAD . DTR. USB #fi AT . debug stream #EAZH 5
5.

route.bind fll route.auto BZIFENATF#AE, 1RM] UNSUPPORTED_OPERATION, user/debug
A~ stream FififfE— owner — 2 ACHE . FEFAHL B ET, Wl A BER, BU5ERE A 19 link /A4 EN, AR
i B .

A Device B

] — — — — 3

helle: acquire=true, nonce &

¥

Session S, userfdebug = A

helle: discovery only

F 3

identity/capabilities; no cwner token

F 3

helle: acquire=true, nonce B

SESSION_BUSY, TCP competiter closed

session.releasels)

L J

release response

TH completion; release ow
ner
|

-l
-

new link / nence; acquire

F 3

new sessich; user/debug =~ B

B9 BBL. SE MG RS, B AER LA, AFR B WK% Python 5 HER 4 I owner )
token W ANREAZZ B i ] .
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2R

¥

FREE
no owner

came link+sa...

¥ validacqy expiref...

oW HED
handshalke+lease

v | releasepref reply 7.

RELEASIMG
release reply pending

Pl 10: BEBOo HESS S5 o0, B S e Dl 52 2%t i A S8 Il &2 Br il 1 link . S BRE ik Iml 52 s o7 2 A
A5 R] fEAE %] SESSION_RELEASING, [A] link B9 =ML AT 7E & IR PN FAH[A] nonce FifiZ X hello; ANfEE
e AR B TCRR H s E

WIRRBL AR

B O R S P B sh 34, TCP BE44% . PA N UGB A ) metadata 55 payload 2 []—/™ i i) 195 B 14
2%, AW AT. JSON i

{"seq":1,"channel":"user.rpc", "type":"req", "method":"hello", "encoding":" json"}

{"evMuxVersion":4, "acquire" :true, "clientNonce":"0123456789%abcdef012345678%abcdef"}

AR A o B 3“7 Be Y 15 payload 781 :
{

"ok": true,
"evMuxVersion": 4,
"session": {
"id": "89abcdef0123456789%abcdef01234567",
"owner": "tcp",
"leaseMs": 15000,
"keepaliveMs": 5000,
"vmEpoch": 1
}I
"vmReady": true,

(ZF 50
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(B LEm)
"routes": {"user": "tcp", "debug": "tcp"}

}

WASEIERAVLHL rsp/hello [ seq. channel, method, FH#:5ZH token, %3 hello / capabilities H &% FH;
R B 7 [ 3] HAERf Al link, RIEAH R owner 11 ID 555 4550 5+ 4%

clientNonce ;@—IEHHIEE N 32 T/ NG HASERIAR IR, HAE R — link Fi{[F— A E e
socket, FHFTIFER 1 BUH— 0 B4 I A OB . [] link . [7] nonce f) 45 hello AT DAIR 8] [ —A3 5k £33,
NRE T2 B E AR 55

WARTERE IS TX S8 M ATIAA 18 T 58 0 145, A BB FA A7 T A2 i sessionld glAE AL &%
0] 52 i b AR A 2 T A 4R A

PREGAS I B T 52 WA

{"seq":2,"channel":"user.rpc", "type":"req", "method": "session.keepalive", "encoding":
—"json", "sessionId":"89%abcdef0123456789%abcdef01234567"}

{3

FRINEE 5000 ms fR{, AN 15000 ms; 3%, ERAULS GBS . EAUNIE B s EIRE, IF
TERBA . KPP ERIRFLE T IS QRS S LR TG, ANRE S5 AR AR Se AL

PRIE IS KR 2 i link/session %%, FHalRk iy VM AR S4E; EARUEBIEARITR M. X 58
AT ERRE IR o 45 T L A

PUAS B B3/ IR 4
2R 9 AN H B

E4: 353 ER AAESHESE

link generation fEZ 10 A AR B 1 TAE. [ — it 11 4% 8¢ TCP slot A ERAEA 2
[ — K& .

sessionId BRI MER link KA 247275 . ANBEA A B . HiAh FEHLEIH
socket #4143k

vmEpoch XF VM #/E 5 VM i AR iR Ak . AR FT#EASE T VM 8¢ REPL %%
PR AT AT

seq + channel + FE—AMER_ETT SCH REEIRY FH[F seq HY event., preview ¥ |H i i/

method ANBETE K24 H] RPC,

A A & B 45 #5735 sessionld. 45 VM AR file.write/script.write/script.run. ML}
RIVFS Jik. repl.stdin/repl.signal #5424 1] vmEpoch. &gt fRiE. BEHHIG & M4
FEHIAR DU VM 2SI, BTSSR R owner #2241

k38 VM-ready 5%k 5

MHIFIIG vmEpoch fZRHHLIES uint32; KA v4 H ] GELE I S BEik Al 0. A2 il B AR B SE PRk
FE, VM #HAENSEREIEEL epoch 5 vmReady : true. JEZEF5 M 4294967295 [m]ZE5| 1, FHILTF5 L
SRR R, AN RE ] BB R OH A R T IH B .

A A AT PAPREF R sessionld FIM 25 ; #r#) epoch ZER A FFIAHEVE. event /hello S&iFNEA, AREHHE
BRI AT EBRT) keepalive [B] 42 BfiA 24 Hil 15 A8 epoch/ready, FEPAT 24 Hi LYK Y REPL barrier,
FUOR BRI HbRIC .
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session 5, epoch E
old request f output

l

soft reset begins

epoch becomes E+1

i

vmReady=falze

old quewue admission stopped

l

vrnReady=true

REPL may still run main.py

l

interruptif needed

new REPL marker

Pl 11: R4 AE0G . VMgl REPL W AT AR &2/, boot .py B main. py EHHEFTEIATHE S A
REPL; BB F ready 557 RIFF 4R VES/AHAL VM RPC.

TS /9 A ROM MIAZIR 5 IH token. epoch. fFi b iR ARASARIRES, I A 77855 BB A ARAE
BRI HEEIH VM R IR, A REIEIEAEDHR IR B BV-MUX 5 P S 2

Wigk. FIN/RST. ¥Fekilid

« TCP FIN/RST & L Afi 1A link 28%: [k B owner, [H generation [¥%i KR QIEEHEES
nonce, FEE .

» USB ESLWIHF: link 2R%0. AU ENH 1. 2028 DTR AMRIES &SI E 2], W2 A0RE

o USJ/UART #ERE 2% . ZEH 2 M i owner; i 2574 default/fallback A2 THE R AL,
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* WFFA XU TCP link 2k owner: (iR ELR B 30 Fb idle 7 11, ARJS[HiC slot; JEHISAS 15 FbH
ZYAIA] o
MR 2 B E 252 sNTERIE . AR “ai— D PR RIEE 2L B A S
RN VMRS, #Eda 22 2aCrhlr, M Hisicsfiil REPL nlihdT.

iR S E e
2 10: WA R
HiR FHIAIE
SESSION_BUSY MHT T —A> owner BRI FRBERUSERE, A2 5o E H H token,

SESSION_RELEASING ] link REHSE B A M ARG, o s AR A2 T RE N # 1L [F] nonce,
SESSION_REQUIRED I AR RERIH SRS, RS A S5 I BT
NOT_OWNER

VM_EPOCH_MISMATCH J& VM 3SR EAR, BRI SHIARR: A2 EH S AR 5 S

4.
VM_BUSY / VM_TIMEOUT VM iR IEE A B SR S B AL EE s JeAbBE S mi A . Ol 75 EH5E
REPL liveness.

BER BRI/ AL TREE IR, ARCSE R AR S A RS
it

HiAHIH operationId MIMZEEFSH L1 IR KB SIKE TE L seq RBANZ A RPC RS, AL
17+ REPL i AN SCA4: append 1% 47 3 75 BH S 522 .

9.2.5 WwikssX. il S RPC il

A
firmware.version F/R G/ KA E B1); evMuxVersion FRE AT 12 TE ML Wik

EVMUX /1 R wire framing, WG] evMuxvVersion 5 capabilities W32, F-DA firmware.version J&
IR CSKREUR IR AR E B, AN H I E ARG L.

gL USR]

Oxle + ASCII "EVMUX/1 h=<H> p=<P> c=<CRC32>\r\n"
+ H bytes of UTF-8 metadata JSON
+ P bytes of payload
+ 0x1f

SOF ASCllheader Hmetadata bytes P payload bytes EQF guard
Gxle h=H p=P c=CRC + CRLF UTF-3150M object teut/ JSON / JPEG tlf

Pl 12: W45 H/P 4510 E SCA S, EOF =i payload 4y Fif%. JPEG. i Se-8d sl SeAs i DA
f& Oxle, 0x1f, CRLF; ANHEHX S0 745 #k kit 3.

H/P i ffl UTF-8 5l S B il i o SZ gk . BlIangsf “/R” a5 =4 UTF-8 247, ASBEH JavaScript
FAFER length B 12224 1%, payload_bytes.
CRC32 H 7 3% payload, A 75 % metadata/header; fifi ] #5 # CRC32 (F #L Python ®] ] zlib.

crc32 (payload) & OxfEfff£fff) | PA/A FoSdEdl 35, %45 4 0 Wi payload CRC; A 3
iy c=00000000 #EAFRE MBI AR . CRC $EAEBIRAI, AEEAE S AL, WA UEREAE R 2 5E 1L
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JPEG W |3, A5 US55 4 57 36 UE PR A 350 o [ A BT 6: 4 i i 1, Core HE A2 A5 1 R 4G A% JPEG 4%
5 RF s AN R EV-MUX ii5e 8ok CRC IERf kA2 A 15 o SRPIFE Mg 57 7E A< HbiR [f] INVALID_IMAGE,
TS S E S WIRTE R PR H WA Y, . BRI, RS it

EHLBAE P PR S R

read #1: [SOF] [header first half]

read #2: [header tail] [metadata first half]

read #3: [metadata tail] [payload first half]

read #4: [payload tail] [EOF] [whole next frame] [next SOF]
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seek S0OF

l

tead bounded header

i

read exactly H bytes

l

read exactly P bytes

l

check EQF +payload CRC

i

validate metadata fscope

dispatch complete frame

13: 35X parser IR{£Y5 read IPPIRAS, SSEMIIGUEIGA 28 HE. #60. K. CRC BUHRAM L, W
ICP I AT 23R E F]2D s AL #E REPL 505 A
W HI £ RX metadata [ [ 384 5277, payload [[R 2048 %75 . RX parser g %4 3000 ms Z5 R 1 10000 ms
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REMUPIIR . X LR+ R LA ** BIRRE, A2 preview SRR, WA BAURAE A B

KEFIHERT

metadata ‘B¢

1L ATFE

FE HE Bi&

channel FATER 8 € channel, 4] U1 user.rpc. repl.
stdout,

type FAFER RPC 3K req. MM rsp. FH Al event,
R data,

seq uint32 T sk i A 56755 AIA] channel/28 %4 1 #H
[F{EAS BE EAH 58 BE K -

method FAYER RPC J5¥EE stdio SJFEHIA; ANEEIE c-stdio
241 RPC 5] .

encoding EItnay =] json. text., binary ZE YN,

sessionId 32 FRUNG T SHERIFEAFE 24 HT owner AU TSI & BLE KON to-
ken,

vmEpoch uint32 VM #H 3 #VE B B B o

sid A4 BRI, Bt stdios g sessionld.

ts_ms CIBsii 344 WA, A5 BN R R R .

contentType, # channel & X }iiA E1 payload; JPEG = H5{/57E payload, T

width, height

4E JSON H,

metadata 5 RPC 153K payload 2701 /2 52 %4 T )2 JSON object; TVHIFERMIER . AREHEE . KAP REFE

BRI DAZW o A P SO RE T 8] FRAY I

M

channel %5 stream %} %

SrEIZSRAT, JSON J5 2 R B A GBI hy 56 B A1

6 12: & imil

channel 7[5 stream payload / i
user.rpc L[] user JSON #£i#: P, &if. A, &8/ M5 .
debug. rpc L[] debug 88, RPC; capture ¥ i Th Wi & B 3% 2 — o

repl.stdin
repl.signal
repl.stdout
repl.stderr
log.idf

preview.frame

FHL — % user

%

FHL — & user
%

w4 — F  user
HL

W — F user
L

Kt —> £ debug
.

w4 — F  user
HL

JPEG,

J5 4 REPL % A“F5; £ session/epoch 423 55 Jilt
SR ERR.

PHMUAERSTY 0x03, Fon Cul-C,
Python/REPL/HAL 5 C stdout [ 34N He,

C stderr Z£ 2.5, stderr }§4%; Python St A] fEAE
stdout,

IDF/F-& H 304
img. flush () P24 K JPEG $daii.

P4 channel fifJ@ stream [ 5 ; host A4 preview. stdout ] RPC & 48 5E — AN ER 1. owner 3574 W 4H
stream, RPC M i [0] 21385 5K ) HER link
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RPC Jj ki a2
2 13: EV-ATP #54|1f
channel method HITE 15t B
user.rpc hello/capabilities transport &I hello o] B4 .
user.rpc session.keepalive /  transport ZiFH . £ ) ready/epoch ., &L
session.release owner,
user.rpc transport.uart. transport UART owner P4 ; 2
prepare / transport. x5y 0] 1B |y 2 {53 3@ UART
uart .probe / k.
transport.uart.
commit
user.rpc file.write transport / native H] §& " dEf FE; HES
VFS VM AR, RNHATRERERS -
user.rpc script.write / script. VM |H i Base64 5 A / HEA A=
run AT,
user.rpc device.control 3Lk transport  stop/reset/status, network.*,
storage.writer.*, launcher R
544z action 43 K%
debug.rpc transport.state /  transport IS EBE WM, A
route.get FF stream ZB5E .
debug.rpc debug.info VM, stats ffl4h  de-
vice/memory/sensor/fs.list/fs.read ;
transport.stats ANKHH VM.,
debug.rpc debug.capture_frame VM TE Itk RPC rsp W 45 15
M B ik kK 1l Sr R
T I S N1 R
o B OR i. EOOK
debug.capture_frame.
observed.vl BEJT.
debug.rpc debug.capture_screen VM LCD fx J5 RGB565 iy % 15
JPEG, FEt RPC rsp H1i&[H];
A $AE L
debug.rpc route.bind / route. IE4h v4 B [a]

auto

UNSUPPORTED_OPERATION,

512 Device Core 1t files.read/remove 5 python.execute 2% i APL, NMUFEL F1EAER 4
RPC. 345 Python ()RR G I 5L Z X Python, R Al STHHHR1E

debug.capture_screen {F K i1 debug.rpc #EH Y HI UGS VM epoch, Wik quality K 1-
100, J T m B A% 455 JR 35 oK seg/method, encoding:binary. contentType:image/jpeg,
width / height 5 JPEG payload. J& LCD j& [#] JSON error NOT_SUPPORTED, [ Jo /& R 2 7 Myl
12 [B] DISPLAY_NOT_READY; AfEf #1453k K% %, Core 1) capture ({ source: 'screen',

format:

) X — RPC, #HEILFRY .

PRINML, F RS 4
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R L IVASE 2 2 R RV Brdcsi

Host Device

e

data: repl.stdout

..‘. _______________________________
|
|
|
data: preview frame :
“' """""""""""""""" |
|
|
|
event: netwerk.changed :
* _______________________________ I
|
|
|
: |

rsp: debug.info, seq=20
B M Ay :
|
|
| | |
|

Pel 14 Z54F seq=20 ¥ymu Rz Ik}, reader {7 g AbEH L At 5 %< . 1y 5 PTHE 2= /0 L8R type . seq. channel . method;
Vit J 2 LA A session/epoch., event /hello BIMEE 4 ] seq, tHARESFE N rsp/hello.,

PG B ] 43 BB sessions & BRI 3% A owner FZAGEFE . VM B{Z I B 020 & Tl oK ) epoch; 251
M) [, P BE i 15 B I I 4 HiT epoch. FB 432 AX 2 WO B A7y session “F B, AR AR IRAGALIR, ARG HLTH T
BB AL

2% owner [{¥] repl.stdout. repl.stderr., preview. frame B}, FEiE Al session B¢ |H VM 1% H ;
EUE 5 H R AR Bk iigk” #EHE.

A A UER) B BLEES 25

PAR R ** 4L CPython** 7Rfil, TR framing; BEIEMGHEEAM A AGEN . Wi-Fi B E 5k 5 %K
) L R e

import Jjson
import zlib

def frame (metadata, payload):

meta = Json.dumps (metadata, ensure_ascii=False,
(ZEF )
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(750
separators=(",", ":")).encode ("utf-8")
data = payload if isinstance (payload, bytes) else payload.encode ("utf-8")
crc = zlib.crc32(data) & Oxffffffff
header = ("\xleEVMUX/1 h= p= e= \r\n" %
(len (meta), len(data), crc)) .encode("ascii")
return header + meta + data + b"\x1f"

request = frame (
{"channel”: "user.rpc", "type": "req", "method": "hello",
"seq": 1, "encoding": "json"},
json.dumps ({"evMuxVersion": 4, "acquire": True,

"clientNonce": "0123456789%abcdef0123456789%abcdef"}),
)

ZERECH gD, AL eiE. FEk reader, W, RPC XECEIRE . BEAER L Fig, HWAHE
1% £ MicroPython W B 2R E 0] FAL z 1 ib/Zfi/socket ZHA .

file.write J& £ 1 TR AR A A5 ki payload Rl #5747 16384 “775 S 25l 20 577 ID/offset
HIZE, FHEE: CRC32; HAbds il payload {5FR i 2048 F5. begin/data/commit/abort If, 2 Z X, Python. Wy
G AARE.

a7 UART P by pg

B F UART [ [ {4 i i3 capabilities.uartBaud % fii baseline:115200, current.
candidates: [2000000,1500000,921600,460800,115200]. probeBytes:512,
timeoutMs:5000 Fl switchDelayMs:100, A3 H UART B} % F B A null, XESHH T
I A2 A TIATE] 381 ;. ROMY/stub sz it B b 57 () HipsL 15 1412 4 i R0

T UART owner 7E user . rpc bE3#EH7 24 session ID i F DA T &5 Z 3%, VM B A [E1475 W]
. USB-OTG. USB-Serial-JTAG £l TCP owner JoAX P AE UART J 453,

1. transport.uart.prepare $#5 {baudRate, token}, R HAAIIIEIE(E, token 2 1-
32 4 ASCH FH, #7. FTRILEUETFAF. B IH# R[] {ok:true, baudRate, token,
timeoutMs, switchDelayMs}. {pFiili[aI#E {5 3# UART fijth, b FFRIIMUA LB, FHH
INBE 7 FIFO BB os fF oz, FAEAMIEER fGY# . VUL HE LA T P ek i s o,
HSERE AT AR R RSB ) J5 T a4

2. transport.uart.probe $5% {token, data}, data & 1-512 I a[FTE] ASCI, i 57 JR AR IR
il token, data PAK baudRate. AL AR EER A EHITZ AN AL, #0555 K0T
P AN E A R IF 5 1. BRI dTf A 5 EV-MUX CRC32.

3. £/0—WEEM )GV transport .uart . commit, 4K {token}, N {ok:true, token,
baudRate, ...} PEAZMINHEARE (R G REME5 d . AH IR $2 %2 token [ probe/commit 37 HF5:
EFE, DIRE ZRNEREHIA.

A 5E PG AE 5000 ms J5 B}, B owner, 5 115200, H25 UART RX HEHTIRAS. )G,
IEE R T B 2 ] AR 1152005 25 2K e 284 S mi | () 1 0 1l g 7 2 ad 15000 ms 25 FH 2y
WA . TEE AL 115200 530, VM BN R B W PRER S 250 A R . IH SRR A i g TR FEY)
AR, EHAA A EH S

9.2.6 A2 Python. JHIA 5 sck414:

— AR, ZREDLERE

KU REPL, JIAHATFI SCRER 1) 3 ] —A> MicroPython VM il FABAEM [ 238 . VM AR A7
R T HES A VES, AT Python, Core {5ERFTAL SO SARREASHAE . — AN KmE] 5 VM 1)
FEF, &% REPL fIF5% VM #J RPC, {HANZil: transport task H 8l 2 24815/ M 2545 1 68 77
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Hostuseraction
terminal/ run /file

I

Device Care
python.input()/ fileswrite()
python.execute() f control()

¥

v

v

i

replstdin
Python bytes

Lserrpc
script.run

replsignal
Dxl3

LsERIpE
filewrite (binary}

v

auth+bounded VM/REPL queues

}

same MicroPython UM
REPL/WFS fexecfile

}

repl.stdout/ stderr
markers+application output

B 15:

X

}

nativeVFs
continuouswrite + 5HA-256

BHEA . CIERA R A RANA L, (HAREM T RS . — > session [¥) owner |/

SOERE, ANRELLPYNIR A7 [FlINBFZ REPL 4.

A5 1., Python: framed stdin

PA'R metadata 5 payload ZH i —Mi, 7~ token/epoch {4 {37, SERmRahZik A AR

{"seq":10, "channel":"repl.stdin", "type":"data

", "encoding":"text", "sessionId":
—"89%abcdef0123456789%abcdef01234567", "vmEpoch" : 1}

{print("hello from current VM")

[payload hex: 03

Python (AN 2 JGiA N & i%&E A REPL (UFT459, U0 \r\n. repl.stdin payload ;& Python 77, ~ig

{"code":"..."}JSON. i% channel A&~ &2 RPC, AN HEFRHI AIRIEA seq ) rsp; FEHLIZL REPL

i B AT KRB TR -

241 capabilities [f] replInputMax HEH N S11F77, K H 512 FHHTEI AL & DSRS0

f JE A BERR B A 2478 . P30, emoji. Python 5% 3. CRLF #R [ 517 . AEHE 2048 77

51 payload FR#1% H T stdin,

Device Core {#i [fl ASCII % X | Python literal 43 $h474 7,
() UTF-8 “F 1y i 5 iR i A5 AT . FLARGRS SRS e %5 o 928, i firmware [ 255 SUT K

LR ST P

Ctrl-C. Ctrl-D S5 - #y%

HARF AT exec (.. L), WG HSCIRRY

Ctrl-C W% repl .signal, payload H i Fy 0x03:

{"seq":11, "channel":"repl.signal", "type":"signal", "sessionId":
—"89%abcdef0123456789%abcdef01234567", "vmEpoch" : 1}

|

)

EV-MUX JE I f, FEPJPRER 1T ERR A 0x03 Aawiiff Cul-C, BRRICAUATEE framing A FF574F

“03” s JSON 3 H{A payload 1/ 2 A~5:45 .

Espressif Systems

Submit Document Feedback

134

Release 2026.11.06-3-g464c97bafc


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.11.06-3-g464c97bafc%20for ESP32-P4

Chapter 9. {5 &4 5 EV-MUX

A4 REPL ) Ctrl-D (0x04) RIRAVEA stdin 321 577 fil & HAKZ (7174 5 Device Core [ {7 it Bt Al
@1 framed Python iy &K . device.control [if) action:stop #EtEHIEMIEIEA D, HEIRE
KB FEZAE TP WA R .

Ik, WSR2 HT session/epoch HBT K SEEEARIC, UERA REPL Wl $hAT. FHIASE IEAE Jok K i ak [ i) J
APA Y, Cul-C WRBIE S AHEH—IR RPC ack HEWrE CUREUHBL/ SCIF BRI

SE AR IC S A A 0]

framed Python command + unigue marker

-

echo: print{'MARKER', ...] source

.,‘_ _______________________________
|
|
|
application stdeout / log /f preview :
“' """""""""""""""" |
- actual complete MARKER line

match current scop
e+ full line + values

PR

Pl 16: IR SERIL TR, SBRPATRWFTEN A A Se Rk HE . VLR Z S Wi e 87 UH AT
g contains #rk marker, 2HEEIE RN K DI,

PRCIY ARG TME— . 456 sessionld/vmEpoch. SEREATESHMMPBURLIRAERINT; XHRELAES, B2 K
UESE By PR RO sl AR, AR o 57 W] BEHH BUAE stdout, stderr Sy AN 2 BRI o
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ARE RS

SDK 0.2.0 ] Python, #:24., [ J5HAFAT SR ILH —A EA&51E; KFIARRAT S %5 1 AL IRHE
iy, P scriptrun, A files.write ZEURFFAZE . [H v4 [E {5k file.write binary B3 0] 25 i), {HZ5 855 F
I A BE L% ;s Core NEFERIIBIHE A#s. [E{FH) script.write HoAHTE K& P imfr o

P AEE Y {F ] user.rpe f file.write J5¥%, #577 24 | sessionld/vmEpoch 5%} seq. /N JSON 44475
PR 2048 =77, FALFE begin HA: BUHTY 16 “F 5Bl upload ID, begin i . 2 2% BRI B 475 AT £ %% ID
% abort,

—":2097152, "sha256":"<64 lowercase hex>","uploadId":"<32 lowercase hex>"}

{"action":"begin", "path":"/models/example.tflite", "mode":"overwrite", "totalBytes
{"ok":true, "uploadId":"<same ID>", "chunkBytes":16384}

B dE i >R metadata 3% encoding:binary, payload & 16 =75 J5i 4 upload ID. 4 =45/ offset, [l 542
1..16384 ‘P SCAFJE AR N ZE ;. CRC32 B> payload (FRIZE) . dEfc)5—Hedk 4096 Tk 5%, ffg—
LA i54E., NUL, CRLF, SOF. EOF ¥} 2 @43, A Base64 =% Python & Af#HT. [&{Fi% [F] ISON
{ok:true,writtenBytes:N} , Core B J5 A &k T —Ht. R . BRERAIELT offset ghiEds, NS . B
Bl HHE T A%

{"ok":true, "bytes":2097152, "complete" :true}

{"action":"commit", "uploadId":"<same ID>"}
{"action":"abort", "uploadId": "<same ID>"}

i AR _E A S R AR — A AR G B SCERT I, IR — IR 52 VES #ER9E A4k, FHIE MSC ¥
T BRI 1 R SC P A 32 . commit 256 5 K 57 SHA-256, [ifif5 fsync, close. %&ffi; 25X AR
begin/commit. FZULAE HATEMIA A HIITA & 1 file.write —JEH13E K5 A4l K Eemifr g, HAbys 6 RPC
FREJUNAS ; ki payload FBR4 16384+20 77, 5 JSON [¥) 2048 “F 45 FRE I .

AR EY PR O AUR . &35, VM epoch Rl AR MU THITA & A REIBINSUBUF B A& . abort,
B KB STHE 30 R TC SR & S PHFF MR IGIN SCPR s 5 PH R OR B AP RS e e e, AN DRI
. EIRIEE VO ARATARR S, VM AT B AR SRS AT SO R Gt

et 5 S BT A R R B F A FAT JCIR BRI ar 4 B O B AR, PR e bR B IH SO 1
C LR IS SCPE AT e A MBR # 0, al A A R 2 mR . FAT H SR 2 [A)f5ifL n] RE R T Il
B8y SO, A H A B R 7 . commit B EM R R, FHLUICEFIASEBOIRAS, FilhT
A% H AR, SHA-256 Hga A —8tk, AMTIAMESE L

vt ti e vE fiE

XAFA R TAFA, IR AN il S B SIATRARFE#RE, Ht Python, AEZUANIA AL
ARG B B AR TR AR, B AUER/ N EET open/append/close. 5 16 KiB
B/ b e SR, AR Flash /) 4 KiB #EERRLEX 55 T ZEZ I EV-MUX BiiHIFA AL, A
IR . ATT B APL SUEH T L .

2026-10-16, P4X-EYE revision 3.2 {i /fl ESP-IDF 6.1 [#{: a£41759 5 SDK 0.2.0 J¥ % Jif%, FEPA Flash
AFRGAFE AT EACHRENT . T A7 begin, B SARIRIEAT RRR_EA% )5 o3 SMEBL A i e BIEOC
V5 SHA-256, 42, X TR SCAEA, AR BT I AR A ARE

% 14: PAX-EYE Flash b &R

#0 256 KiB [HE N\ &8 256 KiB — it k& 2 MiB — it #l L 1&
USB-Serial-JTAG 40.94 s 724 s 55.75s
USB-OTG 40.75 s 7.01s 55.55s
TCP / Wi-Fi 92.33 s 9.26's 62.17 s

256 KiB [%55HE RPC M 292 Yk 16 YK, 511 begin/commit; [ F JZ UK & i 21 M SCHER /NG 2.14 453
2 1.04 £%. AL Flash/FAT JlilJ 75 AFELL 200 55 KiB/s, X & Y4 HIAFHE AL, A2 USB Py o0
FRR o /NI RE R FH begin/commit 5 FAT JCEHE ) [ AS o F— 20 sy 4k 2l & A70f -5 B o
MA@ ARZERK ISON 43
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ATFCAE APT 52k F5icB

215 0 2

FHIRIE & F3em ERn=
device.files. Core 7£ user.rpc i [f] file.write 554 . _E A& R&rEeal — gk H 7351
write ({ path, data, HEmn g, FARESEA G- A0, ASHSIAT Python,
overwrite, ... }) VEFS, EEREERR; AW
o
Device  Core  EvRepl. framed REPL {47 Python open / @ERIEZEZH I HE, N2 40
writeFile () binascii.unhexlify/write/ JJf files.write () BJSEILRES
rename., &, WAR4 K writeFile 1 [&]{4:
RPC.
device.files.read () framed REPL /4T seek/read/os KM, G45R-RE 5B,

/ list () / remove() / ZFif]/ M, MM ZEH . 5%k VM/REPL AI$1£7

mkdir ()

debug.info ] fs.1list / debug.rpc, 2FR JSON/base64 ] RHIZW; 47| fs.read H L hE

fs.read R K o 2 384 T, SR IL offset
M 568 T 2 API,

IHAR script.write iR 54y He

PAT 8225 SDK 0.1.x & 3 ff B, SDK 0.2.0 AP -

{"seq":20, "channel":"user.rpc", "type":"req", "method":"script.write", "encoding":
—"json", "sessionId":"89%abcdef012345678%abcdef01234567", "vmEpoch":1}

{"path":"/hello.py", "encoding":"utf-8", "mode": "overwrite", "offset":0, "totalBytes
—":11, "contentBase64" :"cHJpbnQoMTIzKQo="}

AEINZS R 11 57950 print (123) \n. FEEE Fumdh i Je4E i bytes, FFHL len (source_bytes)
YEA totalBytes; "R /R BIARAS T, @ FERERZE,

import base64
source = b"print (123)\n"
payload = {

"path": "/hello.py", "encoding": "utf-8", "mode": "overwrite",
"offset": 0, "totalBytes": len(source),
"contentBase64": baseb64.bb6d4encode (source) .decode ("ascii"),

}

mode H]°jj overwrite/create, encoding ] A utf-8/binary, offset/totalBytes 35 24—k, Z
2B W . Base6d SAUEIRY K H| LY 4/3, AN L path F1 JSON £544; 24 Fiik #5451l payload £ K
2048 FT, AIRPTE I KL 2048 AT IR SO .
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offset=0
prepare path.tmp

l

sequential chunks

append tempoarary file

i

offset+ bytes=totalBytes

l

renametemporary -=final path

l

tead back f=ize f content hash

Pel 17: script.write {E i Jri—Je i 16 ] H bR ARA9 . tmp SCPE. ¥ 3 & FOPHME s SCPF, 2%k append
B JE—HHRAL rename., R 58 B A B AL R e & ST

DHISEHL R SEAEE A offset BEAL B sk AR B ah 8 **: JLIEE offset SLPRINAT append, RV AELE
T offset ffFREN seek. FAHLINLFER AT &% . AR ack [ bytes/offset/totalBytes/complete ; i i 2 2k
JEANELH B[R] append H, AT BEIE M E AL N .

complete:true FIRAR LA LML ET, MMLEBICIFET hash UEM] . 5180 F200 35
In] =% 52 SRR A i hash FEALSRNZE. runAfterWrite HAE complete 522 i iE AT AN & LA REPL,
ANBEUERH Y JE B A T B o

A4 UTF-8 F7FR % . 47] MICROPY_ALLOC_PATH_MAX 5 . tmp JGZ £ s i A< A FF B AR TN
123 745 s A0 R SR B A . BTG S B R A BB AN BEAS I
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w32 framed REPL il J5 i 5 2 JF eI 1

B EvRepl .writeFile () &l (A2 device.files.write () ) BHIAGHE A 224 NEIEF
A7, DA hex 4t Python B ALT, Hih 511 i 27520 /2 stdin Fi5E . BRINH A .viper.tmp, XM
Ja#% ke 1H H bR rename; direct BIA 5 HAR. X2% ik, 5 RPC 1Y <path>.tmp A& [H-—1>
BAEE, WARBHORS Jil i e 15555

[i]— REPL b ARRIFFTEAEZ A I ZImm Sofk A . BUSSIT G, BEEMASCHRIRES, g BT
B H bR A % B B AT AN RE RIE LN AFH Y promise.

BESCHERRIE R ) | KiB JRIAEE, H bR hex SUAGRIE , I &SR SO AN S AR AT H. K
FrmBsuE B/ MeE . KRS hex —2, 275t BEOF, DAK IR 5 e AR S 3 [l B A4 1 45
Ho —AME%H burst NREFCFE EOF,

NJF device. files.read () MERIAEIHER A 30 55 IDE W] RAA S0 A4 K SCA/TCP I FE 4E 3R 57
AR 60 FPFE . BAFIERATRMASIAR SO A  § R B BRASE T i Jo A PE 250 45 Bk

HATHIA A % ACK RYAEfif

{"seq":30, "channel":"user.rpc", "type":"req", "method":"script.run", "encoding": " json
—","sessionId":"89%abcdef012345678%abcdef01234567", "vmEpoch":1}

{"path":"/hello.py"}

[{ "ok":true, "path":"/hello.py", "queued" :true}

MY H R execfile (.. .) BEHEA REPL ¥y A, ANJ2 execution completed, [V AR HES AR, Bkt
(i I R 91 Y A S = A s N o £ B VA B o o A X & VA5 4 v T = R 1 e 2 )
T PATAE A IR

N device.python.execute ({ path, completion: 'start' }) ¥ HEfT, &M
¥ done Promise [#J4]4#. Core NIBZFELA 2L, WHAEBIHM startScript () ; Wil TLRE T
ANE ARz 700 B 305 R . Run/Stop UL ARFEIL RS TIRASE Hr, g8 55 REPL NFP5E K
[ 35 AR I 255

A S E  BOH RS IR BIA . SCEY FEEEAT, RIS reader AREE T M. U ALY R
Run W A RETELAEAHERN, TTARIRA S — AR a2

251l lease 5 {¢fig writer lease & Wifl-5%

USB MSC 1 F #1455 A 5 MicroPython VFS L= [R]—%:, RNEEH NELS EV-MUX session 5 &
T Z2EHITE AN. device.control [ storage.writer.status/storage.writer.acquire/
storage.writer.release M ETATANED.

B 1 ¥ & volume (flash/sd) . operationld. writer leaseld 5 4 Hj session, DA K avail-
able/held/handoff_ready/quarantined &5k 2. %2 #2 B} 5¢ ¢ P /O admission, T 45 £f iff 47 H (1) 4
VEISCA RN drain; S 50T AR G . ALV AIRAS . SATHBE ) Rr & a5ci; ARt CDC
5 MSC A7 A EPA AL S R GE R AR .

27 token., writer leaseld F1 % 2% operationld 1) Ee#& =0 BT GEAHLL, (BAEF AR, ANBEH . writer F155
TEAHZERE DA capabilities 5 SERrfas il B A e, AWVIEFrG file RPC H 35 sUC RIS S AR -

Y RFE GRS T B A AR RSN A4S fs_state. fs_error. fatfs_result
format_supported, KEEFHBGIRF writable: false. HBIPIIRILERXT I AR KNS I )5 HAE
J&[E] FR_NO_FILESYSTEM, BRI\PFE Flash FFJei. SD 3¢PH . 755005 B8 R ISR I 3¢ R XY S . I
BRI WH i P E IR B, storage.retry () IRANEM. G—m . &0 FIVKE
JUW At A% S 83E1%, T3 REPL API Ulstorage — 5451500 5 #I0IR 5.
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9.2.7 W%, WIAIOML. TWIESSEH

preview (%t i 42 8 % A

NV img.flush () J5, preview producer 7 55 52 & 5 R 24 |l B4 4 i9 8 JPEG, DA preview.
frame EIRWIE 25 241 user stream owner, Hifz TCP 55 nl fhsr 15, FELF3C. 48R USB 54
Skt W R AN TE R, HEWuve —USB 4% k4 b B EV-MUX #i &1%, WARIIRILFIL.

UVC fifi f USB 25 . ATAn e Ml S maR & 2 1 24 |, ARSI E4E JPEG Fr BERZEPF ) AN 523
BB L. Bait Bt —IRAE UVC 341 ERR | EOF ZE5i4d, B2 5 52 seiiifL 6 TR 4, FHREk
TRZ PR, i) FID MR iRbn . BB sk alternate setting FH M BEAIHYE . XAPRIE
}JSI?E TCARAZAT s BRUSCRA I SE MRS A PR B 1 UVC i, 17 3 CDC/TCP I k5%, ANBe ka2 S
LE[E=n

import sensor
import time

sensor.reset ()
try:
sensor.set_pixformat (sensor.RGB565)
sensor.set_framesize (sensor.QQVGA)
while True:
img = sensor.snapshot ()
img.flush ()
time.sleep_ms (200)
finally:
sensor.shutdown ()

TEBRUGIAE LR P s finally $RELNY I REIEREMIRAR . XA AR FIAS B B PRAEmT— & B k5l
PRREHEAER , EHUBTRIIESEEE JPEG 4 session/epoch.
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sensat,shapshot()
image.lmage

¥

img.flushi)

i

owner fhandshake fvmBeady

preview queue availability

i

JPEG encade

i

latest pending preview

replace stale pending frame

i

preview frame

binary payload+CRC

l

vetify scope+decode JPEG

render latestframe
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Pel 18: SERIWT R R GERRIBASIA M, Widnnh. $EsCPfR . B AR owner. HissMFH M EE UVC i
TE W, A preview; AP HARSRATE M Y A S HIATH .

PRI 2 0F

AT AR & metadata; SZF5 seq. route. Hf[E]E. sessionld. vmEpoch ¥ 24 Hij & & PR F= AR
{

"sid": "preview", "seq": 40, "channel": "preview.frame",

"type": "data", "encoding": "binary", "route": "usb",

"contentType": "image/jpeg", "width": 160, "height": 120,

"ts_ms": 123456,

"sessionId": "89abcdef012345678%abcdef01234567", "vmEpoch": 1
}

payload H #2 M JPEG 1) —#EHIE3 LG, p 294Y)5 JPEG 7%k, A2 width x height, 142 source
RGB565 WiZEnfik /. FHLARRAE JPEG payload %% JSON/UTE-8 parser.

seq AIHFEIEWTH], HEWORRH “HME—mieME i —mi” PR, BT RE o e B EGH T
{EY, |H session/epoch it RN E T, ANREFERIRZ (75 TN 0] b — 72 7 1) I 1T
Preview. %35 LCD =44t

7 16: W X 23 BRI

B preview.frame debug. debug.
capture_frame capture_screen
ik WA img. flush (). EHBRKIUBEER. L LCD I K.
K 4252 1) image .. WAL —UCRNE R Bos 2 &5 R 2 W
Cinfiok 3 SNEEE RGB565 i,
2 F2sA M 57 type:data J& RPC type:rsp # J& RPC type:rsp #
JPEG. i — ki JPEG. i — ki JPEG.
AT WA AR PR VM RSS2 H R VM BB S2HRUE 7 22 o
preview , LR R M AR o Fomid, A Gk
ZAF FUVFEML, BORRR AW % 5 sk HHE RPC EBERUN, TG
5. seq/channel/method . BB R [ 5

21 5 epoch % Ik
J¥.o
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Application
| |
|
|

|
|
| debugrpc req: capture_screen, seg=50 o

last display RGB565 frame / JPEG encode N

L

debug.rpc rsp, seq=50

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i . . |
oo Encoding=tinary,image/jpeg | | !
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

- ——

img.flusht)

preview frame data

Nt capture RPC response
LR LR R R R R L

Pl 19: Sp ok PP ih L RPC i 3 38 4+, AN55 4% 75— A~ % channel.  Core X} 44524 capture ({
source: 'camera' | 'screen', format: 'jpeg' }); WFREARNSHERE. NI REE
{ data, mimeType, metadata }, metadata f35 R f; ZIK4J3 0] 24 JSON error, % i Seie 2
encoding/contentType.

KikHD, HEIPEG gt a3 e aR B B IE EANGE B FC g X, I8k BB 450 L5 E %
RS —EE . B SKINEL. LCD MBERIT S &adix— A 0. Sa i A SENEBIEARS]; ITE
&[] JPEG_FAILED. Core £ EV-MUX {:J#. EOF, CRC £ session/epoch {62 2 J5 4k JPEG 2544 Kot
Bt R o IR R A0S AT RS2 IR (] INVALID_IMAGE; RTICSRIZWIE M ES, RNEARK
IR

Kt o A 51 8 (i Huffman JPEG Sk A FARCBS iS5 . S0 A b R R 1 4
EOL, AXHgmt iR R PAT5e BARS  Se B I IED) 8 T B . S o W T T RE B T 07
s BRI RE . RIREL R EV-MUX I, ZEFAEEHA, NEERER.

BB LINE RS EE, ZRE A debug. capture_frame.observed.vl fgJj. E4mIEN A
IE— P R WG KA AL R4S, f04E sensor . snapshot (buffer) M HEAMEEE, AKX
sensor.skip_frames () RE|W. EASWIHRIERELS . FAMHRN,. 5ANHEFE R Inage,
WARSTERWER ] J5 AR5 A & Ae. W JE2em B 26 R iE it img. £lush () Hi%iE LCD ¢
TSR, XA SRR SR i 0 B 4415 2. Device Core 0.6 £ 4[4 i) Bt /b W RE H7 0 1H B4 % 36 N 224 10
#1523k RPC; AT Core A&k IHEMA R &% BTN

WA BCE AW R 7] CAMERA_FRAME_NOT_READY: ALHGFLN FH YR WIHT . RWIKIW )G, gL E
B/ A/ EE S VM B EE 5. HRAS B S NEGE Sk, SR, B Eg. SR o Bss Lt
Wf, AERAR R B I e R B T REE S R, ASRELRLEIR [l [T, [R(E5 B B 24
Billi. TPA RS BrAs (b th S 7E 45 Hil d 5=/ 2 8 2 B B IR 2, B Rt AN PR B TH TR (B AR
B4, T3l ISP 5 ATE VS AR (4 pi PR sF M BT IR WU 3, B FE3 o R, BPAE G SR AH [t an k. 3%
LAY [ 2 RO ZE R AR 1 A L AR IR S o N — IR R R Wi s B A AT 3 R s R g . 35
LS LCD AN SRR .

Bk R A RSB S JPEG 4% IITE T VM AT 147 . Python TAE(T4- &M% 3k AFik [M] OSError,
N5 R, RS sOREO & . transport task HHEBAUE K, ANEEAEG LB 2. HEBUTE R v AT 8HB IHR
[v] VM_BUSY /VM_TIMEOUT; HUH. Frfa & %Kk epoch ARALA] EFrma ., (HAR S Riisl ik 5 W H 2247
VM B B e IR OE K, BRI RSk A T BRI B b=

LCD AW #e . ANEL . Nashikbk, N 5H % RGB565 Enii. ¥4 LCD ik A
NOT_SUPPORTED, ARHIUAIBINA AR/~ Wik [ DISPLAY_NOT_READY. BEHUMZHISTE VM {155
HEREE. BELREFHBEATHT, VM T HML AT iz 0] VM_BUSY / VM_TIMEOUT. A[#t JPEG quality
A 12100, B S RER R R i AR PR AR 0152, N REIERH T G R AT R IE 5 .

fifi %t — Core EHL CLI ) ——screen-output E/RMH{EZ IR JIPEG; HAKM A 5 ER L iE
1EEIE . A FRMK S 3% 2 1
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BABIRE S8 15 it

. 7%, REPL, Hi. preview XfVR[A] TX 26, /MBI EA R, EHmEamEmE: A
B AN BRI MBI N IRUE P i kR £ R

preview HR B f i R A mil, UER R R T AR AR IHIE . © & KRR — LRI AR, oA RRIE
Wisk JPEG ()2 Pk . preview 5 K& debug response 4t I FREFIAZ M : I = AN HTRTELIY 256
KiB ZZif, AR ] 2890 = ME 3 K B Ao i 256 KiB i AL 4 o

pendingF1 i few F2 replaces F1 new F3 replacesF2 T sends latest F3 i host reads

Pl 20: FRARBUTITE Le 2 i fg — SR B s o . 7 SR AT I 8, I B i 7 e 1T A R
ALK H , HASL AT AR iSRG preview AR AR

UART [y PR B baud 5 273550018 USB/TCP A Fidsts., IKE write 1] H3%2— 4 akiR
[l WOULD_BLOCK, TX task WAZ5i {5 85 K A% f 2R I FE I BR N 4k 2. i 436 22 s socket 4515 1T B
TCP link [, 1 RX miikam; i EAE LR parser, AW —MEA NS ES.

Al &S H & Ul

IDE F[AFF log.idf. RPC SWiFIEZSGHERN “REHE”, [HXA UL A2 firmware (15
JUAS channel. repl.stdout M2 7R HI/REPL SCA, channel ) ELSR PG RR G 0L R 44 . $AT ETF
SR e L

AL HERREL B, s Eas il DAl EALEEE, ABE S R [ B A AU B o T owner (1)
BON/IEIR HE . JE3) console JFUAR A 24 B session MV 54t , AEISWHC R 20 TFHAR I

M EREGEVHB

debug.info [if) scope:transport.stats 55 transport.state W¥E [ J* Python {T:i25if), T
MELBAG) . RX JE4 . KIREEIT . preview ZFEfl kA . WX 5} endpoint/link i1t 4 mgeit. W55
SEMbRIC :
o ARUEER UST Bl s H AR R T84 ) drop; iX RSG5 TCP L4 RPC BRI .
* J4~ RPC L& B SeBE SCHkm Y., AR B Y .55 58 1o
* preview L FE ARVFISERIAT R, A B @ SCHE T, (455 owner/epoch 11 BG4 1 52 J& T 1Y
BEiR.
* reset/generation AL W REMUAEGETHTE R ; W ALSREERTZ . d i 233 B 5858tk
VW EREA R, OOk BT S IRAS s ARSI AR P 3 T D ARG ] — TX B

T2 iy 24 i e 300

LCD ZA7AE BRI AL 2 BE , RIS BT . SPT et by og UG 2 R BRACA IR 0], R 4e AL
At {5 DMA i FIRYZEA7. W ERIA snapshot ZEA7AE H UCH I 73 HE 2 R aT 52 ] [ — %475
RAEAGAFVWATI T A - WA 28 B O R —UORMIEER G SK IR B R, 55 BT .

LA R BRI ESRA TSL AR R A, e R DO R WUR TR 2 Be, ROTRUERSN - 141 QVGA
RGB565 27 1] snapshot Zefr 2 SME I 153,600 57475 TFHURR TS 2, R B RBA 2580
—Mt. FIAIL S PSRAM,  JRIKC IR 2 SRy 8 (715 R0y AR s LB S REUER] PSRAM )R 1L
I . A MUG RSG5 M DMA/PPA 547 L, M ] CPU MRS B RIAN S EHES TR E kL
DMA.

WL RIAS T BRI , I ORI . R AR, Z i kAR 20R [0 NO_MEM, FLEIFFIL

B BC AR MCIRAS s BV RS S UORMIUR M, A SRR Sl e . 18K TS/ 9% PR/ B VM R
BRHOXARE, B SR W E R 2l e . S8 Pn ERCHE 1B Wi R RO EE R4S, VM i BE
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MR ERIAR ] snapshot 2277 [ A I LA IR RAEAR IR VMR I 8% Core A ALk [m] 4 37
HA JPEG. UK5h DMA. PPA. JPEG Ik ZifiA 45 AL an M, 39 F T ARBIRER B NAF I .

TCP Rzt

U
T 05 2% P i 1 A (W] — > TCP 3 10 (BRIA 3232) , 7E 3000 ms 37 T WIFE P & 1% user.rpc/preview.
subscribe, payload i {}, ToFsCiEE M &6 . WA {"ok" :true, "subscribed" : true,
"channel":"preview.frame", "maxObservers":2}, Kk preview.unsubscribe I {y AT H
WM. MEYREE, AT sessionId 5f vmEpoch. capabilities & ffi preview.observers.vi,
preview.subscribe il preview.unsubscribe,

2 WiA~55 W AT 570 5 () USB. USJ, UART 5§, TCP #5135 -4 . 56 = A~55 W H I #| OBSERVER_LIMIT,
= TCP #li R B — Rl 1%z . 55034 153200 hello 48[l READ_ONLY; Python. 3({f:. REPL fli%
FPEHAGE T owner F2AL . F5 B WIS ) — AR S50 KR 328 AR A R AT B B R
MR, 51%0 metadata AN il & 1) 4536 ID sHAT 505 Hp route {4 2411 user stream By, 5%
NE socket N7 A& 4 PP € b BN NN 45 By IAIE

Wi img. £lush () KAAEEIEG, EEAG AL FE) sensor. & HEHIFERC 4% UVC 1
JPEG MfE£ 2, ANKehn HTTP k55 s 42 JPEG Jmtith. Rk kA KoM 55 W & fil—1r ANl 48 JPEG.
T —R CRC, BB 4 & 3% B . TCP i 1t scatter/gather sendmsg 4 Wizk . metadata, JPEG
iR, e fE A i BC sl send. TCP AT320 [a) 45 4> 55 W 5 & ik 5e,  RUL I 2547 S N B0 n: BEA
owner T Yt ARFFAST

RX T i 4 5 i s UM (7 B0 S 40 TE , SR TCP 25 sy 852 Ry 1143 L PR AT 2 - TCP iR Il Hif
WAFEA L AL, A2 A — A FIBR 2y . socket 3¢ Pl EEAEAESL =2 VO BiANIEAT, F08 I 48 & 15 HE
P 1] IwIP 43-Fg FIN B B 25 fF . debug. info [ scope:transport.stats it last TxTimeout,
TSR EGT YOI i i . AL, RGRAE . BT Sl a) Ao R s E]

A I 2 = AR A . FR2EE ) 256 KiB PSRAM 8 (_fR 768 KiB), #4~55 WE A WA~/
WERARAT . ¥R FT IR AR TR B R s Hseiit B R > 8000 ms, Tk IR A 4000 ms, 4351
j#id tep.observerFrameTimeoutMs fll tcp.observerIdleTimeoutMs k. &FIR &5 HE R 5
2T, B AT AR A O 2 RHTAE — IR . R IR B W e L TR N SE R, A5 W S FE
1% socket. 1855 WLE AN G AR HIE B ) — 5 ME BIBAS1 . link generation A5 BH 1k W& IHT 5 5 A
I 1Y socket. 1T B[] TG 7544 I L2 B keepalive, S PR AT RREIES: s HOH 1T 158 5 KO 3538 25 PR DI

EAUEAGLEE T Python ARIEFEFIN EAT F EV-MUX e ; —-view 7% PATH EAFAE ffplay, H
BRI UBR B oo s MR . AR AT 2R 2 OR B T S5 JPEG CRC

python tools/preview_tcp.py 192.168.1.100 —--view
python tools/preview_tcp.py 192.168.1.100 -—duration 10 --save-last preview.jpg

] & X B 1T tools/test_preview_tcp.py --host < # % IP> —--port < # O>
——device-cli < B % ¥ # #>/cli/device-cli.mjs —-output—-dir < J H K B F> I
Wes A —-video <v4Ln2 F g> Wlkifr UVC H k. MHASE Y] Python AT, 1474 BRASH I
T, i Pillow fREGILEN Y JPEG, 4539 J59%%E UVC logo.

9.2.8 LA . Wi-Fi it s 5908
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AN GER SR

IDEf Agent/ CLIJ custom tools

i

DeviceCare
inspect() f configure() f controll)

i

Ev-MUX w4 protocol
Coreframing/RPC/REPL

i

byte-only hosttransport

¥ v

browserWebSocket
localfixed-target byte bridge

Web serialf native serial

¥

native TCP socket

¥

device usjfush fuart/tcp

P 21: JL%52 Core £5A7BpCIRAE, transport ML 5. MEMTEEA IR acquire, FEZmAL sk $44T Python;
T 2 B~ 23 owner FIPT3 5K KIRIZH .

@esp-vision/device-core fF host/device-core #if/, RALME—IL P SEF) . IDE, A7 Agent
A EAUG A (1] Core; Agent TARUR . BT HI MCP ffi{FJE T Agent EHLW ], AJET Core
s AR . WY IS createDevice () R, parser. framed REPL 5 2 3% fRi% 2 N
S, AFEFEIFFRAE.

56 Node TCP. it Web Serial flii)2 APL /Rl W Device Core 32 N4 i . FHLIAGE —i217 61 npm
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run test:hardware, H IERCEHNEE & 715 BAE S —F Python EV-MUX % Fifii. $#%1%3k5 LCD
KA VERE LA 300 . M FRIMR S s 2 15,

WiERE e TR RS — 5 2224 FHLUY H — Device Core — EV-MUX — %45 [#{4:. Core 34
WETRIRES, 45311, Web Serial, TCP 5 WebSocket 4 HAL=E45, DNS-SD & #i T-7EH: 51, ROM 4%
5 737 loader, AN EV-MUX Hif@ %4

AN

eI, SR AE/USB #ih, 17T transport.,

B AR B SR T T — A AR 8liHES s TCP 37 RJ acquire.

JEahHF4E reader, AT nonce [¥) hello $45, ik evMuxVersion AR JE 1€, FRARTT session.
1M capabilities 5 firmware identity, 1375 ar2/REPL KX/l timeout.

PR A R AT PR IS B R 5 reader FE A Wb 45 A RIHR 22517 .

4847 epoch 1Y) vmReady, FFHEZAT VM TAERHIA REPL Al H4T.

BT SCOR 347, Lk AL BRI H E A preview,

X A ETR =R session, -5 ] transport, reader Al pending requests.

PN W=

0 HES A 2 0 %k

USB 5 LT HF AT RE S22 b — R IEFE R SE 8T, 5RMi. IH traceback A1 IDF 2l 3075 “4THFEE 07 A&l
KT discovery hello, serial.flush () BRI FHL TX, KN EHUE RSN .

Core FEIEREFF UGS, L[] parser IO AEE H A% 300 ms 1 sh%ids; X-— P AE S50, 1]
B 5 B header/body B5EIZ  ITH, Core £x¥E parser F 4% (1) 9F BEFISE MITFI A Py dh S0l (W ERIN IS
K12 7)), FREfndniHm, BRI E R A A K% hello, FRANE R AR I 2 B LN E] SRS
WURBEIE KB . BUH . WS HUE B I, R WOF T HL; parser PRI & 552 WUR 2 ik 52 830
F, Core AN 23 1 15 25 Bk i 2% v IX il 1 A )

Hizs FUR/EL B0 IFRCHE , R (L 4 R4 /USB/ 1 HLLEIEL S, H 5 W7 USB completion A5, 542
WRA AR, B EFRIE., preview sl IR .
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open serial once

Itk msinitial read
one parser across chunks

tinish partialframe
fized receive deadline

riew correlated hellofacquire

continuous reader
neverflush per request

Pel 222 HER iR AHESY, AIESERICIRIRANN . JSEAT3TR THA IH seq/session/epoch.,

Bi—KHLA T

TEA EAR F 5% i Node.js 22 52475 #3 H B 2] 44T Python 55 pyserial, TCP LR K
Python, "FBISEERiE LK B A 0 B MRk, X USB i sia 7 oe B A A :

npm —-prefix host/device-core run test:hardware —-- —-tcp <device-ipv4>:3232 —-—
—checks identity, camera
npm —-prefix host/device-core run test:hardware —-- —--serial <selected-port> —--role.

—usj —--checks all --timeout 600000
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M 2455 1 3L Python R /7, F-4% Ir e A & p in Ak 516 S s s m MR IR 28 0 SR ise & 22 HE A o5 i B
S 5 B W) IDE/ i AN exidad U4 1 S8 A 30 owner . 41K 4 . LCD JPEG #ij i MR UGIE P
ARG R T3 S EZ S PR T A b

Wi-Fi 5 NVS ELgziR 6L

B — KL 75 BT — UG TG 0 7, 8 H (11 USB/USI/UART; %45 CBCE M 45 B N BE MO X A
TCP server {55 4> T H UKL M . Native/Hosted Wi-Fi &5 Python WLAN L2 2526, 5 & MRS A
A & WLAN IK3),

| |
| |
| " |
| network.configure + eperationld |

-
-

accepted; speration queued H

1
I
I
: try candidate credentials in RAM N
| »
I
I
I
I
1

got IPvd [ timecut / failure

persist only after got [P

¥

network.status

v

operation result + connection state

Pel 23: accepted L5 E S . PRAFIRIN A HIBHIN . W ZHZITE accepted [0]5 TX 58 MG AT, 2 12
1000 ms; configure f1E7E RAM o, £ 30 RIS IP J5 A $E50icsrk, RIMIKE E— 0 PRAFAITCEL

{
"action": "network.configure",
"operationId": "fedcba9876543210fedcba9876543210",
"ssid": "<wifi-ssid>",
"password": "<wifi-password>"

}

i# it user.rpc/device.control %%, metadata #7724 Fi sessionld, [ 2% 45 NI VM 25 1A,
network.status ifjHZORES, network.enable EHUREN B IRE, network. forget f4£1%
RCECERES . ANRERFEA PN Python WLAN J7 A4 H %260 RPC.

1& Bl g 55 6 BT 32 2 4F operationld; HAEVR AL 7] — = 45 I 52 JHAH [R] 1D 152 42 4H ] payload, {4
network.changed AJ#&/R284k, {H status J& A FORIKE ) )R/ 5 A SR IH S HEWT R 95 4521
O NVS jisgf 5, £33 disabled. forgotten ZS il MRS, s ) EASEEEANT. ) BIAMUTESE
A TCICEBHE SRR RPC ] PECE WIEHUS IP J5ER1F, X2 AR R IR B i

Ja & %45, Python WLAN & £x ik [5] EBUSY; i Python WLAN &M [ I 52 iz IRAS, (HOR
RAMEEGRAILTK. XHEG IR A H Python WLAN, “Rid TCP J5 & ik 55 F1H C #5R 0
AR 55 72

NFEREIE AR, EALHE SSWR . TCP AR A A/ NS, Bl S A2 S5 & W
RIS A
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DUYEZ PB4 A

P BE AR AN BE FLIRFTITAE 3% TCP socket. IDE f[&] & H AR 441 WebSocket-to-TCP bridge Ff —if il 74714 3
e TCP; B H AR Rt origin, [EE A HIE . F-MEShMI TS, FFAER Va5 WiIT iy X ] TCP, ALy
A EV-MUX B acquire,

EHUFHERL AL 5L IDE @, AN REAE AR H SR B BE A AHTA npm A4S :

[npm run network:bridge —-- —--device <device-ipv4> }

ZxHh IDE @45 ] http://127.0.0.1:8766/ 5 ws://127.0.0.1:8766/device, umig HTTPS

BT S SO VPRE i origin, 36 2 0 WE 7 AN HB I 28 175 [ A SR/ 22 A TR s 75 28 TLS BsHfsE 32 (5 AT 1) WSS
fLEH, USB Web Serial 5MZ&#idL ] createDevice FIFEY &K Y.

SO S IRHIA

B %5 [E owner [ vmEpoch. vmReady A1 REPL barrier; R event/hello A 37 WELTHiA, Htgs
HARG AN RENR . IR G EANIER] REPL 247 .

EAZ7/ROM: JEFFIH A 5K SR B/ b PRI, BB A0 firmware identity. FALERES
AR S ARSI SR, Cot B RIRIEER M RE AW, AN A EL SHR.

G - 17‘J}:%?iiﬂf/mﬁ7 B‘Tﬁ%'ﬂfﬁ H *TIﬂ"E?Fﬁﬁ%}\ HARIRES: A B ARBTG5 AT, PR
CRAT FEE . M2%55 AT operationld JHK; @ l55 RPC. REPL #i AFISCH: append #4738 ] H 3l
HL

FHURIN BEEA GRS —A 8

« discovery/capabilities: £ 7% Py X RPC BRIA T2 6 Fb.

o keepalive: BAYRZ 3 b, [FINSY 2 B lease M T,

 H 7 startup drain:  H AR 300 ms, PRERE—K: B O EEWTER RSB E N AT, EAEE
T A ] 5 1 SRR B B[]

FHLRX E?fpﬁi SIS 12 BRI, Fif TCP Wit H BERD ] i

BEAs RX: A3 N/AEMIZ) 3/10 7, 5 FEHMCK - TE A 2 — N

VM HEBA: 3452 5 Fbat 0], G PR ITfﬁR%M@J

A4 readFile: Core BRiA A HFR 30 #; IDE 3237508 i A A 60 #b,

Wi-Fi Bl 455214025 30 #05 accepted []5Z HUEFF 4G, 2 &l 2OR 3.

X2 M HIBRIA/ S5 S, 24T ATVASKRR capabilities FUST A% i 00 - FORHRA I A 25 R AL
TSSO A A A B M8 To RS R SE Rk A ShhAT5 IRV a2

9.2.9  Jayhdlo A BB 15 B R D\ SR

5 SCFAE T DNS-SD /4447 ESP-VISION JiR 4%, 24 Device Core $2{: Node FI3 Vi 2% W 2845 & P& it
e B/ EALFAS IR IR 2 A7 K1 XK. A hello discovery H7E transport £ %32 5 TAE.

B Pk 2y

B RCE ) mDNS/DNS-SD, kS #%, 2 IDF 5.5, 6.0, 6.1 manifest 2251 espressif/mdns:
~1.1.0 {Kj#i. DNS-SD H] PTR #Z& k55, SRV $2ftFHL5um 0, TXT 2@k, A CR4edt24mi IPv4
Hutik,
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170 SCHLGE

rasd B 51 i &t

mDNS/DNS-SD EHAMREITR; SZfrfasrhse JUeRM: dl— MRS, I RH TXT
ABEAARHEL E - JRTERLAL .

H & X UDP & LM EGRREE /D, HFEHm0 . DHESCNBEA LR H AR

/LY fitrds, AR S SR, 4 piE LBl

SSDP/UPnP FIANI—E LRI, 555 UPnP A XCAH EV-MUX R 5554 BRI
W BRI -

6179 mDNS 1.1.0 Keonfig BKiAfE 45K Jy 4096 7, BRI A MHMEITE L . ST EAT S, AR
5 AT G Isocket, ikt H R 95 PEMFRL T BE 1R /. PR SASHERL A S/ G AN F 45 MoK B H BB T 56
RAM W5, 0 7 T 6 D 6, SN ARAG #6300 . AR TTL A0

55 2o

o JEAHAEREE T mDNS UDP 5353 £Fif] _esp-vision._tcp.local,

* FHl4: esp-vision-< FEFAMAL>-<MAC F 6 L+ x#HF>-< EHFRAEA>. local, |
AIRA ARy /NG DNS ARZ8H FIEFAF W Ak A B A8, 4aAfii ] IDE fiiAs . #r%s A
if 63 AT R HRALR B BT B e\ R R S, TXT LRE RS AS . A M R 38
Fi5H MAC. USB. USJ, UART. TCP [ hello Z{4:/ %5, capabilities Fli5%4% debug {Z E 1 [A] 4H 7]
[ hostname $725 (R% .local) M5e#EE4#% ID,

o SO ROR A PR AREMAR RS 2] SRV ATiSEPR ESP_VISION_TCP_PORT (BKIA 3232) , A1E
TXT T .

e TXT ff#: txtvers=1, id=<device-id>, board=<board>, fw=<firmware-version>,
evmux=4, hostname=< %— £ 4>, FiJFH5EE TXT FREIH 256 T35, HMHTR AR E.
* 52 ] Launcher M 33tk Ji- eFuse MAC JRA: 3 #5 b1, Hosted Wi-Fi Hi -t 876 HALIN . AN BERR 46t
HIEL M FEAR MAC, TP, boot ID 5, session ID, £ g bRl AN o] HIHRAS A BT, A4 BEDL

KAy
o NAMEN. 2T FEREUEIIRGE owner RS . KIEHEATE, ABEGINIE.

¥l 7124 4 ] 91 5 Python I A7

V& M 45 Ik 45 45— 11 57 mDNS F46 46, ¥ 8 24 1 2 9] 45 4k mDNS. % # MicroPython hostname [
overlay/micropython/ports/esp32/network_wlan.c., Aff W74 ia4kFRric. Python
mDNS 2558 i L Z5Lf. network.hostname () & [H Al —NFE—ZF; KEHMZHRSHE Val-
ueError, IR ARG —A4~E XA &1y . DHCP £ Python port t{# LA FR, HEBASEHEM.
ESP-IDF [ 2442 111 £ AL _FFR XTS5 DNS [ 63 275 ; DHCP B3 25 [A] i B4 255 £, PARI A 2590 52
HEAT RN LA T

{AE STA 45 IPv4 H EV-MUX TCP listener i) 48 faid WAk 5 - listener 5¢FH . Wi-Fi 25 H 5k STA Wi
WHERY: TS AT HhE . NSRRI AL TTL 318, 20E B e E A IR & 2k (2 1 & & TN
o mDNS 2R RTII, (HORRE kT iE %5 TCP/USB 1] . Jt=2% %% sdkconfig £ mDNS FR il 7E STA
B, 5 TCP 48 tiht—%; AP/Ethernet $ 1R ATH AR S -

F:#L Y Device Core %

Device Core 4t — & Pl 45 H 2 5E M UM RIS X, ol i AFREEE Al g8 S0 7 0 48 M2¢ . Node ML W] B 32
{8 )1] DNS-SD it #% . 138 ) 51 o404 multicast DNS, X % #% IDE i i1t 4<Hb Node [ 25 R EZE S o X
ANFIA Core X} Agent [ -

sERAIFERA RS ID. BoRAFR. M. . EV-MUX 7. hostname. IPv4 Hbil-. TCP i# 1 f1/
FRil. $k0E ID BA, [FEAR AR M -RAbhE e ; Mgt bbbt fREA R, hostname ANFEFL
MAE R S, BIHA R, XFF AbortSignal, B B RERUMES ¥ T
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B BB & 1EH: TCP, WAREIIA. M Fiks, Core T KX BTG hello, K55
vd, TR S KBS FRES, B RE 26 B XOR HIE T AU hello B2 X540 & R E 1)
deviceId, hostname, £ A expectedDevice Ji, DeviceSession.negotiate &4 K ENHH
JITA AP hello AZAHX LEF By, FHITERTE. 0SSR P, #8598 m A W =R .

W 28 1 R TT MO 7 1% &, EV-MUX {Jji Core AbFR, % B HTTP/A5 il 42 11 -5 575 1 R A [R] B4R
fify Origin FI loopback 5. i1 [ 281 25 UK AS 18 B AT e MR AT It , I BB AL B G A ik /3 11 5
PR o E B AR T a8, AR AT R AR E TCP H bR KT -

IDE 7 BA 0 2% 12 4 DX IR i il 7 0 e IR A i 4% . O B 31 TP/hostname i A, PARVGF multicast 12§
5 P BRI VLAN., AH 002 17 BURAK B R 52k DNS-SD HE e

Wi-Fi Bz RERIA T S

H OWi-Fi 8 R B A B B WLAN, ESP_VISION_ENABLE_BACKGROUND_NETWORK=1 #l
ESP_VISION_ENABLE_TCP_TRANSPORT=1., 4 Hi t A Wi-Fi it B B W £: ESP32_P4X_EYE
Ml ESP32_P4X_FUNCTION_EV_BOARD f§i i Hosted Wi-Fi; ESP32_S3_EYE, AtomS3R-M12,
ESP32_S31_CHATBOT. ESP32_S31_KORVO Al ESP32_S31_MOSAICO ffi f] J& 4& Wi-Fi., W f
Hosted #i F343 7% sdkconfig.p4_wifi_common,

ESP32_P4X_VISION X4#i3: M WLAN, Hy%74 Hosted Wi-Fi fil & , P4 A& G345 JEAE Wi-Fi, W EHIASN
PR MR R TS, )8 1% port. TEMPLATE WA BAARREF. ANEE 5 Hil HABAR 1) Hosted
SDIO/reset & J#l .

BRI 2R B A 55 FE R Bt il ], JEH Python AR, ) SSID Sy 2 M ERFFARECM , A PRI HLE
FEhEIE, RAFIVEE LR IR B . TCP {ULE M 25 2% (38 L I HE T o A B REBRFE TCP listener
Az S, ORI TRVRE R BRI SRR

DS RST 4l

1. [ 45— mDNS A E, VGRS, 75N BIE G AU hello LR E B0

2. Core: & SGEACAR/EER . BUHTE L e80T B3t ; Node FI o #% & RS EV-MUX fibr e {4
R TR UL

3. IDE: " REAHL W 25 A AR M, R B Fah bk .

4, BIFLEE& . AMESHE 5. FPLEM-~. DHCP HihtAs k. 25 F/FE A . ZAMEE/TTL, %%
. BOH &I & multicast 32 fRIFHF-Bh[RER . 7E ClizfTse B FHRE, HAE)5 A ) Hosted ELAL
I R R

Device Core % Bl
Node %% 1] 1% multicast-dns 37 Bt g7 K8 ; ) o 25 6 H E 4 A HL M 284 . i i npm run network:bridge

B (LW IP), FEAE IDE [ 45 T SRR e e o o ARIE RN R Z 30 Fbat i, e 9)5 sIEA5E
W o

[npm install @esp-vision/device-core multicast-dns

import { createNodeDiscovery } from '(@esp-vision/device-core/discovery/node’;
const devices = await createNodeDiscovery () .list ({ timeout: 3000 });
// Optional: createNodeDiscovery ({ interfaceAddress: '<local-interface-ipv4>' })

import { createBridgeDiscovery } from '(@esp-vision/device-core/discovery';

const devices = await createBridgeDiscovery ('ws://127.0.0.1:8766/device").list();

// Connect the chosen connectionUrl, then:

// await session.negotiate({ role: 'tcp', expectedDevice: devices[0] });
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hils%
e Multicast DNS, RFC 6762

* DNS-Based Service Discovery, RFC 6763
¢ Espressif mDNS 1.1.0 Kconfig

9.2.10 Device Core £ At

Device Core XS4 — K AGAEA RS Ly . SDK MR I Device Core £ 4L SDK , 5E%&N ] API L~ 8 API %,
e HE BRSHILHRFE APl 7% 5% n[iafTH) TCP/Web Serial i& fit 7~ {5 I, Device Core npm @3

#.

9.2.11 lfE%Mc. FISAINR S ke fr
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EGIER I AN 12

1. physicallink opened

l

2. carrelated acquire

current owner f limits

l

3 accepted / queued fcomplete ACK

i

4, application evidence
tiewe arker [/ file hash f JPEG

Pl 24: F—ZURDARERAC LB RIUESE . ITIFeR 0 A B ACK SHGCkERHE]—
GNP AP 7

FLUERH P REMA LY., A VAR SO BIAS . preview ol 5 B (R R ML . EHLSRIRYICIT SR WY A Fh Al
RADBLG O LB Bl 24 HT session/epoch . SR EL . W IAI PG AN Gk -
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S BSR4
% 18: BN SN AR
el ®RIE R IOk R
framing 4y i~ metadata/payload, JEZERL, CRC 4 (USEBEAEMIAAT, HiRA
%, payload % SOF/EOF, UTF-8 #5ii. RERD, ECRE W
o3 WiEFRE4+ . 6] nonce acquire FEi. release  ME— owner, 1FEAf4E RS, IH
A, HAFW. TCP A E . link/session % A % th S 2E A
B .
VM MRIAS S Cul-C. #&E . #i epoch  F5E REPL #itric, IH epoch
ready. [H#m i ER 2]k, ANBETERUHTE K .
pals IR SR . 64 KB, U bytes/SCAF K /M P2 hash £
RAAEHRARAL giﬁlﬁ?iﬁﬁﬁfﬁiﬁx?ﬁ
preview Fr2k JPEG. M2 323 . R O/ E %, 5 RPC SEREEME . IR R T FYS i
R o JaE s fuiF preview ZMii{EAN
%32 1H owner i .
) 28 Be B accepted 5 fx & IP. % H/MK B. HAFSIRS. owner/slot 43
FIN/RST. ##ERE F i o FE, FrEETIRE; K
HD 25 AN
NE/E AT Python i#3K . USB control i3k . ROM M. 4> BINERABLR W), 54k
BAIEEE ., BT SEEE. B 5 HairaS a0y, mIE
NRZZ ity 1198 2K

B LS 2 I PFA AN SR, AR N TRRSHERT “CI g™ “Ye5) — I MusfTid” B pii R
C 2l i EALIR I . 0 s = 1 A7 D0 ot [ 35 P 5 28 2 I 53 1 chooser/DTR

4i— Core FLHLE

WAL 55 EWLMR S —121T host /device-core HIff) npm run test:hardware, B3
createDevice () AT APL. Hf53k. SCHF1 LCD #5¢ [A]—A> Core, ANFR4EF AL EHLMUE
Be Agent smoke A 1. HITERLE HAE517, TCP f#ifi] Node socket; L¢3 Agent.

ffi ] Node.js 22, Ef 5 F52E Python 5 pyserial; —-python A[#8EMBRAy. T &M CESH H
s DU AGERR H ST

npm —--prefix host/device-core test

npm —-prefix host/device-core run check:schema

npm —-prefix host/device-core run check:package

npm —--prefix host/device-core run test:hardware —-- —--serial <USJ-port> —--role usj -
——checks all —--timeout 600000

npm —-prefix host/device-core run test:hardware —-- —--serial <USB-OTG-port> --role.
—usb —--checks identity, camera,display

npm —-prefix host/device-core run test:hardware —-- --tcp <device-ipv4>:3232 —-

—~checks identity,memory, camera

-—checks # % all i ES R KEE K. HHB L/ R E QI identity, memory,
camera., framesizes. pixformats. orientation., ipa_stats. snapshot_rate.
preview, image_ops. display. display_stream, camera_display_lifecycle,
image_copy_to_fb. image_transform_argument. sensor_snapshot_buffer,
memory_policy, espdl_inference, isp_ccm_frames Hl isp_lsc_display. all % %
TR AR, ANFRITA M RERRA W AE A s B R X i . RIS B RE ki, AN BERF
Beid BT . MIRSEEe R Y w2 A CLIBA T o8 B R
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ISP IEHZ% JNAFRR AL TR ISP Il e 1k FLAT R 8 BRI FL A, 4 A AR 2R 5 o 220 14 i 24 i

npm —--prefix host/device-core run test:hardware -- —--serial <USB-OTG-port> --role.
—usb —--checks isp_ccm_frames, isp_lsc_display —-—-expect-board ESP32_P4X_EYE —-—
—expect-firmware-version <installed-version> —--frames 400 --require-all

isp_ccm_frames WML EA/KE CCM HEEAS FLE —I, ILRIELE/\ SRS FR BRIRHIWIFS . FERT
RGB SIS AN L . Horp— YO BERAEBOEAE T A G IRIRIFD : 25 —3R5 T RESR A IHZent, HARsE
TH 2% G WA RF SN E B . MRl IPA (5 HEL F3h 5 A, PANES R CCM J5 2
ISP [~V 2 ) B2 {E AN SE B RGB FE B ORTS—E.  FUBIXS BRERK E AR Ik, A D5 sk 45 % Jaeads P 70
E?E?@I S RGN RFE /DT A7, KA S DASICRAS AU 2 I, ANKFIRG 1] 24 /1 CCM A5k
RS .

isp_lsc_display f#i [ QVGA RGB565. IRz 41 LSC }E{éﬁ%ﬂ}ﬁ?&%/\}\ 1.0 3] 0.5 {355 il
%*2 PRk R S5 i 22 ) 42 5 canvas JEI A Led.write () o TIPS LSC RAFME X AR R B A7 X
ZPAT/NT (——frames FIHEINMWIEL) , WG CCM B iy LSC. #4535 DMA/
iﬁ/PSRAM M 25 PR S i RIS, BB IE 4 5T o . IR B — 48 H % /LCD #I 4R 4k .
WATEDT i 2R B T RAEE S, R E SRR SR IG o /IR IAFAR 25 AR JE A B s A IS Rty &5
Gt iaY . XETHRIRB- SRR BB SR, 75 BE LSC Y22
HSCLCD, Kol i sl A AN RE B IE R o 24 /i A i AR 46T B 28 B H B 5 AR A

CI target test $2%) CI fifi{f:] ] 25(#i F§ ESP-IDF v5.5.6, ¥ P4 Function EV Board F 472Xk E R 18 I
BATH A, f94f espdl_inference. P ISP ﬁé%é@j\jﬂ@ R I H As B s DI B
WIS A S FHERY R T NESE CLEM. CI [FBHRAERE % JPEG 5 LCD ik [E % JPEG, H-5#;
BIRSH 5i& 8 SR X A% A P AGE s (——require-all), ARIFEREIH SKIP o fifi
G RTTEE R ML $AG KA PR 2 B A SRR R AR LR L. B B 2 AR U A = 1)
PAERAR S A AR R . X RS UE T BE T & M5 IDF 06, ARG IFHEFEP R TERR. K325
——expect-board fl F&Ei# 1) project_ descrlptlon json NS project_version [A]Ht
R TRNRIN 5B EM, FEPAT Python, A5 SN e 25 i P4 A e AR 2L s 1H Rl 4

IEAT I B R A A python.execute ( ) VR R B S7 RAM fip 44 25 (0] . B 5% 2 ) i -0
R FFRII replInputMax (g2 S115Y) 5 BRI K i % Device Core fIlfi i SCIFHAAT B
o ) RIEHGH IS R B a4 25 IEH%H LCD %Y, PBLNAT . SRS s A AR ] S
XHERGE.

espdl_inference Wit H R ALL python.execute () M, BFCJE BFH 495,840 &35 ESPDet
Pico Face i %8 A H i3z RAM VES, Y& F ML W i ie ik SHA-256, Ffid B 5L espdl .ESPDet X
RGB565 514 3L MR HERE . KA [a] S Hilir a5 SRl R v Rlcdighmy . MiES KB EE. 815
B2 BT ] R OE Y HEFIRERT s 450 A i SHA-256. &84 Heu/RErT . INERERT . Woul/Aas %k &z °F-
W R . Bk A AR AR SR I A5 5 X I A PR A A N A R AL R R s e e A
ikbRe JLIWHLY). RIMEEGY, ARSRERATL. RAM 8 L ik18k, N5 Flash/SD S0, AT
MSC writer FH% ,

BAHY | A% 38 3 fiy 44 25 1) nonce FIHERf 1) TR A FAVIRMBEMRIASE . HAT I ARSI, iz
M= AFEPATE D s B R 2 aah— M s M R 2 8 ﬁﬁ?{%cjﬁlf? B TA SRR B 1R A
FEBUEL IR, R45 1% modelRetries fll modelRetryOffsets, FEEk. PRIEH LA m44
2RI BR B IA B ], NAERFFT BN Python S J5 PAT AL R 8% 1R R M) 4 VEHRAE LT . 451
L G RAR I R R A

PRIAAT SHA-256 24 04eec2220adbf642a843¢c953817fb219a06c094aedb76c181ba2a958c65201dc,
—-model MODEL.espdl A] PAZEREIRZA Y ESPDet #i% (££2 2 MiB), it ——model-sha256 HEX

i R P T . %8R npm EURHE TR REYR, 758 UL - —model., fﬁﬁﬁ%%/\zﬂkﬁ_fﬁﬂ’\
W;eﬁ ——require-all BRI, FeRgHERRIG B KR B4 L F1 ESP-DL G /), S5ErALFME 2R

JoxK.

AR EGIE . Sk E SIS S EINAE. R LS RS sfrihsEd A MRS EETH . 52
AT RGN B ——write, B PR Flash B3 Hrl 5, $ATME—Im Scdm =365
AGEERE, HAGERRI L A SRS RO v A7 £ % B PA STORAGE_UNAVAILABLE 4k

W, CI A CLI A A8 XA . JE AT BRI 55 2k R W, 5H SD -RAXEF Flash,
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FRAG K AR B 2 38 h T 52 4 stdout marker U ALY JPEG. Core B H A%, PATHIEHE, Ml
AR AR KT T, IPACRES, PRIBEER . preview, FIRALHKB/R. 85, F& ACK,
AT HEBL B REPL i 7n £5 2% SRS RERE ARl 95 S8 RS . K Bz A7 I R S i oAb ¥t vM_BUSY /

VM_TIMEOUT,

LCD #ipt S5 IR

—-screen-output E/REHNHRE R, i) device. capture ({ source: 'screen', format:
"jpeg' }) EEHULCD ffg—i RGB565 [ JPEG, FLLRfFEIFEE AR, Woe @ B Pt H 5% :

mkdir -p /home/libo/project/.esp-vision/hardware-validation

npm —--prefix host/device-core run test:hardware —-- —--serial <USJ-port> --role usj -
——checks display —--screen-output /home/libo/project/.esp-vision/hardware-
—validation/lcd. jpg

U5 I [E14: debug . capture_screen, f£ VM AT4 U /R b X, AP A #EG L . %5 JPEG
RS . ROF SRR G, X IS B hHMER . LCD K44 kiR DISPLAY_NOT_READY;
JG LCD 8% il {44 A S FpIFR ] NOT_SUPPORTED, NG FHHHG LT R . D58 R 4 A2 W B Je
SR, ANUERYBREA . SIS IEH

XL A A 1L 2 1T Python R2/7, FFn] B B/R A . LHEM St B, A5 IDEZHA i ] IR £5
ABLe. WA AR owner I R AFFFRLLZY, AN DG 0 S SO R
SRS PRAFR A JPEG Rl H GICR LR F . AR 580 SAL. BEANHON 5 IR B R A5 4R
&, NHIEEEA.

MERA 0 55
19 —EHEEHEL, 2 ERUE
A0 BEEE
host/device-core: npm test Core AFF APL, P, &%, KBS A 01 E M EHL
ML
host/device-core: npm run 28 1/TCP LPriss. G K BRI, [F—2TF Core,

test:hardware

tools/ci/flash_and_test.py CI #t</IDF 74153 5955, Btif5E)E Core EHNGE; A
s EV-MUX,

tools/tests/ A EVURARTSHL. JISON. BAF . 176l & 324,
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i B o )y

20 PR T

Bk fERE

5 A FH hello &} ST MR AR I Bh /panic SCAS; 4L USB #2105 startup 2ffii; EV-MUX &
BHGBATIA ] Wil CRC/ AT S reader @R HFLLIZTT.

USB Bl B A BEEE capabilities 575 %% owner; AZE4r DTR=false 24 i, v4 0] ] 4544,

SESSION_BUSY Wi~ IDE/Agent/ A Al 3 5 Sl ARE R S RpfHL, ANMEEL route
k.

vmReady=true {HCEATIGE  boovmainpy B7F JHEFT: VM BFLRA: W R AT E T 25
i} 37 REPL marker,

3 seq #H A B EPE A RPC  type/channel/method/session/epoch J& 547 &im 2K 2155 event fLEE rsp.
KRIERL

preview {H/R kit JPEG 256, BRE T URIER; 121535 latest-frame B E AT
AT

TCP Wr&k )5 Tl FER handshake/lease/30 ) idle 4% HJIRZS, |H generation 2B g5 B, A
{UE owner CVREHL.

B K e T R ROM J& B EHithzs, UST 27 A ROM H i, NHEAE G %N

BAGRR, FANRERC R
4 J5y drop #HKAH TCP ARicil  AREEBGA/ELR 0. BRI BIFRAENL ] RS [ s a5 T 5 R
i TSR

ORI BRPIRAS Shn T4 SSID/A Y . SEHESCIF A Flash/NVS & 03 il RESTHURME B, AVIRA
RIFGWHRE s AR BIACE B L bR .

SCRY 5 S BR IR 2B A 5

2 channel . J53 . #5581 action B K stderr/ A AU/FRE, [ [RB EHAZA X T, capabilities, Z3%
B P53 AUEHE R A TR MM AR s B YRR AR S o o A SEER

Wil PE e Y Core Bl S

tools/tests/test_ev_*.py fEEH FAE&B) ESP-IDF/FreeRTOS #s B 4%z 474 7= C 1848, NEB:%
%, WAL S —EFHE Fig. RETRSSE A I E. 2 ECRM . [HIEH: generation, 2%l
ARG S E B T . BEE C MUAT stub Sk @ T B RS, A2 —BR&HRIETH,

F P AT WL RE A E ML U SE — i Device Core; i iEHz. Python, U, preview FIHIE 35 5 A JF

APL. BRI A B [ A 4, kil SDK 4 sk TG R AR e SR AR S5 B . INAE A BC sl gk 3l 2k
Mo PR FAFER BT QU AN TS, AN BB AT M AT AN L SR PR B -
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21 FRRE L

TEARR AY 212

[ EPNE

Python print, printf. IDF log “HfA A&
[l — &4 th 7
Wi~ USB [0, UART, Wi-Fi/TCP 45|
BAtA?

BENS . Wik R A ek ?

M. HATETF LGtk
MFRiE T, EERASHERE
SIEHRAR. EE LKA

BRESCILE Tl parser Ml RPC 277 widd X, ¥ 4Fi@38 55 RPC #pi%

W
EFEHIA Python, B XHFLETTRME R EZ X Python. Wy AL L pHR1E
27
preview Al debug.capture_frame 244 Y. AXIM . FEL %
m ?
EAEECM . R RERE P AEES EAUEAN. Wi-Fi RRE 5 IR E R
BRAL?
W A npm 2% Device Core, F#: A Device Core 3454
HRI/TCP, U 5Tik?
ERIEHMSEM TR, EBREEME Bk, FRNRE ST
7

9.3 AL

o Py /sink: S, 40 us Bk tep.

link: —RCEPRER:, DA A5 H7H generation #7315 [R]—> TCP FE{ FRR A2 #T link .
stream: NFPEEH 4, A user. debug 4, Tm/\/\ﬁﬂi%J

channel: iV 551E5 X, U0 repl.stdout, preview. frame,

sessionld: FEA~ link FEA 4 Ir G BN TR ABETFE E 53—~ socket,

vmEpoch: MicroPython VM IR . STETIFE, AERIH VM I8 TAETA R

9.4 YISt

AL R A —A 2% owner, FH—E 3 user/debug > stream. HAEB:A] AR NI4T, [EARE
HATHAT S — s, Il 9" FEARSI S HEAE vis 5 B aacs:, PRt E A%
owner [,

TCP j& 5T STA IPv4 B JFIR 1 IR 55 , Bk 1 3232, i Wi~ E #5219 TCP hnk I:T ~S2 WebSocket .
HTTP. MicroPython WebREPL, W AR$EHEAKR 2 SMK) B A TE S & S s . 30 S il i = WL 2= 5 d s
18 TCP, FEW EAIEN. Wi-Fi e B 5K E £,

ROM T ##5 EV-MUX 21738 FANFE ML BE ;. MicroPython ) REPL 32 a4 il &5, 1fi IDF

system console /5RIAFI 4 HT. ROM/bootloader [z it/ Hamik bk th . A BEHLIX LT S E 1 S 4R 30724
AT 55 Wit
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Chapter 10

Device Core £ A4 SDK

@esp-vision/device-core J& ESP-VISION EV-MUX v4 [E{}:X} ¥ ) 7. UI JavaScript 34, SDK. IDE,
Device CLI Fl H & X EHLN AL H BTl S3EFTARL PR, Python, U5 EILHET). Agent
TAEwE s CLI #5114 'H /7 Knowledge MCP it HTTP $2 {13044, SDK A 7E [ {443 host/
device-core ZEH,

10.1 W] API 528528

AT B IEFEMESR . ksl AR B 0.4.0 Hf createDevice iR [BIXF G A2 HW ] APL, BR4F 5T
BRAN, BAEFEIIT, RIGHE reject. 53K A RMFESHIEL; NREL Fra kg —FMHin A 7= B i)
timeout &R, NPAK T IES HIFBONE . B RN =R, SNA BRIEEL.
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Hik

Ri&

createDevice (options)

device.
discover (options)
device.
connect (options)

device.disconnect ()

device.
inspect (request)
device.

configure (request)

device.

control (request)
device.firmware.
check (request)
device.firmware.
update (request)
device.

capture (request)
device.on (event,
handler)
device.python.
input (data)
device.python.
execute (request)
device.files.
list (request)
device.files.
read (request)
device.files.
write (request)
device.files.
remove (request)
device.files.
mkdir (request)

B — IS PR AR AR .
M2 SR A, AR %% B A A .

FIOTHERE . W5 v4 K55 UE REPL 0] ]

RO R, BUH TAEH KPR
EEG . BB, BT, MSETEhE.

SR ERAG B 2K T

ik, Z A A ROM T,
R0 2 A AR A ] A

THEL B, B I INIE application FE1R .
IR AR 35X LCD 1) JPEG.

T SRR T B4

%3%25 7.3\ REPL/stdin %j A
PATIRRD BB A T A AR
FIHH .

BRI 8, UTF-8 SUAR.

)7 5 S AR S

T — AN Sl s H 5

Bl H %, FEHAIECH .

10.1.1  GUEEX B4 itk i

createDevice ({ transport?, discovery? } = {}) - device

transport ¢ fit 7 45 F W % P discovery # fi 1list ({ timeout, signal }) -
Promise<Array>. ] @H —F 0] G0, &A1 E % transport. X A& B & AY X 42 W] AE
connect %A transport, Core A<x H gl N B & BLIC SR @ . socket,

RH R 5 44
writeBytes (bytes) Wh5E; 2R Uint8Array, 4P 7 #kfE I 1E8:9% 5% J5 Promise 7 58 .
TER PN OAZIE TS

subscribe ({ data, Vs AR ELETTREL, data 2R A Uint8Array =5k,
error, close })

connect ({ signal })

Al Core SERCIT F IS 4T H 1 .

disconnect () Al 5 P BILE B T R reader/writer B .
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10.1.2 device.discover(options)

{ timeout = 3000, signal? } - Promise<DiscoveredDevicel[]>

timeout 2k 50-10000 [, WAL E: discovery provider, &N H DISCOVERY_UNAVAILABLE, %%
R H L EIAHT , B2 256 5. KIS, WARFRSUHA owner,

const discovered = {
deviceId: 'e8f60ae75642",
hostname: 'esp-vision-esp32-pdx-eye-e75642-2026-08-27",
board: 'ESP32_P4X_EYE', firmwareVersion: '2026.08.27',
evMuxVersion: 4, compatible: true, port: 3232,
addresses: ['192.168.1.107'7,
// Optional: connectionUrl (bridge), expiresAt (expliry timestamp) .

}

J

b R B IE SER R ), R 2 B 2 T B B E R . deviceTd 2 40 AT 38 i MAC
firmwareVersion ;@A A2 IDE JUA . AR T et b/ 10 0 8 25 18 4, FRFidskAe
expectedDevice. Node 5| #s provider I 5485 API 7 % 4%,

10.1.3 device.connect(options)

{ transport?, role = "unknown", expectedDevice = null, timeout = 60000,
probeRepl = true, autoBaud = true, signal? } - Promise<Inspection>

role 3% unknown., usj. usb., uart, tcp. Core J¢i] W -7 FF 8, 7§ v4, #HEKRE
expectedDevice, RESTHEIHHIM REPL, i [0 BRIA A ih) 45 5 identity/capabilities/runtime . 1FfF 4 .
C I BOEFEWTIF R 5 2 A DEVICE_BUSY {E4A B 4 . B Ll ASE TINIE. #RIA probeRepl :
true ¢ Kk WM REPL, [H W] g5 1L BE AT Python #2)%, % # probeRepl: false AJ3RHEL
EV-MUX £~ %% REPL iy A, HEARJ 7Rzt iy i s )8 2k RPC 58RI A, A
SR . 2k Python SUATAIKHS REPL (¥ SCUFBRAED FT BE H TR Y . 1S8R 327 R MH.
autoBaud ERIAN true. Y[E {50 2 FF UART 15 H 5 Pr 23 owner A uart i}, Core i i 1% 4
JE A% setBaudRate (baudRate, { signal }) K& M4k 2000000, 1500000, 921600, 460800,
115200 bps, Bl EIfE L. autoBaud: false iRFERTSHERMAEEE 115200, Bhids ik, A
USB 5 [H s it thrg . s Wb A /R E. 18178 %5 ROM/stub 55 #5857 o

10.1.4 device.disconnect()

iR [u] Promise., BFHCT . L ILFFALBE T AR, KM AGARRES: . B 1T 4 AR T R 1Y) transport JPA T34
BRI AN ISR, CWITRR BSR4 i B 4TS T BE reject, PR ICTER R LY.
1 finally HiiHll. TR HBTTITH) transport, Hilid connect f2{ILH transport.

10.1.5 device.inspect(request)

{ fields = ["identity", "capabilities", "runtime"], timeout = 5000, signal?
} » Promise<Inspection>
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FE #ZR

identity { devicelId, hostname, board, firmwareVersion } |
null

capabilities VI FIAE-2I H [E {488 /7. features, channels, limits,

runtime 2= /parser/transport R I# , Fft vmReady. vmEpoch #1124 Hj run B null,

scriptRunning fl run HEREZA SDK il H s AT BriEEA
AEAR Y false/mull FIKTBL# EHJE GREF 2. vmReady &8 VM EJH
g, AFER=EW.

network network.status £ %, f1$% enabled/configured/state/IPv4 5 5 IRES, N
GO,
storage flash 5 sd ] storage.writer.status £t 5., 323K storage.writer.lease § /7.

[ {415 fs_state/fs_error/fatfs_result/format_supported, Il &%, X A
R HIERY . BATAENAESARE M RGE MRS, WARRUE
1k

fields W4iE FR AL FA MM AESEAL, (URERGE, B8 FEAEN—K. G0
WA R, N 2PCRENE IS EGE . M 5762 &R RPC; %M N H T&IRZERE, A
HEA~ inspect K50 — B HTRR .

10.1.6 device.configure(request)

{ network: { enabled?, credentials? }, timeout = 45000, signal? } =~
Promise<{ ok, completed, network }>

credentials N { ssid, password } B null, SSID 34 1-32 /> UTF-8 %75, 544 NUL, %

] kzs (ML) . 8-63 A~FIFTEHI ASCIL 475, 64 fif T/l PSK. enabled Nfi/R{H. 2/
b ANEH R, BRS TR E . RIS XM, ANEEIRIEX B enabled: true.

await device.configure ({ network: {
credentials: { ssid: 'example', password: 'example-password' },
enabled: true,

o)

await device.configure ({ network: { enabled: false } })

await device.configure ({ network: { credentials: null } })

Tl i PR S A S S e A A5 8, R H 44 accepted ACK, completed & T fITAILY { action,
operationId } B, KIHIHiN error.completed, MRl error.pending; TS THEA
HaNE . bl s i EE4 s, NER1355. B Wi-Fi o] gl TCP, #UE T USB fii M,
e .

10.1.7 device.control(request)

{ action, mode?, timeout = 15000, signal? } - Promise<control result>
= 74

{ action: "stop" } FR /{2 11 Python, W¥E python.execute iz47 8 [a]# .

{ action: "reset", BEE VM, WEHT epoch FIELAIRTS .

mode: "soft" }

{ action: "reset", S, EEREE .

mode: "hard" }

{ action: 12k ROM T8, Bl 5 W04 ROM BE54 .

"bootloader" }
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mode {UAE reset Wb, HABBIEIRPLIL T B2l df . stop ACK AUKMATHE BT 52, W 4kZE M ¢
done, i/ F# ACK AMUEIEHJHZE ROM H2EC 58, A KA a0 s - Aif .

10.1.8 device.python.input(data)

P FAFER EE Uint8Array, 1R [0 JEE)/2 5 A Promise., 3 HATPA \r 3£%5; JF completion: "start" fj
AT AT stdin S5 (W00 5 Python input () ). BEF¥EBAA R R AR timeout/signal S
fit i python . output HHMAAZAT, A KIETEMARFRAERET) . HoAth 5 S HEE 5 R n, ohse
I 4t A DA DEVICE_BUSY R4 .

10.1.9 device.python.execute(request)

{ source? | path?, completion = "wait", timeout = null, maxOutputChars?,
signal? }

source' " (&%) L5 *"path " (RHELEXNER) SHME AR ME—/, " completion: "wait™"
&\ { ok, path, output, outputTruncated }, HIEH4T source i} path 24 null, completion:
"start" j&[H { ok: true, path, done }, done 5T IR M [FIFEHYGE R L5H , start 1% [B] B 245 A
A N runner LAY VM BEARRIE, AR PRSI T8 8. timeout [LFRVF T wait £ix;
AW null FE7R TCREARPATIRFR , HE& M Be P s HA A 5 . maxOutputChars NIEHEEEL, PR
PREE Bt EAEEL, SRR ER D sE s AE A TR .

const off = device.on('python.output', text => terminal.write (text))
try {
const run = await device.python.execute ({
source: 'name = input ("Name? "); print (name)', completion: 'start',

})
await device.python.input ('example\r')
console.log(await run.done)

} finally { off () }

/{9 terminal Hy UL 424t start #%5X[%) source 2 [ % %] Core 4G HUME—IGIN S0/, BfT5e UG 1%
AR path A2 R I BR . start A)AFIR [l f5, device.disconnect () FEMATHEA S K
IR &1f XM done FEARHIAE Y, B4 DOARR P T RE4kSLIZFT. TR AU signal &—HE5ER
done Z53; & EUA AT, BUHSTERE IR . WEnTsE S E8ma S AR SR, Python stdout 42445
FE R EV-MUX 25, JovE iz Bl 75 S0 i sk B R 208, FH AR R 7 FH 0 3 S Al
Ja GRS . A it %) Python traceback, ok J&PATMEHIZER, AEEE HIHbWT 7{F & Python 2
R T IERL 5545

10.1.10  Besy OO AR
B B AUR AN A, 2 123 4 UTE-8 545, SRIEFSHIFAF . ST, W515 . (RO . ..

BB BRI A list T IAREAR /o SRAEZOROUER G T HER, AP PrA AU Has e 2
1. VAN 5545 Python JE I EREAR HJF .

device.files.list(request = {})

{ path = "/", recursive = false, signal? }

IR B4 %4H { name, path, type: “file” | “directory” ,size }, H 3% size 2 0; #BIHE5HEAN a4 .
device.files.read(request)

{ path, encoding = "binary", timeout = null, chunkTimeout = 30000, maxBytes
= null, signal? }
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binary 3 [A] Uint8Array, utf-8 j&[A] 45 . 450 /null t imeout F/Rm LEEAZEITIR : chunkTimeout [
Hilf Ik REPL 22 H., BRiA 30000 270, X452 BEARAF BRI, AR A B AL AZ TR B R ] . maxBytes
null 5 0..16777216 WREE, BRIIEESCAFRENG HBRSIEA, AR B SRS .

device.files.write(request)

{ path, data, overwrite = true, onProgress = null, signal? }

data S FAFEREL Uint8Array; overwrite:false 75K H g% . HEEZRIIHHEIL { writtenBytes, totalBytes }. 5853
PR 7 SHA-256 Bl A, iR [ul 45 & bytes, complete:true 5 path (FR SN ASAFTIF

device.files.remove(request)

{ path, type = "file", signal? }
type A file 5 directory; MR H SR EK H % A% . &[0 Promise<void>, ANHEHLE I MIERIRE

device.files.mkdir(request)

{ path, recursive = false, signal? }
&M {ok:true}; BEIHBAAQIECHS, ARFEREEHES, EA R4 SO S .
SDK 0.2.0 & PA_b 1 i SC4 (255 Python YRS AR AL ) 31 HI FTHERG 506 — ] £ile . write b . {40

T file.write.binary FFEEALAR 1imits. fileWriteChunkMax "~ (4096..16384, 4% 4096
) s A X FH IR E UNSUPPORTED_OPERATION R F E#H B, A H iR F| Base64/JSON
REPL LFf£, list/read/remove/mkdir {i{#fl framed REPL, L& F/r files.writeBinary
AR . HERCHABERNFH, X Promise R ARKTEKE/BHERB A T K. B
H/KRMAERA abort, EHMLFERNE. HLEHE vM btk . &M L@ KA il & KR Y
FE#; FAT BExFERAHEX AR ELREGELAMER, AREELETES. A EZA W :doc: .
./communication/python-files ., M E#H M H ~ device.firmware.update(), EH /
firmware T2 ROM K552,

10.1.11 device.capture(request)

{ source, format = "jpeg", quality?, timeout = 15000, signal? } - Promise<{
data, mimeType, metadata }>

source 4 camera B screen, &3 HZHF jpeg. A quality S 1-100 FYEEEL, 44 W& R [ BRIA
{H. data >4 Uint8Array, mimeType A image/jpeg, J1{iF metadata.width/height, TjIEIR [FIFFETZE .

const frame = await device.capture({ source: 'screen', quality: 80 })
console.log (frame.metadata.width, frame.metadata.height, frame.data.length)
const blob = new Blob([frame.data], { type: frame.mimeType })

FHALILI ZLR F B E A debug. capture_frame fil debug.capture_frame.observed.vl, ¥£ VM
Hh G i B B 0T — R ) snapshot 7 A SE T ARG AL AR Sk ANl A P BEOR i, R EE
N R . SR 22 R R iR R 2, NS N HBE RN T, XFIHEAZ 2 E 4, Core YEASHELDA
UNSUPPORTED_OPERATION fEZE I HE /R T4 , G035 ELH2 £ 3F RPC/action HIU I 4% o Y45 imk 15 3k L
P VM AL S S 26 542 [7] CAMERA_FRAME_NOT_READY ; M EREI| A4 2k MR [7] NO_MEM, [ ]
snapshot {3 . HHT . BUEERA il 5317 R Wi MEZ TH AR T connect ({ probeRepl:
false })o

LCD JE 2Kk LCD C Ak, H U G328 1% RGB565 i, A JEshifig ks Emafil e, A
SCHFIE 4R 7] NOT_SUPPORTED, LCD KA#J#51ki% [7] DISPLAY_NOT_READY . K44 EIA 2 4 B Hi At
[|lEE, #FEZLE. DMA 52 A2 5 preview 324} W preview-debug .
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10.1.12 device.on(event, handler)

A 3R 8] unsubscribe () o %Sl H I RLE connect FTTT I . ST EHHIAS AR £ Fh AT 8 H:Ath M i
28 L/l Listener.error 2 WTHECE. UL 855 IHE 1T A6 £ object URL.

=4 ESR ] ax

python.output string Python stdout/stderr. $2/RAF-53 H ki .

raw string EV-MUX Wiz SR SCF, Bl 8 s s .

log string [#]{4-/IDF 2 W7 S+

preview { data, M img.flush() P24 1) JPEG, A4,
mimeType,
metadata }

state { state, connecting/ready/disconnected , PA M
identity?, hello/network.changed #2715 ; ready A fff identity .
reason? }

diagnostic { event, ... rpc.request/response/timeout, listener.error 5 Hi2
details } W5 o0 2% SRR SR AR 2 A

rpc { channel, AT RPCMLER , 458 E L SE i A s
metadata,
payload }

10.1.13  HJ)F. BN SR

Aif). FCE. 6L Python, SUPFAIIMAIINAZOKIERAL T ready. KB, FFITH . BEPHGAA ZORE
He BPFEETE E T KM b ROM loader J& th I AERERE I HAAT . EATAF GBS Python, SCIF. FLE. I
P2 B R AR 28tk o] DEVICE_BUSY, A2 HZhEAE L5 78KHFBL . stop/reset nf A5 IEFE AT
python.execute Ppiff; start izf7HF4E 5 ] & done, 124713 stdin I FLIFAZ HHIA -

AR Ab38

TypeError / BIESHG RAFE. AREBZE BRSP4 .
RangeError /

INVALID_PATH

DEVICE_NOT_READY / SR, BRI M ET .

DEVICE_BUSY

DISCOVERY_UNAVAILABLE %Mt provider, ¥ {ii FEL £ 6E /71 .

/

UNSUPPORTED_OPERATION

SESSION_BUSY / RERCHADAE R owner . &5 &R G EESFRE M, Awmblie 55
SESSION_LOST / HILEF A

VERSION_MISMATCH
TIMEOUT / AbortError  AbortSignal B] fE{% V8 7 Error JR R ; ERURSHGEARA, FTiE W
/ CONNECTION_CLOSED IR By . RS 5 St

VM_BUSY / VM_TIMEOUT  HHRfALIRE R, 15 b/ b s IR s 3 m Al A SRR
/ DISPLAY_ NOT_READY
/ NOT_SUPPORTED

BRSS9 20 AL BE rejection, 4R AT HEELY code. ermo. completed. pending, {HANE A iRAEH
#A code. WIF/BUHAIREBR AL ARHEMATZ L, WA ZEWRE AT AR BEARRE S8R

10.1.14  [PRR A L5 9

device.firmware.check ({ catalog?, identity?, version?, mode = 'update',
fetch = globalThis.fetch, signal? })
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& H { available, currentVersion, release, releases }, El@*ﬁﬂﬂ'ﬁ}ﬂﬁiﬁ%%%\,
HRIEZIHE AL EI 27321 identity, B # board § firmwareVersion., WA TER.
EATEE A, catalog B2 INTEXTZ 8k 4a%] HTTPS JSON Mtk , F#2k2s reject; JLULHIFF &
BR[| release: null, available: false. #M% catalog I}, Core HZfi5zHL dl.espressif.com ¥
ESP-VISION ‘B J7 H 5% Je & MUASE et H X catalog HZ2 & 5. [ 30 4% H /b 0753 sl iy
(LRI O (5 W NI By 7 = e

HF#g N { schemaversion: 1, releases: [{ board, version, image }] }, KTk
WeAZDFT RATERHET . BROAESR S ANV R AR 2% B PR va4 Betg el 8 @ AR B2 U4
. available FI/n HARS MHTEEBARR, ANFRAEE H /gt BARFAFEREMEE K. &7 75T
HeAERR AT, UL AE S8 a0 s HARRAS, BFE A IR I .

image fl ¥ evMuxVersion: 4, FEF#E chipFamily., offset, PAKKEHf chipRevision B{#&
B chipRevisionMin/chipRevisionMax, 1IF¥#{ bytes 5 partitionSize " (BEHRMAKE
T), 64 fL/NE+x#4# " sha256, DL partitionTable: { offset, bytes, sha256 }.
EIR eI Rm4a Xt HTTPS url, 35[0 application bin; zip/artifact N2 A2 R 44 bin, Core A 11
TR . TE RS BB 58 4 —3, AR S 2B, A& SDK/IDE fiitAs. SHA-256 ] T
WSk H R, AREIEIRE R ME{E.

device.firmware.update ({ release, board?, mode = 'update',K data?, fetch =
globalThis.fetch, openlLoader, reset?, onProgress?, onPhase?, signal? })

release WAL R P ERFRNISAH . CERRSUMICHEZIT L REZFHAEE board BT
ELPBRIEFMIT K. data & Uint8Array application bin; £ M§H} T 7 release.image.url, Core 4G
BB RAFFIG 7, FRRERC EV-MUX #5382, M 518 15 W openLoader ({ signal }) JRKHUROM |
o o g FAE ALY 05T H 11/WebUSB 4% 2 ROM i#E A4, Core RNELELM 4% OTA, A — &
AT EE AL 54 BIffE s TCP A/ s, e BAH 805 .

loader AU & -5 1 API 7% %% 1) FirmwareFlashSession, 7] % reset (loader) 3/t H: hard-
reset Mg, onProgress (percent) REEEEERIEIENT 0-100 /&, onPhase (text) IR4EH
Bto BRA update B U5 application 73 [X : B AR I METTIRA . RS LA K E, BAJEH
BB SRARTE A i VTR B MDS A% RaR B S: FE ) B 8 SUR AR A i 52 2 [m] 352 A1 SHA-256
B . A RAVCELEZE ;s BROIATHAECRE iR, AR NVS SH P cf; Balse e iR 3.

B4 5 5 & % 8 ¥ )5 B W { verified: true, needsReset, version, board,
reconnected: false }, needsReset: true EXRMFFW_AR A YWHE . AN H3HEE EV-
MUX, WAEMFRACIZTT, M7 EEF AR A . BUEE 57 T, $RH loader DA K 5 AHI
ARG RS JEEREGY, MRS ERE. KIK2 reject I & AT IR loader, AR IFEIR . B
B ER: . R AR &I KB F DA DEVICE_BUSY 14, KRAIFEBaY . K GRAREENIT,
RAERLHE 2 5 A R G L

const result = await device.firmware.check ({
catalog: trustedCatalog, // BE AT F R AW AH)FEH B F.
// B % /ROM Wk & W : identity: previouslyInspectedIdentity
P
if (result.available && userApprovedVersion === result.release.version) {
const updated = await device.firmware.update ({
release: result.release,
openlLoader: ({ signal }) => host.openRomLoader ({ signal }),
onProgress: percent => console.log(percent),
})
console.log(updated) // 5 4T = # /% 1 ; needsReset Hf #& & £ fi .
}

2B IR

H M firmware.check/update, B fE A mode: 'install', ANEZE EV-MUX ZE# 80217 50
5 H PR PR E ST A, M0 R #E A ROM R, I 1E#F ROM L5 USB-Serial-JTAG (USJ)
5 UART 3 1. 28 AN BRI H [ R k) USB-OTG CDC #:11. W Yigsfa 0542k ROM & fid
7%, CLI N'& Node/esptool i&EALAS . MR SE TCP OTA.,
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BRIN mode: 'update' LREA A H BN AT R A KORICELETTELS , A< A 3 V)2 install, A
Core 0.7.0 2, 23X install £ 5eHHIlk IS Flash SCUFRGEHSCfF (BUFEIIA, BAY), PR AR 5¢
BEH BB ML 0 B A, 4 bootloader, 43 IXFEMMWH . H1EA AT GER#: NVS L, HIGFCARFH
Wi-Fi )8 AR SD Ko 15 FEOMHE ] P B0 B2 e pi P s M BRA T o AN PATHRE 488k . 14
=y HBRE ER .

W schemaVersion 1, % i 25 H ¥ 3 7] #%& install: { offset: 0, bytes, flashSize,
sha256, url, chipRevisionMin, chipRevisionMax, bootloader: { offset, bytes,
sha256 } }. flashSize @15 BEK ) Flash 288 (F717); K FA#FEL bootloader 5 1 itk 1811 Y Bl ) 52
£ 5 image {52 N L LR SEE 8B GiZ T bootloader, 43 X FFN R 4 H JEHE MG Ay, 0
WH Y. RESHABR . KATRKENIAE G515 5556 IDF F= A4 ik S8 o8 Dy st A i
DGR TORAR I A S 32

firmware.check ({ mode: 'install', ... }) EHE — PN H L ZEICHIE N R A, =5
Ko B R A AR O B B R OA ) B R FE releases h, & A Bk BB LR
B} 2 FIRMWARE_INSTALL_UNAVAILABLE; 3k ] mode #f 1f 44. firmware.update ({ mode:
"install', ... }) fERRSTEFIZRE ROM i I HIAL I 8618, F Ak A i o ey A 150 3 1 5% e ESP
SRR KRR, ES. AR MDS, ZURICEL N A X, AT S AGER S HE
XI55, AI'5 HAR M) £fat data/FAT 430X, SR B SRR R4, ALHENIH vEs 5E/2 FAT,
MEfER AR SGE . BT AR JEDEC SeilZs &, HgEIRiX A ffat Jil; RG> mThE E#%
B, ANEEE. g s ARG R R TES ATTBGE I AS . ANEAL ANEHORH
EBE . BFE AT U 58 e B B R S NS AL SR s 2 JE AT 20 B 49T inspect, BN S
RGO R EOB S bRis g T

const device = createDevice() // A % E & 1T A transport # connect ().
const selected = await device.firmware.check ({
identity: { board: 'ESP32_P4X_ EYE', firmwareVersion: 'unknown' },
mode: 'install', version: selectedFirmwareVersion,

H)

await device.firmware.update ({
release: selected.release, board: 'ESP32 P4X_ EYE', mode: 'install',
openLoader: ({ signal }) => host.openRomLoader ({ signal }),

H)

10.1.15  H)iBJie A

releases R[] HFH Y FIH LR EFA, RE KM ITHEIT : 40 version i, release @& —4>
WetE A . f5 A version N BEFMAKEHHVCE , A FEAERT A FIRMWARE_VERSION_UNAVAILABLE
fE4s, NSRS E A . [T AR R R AN 2% H R4 iz Y H 5. ReAT I g s Ju el
KA H U, Core ANEUITA Git tag, CL =¥l R Zf R4S . i e 1H At v B A 1] B4 S 3 AL 563

const history = await device.firmware.check ({ catalog: trustedCatalog })
console.log(history.releases.map(item => item.version))
const selected = await device.firmware.check ({
catalog: trustedCatalog, version: selectedFirmwareVersion,
H)
await device.firmware.update ({
release: selected.release,
openLoader: ({ signal }) => host.openRomLoader ({ signal }),

})

Node 1 =] HLHE M AR (LAY ROM &R 4% :

import { openNodeRom } from '(@esp-vision/device-core/node’

await device.firmware.update ({
release: selected.release, board: 'ESP32 P4X EYE', mode: 'install',
openlLoader: ({ signal }) => openNodeRom({ port: selectedRomPort, signal }),

H)

SDK 051 B f & W % # ROM & B #% Qesp-vision/device—core/browser Hj
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openBrowserRom ({ port, logger?, signal? }), B bEARZ3ETRNY; HPFHE
FHZRUFIFT B48 223K W.Device Core npm €.3F 3%

10.1.16  AnfAs % Al 50 BIN 714 (0.4.0)

SDK 051 B & X% i Bl #%. loadOfficialFirmware 5 loadReleaseManifest M
@esp-vision/device-core/firmware A ; RAIHSH createDevice,

loadOfficialFirmware ({ board?, version?, fetch = globalThis.fetch, signal?
) A 4 2 Bl config.toml f# [publication]: schemaVersion: 1, version, 40 {v
sourceCommit, manifestUrl., J& i8 5 7% manifestSha256 J releases: [{ version,
manifestUrl, manifestSha256, boards }]. JINMAANELE, SWEIFESHE—; KM
() oAt g5 55 B R B (HOR e s B G 4 . 48 8 BV IR W AR T 5 e AUT B Irik A 1 — 14
manifest, A H A x A RE; firmware.check ({ version }) &{&iEMUAY, reader, i
7 publication. 7| A 8¢ manifest JTLRLHT AR 6, fU4E 404 B A AVCEL, AERLE. HAZEARE
publication WRELEPREEIH feed; F5E AL 203 IH TCEEE KB

loadReleaseManifest ({ url, sha256, version?, sourceCommit?, boards?, fetch
= globalThis.fetch, signal? }) AiZEUAIZE config, HiHT| R PLIE. SHA-256 75 7 UTF-8
JSON JE a3, 454074 schemaVersion: 1, version, sourceCommit, IF¥%{ pipelineId,
layout: 'legacy' | 'single-bin', B & releases $ 4. 5E % website P MH A 7] %k
mep  (null RFAHAHBEK) . THER/RESEATLLE,;, REHKRKRIA release §
X, BEF URL [RE & " “https://dl.espressif.com/AE/esp-vision/; Fi# N & [E &
%l raw.githubusercontent.com/espressif/esp-vision/<sourceCommit>/models/....
MCP $#iA ¥ url/bytes/sha256/version/sourceCommit, {fiffI’B 5 bin/mcp/ 3FJF; website i
AR BUBRM TG R, Beis ] (A AR BN ZE SR A PTRAE R 2R o B i ke 2 64 AR AREL, 256
AIRASMEALIL SR . 4 MiB manifest 745 . [ @ AR A PTG R A5 SR, RNET HARTE KA
FHRMEEAINIE.

loadOfficialFirmware £ manifest [tH8#M R[] publication; W% board HIFE#4{ manifest L5
JE IR M 45 H - publication. releases $fb &8 AR FS | ] ; website.releases
AT PARR B S D g e BRI IH IR R 8038, SRR AT APFH BIN URL gHFARER . Wk A 2 5 |
WG, WHEEERZGI A% loadReleaseMani fest SEERMUAS, 5 H 5 E 2R A W —PH .

layout: 'single-bin' Hi4:4> release % image.source: { url, bytes, sha256, offset
}; URL [T image . url 5584515 1) install .url, KEMAHET install .bytes/sha256,
source.offset &7 image.offset, W HLEMIETZELALSN; image.bytes/sha256 {3{Ufid
J¥. ]« Core —C T #84> source, TEARH ROM HifE 4 K 2/ 7/ AT bootloader , 43 X F sl I I W A A F
YW HEE s Za. pRiaE. BASHERREBHE. 75K RZEDIELEBAT, A3k
N, B mode: 'install' HAFKETERGER; %A data WEGHIL, f7/E image. source
BRI SERE A, WV R H BIN, 4845 HF legacy manifest 5 1HR S H#5A . N2 A
FEHf R EE J 256 MiB ERRZYSE, (] HTTPS., fE45 e 0], B A A HTTP Range. JIYigsid 7 L7
BAT N P s s s

[#] 7E W5 77 1Y manifest 155 %% BIN source {1 [ )| Ys#% HTTP 2877 (cache: default); H[ZF config 5IHM
37 ] BIN {#Ff no-store, [EERFHE fetch [y EXiBi 2| TypeError b}, {X—¥K no-store X PAIKE ik
/I> CORS 3L IHZEAE. HTTP, $2HUm N . SHA-256 5 eimss iy A E . AR,

10.2 w3l APL 555

A2 24 package.json exports 78 15 £ HRATF FABAEM A S H, P IE S H AU FRILTFLa 2
FFER . R RN i M AR 6 S Y sre/device* SEEUBER JE T TR L. WM A APL 7 % A
% G, ANAER—EZIFATRI R A IH &/fENTe . AN 0 ] JavaScript Z5UBONMETEYE, B8
7551k 5] Promise.
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10.2.1 @esp-vision/device-core

AL S createDevice (options), @HRSETR IR RIGM HEIL SR API 7% 5%,

§

10.2.2 @esp-vision/device-core/evmux
EvMuxParser

new EvMuxParser (handlers = {})

FATENT AR, ALBURSEREE M A, CRC. i JEFI channel 43 % . handlers {3 §F text, rawText, log.
command other, preview(base64, metadata, bytes). debugImage(base64 metadata), rpc(metadata, payload), fil-

terFrame(metadata, payload). frameRejected(metadata). filterFrame 1% [1] false BsfPH [ 1Z %38 45

EvMuxParser.setLimits ({ metadataMax, payloadMax, frameProgressTimeoutMs,
frameTotalTimeoutMs } = {}
BB IE{H metadata/payload ﬁ/J\ﬂlT RIS [R] FR A .
EvMuxParser.resetReplTextDecoders ()
HE stdout/stderr 1) UTF-8 fEIIRES .
EvMuxParser.reset ()
THEREA G A SERWUE NS 55T
EvMuxParser.getDiagnostics ()
1% 1] active/rxBytes/rxChunks/bufferedBytes/frames/droppedFrames/invalidimageFrames/lastChannel , in-
completeFrameTimeouts, DA & Jf 37 () partialFrame F ] B B (null 2 DA Z #P 3 75 19 starte-
dAt/lastProgressAt/progressDeadline/totalDeadline ) . 12 Wi A2 M2 M7, reset <3 5 1T 50 F1 2 i ik
7
N o
EvMuxParser.hasPartialFrame ()
WS i v A A T BERY N ST B T
EvMuxParser. feedText (text)
FEARA ORI D Je i AT, DB A b,
EvMuxParser. feedBytes (bytes)
i AMLTE Uint8Array B, FeVFdRinT. Al
EvMuxParser.dispatch (metadata, payload)
- ELf#HT metadata/payload 43 % & channel handler, A M 2854k FliRiss: .

makeEvMuxFrame

makeEvMuxFrame ({ channel, type = 'data', method = null, payload = '', seq =
0, sid = 'web-ide', sessionId = undefined, vmEpoch = undefined, contentType
= undefined, width = undefined, height = undefined, route = undefined,

encoding = undefined })

1% [ metadata, SCAS/ 34| payload Al CRC #y£k I Uint8Array. seq JiF 5HE, sessionld/vmEpoch #5iH
AR it b5, AR

10.2.3 @esp-vision/device-core/evrepl
EV_REPL_FILE_CHUNK_BYTES

378 REPL SUEB AZSHIERIAH /N, 5 script.write RPC 43 HeA [

[224

EV_REPL_INPUT_MAX_BYTES

5% REPL i A\ fi Q- HYERIA UTF-8 FidE, A04F exec #% LITH.
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[511

EvRepl

new EvRepl (io)

framed MicroPython REPL /%% . io.writtEvmux(channel, type, method, payload) #5451 [n] Promise, Ff3%54%
i A stdout, "FHIATF VAWML S R IC AT B, W R E A device.python/files .

EvRepl.execInputBytes (source)

PP XURI REPL exec fird: UTF-8 478, (18 &L T4
EvRepl.createScriptEndSentinel ()

Az J R [0 E— LA 52 R T Bl i 2
EvRepl.createScriptRunCommand (path)

A S NERSE R IC Y execfile 121714 .
EvRepl.cancelScriptEndSentinel ()

TR RFVCILR) 58 BUARIC o
EvRepl .drainScriptEnd ()

THPR G A 5E BUPRIC, 38 %0 onScriptEnd.
EvRepl.partialMarkerTail ()

AR BA R e AR IC ADR B G2k
EvRepl. feedStdout (text)

A, VRN S R
EvRepl.drain()

ALBRE e PR AT 58 MU -
EvRepl.failAll (error)

PSSR 4 HE A/ 24 1 2 R
EvRepl.resetEpoch (error)

HE RS epoch IRES, (RS R RAK.
EvRepl.enqueue (operation, { signal = null } = {})

ERATIAT operation, 3R [H] 45 Promise, SCHFEU .
EvRepl .writeStdin (data)

[f] repl.stdin 4753 /Uint8 Array.

EvRepl.execlLine (line, { timeout = 8000, signal = null } = {})
PATHER SFIAT, S RHRRAT i .
EvRepl.execPy (source, { timeout = 8000, signal = null } = {})

FRIRRSEE SUA exec 4y, R [MCER I »

EvRepl.getDeviceInfo ({ signal = null } = {})
PG K R IEREER .
EvRepl.getFsStats(path = '/', { signal = null } = {})

EM RIS R A B/ REE
EvRepl.listFs (path, { recursive = false, signal

1% [B] 4/ {name,path,type,size} 2cH , WiEIH.
EvRepl.walkFs ({ signal = null } = {})

IR [ SRS 11 {88 Pk 5 SO o
EvRepl.readFile (fn, { timeout = null, chunkTimeout = 30000, signal = null,
maxBytes = null } = {})

IR SERESC A Uint8Array s SUAEAL . ERFR BN 2 BEINHE 4
EvRepl.touchFile (fn)

1) 3/ K — 3044, Promise<void>,

EvRepl.removeFile (path, { signal = null } = {})

M BE—~ 30, Promise<void>,
EvRepl.removeDir (path, { signal = null } = {})

Mgas H 3%, Promise<void>,

EvRepl .makePath (path)

e REPL Hiil )y vk Q1 Bk 12 .

EvRepl . .writeFile (fn, data, chunk_size = EV_REPL_FILE_CHUNK_BYTES, direct =
false, { signal = null } = {})

null } = {})
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FHZS REPL 5 /435 Ad: W files.write {ff fl 231 RPC 5 A %Y.
EvRepl readSysInfoMD ()

1% [1] Markdown #% =0 R 485 E. -

evReplExecInputBytes

evReplExecInputBytes (source)

T ORI REPL exec fiyd UTF-8 4L, A& an - tUIT4H

10.2.4 @esp-vision/device-core/session
DeviceSession

new DeviceSession ({ transport, EvMuxParser, makeEvMuxFrame, EvRepl,
handlers = {}, sid = 'ide-client', sleep = defaultSleep, })

2 v4 f# OB #%, 1 A transport, EvMuxParser. EvRepl. makeEvMuxFrame; handlers 3% Ui
text/rawText/log/preview/rpc/diagnostic J% £x % A& iy J& 3 18] V8. & ) 77 00 37 4 4% % A FE WA 21,
FA TS A B ARFT IR s W HI A I createDevice B 35525553 6 4= iy il 1 4 .

DeviceSession. feedBytes (bytes)

] i AT AR S AT
DeviceSession. feedText (text)

i A\
DeviceSession.hasFeature (feature)

FIWTHH T RE 1 2 75 AW 4R € feature.
DeviceSession.writeFrame (channel, type, method, payload, { authorize =
null, vmRequest = null seq' requestedSeq = null, signal = null,
writeTimeout = null,

24 Hi 2> Tk /epoch ﬁﬁ%?ijﬁflbw 1R [ f% %5 Promise .
DeviceSession.rpc (method, payload = {}, { timeout = 4000, channel = null,
signal = null, blnaryResponse = false } =

K ik KHK RPC, “5ff JSON BY binaryResponse ; ﬁﬁﬂr El{ﬁ {4 iR S T
DeviceSession.captureImage(method payload = {}, options = {})

PE A INE F7Y2 , 1% [7] JPEG {data,mimeType,metadata} . }HAL 5% (IEEH % roc fliE K writeFrame)

FL3K debug.capture_frame.observed.vl, [HM AL 4 B4 S A K& F T wi o dE 4.

CAMERA_FRAME_NOT_READY ] NO_MEM ﬁé‘éﬁ’jﬁ%ﬁqlﬁﬁ%ﬂm, ANTIATHELR W
DeviceSession.negotiate (options = {})

PRI v4. i S0/ B FRIBUIA AL, Pk REPL,
DeviceSession.writeFile (path, content, { encoding = 'utf-8', mode =
'overwrite', runAfterWrite = false, signal = null, onProgress = null, } =

W E—H) file.write —HEHI5 |25 A UTF-8/775, 58 SHA-256 $£32 J5 iR 1] ; FoK file.write.binary,
AMLRIH B AR
DeviceSession.writeScript (path, content, { runAfterWrite = false, signal =
null } = {})
writeFile [ UTF-8 25838,
DeviceSession.createOperationId()
A BHT ) R 26546 2 operation 1D,
DeviceSession.networkStatus (options = {})
1% [8] network.status JR /45 R,
DeviceSession.configureNetwork ({ ssid, password, operationId = undefined },
options = {})
KIESFEYEAN operationld, 3% 1] accepted ACK, ANACFEFAEL M 12 .

DeviceSession.setNetworkEnabled (enabled, options = {})

RIEFF AT RAE P
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DeviceSession. forgetNetwork (options = {})

T KA B AT
DeviceSession.release({ timeout = 1200 } = {})

Bt EV-MUX £x5fH24, Promise 3% [i] RPC %55,
DeviceSession.executePython (source, { timeout = null, signal = null } = {})

it framed REPL $U4 7RSI 3 [ 4y 1
DeviceSession.interrupt ()
1 framed signal 18 & 1% Cul-C.
DeviceSession.control (operation, { timeout = 15000, signal = null } = {})
AT stop/soft-reset/hard-reset/bootloader 1l .
DeviceSession.stopForRepl ({ timeout = 5000, signal = null } = {})
2S£ W 04T REPL, 3R 815484 SR A .
DeviceSession.runScript (path, content, { timeout = 10000, signal = null,
onStarted = null, maxOutputChars = Number.POSITIVE_INFINITY, trial = null,
inlineCompletion = false, } = {})
PATEABIA, A5 A% content, “FRFA A 5EM.

DeviceSession.startScript (path, content, { onStarted = null, ...options }

) JEBA, JR[E]F done Promise f/J4H .
DeviceSession.scriptRunSnapshot ()

IR A 2 HHEA TR B EL null,
DeviceSession. snapshot ()

R ESARAS L role. BEJ). parser/transport ZEiT HITFALEE RPC £
DeviceSession.close (error = new Error ('connection closed'))

TR BT AR, EESTRRE/E NS PBIERE d e 32 X

B A PR IR S 345 state, role. identity, capabilities. sessionld, vmEpoch, vmReady . limits. parser. repl;
MBS HEERS, AHERE. negotiate ¥ENI A role=" unknown” ., drainMs=300, acquire=true.
probeRepl=true., expectedDevice=null, signal=null, TCP ®kid )53} drain. = [0 ¥E parser o] 42 A N
ANFEEE T TR, I AR SR Aa IR, 5 S WA e SE K ) 2 Wi B AL R . AW IH parser #7
AR, W OR B 22 R W RSP AT, AN TR A S5 1. control #2537 stop/soft-reset/hard-
reset/bootloader TFAFH: , A& M X Z A KL . K2 M 2548 0z ] accepted ACK, |3 J] configure 2%
LRI XA F45 58 . {4 typed run trial F5f 23K operation_id A) UUIDv4, source_path i 512 4~ UTF-8
7. source_hash 2y 64 {ii/NE SHA-256, 33K [H {475 B launcher trial/typed-runner §E /7; trial ANEES
inlineCompletion £H £ .

EV_MUX_DEFAULT_LIMITS

PSR BRI, S2BR B T HINRT B0 44 limits; txLargePayloadMax=0 24 #A HLE A, AFR g s R
AERIE T TR

{
"metadataMax": 384,
"rxPayloadMax": 2048,
"replInputMax": 511,
"vmPendingMax": 1,
"txLargePayloadMax": O,
"txFrameTimeoutMs": 1500,
"txQueueTimeoutMs": 2000

EV_MUX_PATH_MAX_BYTES

B e UTE-8 PR, O % I SO Rk it

[123
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EV_MUX_PAYLOAD_LIMIT

A7 payload WIS H &, AEAUIRTH RX FRH

[1800 J

EV_MUX_REQUIRED_CHANNELS

v4 BEJI LR SR channel ££46
l

"user.rpc",
"debug.rpc",
"repl.stdin",
"repl.stdout",
"repl.stderr",
"repl.signal",
"log.idf",
"preview.frame"

EV_MUX_REQUIRED_FEATURES

v4 Be JIRCIR K V) feature FEE
[

"capabilities™",
"route.changed",
"framed.repl",
"session.firstCome",
"session.keepalive"

EV_MUX_SCRIPT_CHUNK_BYTES

IH script.write f) &% & ; SDK 0.3.0 FAEARFHEH, K EE fileWriteChunkMax .

[900

EV_MUX_VERSION

SCRF ST AS -

[4

evmuxRpcChannelForMethod

evmuxRpcChannelForMethod (method)
debug.* Jyyki[u] debug.rpe, FAthiR 9] user.rpc.
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requiresEvmuxFirmwareUpgrade

requiresEvmuxFirmwareUpgrade (err)

HIWr R N E TR AT R, IR WA, SRS A DR s T AR

validateEvmuxCapabilities

validateEvmuxCapabilities (payload)

U v4 A, WAEE features/channels, FERFIGSTEHZY, &[0 void; ASPURED R B4 GE J7 ] Hib4s .

10.2.5 @esp-vision/device-core/actions
DEVICE_ACTION_DESCRIPTORS

A 1T AHA E E R VERYY, AR Core T SEEF- G M ALES . 7482 UL 8 workspace #; iX 44
handler 1 2 4052 . i A PAZAHIA K inputSchema A, outputSchema 14 handler H & X 2B, risk
4 readOnly/destructive/openWorld Fr i .

device.listPorts

List platform-native serial candidates for the user to select; this action never chooses a device.

{

"inputSchema": {
"type": "object",
"properties": {},
"additionalProperties": false

}I

"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties": true

}I

"risk": {
"readOnly": true,
"destructive": false,
"openWorld": false

}I

"requiresReadyDevice": false,

"concurrency": "shared-read"

device.connect

Connect to an ESP Vision device using standard elicitation for a serial port or an explicit device TCP address, then
acquire an EV-MUX v4 session.

{

"inputSchema": {
"type" : "Obj ect" ,
"properties": {
"transport": {
"enum": [
"serial",
n t Cp "
1,
"default": "serial",
"description": "Use serial for a platform port or tcp for an IP address on.
—the device network."
(BEF10)
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(B L)
by
"port": {
"type": "string",
"description": "Platform-native serial identifier, such as /dev/ttyACMO or.

—/dev/cu.usbmodem*. Omit it only when the MCP host advertises elicitation or ESP_
—VISION_PORT is configured. Non-interactive callers must pass it explicitly. A_
—direct network address may also be supplied as tcp://IP:PORT or IP:PORT;.
—alternatively set transport to tcp and provide host and tcpPort."

}I

"host": {
"type": "Stril’lg",
"description": "IPv4 or IPv6 address of the device when transport is tcp."

}I
"tecpPort": {
"type": "integer",
"minimum": 1,
"maximum": 65535,
"default": 3232,
"description": "Device EV-MUX TCP port."
}I
"baudRate": {
"type": "integer",
"minimum": 1200,
"maximum": 4000000,
"default": 115200
}I
"drainMs": {
"type": "integer",
"minimum": O,
"maximum": 3000,
"default": 300
}
}I
"additionalProperties": false
}I
"outputSchema": {
"type": "object",
"properties": {1},
"additionalProperties": true
}I
"risk": {
"readOnly": false,
"destructive": false,
"openWorld": true
}I
"requiresReadyDevice": false,
"concurrency": "exclusive"

device.disconnect

Disconnect the active device session and release its lease.

"inputSchema": {
"type": "object",
"properties": {},
"additionalProperties": false
}l
"outputSchema": {
"type": "object",
(BT )
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(B L)

"properties": {},
"additionalProperties": true
}I
"risk": {
"readOnly": false,
"destructive": true,
"openWorld": false
}I
"requiresReadyDevice": false,
"concurrency": "exclusive"

device.negotiate

Discover EV-MUX v4, explicitly acquire a session, and prove the framed REPL is live.

{
"inputSchema": {
"type": "object",
"properties": {
"role": {
"type": "string",
"default": "unknown"
by
"drainMs": {
"type": "integer",
"minimum": O,
"maximum": 3000,
"default": 300
}
}I
"additionalProperties": false
}l
"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties": true
}I
"risk": {
"readOnly": false,
"destructive": false,
"openWorld": false
}I
"requiresReadyDevice": false,
"concurrency": "exclusive"

device.inspect

Inspect protocol state, device identity, filesystem, and recent logs.

{
"inputSchema": {
"type": "object",
"properties": {
"includeFiles": {
"type": "boolean",
"default": true
by
"logLimit": {
"type": "integer",
"minimum": O,

(T
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(B L)

"maximum": 500,
"default": 100
}
}I
"additionalProperties": false
}I
"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties": true
}I
"risk": {
"readOnly": true,
"destructive": false,
"openWorld": false
}I
"requiresReadyDevice": true,
"concurrency": "shared-read"

python.execute

Execute MicroPython through the shared interpreter using bounded REPL or binary file staging.

{
"inputSchema": {
"type": "object",
"properties": {
"code": {
"type": "string"
}I
"timeoutMs": {
"type": "integer",
"minimum": 100,
"maximum": 120000,
"default": 8000
}
}I
"required": |
"code"
]I
"additionalProperties": false
}I
"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties": true
}I
"risk": {
"readOnly": false,
"destructive": true,
"openWorld": true
}I
"requiresReadyDevice": true,
"concurrency": "exclusive"

python.runEphemeral

Run one Python draft from the reserved temporary device path without modifying a user-owned file.
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"inputSchema": {

"type": "object",
"properties": {
"code": {
"type": "string"

}I
"maxDurationMs": ({
"type": "integer",
"minimum": 1000,
"maximum": 180000,
"default": 180000
}
}I
"required": |
"code"
]I
"additionalProperties":
}I
"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties":
}I
"risk": {
"readOnly": false,
"destructive": true,
"openWorld": true
}I
"requiresReadyDevice": true,
"concurrency": "exclusive"

false

true

python.observeEphemeral

Observe the bounded output and status of the current temporary Python run.

{

"inputSchema": {
"type": "object",
"properties": {

"runId": {
"type": "string"
}I
"waitMs": {
"type": "integer",
"minimum": O,
"maximum": 10000,
"default": 1000

b
"outputOffset": {

"type": "integer",
"minimum": O,
"maximum": 1048576,

"default": 0

}
}I
"required": |

"runId"
]I
"additionalProperties":

}I

false
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"outputSchema": {
"type" : "object n ,
"properties": {1},

"additionalProperties": true

}I

"risk": {
"readOnly": true,
"destructive": false,
"openWorld": false

}I

"requiresReadyDevice": true,

"concurrency": "shared-read"

(B L)

python.stopEphemeral

Stop the current temporary Python run and remove its reserved device file.

{

"inputSchema": {
"type": "object",
"properties": {

"runId": {
"type":
}

"string"

}I
"required": |
"runId"
]I
"additionalProperties":
}I
"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties":
}I
"risk": {
"readOnly": false,
"destructive": true,
"openWorld": false
}I
"requiresReadyDevice": true,
"concurrency": "exclusive"

false

true

deviceFile.read

Read a file from the device filesystem.

{

"inputSchema": {
"type": "object",
"properties": {

"path": {
"type": "string"
}I
"encoding": {

"enum": [
"utf-8",
"base64"

JI

"default": "utf-8"

(T
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}
}I
"required": |
"path"
]I
"additionalProperties":
}I
"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties":
by
"risk": {
"readOnly": true,
"destructive": false,
"openWorld": false

by

"concurrency":

false

true

"requiresReadyDevice": true,
"exclusive"

(B L)

deviceFile.write

Write a file to the device using the negotiated transfer path.

{

"inputSchema": {
"type": "object",
"properties": {

"path": {
"type": "string"
by

"content": {
"type": "string"

by

"encoding": {
"enum": [

"utf-8",

"base64d"
JI
"default": "utf-8"

}I

"runAfterWrite": {
"type": "boolean",
"default": false

}
by
"required": |
"path",
"content"

1,

by
"outputSchema": {

"type" : "object n ,
"properties": {},

}I

"risk": {
"readOnly":
"destructive":

false,
true,

"additionalProperties":

"additionalProperties":

false

true

(BETID
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(% L 50)

"openWorld": true
by
"requiresReadyDevice": true,
"concurrency": "exclusive"

workspaceFile.deploy

Stream one workspace-relative file to the device without placing binary content in the model context.

{
"inputSchema": {
"type": "object",
"properties": {
"sourcePath": {
"type": "string",
"description": "Workspace-relative source file path."
}I
"devicePath": {
"type": "string",
"description": "Absolute destination path on the device."
}I
"expectedBytes": {
"type": "integer",
"minimum": O,
"maximum": 16777216
}I
"expectedSha256": {
"type": "string",
"description": "Optional lowercase SHA-256 expected before transfer."
}I
"overwrite": {
"type": "boolean",
"default": false
}
}I
"required": |
"sourcePath",
"devicePath"

1,
"additionalProperties": false

}l

"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties": true

by

"risk": {
"readOnly": false,
"destructive": true,
"openWorld": true

}I

"requiresReadyDevice": true,

"concurrency": "exclusive"

deviceFile.remove

Remove one file or one empty directory from the device filesystem.

{
"inputSchema": {
(T
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(#2 E50)
"type": "object",
"properties": {
"path": {
"type": "string"
} 4
"kind": {
"enum": [
"file",
"directory"
] 4
"default": "file"
}
} 4
"required": |
"path"
] r
"additionalProperties": false
by
"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties": true
} 4
"risk": {
"readOnly": false,
"destructive": true,
"openWorld": true
} 4
"requiresReadyDevice": true,
"concurrency": "exclusive"
}
J
deviceTest.run
Write, run, and capture a target-side MicroPython test.
{
"inputSchema": {
"type": "object",
"properties": {
"path": {
"type": "string",
"default": "/.agent_test.py"
} ’
"source": {
"type": "string"
} ’
"timeoutMs": {
"type": "integer",
"minimum": 500,
"maximum": 120000,
"default": 10000
}
} 4
"required": |
"source"
] 4
"additionalProperties": false
} 4
"outputSchema": {
"type": "object",
GEFH)
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(B L)

"properties": {},
"additionalProperties": true
}I
"risk": {
"readOnly": false,
"destructive": true,
"openWorld": true
}I
"requiresReadyDevice": true,
"concurrency": "exclusive"

device.control

Interrupt, reset, or enter the bootloader.

{

"inputSchema": {
"type": "object",
"properties": {

"operation": {
"enum": [
"stop",
"soft-reset",
"hard-reset",
"bootloader"

]

}l
"confirmBootloader": {

"type": "boolean",
"default": false
}
}I
"required": |
"operation"

]I

"additionalProperties": false
}I
"outputSchema": {

"type": "object",

"properties": {},

"additionalProperties": true
}I
"risk": {

"readOnly": false,

"destructive": true,

"openWorld": false
}I
"requiresReadyDevice": true,
"concurrency": "exclusive"

device.rpc

Call a negotiated user or debug RPC method. For network.configure, network.enable, and network.forget, include
a 32-character lowercase hexadecimal operationld and reuse the exact same ID and payload when retrying after a

timeout.

{
"inputSchema": {
lltype" . "Object H,

"properties": {
(T
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"method": {
"type": "string"

by

"payload": {
"type": "object",
"default": {}

}I

"channel": {

"enum": [
"user.rpc",
"debug.rpc"

]

}I
"timeoutMs": {

"type": "integer",

"minimum": 100,

"maximum": 120000,

"default": 4000

3
}I
"required": |
"method"
]I
"additionalProperties":
}I
"outputSchema": {
"type": "object",
"properties": {},

false

"additionalProperties": true

}I
"risk": {
"readOnly": false,

"destructive": true,
"openWorld": true
}I
"requiresReadyDevice":
"concurrency":

true,
"exclusive"

(B L)

frame.capture

Capture one JPEG frame for an explicitly requested observation.

{

"inputSchema": {
"type": "object",
"properties": {

"timeoutMs": {
"type": "integer",
"minimum": 500,
"maximum": 30000,
"default": 8000

}

}I

by

"outputSchema": {
"type" : "object u,
"properties": {},

by

"additionalProperties":

"additionalProperties":

false

true

(BETID
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(B L)

"risk": {

"readOnly": true,

"destructive": false,

"openWorld": false
} 4
"requiresReadyDevice": true,
"concurrency": "exclusive"

}

DEVICE_ACTION_SCHEMA_VERSION

a8 F s VERIA R schema fiiAS

€ 1

DEVICE_ACTORS

6 EBEZ LV actor ZF%, X R A ELK actor,

[

Ylagent"
]
DeviceActionError
new DeviceActionError (code, message, { recovery = null, details = null,
cause = null } = {})

ZERAAE R EAS R, & code/message FITT] & recovery/details/cause; toJSON ANJ¥414k, cause.

DeviceActionError.toJSON ()
1’ [\ {code,message,recovery?,details?} .

DeviceActionGateway

new DeviceActionGateway ({ registry = new DeviceActionRegistry(),
coordinator = new OperationCoordinator (), lease = new Devicelease(),
getSession = () => null, authorize = async () => true, } = {})

PRI SV E 4 Alcontext, 62515 F L5 ready <1, 18 authorize(descriptor, input, context), F-FH 45
7€ handler, context.actor WA5015Z 37 1%, context.requestld WA3E, context.signal Sz BN . 15 E L ALSL PR %

PUEERG, BRiA authorize 3 ] true,

DeviceActionGateway.invoke (actionName, input = {}, context = {})

Promise: 1R [B|#250/#Z A5 handler AYZE2AL; HFIRFBNE E T 3C.

DeviceActionRegistry

new DeviceActionRegistry (descriptors = DEVICE_ACTION_DESCRIPTORS, |
schemaVersion = DEVICE_ACTION_SCHEMA_VERSION } = {})

ShEHA 5 B 4052 handler BT . #i1A2E5K name ., inputSchema. outputSchema, risk, 7#55E iR
BICEE, Gateway.invoke £ PA ACTION_UNAVAILABLE 5443 J{| ; register/bind 1% 1] this, W]4&E=E ] .

DeviceActionRegistry.register (descriptor, handler = null)

WH A 5 7% handler,
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DeviceActionRegistry.bind(name, handler)

HNEA S E handler.
DeviceActionRegistry.descriptor (name)

IR 4R 5 null,
DeviceActionRegistry.handler (name)

i% [A] handler 5§ null,
DeviceActionRegistry.list ()

SATIETBUS i
DeviceActionRegistry.validate (name, input)

RgRA . BB, R R R4S

DeviceLease

new DeviceLease ()

16 30 actor F12y, H[FE{: EV-MUX &35 L2 A . actor £47 J& T DEVICE_ACTORS, [f] actor i £~
PN AR EORREER G A b .
Devicelease.acquire (actor)
iz 1] {id,actor,release}, N[E] actor {2 B4
Devicelease.release (id)
BE— 15 32 D,
Devicelease.assertAccess (actor)

actor KFFA T FH L0, .
DeviceLease. snapshot ()
& [H] {state,primary,actors,holders} .

DeviceLeaseConflictError

new DeviceLeaseConflictError (owner, requester)

5 I actor 5 Y4 HiH A5G F v o2y Device ActionError

OperationCoordinator

new OperationCoordinator ()

SCHRFBOH 5 KPR PR 1S EH AT BUIERLE S HEBA, B R A SR % operation IR Y
AbortSignal ,

OperationCoordinator.run({ actor, requestId, actionName, signal },

operation)
- operation HEPA , & 9] 25 5 Promise.
OperationCoordinator.close (reason = actionAbortError ('Device session

closed'))
FEAEHEA TAEFHUE A 00 LR, 457 1232 Fi A .

OperationCoordinator. snapshot ()

35 [1] 24 Bif K2 HEBA 1 actor/request/action B{5y .

10.2.6 @esp-vision/device-core/bindings
DeviceEvidenceBuffer

new DeviceEvidenceBuffer (limit = MAX_EVIDENCE_ENTRIES)
AHIEF UL, s RN EFR 500, snapshot #RIA 1005 {ELBRE, WAL PREUSAE B -

DeviceEvidenceBuffer.append(kind, value, details = null)

BT R . FRAS A M T 3 details.,
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DeviceEvidenceBuffer.snapshot (1imit = 100)
SUAEIE =31 2o i S TReTIN
DeviceEvidenceBuffer.clear()

2 i

EPHEMERAL_PYTHON_PATH

GG A T i AR B PR B B4R W] source/start ] [ 2 B ME— IR B4R .

[" /.espvision_agent_run.py"

EphemeralPythonController

new EphemeralPythonController (session, { evidence = null, generation =
'session' } = {})

A g 24 B — A~ B BR %9 I B Python iZ 47, f#f B EPHEMERAL_PYTHON_PATH;
session k) DeviceSession. [ B 45 runld/path/status/output/nextOffset/finished/cleaned, 7] [ft er-
ror/outputTruncated/cleanupError/residualPath ; 53l i A 215 P 5E i

EphemeralPythonController.start (code, { maxDurationMs = 180000, signal
null } = {})
JEEIA RIS T, R R, SE UG T
EphemeralPythonController.observe (runId, { waitMs = 1000, outputOffset
signal = null } = {})

%% %5 waitMs, M outputOffset 3% [B] B -H i H
EphemeralPythonController.stop (runld)

fEIEHR BT, R ENEEARZ T
EphemeralPythonController.close()

s il O PRI TS L 2 B A T

]
o
<

bindSessionDeviceActions

bindSessionDeviceActions (registry, { evidence = new DeviceEvidenceBuffer(),
lease = null, getOperations = () => null, getGeneration = () => 'session',

p=AL

R 41 2 18 &35/ 30 4/Python/JIU ] handler, 2 [H] { evidence, controllerFor } . [ ERECA$ELTE 3% H
i4) listPorts/connect/disconnect/workspace #3852 3, M fE F405E .

10.2.7 @esp-vision/device-core/firmware
Fe k-3 ROM Flash

N FF Y openNodeRom Fl openBrowserRom i Br #§ t 37 ¥ H 474 B Flash 75 & & H . 2%
initialize (), XF¥EH I AMEITIR ) getSecurityInfo (), F runStub(); H7E stub 5t4%
JEEAE, HFAEWHY disconnect () o PATHRAERMIMEIAT, AR E A FAT 73X

e stub.eraseRegion (address, size) R THESILHE, FEIEHIEFIFE K F#H 4006 F
Tt Fe, BAE 32 SribhkasE p .

e stub.flashData (arrayBuffer, onProgress, offset) Il H HERMILAEFTER
FeEMAL.

* stub.readFlash (offset, byteCount, onProgress?, options?) & B % & & Hl.
options AJ#§ % chunkSize. blockSize" " (1024 = 4096) . “maxInFlight; KiLHl
FEUG N DA BT 65536 ST 40 By 1024 SE A0 FI AN KRB A G EL .

e stub.flashId () JR[A¥% JEDECID, {7 1623 4&RI5%, REEEFZWEG AT
FEl N 5P Flash, 165050 Rie#E. JUBEE RN, Bdani A S mAR s .
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5 Node/il % #% i H B, 45 4 3& BC 28 52 % H 98 B — R flashData (). W% #% 38 Be 25 £ DA
ROM_WRITE_REUSE fH 4455 Y FH I X P & . 2 BOBU Y. & 9F S — 1842 payload, I HH #ff [A] Bt
W BERR S ATE T ELIFRE ROM &% . S5 AHEn, NS R,

H e XX TR DA 240 AixX 26l #/E. FirmwareFlashSession fEH FHAESZIAT GG 152 %
FEEI N R SERAT I 5ol B AL, Core 0.7.0 B2 BT Bk MBS S-S TE RS RE 1, AR
SERLREIE TR INTR FAT AT A784 s 1A 8 50N FAT Hudik. 2238 AR 2 A 100 X 26, IRIEAR
ool o K R ZE B FR R 7 Core.  HUEE T FHATR B4 F P2 S0k

stub.flashData () {XFE'E J7 esptool B N INAZ R 5 4 im 4L Bedi 2L )5, 7Ja& [\l { algorithm: 'md5',
offset, bytes, digest }; digest 25 32 (/NG /N3l . Core Fudl. K ZFIIHE 5183 SHA-
256 FEEG PR EE LU SRR CRUEORPERC G2, AR A7, AEIR. 1R [F] null/undefined B B4 1H 1) 52 5
W2, I ERIE A3 B 1R N R4S B s i ik SHA-256 155 MDS I TR S H iR, A SHA-256
(A5 A2 ORI

FirmwareFlashSession
new FirmwareFlashSession (loader, image, { reset = () => loader.hardReset (),
mode = 'update', signal? } = {})

ROM HE#idEfil, 5 EV-MUX i2{788 &350 I, B0 L —k. state 2y idle — connecting —
connected — flashing — verified — closed, 4T %4 error — closed; flash fx X &WiTT, EAFE closed AREHIE
FirmwareFlashSession.connect (bytes)

B AT G . o BRI e I 4 X R A

FirmwareFlashSession.flash (bytes, { onProgress = () => {}, onPhase = () =>
{} } =4{})
N AAX, seBEzm ALY SHA-256, SRIGEN; 2 WiHF. onProgress >4 0..100, onPhase 22U
REICF

FirmwareFlashSession.disconnect ()
K] loader —¥K, FEPHHIAEE KM,

1% 4l i 1 & evMuxVersion=4, bytes. offset. partitionSize. sha256. chipFamily. chipRevision, parti-
tionTable:{offset,bytes,sha256} . ZHEAL I {544 @ TCH s S5 Uint8Array; BRINBIACR AT - #8255 4)
XiT4% . AR loader $2{3t initialize() . chipFamily/chipRevision. getSecurityInfo() . runStub(true). hardReset().
disconnect(); stub $Z{}t flashData(). readFlash(). readRegister(). writeRegister(). P& P4/S31 IE# S sh8ifE
PR, R 456 R B O R AF e il . B SRR 5 52 67 K I onPhase $7R, AN EH R E H
HEH,

mode: 'install' fHEREMEREGR, WL RKEMITAIE. RINER ffat JEHL PR
FMEIT . e, JEDEC & & . JLFE A4 X528, stub #2824k f1ashId () . eraseRegion (address,
size), flashData () fl readFlash (). JeiMEHE X550 FRAT Jo/E, 5oy 2 g Bl e A
HHA, ANhlE, MESTTEREHE. BRENSES AN 2EL, N, NEB. H
J& o 3%R [B] FIRMWARE_PARTITION_INVALID 1 FIRMWARE_FATFS_UNAVAILABLE; §kt§E /7R [5]
FIRMWARE_ERASE_UNSUPPORTED. ¥ R4, AN&lr. ANHZNKE . MERE XIS A APL 7% A

*,
firmwareMode (mode = 'update') & & I iR [B] updatefinstall, I fib {H 1 H TypeError,
validateFirmwareImage (image, bytes, { mode = 'update' } = {}) ¥£ install i z{

TR E R AP bootloader., 43 X RN FH Vi 1 X W Ay o

firmwareSha256

firmwareSha256 (bytes)
Promise<string>, i&[8]/NE SHA-256 +/~dEfili2L, F>R Web Crypto.
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validateFirmwarelmage

validateFirmwareImage (image, bytes, { mode = 'update' = {})

}
Promise<Uint8Array>, #555; v4. AFEA T8 BT 2> XA F A SHA-256, R [mlH A5y AHERre T 2
IR AFE S

10.2.8 @esp-vision/device-core/node

defaultPython
-5 ERIA Python AT P4 T3¢ Windows Ay python, HAWFRSEH python3,
listSerial ({ python = defaultPython, signal, timeout = 10000 } = {},
dependencies = {})
il pyserial £25 RGEH3 1. 75 % Python 5 pyserial; AT R i ABEREAATH -
filterSerialPorts (ports, { platform = process.platform, allPorts = false }
= {})
-6 B8 42 M USB R FFHR e REEMZEICT, AMTHImE, BAAEREGS 5.
serialEntry (port)
R HR DR AT AR PRI 42 11/ hE e 7 ATy USB oot s FARAF 0 A T B
transportFor (entry, options = {})
MRS TCP 8id N7 itk H LI 3 € python.
inventory (options = {}, dependencies = {})
MR ORI M & R A { devices, warnings, sourcesAvailable }. BRAHITHE,
ANiERE; probe: true B MEE. A timeout. interfaces. python, allPorts
il signal =44 .

W 54 USB ROM #2 OBfiR | status: rom, identity: null, AfJFuH. AEfL. F3h
probe: true KlSEZXT ROM H) " MAC FI4e 2, S5 Bxt L 7 s il #bric, fesid—
WIEH SPL B3l A stub, AEE L Flash, H X MAC A3 USB 4y 8 35 PUHL At ME— 3 1 8587
WHTEFT8598F . romProbe i35k attempted, outcome’ " (" runtime, rom B} no-runtime). H
b S0y RO AT RS W A C & W RS T AR A7 . A a7 R P AR) unidentified
45 ROM_RUNTIME_NOT_FOUND, F#i&[i] ROM Hf {55~ rom, WiE AN EZW S EH To. W
TRV RS}, Z2minl fE TR 2l BOOT/RESET #H#k A T 8. A 2 ESP-VISION #2F 7
REBAIAEE S0y B e il 5 HR ] busy.

nodeAdapterAssets ()
R4 E serial il rom URL ERELERT S, /053581 node_serial.py 5 node_rom.py. Node
FTEARAURF S RS T 2 2 29 FT R O 55 B 18

tcpTransport ({ host, port })
IR [ 9 s #1& ) Node TCP F i iGEAd#s. A Core £ device.connect ({ role: 'tcp' }) Y
T,

serialTransport ({ serial, python })
i 0] 3k F ) Node/Python 53 [T Bl 8% 48 78 B2 44 FR/ER AR I 44 pyserial FFERERS (1510
python3); [ Core FIFFFIKM], #SLPrsE I3k usj. usb B uart M. Wht LT, A
e3P — B RR R

openNodeRom ({ port, python?, signal? })
R[N B ROM @Efizs , BN AT ITFEG . T device. firmware.update ({ openLoader:
({ signal }) => openNodeRom({ port, signal }), ... }), ZXES5NVHEHILH.
T B ST %% Python esptool==5.6.0, H: stub $2HUii>K 5 ACK/MDS5 f#T#% B 2t 3245 5HIE ;. Unix
#RIA python3, Windows ¥RIA python. Core fTiHILGIL. K. HAKE FKE . ZA 580 . SDK
0.3.0 71, T Node; XGITFH247%s serialTransport, A2 TCP OTA.

10.2.9 @esp-vision/device-core/discovery
ESP_VISION_DISCOVERY_SERVICE

Node provider £ ifijf) DNS-SD IR 4544 -
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["7espfvision ._tcp.local"

NetworkDiscovery

new NetworkDiscovery (provider)

A28 4 Tist({ timeout, signal}) 1) provider, R¥&4EFIH-# EHL44 HEF 5 list 55 device.discover {7 FAH 5] FR il £
SERGEM, MREREA .

NetworkDiscovery.list ({ timeout = 3000, signal } = {})
TE & BT TE] 5 T P URCEE I IC 5%, SCRF AbortSignal

createBridgeDiscovery

createBridgeDiscovery (connectionUrl, { fetch: fetcher = globalThis.fetch }
=4}

1R P EEF 582 GET /devices?timeout=-- [1{] NetworkDiscovery; I ws/wss connectionUrl, ] A fetch, %%
SRrh) connectionUrl 40 [7] Y H. A /device/<32-hex> J&4%.

normalizeDiscoveredDevice

normalizeDiscoveredDevice (value)

IR IC SFEEAL : 12 /NG MAC 75356 . DNS FH14 A5t 63 45, board AN 96, firmware-
Version AR 255, #£4 evMuxVersion., 3 1 1..65535. £/b—A~&15 IPv4; Ml 5, compatible /R
v4,

10.2.10 @esp-vision/device-core/discovery/node
createNodeDiscovery

createNodeDiscovery ({ createMdns, interfaceAddress } = {})

% [B] {# Ji] _esp-vision._tcp.local #J PTR/SRV/TXT/A it 5% HJ NetworkDiscovery, createMdns 1] ¥ A 3 &
multicast-dns [#) T.J, interfaceAddress e3P IPv4; 75 0 3h & 5 A A K #fi multicast-dns, [N 3252 7L
W /G A Ml TPv4 fiidk, 38ESF TTL, 3 IS 5C I socket.,

10.2.11 A%

TERAE T R PR S BB £, AR BRI . R B R — A 2 A T
WA FTAARL. 15 T actor FHZY. ROM %58 55 A= iy Jul SN A2 BULAT 25 SO IR] o 35530 B 52 HL A B TR R
AAESEBUR I i 322 B 1A

10.2.12 FirmwareFlashSession.flash 1% [H]{ii

55U )5, flash 28] { verified: true, needsReset: boolean }. AR} needsReset 4
true; {UFE closed RN REIEIIAL K LT . W il ] device. firmware.update () SER{ATH HR
e 55 i 11 A2 %
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10.2.13 @esp-vision/device-core/browser

openBrowserRom({ port, logger = {}, signal?, expectedMac? })

SDK 0.6.0 08 b A 0. K H P& 411 Web Serial SerialPort & [A| %5 ROM &R #E; NAEMH P
FHNHERH, CRRCABITIIERE. initialize () EBRMEE ) esptool-3s@0.7.1,
FI . R AL chipName/chipFamily/chipRevision, AJE3) stub, & Bl #%
SEP initialize/getSecurityInfo/runStub/hardReset/disconnect fff firmware.
update ffiJfj; Core f¢5 i85 ROM LMK G A JH5) stub, Gi—MITHA. FEEKEME
fii. logger A4l log/error/debug; signal BUHHIMRALHITE IR Core iBTEHE IR G K IT
GE BRI ARG . B A— BTG, Uik SRE 52 iR 55 0. disconnect () #4RE
1, IR R IS BRGNS AU AT AR, A SR E N LR
2 ESM. S22 R W Device Core npm .31 3%. A FIASIZL Node #53t, 1R 5 Node A 1A i #%
A a8 I i o

Core 0.7.0 Bt chipMac: ®WHHHIATIN null, Z2)585 Node J&EEL#s—3BU1W 12 [/ N5+ 75k
il factory MAC, H[EIERAE it i1 readMac (loader) JR1EEEL. Pk expectedMac HfE
ZAF 12 G NHERIFERF (REH—A/NE) s 4 RAF. 2. null RAEFAF R ERAEDT i 1
RIFEZPAELS . 15 EARBGE BT AR A 2 381 factory MAC, BI4NE B0k 5 %4k factory MAC
—F) machine.unique_id () ; {FE ¥ deviceId 8 USB VID/PID #ASGEIERAX Fh X BE, TC
YEAZIG B A P AR 30 ROM e, ASBEHEDN 2 ¢k, B UORILED, SR A2 &
PG H F . BT, MAC pieasp, 3% ROM_IDENTITY_CHANGED, XP&RI4E, RNEEzhY
—A~stub, R T A MAC & [H{f A 55 % i} % [ ROM_IDENTITY_INVALID, USB-OTG {4 4 ix
i%ﬁ%g AT T 8 PE R . AL MR, S T 2h B Tk ROM, 5 2E [R5 4k 841

WS

10.2.14 @esp-vision/device-core/firmware % i 2HLES (0.5.1)
loadOfficialFirmware ({ board?, version?, fetch = globalThis.fetch, signal?

)
iE 1) publication 5| I MEE 7724 Bl SR A 15 i A IR B BR 3R [1] manifest & publication JJj 55 W]k
PR Ve R AT Fe Ay PR . TG publication [)PC B Of B IH TCEE HeZs -

loadReleaseManifest ({ url, sha256, version?, sourceCommit?, boards?, fetch

= globalThis.fetch, signal? })
HIM#E— M AT 28 manifest, B30 5 IAF 5 SHA-256. By, e, Frf BF R &
website/model/MCP 3 Eih AL, 3% [ manifest %42, A F 2k & 4 ATTH ROM, EB . FR#5 5 BIN
FHRAT R E R APL 73 5%,

10.2.15  HIBLEHRER G k18l

D0 b ks ROM i g e 7E M 0 i 1 24 Bz AT HY flash stub B2 5 ARK M ANERREFC 2 P50 65+
RSB SR G A R M . #F needsReset SHE, resetError &% E M RMKHHT
FHE; P AR R R IRE 5.

Node ROM {32z 41 5t

Node Flash 2 HUERIA L ALVF— A ARBIIARY 1024 4500, 18 B g RF 30 S8 AR IR0 ) 5 P AL 45 A1

esptool FEEAS, HAFR R IZBUG IR E I SEFliR B . 5 AN Hirg 5 X st il i [ —A R Bupsis

g%gﬂgﬁﬁﬂ-‘ﬁiiﬁl%%ﬁﬂ%%ﬁﬁ@gf\ﬁﬁﬁimﬁlo A ERE R e B R AR S SR AR, A
L.

FOCHIE AR E A A ROM & IEFE B0, HEsintb R G Core &8s SR 2 L AP, HA T

] MAC 59y USB i &394H R . HME—H BE 7 38 35 & A rT IR — IR & B B8IE) bootloader 145

Ko B Laah s8R & & 5| S0 KB A2 ER CA$E30 bootloader 52K 5\ Flash 5 .

Espressif Systems 193 Release 2026.11.06-3-g464c97bafc
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.11.06-3-g464c97bafc%20for ESP32-P4

Chapter 10. Device Core 34/, SDK

10.3 Device Core npm 4%} 4%

SBR[ SDK Y485 APl &5 | device-corefindex, . Jil AP1 &8, & BUEAI AL W.device-core/api, A =
K5t W.device-core/advanced . TR B8 T B 24T I AR B .

AT [ HE % 5 $ A IDE. Device CLI. Agent T /Eifi sk H & L FEHLN HH K& . Gesp-vision/
device-core s 7o Ul 3L il 540 EHL IR i 8, AHFZEE S % Python & i
OSSN, Agent 1% £ 5 /E i Fl CLI; Knowledge MCP i 3:f HTTP #2{Hsc Y. 52 # ik =X
W communication/wire-protocol , ¥j¥E43 11 WL.communication/interfaces

10.3.1  J5ES. JA Ly

Device Core JTE¥E ESP-VISION [ {4 JFE ) host /device—core/ 44, host/ FRBITEENIIL
i, AR IDE F1H & W H B SDK, Agent 35 £45 il A 8 FH B+ T €017 Device CLI.
PSS TR W AE [F]—> MR XJ 55 [l {4, Core, SCRY 5

AL IAS , N5 B A 5 IDE MUAR G856 o A8 iR il 7] @esp-vision/device-core@0.6.0,
H ¥ $ EV-MUX v4; v3 ik [0] VERSION_MISMATCH, M 27585 E4F. #Kfi8iE F) minor, FF4E
lockfile i SEAFAT G ) patch; “Z2%E R TE AT npm registry B\ FTiEMRCAS ; dry run 5@ MR REET K.

npm view @esp-vision/device-core@0.6.0 version dist.integrity
npm install '@esp-vision/device-core@~0.6.0"

Node F:#LEL L /& Node.js 22, W ¥ #% 75 Z24T 045 5k import map f##HT 145, DA K Web Serial 5 — 3 i
WebSocket #f. Device Core ANFfiHER IT8KB . W27, #i% sl IDE Ul, Node 5 A2 55 T4 35 pyserial 1
Python ; Node mDNS % ¥ f§ multicast—dns, B[} Device CLI DA Gesp-vision/device-cli@0.
1.0 %%, & Agent WA EREM 32 3 Hpan 2. [EE npm fUAFHEHT lockfile.

10.3.2 RiJ]. Core S{EMMI S

A E 55 H README. 2458051558 7l — SVG. AN 7155 4510545 S S/ AR5 g, Device
Core 137 L5 APL, P AISTRIRAS, EV-MUX & LS EAREEfTRHESE ;. Sl il gs # e K /socket
VO, A —Eiltk. EHREE APLABRGERS %, LI5S ROM K544 iy A B,
ROM loader Aifiit EV-MUX E451% .

FNEAIEREL #— createDevice ({ transport }) W£; WADHSFH X T.) KL, Core
ST, KEGER . &0%. P0G, REPL PEAIE EAar B . W S oi i ve 8. R 5155 R
TR Fias ST ISR RISl R AR =27y, AR EV-MUX Irg A, AE L.

RN R AW ULTFTE VA writeBytes (Uint8Array) : Promise FEAFFE 9 R IEBER G
SER, VKIS reject; subscribe ({ data, error, close }) #EFIGFTY. RSk, Hm
[ 203 [ B 1T ] R %k WI3%E connect ({ signal }) /disconnect () fJH. XMAYELZER. Core
el ISR, BT ORISR PAE G connect . 455 B8 WOULD_BLOCK ANfE2Y4 52 8 ki,
IHERRIT JE N e db ki A58

10.3.3 vy Node TCP 7134

YA R NBTE N core—tep.mis, FEZEMIIHIZFT node core-tcp.mjs <device-ip>, 4%
T IR H S RE v4, TCP BRiAsin 12 3232, R Bl a4 T98 @ i g ik, B L5 5.

import net from 'node:net'
import { once } from 'node:events'
import { createDevice } from 'Q@esp-vision/device-core'

const host = process.argv[2]
if ('host) throw new Error ('Usage: node core-tcp.mjs <device-ip>"')

(T
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ESP-VISION Host / Firmware
[ IDE ] [ Custom apps ] [ Al clients / agents ]
Device CLI ESP-VISION Plugin
Host @esp-vision/device-cli @esp-vision/plugin
Device Core Knowledge MCP
@esp-vision/device-core @esp-vision/knowledge-mcp
Host / device boundary v
s N
Control - Framed Python - File operations - Preview / Capture
EV-MUX v4 v P i
USB CDC - USB Serial/JTAG - UART - TCP
& J

ESP-VISION firmware
Ve N\

Device appllcatlon User scripts - examples - frozen packages

[ MicroPython application scripts }

Python API Bindings (modules/)

(o) (i) (o) (e ) (o) () (=)

Vision Library (imlib)

: o ) | ?
‘ ¥ ¥ :
I . I
: [ Drawing / Filters ] [ Color Tracking ] N [ ESP-DL Runtime ] ! i [ MicroPython v1.28.0 ] 1
1! { 1
. 1 1 [ TFLite Micro ] b J
Service & ; [ Feature Detection ] [ QR Code ] o e [ ESP-VISION Overlay ] i
Framework ! b [ .espd / tflite Models } L |
I

}[ Barcode (ZXing) ] [ AprilTag ]l | : H [ ulab ] 1
i I [ Detect / Classify / Pose ] 1 J
N e e e e e e e e e e e e e ! ‘\ 77777777777777777777 N L e e e e e e e e o !
725 \ /2 N
i Platform Services (platform/) ! i Board Backends (boards/) i
1 P! 1
I
1 [ Preview / Capture ] [ JPEG Codec J [ Display Layer J 1 i [ Camera (V4L2 + PPA / esp32-camera) J !

1 I
i i ]
i i
3 [ SD Card J [ USB MSC ] [ Boot / Soft-reset ] i ! [ Display ] [ SD Card ] 1

I
: 3 |

I I
N e e e e - N e e e e e e ———————— — ————— /7

Environment & ST ESP Component Registry ESP32 SoCs
Dependency esp_video - esp32-camera - ESP-DL - esp-tflite-micro P4 -S3-S31

& 1: IDE / Device CLI/ H & X FHLN F — Device Core » EV-MUX — [H{4:; Knowledge MCP — HTTP 3
4

Espressif Systems 195 Release 2026.11.06-3-g464c97bafc
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.11.06-3-g464c97bafc%20for ESP32-P4

Chapter 10. Device Core 34/, SDK

(B L)

const socket = new net.Socket ()
const transport = {
subscribe ({ data, error, close }) |
socket.on('data', data)
socket.on('error', error)
socket.on('close', close)
return () => {
socket.off ('data', data)
socket.off ('error', error)
socket.off('close', close)
I3
by
async connect ({ signal }) {
socket.connect ({ host, port: 3232 })
await once (socket, 'connect', { signal })
}I
writeBytes (bytes) {
return new Promise ((resolve, reject) => {
socket.write (bytes, error => error ? reject (error) : resolve())
)
by
async disconnect () { socket.destroy() },
I3
const device = createDevice ({ transport })
const unsubscribe = device.on('python.output', text => process.stdout.write (text))
try {
await device.connect ({ role: 'tcp' })
console.log(await device.inspect ({ fields: ['identity', 'capabilities'] }))
console.log(await device.python.execute ({ source: 'print(l + 2)', completion:
—'wait' }))
} finally {
try { await device.disconnect () }
finally { unsubscribe () }

connect () PRRTLIE 4RI REPL , W] B WPt Python #2)7 s AN 2 ToRIME HIAE AR . inspect ()
BRIANEE I B . BE RIS ATIRGS, Wl DLaE i fields BRI network / storage, disconnect ()
PR TE . A LR PREE . BT R AL P s BB, IVAE finally JiHE.

10.3.4 3% %% Web Serial 7534

M S connectSerial (); requestPort FFEL A R XA F#EEE. ATF R
USB CDC fEf role: 'usb', USI %W '"usi', SCPREiL reader/writer £, FH-5EMHER .

import { createDevice } from '(@esp-vision/device-core'

async function connectSerial () {
const port = await navigator.serial.requestPort ()
await port.open ({ baudRate: 115200 })
const reader = port.readable.getReader ()
const writer = port.writable.getWriter ()
let listeners = null
let reading = null
const transport = {
subscribe (next) A

listeners = next
reading = (async () => {
try {
for (;;) {
(BEF )
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(B LEm)
const { value, done } = await reader.read()
if (done) break
listeners?.data (value)

I3
listeners?.close()
} catch (error) { listeners?.error(error) }
finally { reader.releaselLock() }
PO
return () => { listeners = null }
} r
writeBytes: bytes => writer.write (bytes),
async disconnect () A
await reader.cancel () .catch(() => {})
await reading
writer.releaseLock ()
await port.close()
} 14
}

const device = createDevice ({ transport })
const unsubscribe = device.on('python.output', text => console.log(text))
try {

await device.connect ({ role: 'usb' })

await device.python.execute ({ source: 'print (123)', completion: 'wait' })
} finally {

try { await device.disconnect () }

finally { unsubscribe () }

}

J

AW 25 00 28545 X a3k | WebSocket #7145, 758 FHAH R transport 22249 5 role: 'tep'. @EECERM
i # WebSocket OPEN, [R#| buf feredamount HHEWTmHHR4SJU; JEH send ABEIERH & E ]
R, UL NI state FEACPRE ML, MFEA0T W.communication/host-integration

10.3.5 k5% 1.5\ Python

PR BRI device B84, MW@l device.on ("python.output', handler) k., FES
AT AT, WA R B s Tk .

const source = 'print ("device-core example")\n'

await device.files.write({ path: '/core-example.py', data: source })

const readback = await device.files.read({ path: '/core-example.py', encoding:
—'utf-8' 1})

if (readback !== source) throw new Error ('Readback mismatch')

const run = await device.python.execute ({ path: '/core-example.py', completion:
—'start' })

const result = await run.done

console.log(result.ok, result.path)

await device.files.remove ({ path: '/core-example.py' })

await device.python.input ('print (123)\r")
await device.control ({ action: 'stop' })

J

python.execute [ source 5 path —j%—; completion: 'wait' ZEfH4iH, 'start' R[EE
% done Promise 1) JE 3N A . JE30R [ B AL DA BER AT 56 BUIESE . TCBRIZFTHE control ({
action: 'stop' }), PREFEOFERFIITER: 1518 ACK ANRER ARG BE5E Mo

files.list/read/write/remove/mkdir 2ME— W X A O, files.write ZEULF AT
Uint8Array, SDK 0.3.0 #Jiijd file.write JRIG gk HI B, 4L 5 4 5 A1 SHA-256 $& 57 58 il
W {FZE file.write.binary, SRARESIIIZITIS . SEHURTH SEEAE 24 i A framed REPL., SC{%:
RGO HB. ATFEAHA NGRSO Zanf A 3 SIAF SO R — M iRs ;. Core
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b2y A h#EiR [l DEVICE_BUSY, KW A ANGERIN ) E 3h#VER % REPL A L A . 1400

BL communication/python-files .

10.3.6 Wi-Fi fidt & S5k A&

await device.configure ({ network: {
credentials: { ssid: '<wifi-ssid>', password: '<wifi-password>' 1},
enabled: true,

}, timeout: 45000 })

const { network } = await device.inspect ({ fields: ['network'] })

console.log(network.state, network.ipvi4)

await device.configure ({ network: { enabled: false } })

// Clear saved credentials and disable networking:

// await device.configure ({ network: { credentials: null } })

J

configure ZJRTBEH 1 A TFEAZE, credentials: null FREFEHIF XML, ANEERITEE
enabled: true., ¥EHAEIRIF UL EIRML S ssid 5 password, JFRM 4 25215, Core XELE 5%
TR, N HaR ][4 accepted ;s C'E i 0T A F A RO R 79555 . KR} error. completed
/ error.pending iR EHIIAF RS KREWEFS, AENNENE. timeout 5 signal FER—MERKX}
ZHE A

fLseilad USB FCl, skkfp 2818 i fil TCP BZWIT. MLE- SPARHUR SN AR E R
fthe WL J5 e USB, T TCP £, RNEeF4HIH token,

10.3.7 R S0

4 @ 3 _esp-vision._tcp.local Kk i F & KA ¥ 4% ID. 5% ¥
QAN N C S QN NS VR A SO 1 R | N /S G O NP c | R < = W

esp-vision-<full-board-name>-<last-6-mac-hex>-<firmware-version>, i . TCP,

Python 5 & BIA 1) —5. ABASER RS S0 EXRARTREN.
Node ZZ3E ] 1%k multicast—dns peer JGf#i

import { createDevice } from 'Q@esp-vision/device-core'
import { createNodeDiscovery } from 'Q@esp-vision/device-core/discovery/node’
import { tcpTransport } from 'G@esp-vision/device-core/node’

const device = createDevice ({ discovery: createNodeDiscovery() })
const devices = await device.discover ({ timeout: 3000 })
const selected = devices.find(item => item.compatible && item.addresses.length)
if (!selected) throw new Error ('No compatible device found')
const tcpAdapter = tcpTransport ({ host: selected.addresses[0], port: selected.port.
1)
try {

await device.connect ({ transport: tcpAdapter, role: 'tcp', expectedDevice:.
—selected })

console.log(await device.inspect ({ fields: ['identity'] 1}))
} finally { await device.disconnect () }

N1 device.discover ()., createNodeDiscovery () #ll createBridgeDiscovery () &
[A] provider, 3#Z)h 1ist ({ timeout, signal }), AEfit discover(); it createDevice ({
discovery: provider }) ¥ A. SDK 0.5.1 M Qesp-vision/device-core/node &
o inventory. listSerial, filterSerialPorts. serialEntry. transportFor,
defaultPython fll nodeAdapterAssets. ZKi\ inventory H # ¢, A o EHR ARSI
TRz . BB O RE 2L pyserial . WL & 28538 APL T4

import { inventory } from '@esp-vision/device-core/node'

const { devices, warnings } = await inventory ({ timeout: 3000 })
(BT )
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(750
console.log(devices.map (({ interface, address, status }) => ({ interface, address,.
—status })))
console.warn (warnings)

Node inventory J| 5 R G082 FURE M KB, iR A devices. warnings 5 sourcesAvailable,
BRIANANFTIAE R 1 probe: true B —iEH:, WHEHWIIELEZTTIY Python, BEITERIAE . 53k i
BERAT S TEIRAL L 5 285t API T 55

WS ] Gesp-vision/device—core/discovery H1 [ createBridgeDiscovery ('ws://
127.0.0.1:8766/device") AR . WG #SIAG 5 A DNS-SD M2 fE 1. 45585 deviceld,
hostname, board, firmwareVersion, addresses., port., compatible, #FR:45HE L 0] HE
connectionUrl, 15 FMILIEERIERIAY, FH expectedDevice FERPATHRIZE ID 5 414,
Bij 1I- DHCP HihibpRIH; XA 2INIE. VLAN, 2513 J8M AP [ B ] BERR 2 T-ahbdit, S I iR
BLHHT LI

10.3.8 fi%i. Hax S5k

const unsubscribePreview = device.on('preview', image => {
const url = URL.createObjectURL (new Blob ([image.data], { type: image.mimeType }))
const previous = imageView.src
imageView.src = url
if (previous.startsWith('blob:')) URL.revokeObjectURL (previous)

)

const unsubscribelog = device.on('log', text => systemLog.write (text))

const image = await device.capture ({ source: 'camera', format: 'Jjpeg', timeout:._
—15000 })

// image: { data: Uint8Array, mimeType: 'image/jpeg', metadata }

// Call unsubscribePreview () /unsubscribelLog () and revoke the final URL on UI.
—teardown.

J

imageView 5§ systemLog j&fi 3 UL ¥4, on g [MIHGIHETT %L, R S5 CFR RIS SR & I ih
JPEG 37, ANFEE Ul M EV-MUX ., Core /3 & B Z 6 7 M epoch; preview FiX £ FEF img. f1lush ()
fih %, PAFERS ARVFEDT. AP K VM mT#fT, IR HEA debug. capture_frame fll debug.
capture_frame.observed.vl. ‘B RN HH&iIT—IK A E snapshot K& i FA ST, AHTHA b B4 B
REWG L, NEENHFFAEIG . S22 4R 2 7E k% RPC HijPA UNSUPPORTED_OPERATION
FEA I PERTHH . CAMERA_FRAME_NOT_READY F/RIEA A AN NO_MEM F/R WAL R A5 BRI
{ELRY ] snapshot {752 . WEEHEA F2)7 f lf probeRepl: false %, #HRELIARY REPL Hilkf.

capture ({ source: 'screen', format: 'jpeg' }) WA LM debug.capture_screen, ik
] LCD f5 5 #2521 RGB565 Wi i) JIPEG; ‘BAE VM AESS Hz T, ANE 85 L 52 bi#% . Jo LCD ik
[f] NOT_SUPPORTED, AAJUHA/ILA MR ] DISPLAY_NOT_READY; AL MRE|4 k. IHE 8D
ZAE TR Core 2 i5 A SCHF o fm i i — B EAZ AR SE B . EALILE A npm run test:hardware
i) ——screen-output EaRMREEZHAZFINGE, Wcommunication/validation ,

10.3.9 Sf. BB RA

await device.control ({ action: 'reset', mode: 'soft', timeout: 15000 })
// await device.control ({ action: 'reset', mode: 'hard' })
// await device.control ({ action: 'bootloader' })

¥WIZ A Core HJEHTI ready epoch FI REPL FRfE ; S HUH 5 ka2 k2, AN HShE RS . il
PEAIHE T B 2 (A SR R0, BN A E TR T EH L.

ROM & E {4 fi 7 T4 Gesp-vision/device-core/firmware; f5F 31 A ROM loader., & HtifE
Bt S KRN ALK . Core AL, NFE EV-MUX 44T ROM F# 1. control ({
action: 'bootloader' }) H# Kt AN F#EMEK, ANITHS . YRR R: Wcommunication/interfaces .
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RS . PRI S K IRARTE host /device-core/ [A4Ed": IDE FlH & W A A2 npm fiiAs
Agent %55 TAEF 4 Device CLI. {f&k SDK H}iz47 JS ], schema/package ¥ %5 5 % i dry run, A
o7 i A A iR A B . KA 5 A ST, RS registry R] HPEDAACA job A npm view SAifE. PHILAE
J105 B AR Tt S EALAERIA . 38U W.communication/validation.

10.3.10 WM SHA D
M device. firmware.check () HBRIUE 7 & H sk A& AT catalog (VAT

LN EE NP, #id device. firmware.update ({ release, openLoader, ... }) Z3iiksE
HIAA A . Py CLI 24t Node ROM ific#s, 41 H P ICFRACHE loader 4 ; JavaScript 15 3 i it
openLoader & HER [1/Web Serial #1335, 528 H %, BUHSE AW 5 R APl 7% %% | JiKJZ loader
SEECAT W] B3 {# ] FirmwareFlashSession

Node fi5 = 7] M @esp-vision/device-core/node § A openNodeRom, f& A openLoader: ({
signal }) => openNodeRom ({ port, signal }), JoiFsH OB Gd. W YidiE F42Ht Web
Serial ROM HEfit#s . 25 9% 45 7E check/update F g 3% B mode: 'install', BRIABLEAE N A .

10.3.11  H%EZS ROM Hé5%

SDK 0.6.0 @it /browser A H$2HIt=iiaFT45H 05 ROM &t ss. Ziif#i ] webpack. Vite BY esbuild
760, 7E 745 Web Serial 130 Y #% 3 52 HTTPS & localhost 1247, JGo7E Python. ZEA/Lif tasmota i fir 7%
A PR AN T .

import { createDevice } from '(@esp-vision/device-core'
import { openBrowserRom } from '(lesp-vision/device-core/browser'

/S ERTRAREBRBEARFERD, BEHEMRT EF.
const port = await navigator.serial.requestPort ()
// fTH ROM ERMBEMNEBERCAEZAH E D EE.
const result = await createDevice () .firmware.update ({
release: selectedRelease, board: selectedRelease.board,
mode: 'update', // & & install FE LB N T EHE4L TEIE.
openlLoader: ({ signal }) => openBrowserRom({ port, signal, logger: console }),
onProgress: percent => updateProgress (percent),
})

if (result.needsReset) showManualReset ()

selectedRelease ¥ HEXHFMR AL firmware. check, Core ¥EFHL ROM it I B T 255 K 5 4
%, TEJ53) stub FIARELE . BT A, KBAEEA X (update) sSCMZ8E (install), SE%E[R]EE
BABAFN . A AR RS TTEdE, A B EhY) iz, Promise 5¢ BRI ARE 0TI 5 by
OAA BSARTATHGE, HEBAEAARTF WS A SR, SR 53 5 A mTAf f —A 3 Fl s
St initialize (), FHER—XZVEHR openLoader iR[]; WA finally KM, BPEEGRCEE KM
T Core K Hum 11, J74E USB Lesk 5 v RERR WL A, It ROM @ERi#s 5 EV-MUX iz{ 7R & 1, TCP
OTA 43FF.

SDK 0.6.0 {5 EH esptool-s@0.7.1, EEHE AR UART F##%, 43 USB-OTG ROM
HEFL, HREA AR, B MDS 55285 AR SHA-256. 12174 UART {52 57 i
EV-MUX A: i i 7R 3R stub SRR SLIP 473 HA A 2k . AR5 Node A FUAN IIZE Vi #s 5
i o

104 Bear i Plar 217

P57 npm fi Qesp-vision/device-cli % %% esp-vision-device fiy 4. CLI {# i 25 JF 89
@esp-vision/device-core API, XHRpix4 &M 5 HE, Python A7, W& 0. EMERE. it
AP RIFIBRE FE I . 752 Node. js 22 B = ilUAs
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104.1 2% 5m EHLECKR

npm install -g @esp-vision/device-cli
esp-vision-device —--help

esp-vision-device

inspect

2 P A TR Ze 0 pyserial #Y Python., Windows BRiA i Jf] python, macOS/Linux BRIAf# ] python3;
AliEt ——python BEFFH B MFREEN . [FHESRIE TR BAE IR RERS 2206 esptool==5.6.0. JRilM %k
PR CLI P 1 multicast-DNS & Fig

ffiff] ——python F8E W R —MERBEAS ST PYTHON ——version Il PYTHON -c "import serial”,
Ff PYTHON Bl Pl AT /T; i@id PYTHON —m pip install pyserial JEIZMEREA: MK
#fi. Windows Python Launcher I 'R ffiJf] ——python py fl py —m pip install pyserial., [
WG AR WO PR fS, CLI st 1A W) ERRIHAELZ W AT 1 Sal i iR Bl e
AL, IER R, 41 TCP 4. T BhAIB A BIHR AN FEhZ oW . SR, B pyserial, [A]
% serial BEHRMSRELEIARFEILR S 5 BN SR B R DS A A b 11 A 2R O S L A 8
SRR TR A AR R R IAT 2 R B TR 68 e o 2 R S 1

104.2 KR S5EA

AFEEHPRE, inspect MZREH DARIM A, AT O8RS &G . USB ik s (UH T
sk, ARECOHIAELE S 0. BRIAER USB H % ——all-ports & E/RHERECD AN
1, ——interface 25 FH) all, serial, usb, usj. uart fl tcp., B ——port A%k
PR, % #F Linux /dev/serial/by-id/... %4,

esp-vision-device
esp-vision-device
esp-vision-device
esp-vision-device
esp-vision-device
esp-vision-device
—network, storage

inspect --json

inspect —--interface serial —--all-ports

inspect —--interface usj,usb —--probe

inspect —--select 1 —-fields identity,capabilities, runtime

inspect —-port /dev/ttyACMO —--role usj
inspect —--tcp esp-vision-board.local:3232 --fields identity,

——probe E ] KB PEL AT, ——select TEARRMELE R L E S WEA B8 EV-
MUX $HL, AN IELEIZ TR &3% Crl-C. ——probe-timeout fFMEREBATEIA 5000 ZF,
K 60000 ZFb. K BLULEERIA 3000 ZF5, JesgUsE FRR >R 10000 2ZF>. 455 H FRiERIAZS ] identity |
capabilities ] runtime; —-fields if3%5% network il storage. ¥ H PRI inspect. configure. [&E{}:
KA. capture, watch flIJE 4 files write [fiffgizhi#ER:. Python $447. {KiH#i REPL [ files list/
read/remove/mkdir, control. [E{f 5 AT A AL HH %48 F # #1 REPL #3450, W e & % Cul-C,
SR OHRH ——role 5% usj. usb. uart 3 unknown, I HMELS ——port; BRIAMEN

unknown,

Runtime ') scriptRunning il run R 24 7] SDK SR ERERA TAE. Bty CLI JEAE Joikiimid ix 28
FBHIW A E SR B AR R R R A FigdT . vmReady FUREIIMLE ML, AFOR BN

A

10.4.3  PLHACE .

Pl L 1o

esp-vision-device
esp-vision-device
esp-vision-device
esp-vision-device
esp-vision-device
esp-vision-device
esp-vision-device
esp-vision-device
esp-vision-device
esp-vision-device

configure —--port COM3 --ssid MyWiFi

configure --port COM3 --ssid MyWiFi --password-stdin
configure —--port COM3 --network-enabled false
configure —--port COM3 --forget-wifi

control —-tcp 192.168.1.100 --action stop

control —--port COM3 —--action reset —--mode soft
control —--port COM3 --action bootloader

firmware check —--port COM3 --version 2026.10.15
firmware check --board ESP32_P4X _EYE --json

firmware update --port COM3 —--version 2026.10.15
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Pl Wi-Fi I 2 R i m A IR BRG] ——password-stdin MARHER ABER . A2
T SE, IEZRM AL E . reset bJIH/E ——mode soft B ——mode hard; WHIHHIARN
RFERH T ERIERE.

] 7 A 2 BN B O UAS U ——catalog W 4E & A Hi H 5% SC 8 HTTPS URL. #5445 &
%l —-board, WA ] ——current-version g M EIRA. B H MG E A HL ——port FHIHH K
——version; WEHEHBEFHMEH esptool==5.6.0, TCP A& OTA, B\ ——mode update HER/
F IR B2 P 4 KA JaF ) P8t . ——mode install 25 ——board. CLISH#S Core 0.7.0 5 ¥ Hi A<
B, SIEBRNER ffat X SR 8EG, SR MnTaeE e NVS BlE; A#EF SD K. [HAR CLI fL{3fH
MEFH 2547 R CLIMSL &, Ae eI Core, (KHE 2568 7101 . AfIAIRI A . S H
N AF A A ROM F gAY USI/UART 11, —-image 3RALARMEAFAT, (HARSLET A 523
AL o

10.4.4 Python 417

Python iy A7l H X R HE—Fh: EK ——source CODE, AMHh ——file LOCAL.py, (% FHY
—-path DEVICE.py. ZRIA ——completion wait &ZEHEPITEEHR . IEBE ——timeout MS HHHY
SPUHERFPIIT. ——max—output-chars [R{EFHRAH L (BRIA 16,384, K 1 MiB),

esp-vision-device python —--source 'print (42)' --port COM3
esp-vision-device python —--file ./main.py —--port COM3 —--timeout 30000
esp-vision-device python —--path /main.py —--completion start —--port COM3

——completion start {32 ——path, FHFEXE VM #EA runner J5HIARE SN . ZHIAAN T RN E
IR E A T5E 8. CLI B e R R, ANk s i M sk 4. EV-MUX §f Python #75if
i 1 B SRR I 2 . TR EESEHT Python 45 BT BTG ——completion wait; J5%% watch Joik
HOF IR B MBS TR AT S nOARE R 1 o PTI EGCR S BN 5 R SRR A I B I AR

HI G Python $ 4T FIHt AL 3 111 Python £ BE 4 python.output, python.log 1 python.state
NDJSON F{F 5205 A stderr. % th 52 ——max-output-chars BRifil, 5E|_ERRE &k —RERIRIC.
stdout Z5 A0 5 ocidl, AaER A E T &AW Python SUA .,

104.5 BRI SPGRRE

/models 45 pgA2)E T 14y, Windows b5 ORFFIEAE. ORI STEERAIHIEL . Git Bash/MSYS
Al BB RF BT IR L B9 2 80k 5 4 Windows 1 B 485 3 B PowerShell, 5 Y A 1% 2% iy & U8
MSYS2_ARG_CONV_EXCL="*" FiZ, JH NAHEEHRAEZ6HIAN Windows %, {45 /models il
SIS NEERH IR . AN SR B P B R AT, AN EE B i S A E .

esp-vision-device files list —--path / —--recursive —-port COM3
esp-vision-device files read /main.py —--output ./main.py —--port COM3
esp-vision-device files write /backup.bin --file ./backup.bin —--port COM3
esp-vision-device files remove /old.bin --type file —--port COM3
esp-vision-device files mkdir /data —--recursive —--port COM3

esp-vision—-device capture camera —--output ./frame.jpg --quality 80 —--port COM3
esp-vision-device capture screen —-output ./screen.jpg —-port COM3

capture camera WA HEITHAHLNT, A2 LCD WA . KT 2 e 15 nl WL T B 2 A1 e 75
A W] debug.capture_frame.observed. vl KBEPFERIER AAMILAIA, NS Z SN
22, WASMAHRSE. capture screen SRHCHHE] LCD Wi, A& T AL H BIZZ H 4R
AT, 8 A A LCD BRaR, 2SR Bonas TR, MPLS BoRasi B GRS AT REARIR; Pifh
i HA R B SRR . R, filiY source HARMIENORIE, AAMIEREAAAERME.

SR JPEG RS — BERI R 5 ASEE AL ——output, FFREIEAR. FIEAOCHE. B
IHUERAEERIN RS 16 MiB; —-max-bytes AIA{K EMR. files write sl @S0/ RPC Kk A
5T, ISON HOR S A BB BN
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10.4.6 HtAbPE Y watch

batch PLAN.json XTEHEHLHITRMKE schemaVersion: 1 31X, REHE— R P HTHAT,
FAE A R EAE 1L RS ESE5E RERER R E S . SR BE N python, files.list,
files.read, files.write, files.remove. files.mkdir il capture. Python #IE&EE5H,
T5E e ASHSCPRER AR DATH R SO e H S o HEME s B IR AR AT 4 X i A . fiLAR PR A% i 5 1 REPL
PRI, AR T RESAT Python B0 REPL 1Y SCFRAE

{

"schemaVersion": 1,

"operations": |
{ "op": "python", "source": "print ('hello')" },
{ "op": "files.read", "path": "/boot.py", "output": "./boot.py" },
{ "op": "capture", "source": "screen", "output": "./screen.]jpg" }

]
}

J

watch —--duration MS F5% —-port o ——tcp, WKIEEN 1 ZFE 1 /K. EHEIME Y HIFREL
SRR LR R . B RS W F, SRIERERUERE . watch A& EEh A FpER s o
WS S i 5 5 0 42T 45 Y Python ARMES H . SIGINT/SIGTERM £ HUH & R T A A

10.4.7 iy, AR S U

——json &FF stdout #j H}— schemaVersion: 1 JSON {§#}, JRZS. Python 4t HE. FE{4mr B, BL
. AR FIEERT DA NDISON F4EE A stderr. —iEH WA IR A B AR, ——timeout #:3Z 1..600000
ZF), 1% JI T inspect/configure/control Fli% £ & MU £E; ——probe—timeout KERE K IEILIK &
FIERMEER . BXF5 ¢ ——timeout W, Wik FHifH Python P41, SCAFEEE. MG RS KAt ab i
FX S, BT AT R TEEE [ ffT A 30000 Z£FP. Python —-completion start A%
——timeout; watch ffiff} ——duration; [EI{FEAENMH S, (HXFRESTBOE. BAEHITGRS
AJG, Core 2x5¢ B o] BB UEAIZ A AL FE . files list/write/remove/mkdir 7555 BN, HEAA PEAEHR .
SIGINT i[5> 130, SIGTERM A 143, SR RN 2, HERMCH 1, BIh 0. HHEERA
Ejﬁ;iﬂég?ﬁﬁ’ﬁ%%ﬁ@ﬁiﬁﬁo 1517 esp-vision-device --help --json AJFNLAF A EA) Gy FIGE

10.5 2552k

npm install '@esp-vision/device-core@~0.6.0"
# Optional Node LAN discovery adapter:
npm install multicast-dns

TR FIE ) SDK 0. 6.0; K4 %) minor. F lockfile iR AT S 1Y patch, ZE3EFTHGIA registry HA
FrEiiA . Node FALEELL A Node.js 225 UG #8524 Tl #¢/import map, Jf- 175 4214 Web Serial f it
il WebSocket SE 71z . (U EV-MUX v4, v3 W& MG [ fF. A, [E{iiA 5 IDE fiiAAH
HMAN . JERS 0.6.0 24k 0.5.1 Z J5 1) minor &7 ; JEISARH Y dry run AR npm B kT, WAL HEHEE
4 CLI/Plugin % ¥ Core., AHHLULINE SR [E{6E 7 debug.capture_frame.observed.vi, [HAJAN
LTI RAEA PR

10.6 ZSEEHAN

A B 53 H README, R4 224 H6— SVG. AL Al 7 5 5 ve 5 & FLf /R SR I% , Device
Core 177 L5 APL, PhAISTRIRAS, EV-MUX & S EREEfTRHESE ;. Sl il gs S e K /socket
VO, A —EWilik. EHREE APLABRGERS %, LI5S ROM K544 iy A B,
ROM loader Aifiit EV-MUX E451% .
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ESP-VISION Host / Firmware
[ IDE ] [ Custom apps ] [ Al clients / agents ]
Device CLI ESP-VISION Plugin
Host @esp-vision/device-cli @esp-vision/plugin
Device Core Knowledge MCP
@esp-vision/device-core @esp-vision/knowledge-mcp
Host / device boundary v
s N
Control - Framed Python - File operations - Preview / Capture
EV-MUX v4 v P i
USB CDC - USB Serial/JTAG - UART - TCP
& J

ESP-VISION firmware
Ve N\

Device appllcatlon User scripts - examples - frozen packages

[ MicroPython application scripts }

Python API Bindings (modules/)

(o) (i) (o) (e ) (o) () (=)

Vision Library (imlib)

: o ) | ?
‘ ¥ ¥ :
I . I
: [ Drawing / Filters ] [ Color Tracking ] N [ ESP-DL Runtime ] ! i [ MicroPython v1.28.0 ] 1
1! { 1
. 1 1 [ TFLite Micro ] b J
Service & ; [ Feature Detection ] [ QR Code ] o e [ ESP-VISION Overlay ] i
Framework ! b [ .espd / tflite Models } L |
I

}[ Barcode (ZXing) ] [ AprilTag ]l | : H [ ulab ] 1
i I [ Detect / Classify / Pose ] 1 J
N e e e e e e e e e e e e e ! ‘\ 77777777777777777777 N L e e e e e e e e o !
725 \ /2 N
i Platform Services (platform/) ! i Board Backends (boards/) i
1 P! 1
I
1 [ Preview / Capture ] [ JPEG Codec J [ Display Layer J 1 i [ Camera (V4L2 + PPA / esp32-camera) J !

1 I
i i ]
i i
3 [ SD Card J [ USB MSC ] [ Boot / Soft-reset ] i ! [ Display ] [ SD Card ] 1

I
: 3 |

I I
N e e e e - N e e e e e e ———————— — ————— /7

Environment & ST ESP Component Registry ESP32 SoCs
Dependency esp_video - esp32-camera - ESP-DL - esp-tflite-micro P4 -S3-S31

I 2: IDE / Device CLI/ H & X FHLN F — Device Core » EV-MUX — [H{4:; Knowledge MCP — HTTP 3
4
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WALOHSH createbevice, REIEEEXTSR, NMEHLAFFH) Device MKEREL. Fra MW H . 1
AR [T 2R WL 2 ) API”*“J‘%, HAM S AT IEEES T 5 AT 5 AP T % 5%, ﬁ%%ﬁk
YAy, Agent TAEJIE T Device CLI #:/Ei5 45 ; Knowledge MCP &7t 37 ff) SCA% %2 1 o

import { createDevice } from '(@esp-vision/device-core'

// transport is supplied by the host; its complete contract is in api.

const device = createDevice ({ transport })
const off = device.on('python.output', text => console.log(text))
try {
await device.connect ({ role: 'usb' })
console.log(await device.python.execute ({ source: 'print(l + 2)"' }))
} finally {
try { await device.disconnect () } finally { off () }

}

W B 2471 Node TCP 53] 55 £5 Web Serial 38 it 7~ 5] W, Device Core npm L35 3., Wikg=. ¥&H. Frafl
Dlindex, % L#EM{W B O Wvalidation ,

10.7  ¥Fal ik

npm I, Jz ESP-VISION H A Tk % Apache-2.0, 54—, AN LICENSE 5 NOTICE; NOTICE
FRBE 7 58 MIT IS 140 0] J S, *'“—ﬁﬁﬁﬁﬂhgﬂ“% HiFHE. JH (IEJ BT,

SDK 0.5.1 £ {5 Node & #i. H 1/M 4 & 2. ROM R 5., A A A2 & A5 P A B BIN W H
2., Qesp-vision/device-core/node F X 15 LGB 4% LT 028 i &5 E’J%}Fﬁ URL, -3t
JG A #fT npm —-prefix node_modules/Resp-vision/device-core test fllnpm —-prefix
node_modules/Resp-vision/device-core run test:hardware —- —-help; Ht/blialss

MR, W discover () 5 provider 1ist () HJ5€ % W Device Core npm ¢L3F 3%,
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Chapter 11

TEPS=

A Fi L] ESP-VISION 5 MicroPython, OpenMV K& 355 = HAlff 2 [ X R . WHES 0% X 5SS
R34 VT E

11.1 ESP-VISION. MicroPython 5 OpenMV

ZHBIREFR AT MRS A -

 MicroPython £ iE 5B TP £E 35 Rl .  ESP-VISION DA 4 Wi 4<% MicroPython ESP32 port &
2%, @t overlay/micropython/. MicroPython Jfl ' C ##53tA K ESP-IDF ZH {4-h1 AR5 Al AR 2
AEJ1. BEAR—AMSLIY Python fFRERS .

o OpenMYV J&355r P08 28R AP i1y LUz kiP5 . ESP-VISION & ] T OpenMV imlib f{—#R4
RIG 5L, PAIGTS image 45 SHIICHS, I OR B % 283014 S5 i VR TR RN OB R B
 ESP-VISION (i SR & M AR H . HHPL. IR, (7%, USB. #Zufi#hd. ESP-DL 3,
TFLite Micro ¥ I H 2% 38 It (i ESP-VISION %% ¢ ESP-IDF ZH {528, ESP-VISION A J& OpenMV
B4 S, WA & 5288 OpenMV T4l /2 . IDE 5 &3 fE .

(I, sensor. image SFBLIHRSRRIREF OpenMV Mtk , T CAMA, (5 APT HERHIE AR
oMy iese A . SRR 22 ENE A TP M. WAF . BEPRIMI IR M. WY A
WIAPI 5% JgifE.

11.2 {REBUZK

ESP-VISION [ i) T 2R JZ AN T -

Vil N
\
+-— MicroPython iz 4T it 5 ESP32 port
\
+-— ESP-VISION Python ## 3
| +-— OpenMV X # Hy sensor / image API
\ +-— display / imageio / espdl / tflite / h264 / rtsp
\
+—— H k5P E K
\ +-— OpenMV imlib F &
| +-— ulab / ZXing-C++ / ESP-DL / TFLite Micro
\
+-- ESP-IDF., HE A M 5 R K E

AR B =i B -
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e 1ib/ F1AY Git submodule, fl# MicroPython. ulab Fil ZXing-C++;
e components/ 54 modules/ PREGFELEP S = IRAEACHD ;
e idf_component .yml T 2% ESP Component Registry ZH{4:. E.{A&ZH {2 F i 4= 7] EfE ESP-

IDF JiA . HARE AT Z AR AL .
BMFHIRAS . ASHOERALRIVF UL WL 7T 3 35 B
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Chapter 12

VEnliE

A Ei g ESP-VISION VF I UEA K ULHIRYME— S5 . X LA N ) T35 B I 0 AR AU R, AN Gk
R MR SCS5IRA VAT LIRS B VR AT S SCRIYE SO Sk A HE

ESP-VISION H A (platform/. K4 modules/. boards/ PAJKMIZ ) DA Apache License
2.0 KA, CRAEGETZ) LICENSE . 5] ARYEE = AR EEHE SCA: . SPDX bR ek b i iF nT ik
AR HE; 2 FETZ LICENSE A4 7 3 s ik B4 m] ik

12.1 P alEds R

TRV G5 K IRAR K E A . B AR T 1R I ) e BT B
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Chapter 12. 4-H]HE

T E s S

AR E

7£ ESP-VISION m#g{EF

VFATE

esptool-js 0.7.1

Device Core E #l

SDK

& £ u AHHL/LCD )
A B

MicroPython v1.28.0

MicroPython #h 47 5
LA

MicroPython & &

USB $iii FF & i

OV2710 5EHf a4 iy

JEE B

TinyUSB UVC 1% #i
puy

micropython-ulab
6.12
OpenMV

v5.0.0

host/device-core/
package. json

& #h, e src/

browser_rom. js

Jinz

host/device-core

host/device-core/
tests/fixtures/
device-checks.py
lib/micropython

overlay/
micropython/
shared/runtime/
pyexec.c, overlay/
micropython/
ports/esp32/
mpthreadport.c
overlay/
micropython/
shared/tinyusb/

mp_usbd_descriptor.

c (v1.28.0 #4k)
tools/
prepare_ov2710.
py. platform/
ov2710_lifecycle.
inc H & & W
i b tools/
tests/fixtures/
ov2710/upstream.
C; esp_cam_sensor
2.4.0, g 5%

8£fc931636££a937¢c89¢

overlay/
micropython/
shared/tinyusb/

esp_vision_video_tz

inc., tools/tests/

tinyusb_video_stubs

upstream_transfer.
c; espressif/tinyusb
0.19.0~3, 12 3L

ab4al817907ed865bl(

lib/ulab

components/imlib

B 5w % #% Web Serial ROM
JG i, b iF src/targets/
stub_flasher/README .md
FBH stub S A esp-flasher-stub
v1.2.2 (set2)

EV-MUX v4 F:4Lif {5 . Python,
PRSI PR R B A

MNP X A ECAL G A B
B, AEEAE npm A

Python iz 17H}5 ESP32 port At
24

FT I 8 B SO RN 4R K
SRR, PR R IR CBCRI V]
TS

CDC/MSC/UVC $§iR 45 I ik 3%
WG, R RSk

o R R m O R W
sensors/ov2710/
ov2710.c" " (SHA-256

" 4a9af395151527b156bld
A TR 45 1k J5 A R SCCB,
ﬁfﬁﬁﬂﬁiﬁ%, MMEUFEE
2H

LA S S 7 e < £ O
src/class/video/
video_device.c R A
2k Ml fE A 1SO i, B
&R MTE K, IR B R IR A
TR,

B SRS
VPR AL 5 2 ) R

Apache-2.0 (4

dE 4, LICENSE) ;
stub —FHEH X R]
Apache-2.0/MIT,
VERURI 24, 52
Bl 9 3 e A 15 Bk
bW VR SR T
FEMOHT pako fx B4
H MIT/Zlib 75 B,
atob-lite {38 MIT,
Apache-

2.0 (host/
device-core/
LICENSE); Jis
MIT 7= W] f& & T
NOTICE
Apache-2.0, %%
JE A P

MIT

MIT

MIT

Apache-2.0

0f33a8391a64

MIT

MIT

MIT, 5 SO H

oty

imIib
BT oo 4
L

OpenMV %k 4: JPEG

=r
. 2 . Releass 2026. 1106 3-g464¢97bafc
modules/pgﬁéﬁﬁgs*obu E)Eﬁrtl gelxl g%(ﬂ:?(lmage &ﬁ%ﬁ ﬁl@

modules/
py_helper*
components/imlib/

RE

Y B Al B8 2 A A R ek

MIT


https://github.com/espressif/esptool-js/tree/v0.7.1
https://github.com/micropython/micropython
https://github.com/v923z/micropython-ulab
https://github.com/openmv/openmv/tree/v5.0.0
https://github.com/zxing-cpp/zxing-cpp
https://github.com/espressif/esp-dl
https://github.com/espressif/esp-tflite-micro
https://github.com/espressif/esp-tflite-micro
https://github.com/espressif/esp-adf-libs/tree/master/esp_new_jpeg
https://github.com/espressif/esp32-camera
https://github.com/espressif/esp-idf
https://github.com/HonglinChu/SiamTrackers/tree/248663fde6bf7c40190cf10ee396d5662919ecd3/NanoTrack/models/nanotrackv2
https://github.com/HonglinChu/SiamTrackers/tree/248663fde6bf7c40190cf10ee396d5662919ecd3/NanoTrack/models/nanotrackv2
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12.2 ol BV nl Uk

GETH)Z) LICENSE ifi ] T ESP-VISION H AU, (ARS8 = iFvliE:

o SR =07 SO AR SE B FLE AR VAT UEREAL, T OR B IR RO 5V ATIESk

o [al—ANHFEA B S A FEVEIHE, Bf imlib 3232 MIT, §fj apriltag.c i BSD-2-Clause;

°M$E&&hHHﬂ%D%ﬁMﬁﬂﬁﬁﬁﬁﬁﬁéﬁﬁ,@m%&%ﬁ%mﬁ\ﬁﬂﬁi$ﬂﬁ
A5 25 1

o FEBBIRE A AFE A W B SRR IR . BIATRY ET esp_new_jpeqg VFATUESCAKR & T Ak 4E
PR, ANBE R RS PR AL TR A5 R ) MIT;

o TR, AR, BASCOFIEEE AL AT BEA ML 45K, ABEM RIS VR RTHIE B ZhitE T

KA SRR, NG

1. 3T )2 LICENSE;
. 531~ Git submodule [1) LICENSE;

2
3. Frity A fY) managed_components/*/LICENSE;
4. BB BRGSO SPDX ARTE L VAT IESK R A R HH ;
5. 880 R M RS RS B P R SR IR A 453K

12.3 OpenMV % GPL {Ci3 %2

OpenMV _I Jif I HE iy A5 W] 3% 5 3 #6 R A8 [A] 14 v] ik, ESP-VISION £ micropython.cmake
components/imlib/CMakeLists.txt Hi&H OMV_NO_GPL=1, A %gi¥ OpenMV 3% GPL {4
FERN AR B o X TF K BT 24 Fi BRIA RS RS T X S5, N W AR A T BT S/ Rl ik
1) H B HE -

U imlib JIRETT K. (/]2 OpenMV AU BOMAGHBIRRS , e AUE SO A T IE ;A EEAURYE
SCPFRTAE H SRAEWT A ATLE

124 BEIGE 5 1RHD

] ESP-VISION 3411155 =5 s 5 SC {4t -

] o ] A B RRAR B AR 3 5

B SCAFRI A AT IE R 550 H 4 % 5 s 251 5

{88 ESEIA . SPDX ARIH. 1] IE SCAFIL B2 NOTICE

FEAEF RS RIR . AR . AREEAR . FEAFTIE;

BIAMTETT SR SCHER: T ARMER 2 Z A ARED , TS 2 AAE SR A i
6. VFIEARTE R BT R ARy, FEEG AR sE B H A

LA I 1 PSA ik B4 %45 OpenSSL 3 liberypto (Apache-2.0) % SHA-256 i1
SR F LN, AEERFIFELE, tRKE npm 4% . [ {:( ] ESP-IDF PSA Crypto.

Nk
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Python fi3t % 5|

d
display, 66
e

espdl, 72
h

h264, 80

[

image, 50

imageio, 78

lcd_touch, 68

r

rtsp, 82

S
sensor, 46
storage, 83
t
tflite, 76
u

uvce, 82
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£

A

a_bins () (image.histogram F %) ,57
a_lg() (image.statistics F¥) ,59
a_max () (image.statistics ¥ ) ,59
a_mean() (image.statistics F¥) ,59
a_median() (image.statistics ¥ ) ,59
a_min() (image.statistics F¥) ,59
a_mode () (image.statistics 7‘7‘,/2) , 59
a_stdev ( (image.statistics F &) ,59

)

a_uqg() (image.statistics F¥) ,59
a_value() (image.percentile ¥i) ,58
a_value() (image.threshold ¥ ) ,58
APPLY_COLOR_PALETTE_FIRST () (# image

) |51
apriltag (image WH %) ,57
area() (image.blob F¥¥) ,55

AREA() (# image #H ) ,50

B

b_bins () (image.histogram ¥) ,58
b_lg() (image.statistics F %) ,59
b_max () (image.statistics F %) ,59
b_mean() (image.statistics F %) ,59
b_median() (image.statistics F) ,59
b_min() (image.statistics F ) ,59
b_mode () (image.statistics F¥) ,59
b_stdev ( (image.statistics F &) ,59

)

b_ug() (image.statistics F %) ,59
)
)

b_value() (image.percentile ¥ ) ,58

b_value() (image.threshold ¥ 3#¥) ,58

backlight () (display.ESP32Display 7%
%) ,67

barcode (image ‘#’é’]?’%) , 57

BAYER() (# image ) ,50

BICUBIC() (% image ¥ ) ,50

bilateral() (image.Image ¥ ) ,63

BILINEAR () (7 image #¥k#) ,50

binary () (image.Image ¥ &) ,62

BINARY () (# image #¥¥) ,50

binary_to_grayscale() (# image A3 )
, 52

binary_to_lab() (# image #¥k#) ,52

binary_to_rgb () (& image #H ) ,52

binary_to_yuv() (# image #3k#) ,52

bind () (% uvc #H¥k¥) 83

bins () (image.histogram ¥ ) ,57

BLACK_BACKGROUND () (#& image #¥H¥),51

blob (image HH %) ,54

blur() (image.Image F¥&) ,63
buffer_size() (imageio.ImageIO ¥ ) ,
78
bytearray () (image.Image ¥ %) ,60
C
CENTER() (# image ##w) |51
circle() (image.circle ¥¥) ,54
circle (image WH ) ,54
classify() (espdl.ImageNetCls F#%),75
clear() (display.ESP32Display Fi%),67
clear() (image.Image ¥¥) ,61
close() (h264.H264Encoder # ) , 8l
close() (image.Image F i) ,62
close() (imageio.ImageIO F¥) ,79
R

CODABAR () (# image #Hd) 52
code () (image.blob F¥) ,55
CODE128 () (£ image ) ,52
CODE39 () (£ image #Hd) ,52
CODE93 () (# image #w) ,52
compactness () (image.blob ¥ i) ,55
compress () (image.Image ¥¥) ,61
convexity () (image.blob F¥¥) ,56
copy () (image.Image F#) ,60
CORNER_AGAST () (# image #Hd) ,51
CORNER_FAST () (# image #¥ ) ,51
corners () (image.barcode ¥i) ,57
corners (image.blob Fi) ,54
(image.qgrcode F¥i) ,56

()
corners ()
() 54

corners
count ()
count ()
crop ()
cx ()

cxf ()
cy ()

cyf ()

D

data_type () (image.grcode ¥ ¥) ,56
DATABAR () (# image #Hw) ,52
DATABAR_EXP () (# image #k)

(image.rect F i) ,
(image.blob Fi#&) ,55
(imageio.ImageIO ¥ ) ,78

(image.Image 77‘«35’) , 60
(image.blob Fi&) ,55

(image.blob #i) ,55
(image.blob Fi) ,55
(image.blob Fi#&) ,55

,52

deinit () (display.ESP32Display F i) ,
66

deinit () (espdl.ESPDet F¥ik) ,74

deinit () (espdl.ImageNetCls F i) ,75
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#5]

deinit () (espdl.Model F¥¥) ,73
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