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Chapter 2. St ST KRS

2.1 SZRIIFR B

5y FFER wh ESP-VISION % #1515
@ ESP-VISION
ESP32-S31- ESP32-S3 ¥ # | B sensor, image, display,
CHATBOT lcd_touch, espdl, tflite, imageio | Mi-

croPython: network, WLAN, 12C, SPI, UART,
PWM, WDT | #}. % g 7: pixel/math, filters, geom-
etry, template matching, QR code, AprilTag

ESP32-S31-Korvo- ESP32-S3 % #f | i 3k: sensor, image, display,

1 lcd_touch, espdl, tflite, imageio | Mi-
croPython: network, WLAN, I2C, SPI, UART,
PWM, WDT | 4.5 fi€ J7: pixel/math, filters, geom-
etry, template matching, QR code, AprilTag

ESP32-S31- ESP32-S3 I #F | B sensor, image, display,

MOSAICO lcd_touch, espdl, tflite, imageio | Mi-
croPython: network, WLAN, I2C, SPI, UART,
PWM, WDT | #{. % fE 7 pixel/math, filters, geom-
etry, template matching, QR code, AprilTag

ESP32-P4X-EYE ESP32-P4 ¥ # | B sensor, image, display,
lcd_touch, espdl, tflite, imageio,
h264, rtsp, barcode | MicroPython: network,
WLAN, 12C, SPI, UART, PWM, WDT | £} fig
pixel/math, filters, geometry, template matchlng,
QR code, AprilTag

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

Function-EV-Board lcd_touch, espdl, tflite, imageio,
h264, rtsp, barcode | MicroPython: network,
WLAN, 12C, SPI, UART, PWM, WDT | )i/ g
pixel/math, filters, geometry, template matchlng,
QR code, AprilTag

ESP32-P4X- ESP32-P4 % Hf | 1‘% ij% sensor, image, display,
VISION led £ cvvﬂ £ f144 = ‘;pnaf\r £l
Espressif Systems 6 nh264,rtsp I Ml&@m@%i@&%mmﬁ@-’)

Submit DocumenSFEQm,kPWM, WDT | M35 fE J7: pixel/math,
filters, geometry, template matching, QR code,
AprilTag


https://docs.espressif.com/projects/esp-dev-kits/en/latest/esp32s31/esp32-s31-korvo-1/index.html
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https://docs.espressif.com/projects/esp-dev-kits/en/latest/esp32p4/esp32-p4x-eye/index.html
https://docs.espressif.com/projects/esp-dev-kits/en/latest/esp32p4/esp32-p4x-function-ev-board/index.html
https://docs.espressif.com/projects/esp-dev-kits/en/latest/esp32p4/esp32-p4x-function-ev-board/index.html
https://docs.espressif.com/projects/esp-vision/en/latest/esp32p4/index.html
https://docs.espressif.com/projects/esp-vision/en/latest/esp32p4/index.html
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i YHEAH MRS npconfigport . h, ZFHF AMRA) mpconfigboard.h 5 imlib_config.h, DA
Kt FrAH S AT Bl AR A

22 Ehig bl

Bt s it B B ek . fFlhn, KA IDF_TARGET 4 esp32p4 B, micropython.cmake
FEMMA h264 fll rtsp. WA E LA PAE T boards/<BOARD>/board. cmake #t— 5 ki 5¢ ]
ZXing-C++ 255 J5 it 55 DI RE -

APT SRS B 28 B AT 5 25 1 2 AR i i 284 SO A2 il BRI E, micropython.cmake, boards/
* /port /mpconfigboard.cmake FIZH M1 board. cmake & ESP-VISION API a] F 4 1 A% gk, 5%
/-

2.3  brifE MicroPython Jjfig

¥ MicroPython B GE K Hl 5 — & L B I 182 4 5 overlay/micropython/ports/esp32/
mpconfigport.h 54 LMK mpconfigboard.h, a2zt se e v g = B nd B rli fe
A S A T BEHHT65 5 R 7 A ] P

Y HTFF A AR Sk SO R € B T Bluetooth £1 ESP-NOW ; S31 FF & #if X[l T machine.ADC flmachine.
ADCBlock. FFEMANTEEAAH R M 4R FFI [ (FELE, network .WLAN A RE@ L.
REESAIF IR R Bt e, PIGE e fidn & 12 3 ESP-VISION API 2%, {HORA AR MicroPython
PEHL SERETE B . M IR SR A MR A S — Z4EP /e T H README H

S8 SRS A 24 B T A& AR B[R] SR O BRIARE 17 H & SOT KB i g ik i G i BT iE 5 2 %
R USR] s A 25 55 P B DA 2 i R ifE
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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/
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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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Chapter 4

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 % -
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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

¥
@it ESP-IDF storage 3

l

151k MicroPython BT
B ...

h 4

£/ 80 fedeard A%
5% VFS bridge

i

matEgx. &7,
TR SR RS

l

HITHRBR _boot.py
EfTRETE

¥
B1T RS/ py_inisetup.p

Yoo

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 7 37 F MicroPython VM 5 T K U R 5. BEFENTR: ffat 70 X3 %]
/flash, KA HAY SD F4:#k 5| /sdcard. &K VM B3I}, B4 MicroPython VFS bridge x4 Flash
LR/, HSD BEME /sdecard, BN H ST bridge X1 5, AamHEEHC HER YR
SRS QR SD RAER B R4, E248 IR VM jRali#ia ik, FIFPUSHE AR SD RATFERK
AR AT H .

storage manager X TERIIAIEREARAE XA £Eat 43 KA FAT. SREIHREFR) vEs K AATED
ZALE FAT I A o8, A gk, HICRSEREREEER 7T REAF/EN) LittleFS2 %5, HAh RS
ARG H S ik, AefdTmditBE. Win, %450 py_inisetup. py SFEXT W SCPEATEAE A1)
/boot .py. /main.py. /README.txt #ll /.esp_vision_disk #pic 3
EFEEEFARELREMAERZC A B S M. JF &K W] DA & boards/<BOARD>/
board_inisetup.py R BN main. py il README . txt NZA .

4.8.4 1¢i[{] boot.py

boot .py EEHATLATEN. FHBIHT5E . FEmfF HARE0E M aatl, Blanesmiist, MEEnE
R B Y R 25 1

import network

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

boot . py MR A, ARALE I H K ATEH . ESP-VISION {{f£ boot . py 5EMUG#I i1t MicroPython
USB ¥ 4%, PFPHIES K B RZFTH) boot . py W] fig 33k USB REPL Fl AL THIGEME A

4.8.5 {§iJ}] main.py

main.py WAENEN AL . EBCRF R SE BI85 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)

FLiF KeyboardInterrupt 4REE{liH, ATPAGE] Ctrl-C {5 IR HIFFUE A LS REPL, 7 W I 752 B
PRI, A DAICSE % 5 machine. reset (), {HICAMR OIGER 3G INTT &AM RS W ERE .

ESP-VISION BRiA main. py S T A% (5 EIHFAEIRER P RAR, 6 VSCode 4" A AL FAL T H A8
PEPAFERIRL . AT4%E Ctrl-C PWIBHZMA I E A REPL, s MA B /main. py.

4.8.6 REPL L5lpsikiz

main. py [EAR S RIHESA S, S CA A REPL, Ctrl-C & IEEIEATH Python
JIA<{F A KeyboardInterrupt, FEAYF REPL H$% Ctrl-D W& H 8RR (7.

Espressif Systems 29 Release 2026.10.23-6-gb29fe99143
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.10.23-6-gb29fe99143%20for ESP32-P4

Chapter 4. ELRlHT &

AL B LU E RIS, WTDAMERE REPL, S Corl-C PR, SA5 T 4% Sk 8 3
P

import os

print (os.listdir("/"))
os.rename ("/main.py", "/main.disabled.py")
# fEF Ctrl-D EH B, HBAETZIWMW main.py.

WRICIAYRA REPL, WAE QAR H SRR BB R I A . erase—flash {iFRI &4 Flash,
R SR R G P

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

AHFT erase-flash B EHFTGEH SR B EE XRS5, HIEATREAR R ALK boot .py B}

main.py.
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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,

5.1 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 .

51.1 ChYk2k

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] .

512 iES55ME AP

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)

31
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5.1.3  brdEE SN

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 PRIAI0E 2 ) MicroPython FEZRT | b3 SR A 7R A ASEHRATY PT A 181 JT-326 [ 424 et ¥ T 5 268 0l
AW

5.1.4 JSON Smfm)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&-& I A] ) B AL AR A Hhas AT IR B 1A tick (B2 20N time.
ticks_diff (), PAIERALEETTELIRIZE. §son ] I TAEAAAHE M 45 4% fr v 7 51 AL B

5.1.5 wWifk5 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

51.6 GPIO 5 PWM 75

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

5.1.7 M4 API

WY network . socket il select FEBFR AL 245452 1147 # & TCP/UDP {5 HE 1. M1 M KA E S )5
M1 network.WLAN, {HSEFrfdt FH A TS 53025 1) 9 28 B 00 42 i

M HTIT & AR B 54 ] T bluetooth Fil espnow, SSL/TLS. cryptolib. WebSocket. WebREPL il socket event
SERFE T R R [ 4 F ) ESP-IDF JiAS 5 Zedrr e i) ORI 2 LS 7 5 2R 4%
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5.1.8 %% Wi-Fi

import network, time

wlan = network.WLAN (network.STA_TIF)
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])

J

Wi-Fi T ZARA R AT SR BCE . 7 i A N BB I . T BN, FFACPRERr s, AR T
FRIDISE Ay«

519 Xf1E&RSHiatrih API

ESP-VISION 7 /f] MicroPython Y M U SCIF R GEMIRAT N, A4 os. io. vis FINEL open () BR%L. MY
RGN, FFRtUash &3 /flash, /sdcard %77 ifrfi#

1B 4TI AR 45 4K 2238 1 micropython, gc. sys. time flI thread P, ESP-VISION B H T4F GIL 11
MicroPython £k#%; [l APT BB UEHISCREI A, XT%%H@FF%?/J?%T“ YRR BRI AL

5.1.10 A AAE IR A A

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())

{5 1) T e A A8 S A A H O A A AE . I 2K R TR i 3 P P R D s G o DX AT AR ge
collect (), {AAEARMURBER-F S5 il M g n] RERE AR ARt

5.1.11 A8

ST 24k ESP-IDF (I &%, asyncio task 2 PMEH)E R Python M2, A2 FreeRTOS task, £
FEIL (] —4 Python W4T BR3¢, I HAUEEIAT await B, 625, MZ VO, R EHAE I
TAENARSE R X FhEEH, A E A DA I A U 5 S . B, B R A i X 42

PATREE A0 R — AR S LA £, N R M A PR R BB A i A A i 4
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MicroPython asyncio B
Hr B

¥
MEES
FE R

SRR
i £ 35 M2 BT E

¥

¥

BMES
e 7L H 15 Hi

i B i 2 55
o Dok e 7 3

import
import
import
import
import

asyncio
espdl
json
sensor
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, vV, h, color= (255,
img.flush ()

Wy

async with state_lock:
state["frames"] += 1
state["detections"] = len(results)

state["last_ frame ms"] = time.ticks_ms()

tEDNEREANCRENENENEEFE1T

(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

51.12 MRS EAEATESS

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

Espressif Systems 35 Release 2026.10.23-6-gb29fe99143
Submit Document Feedback



https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.10.23-6-gb29fe99143%20for ESP32-P4

Chapter 5. AP1 &%

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

5.1.13 KA Rty el 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

A f# Jf] #% #E MicroPython API ] 7] iz 17 7/~ fil: example/00-HelloWorld/helloworld.py (H
M A) . example/06-Peripherals/00-Storage/sdcard.py (1 R %) 5 example/
06-Peripherals/02-WiFi/webrepl.py (Wi-Fi 5 WebREPL).,

5.2 sensor —k{%3k

sensor BT GCL I REEZ . ERE A5 OpenMV [ sensor fRFF—2, HILKZE
OpenMV JHIZS TC 75 B B T #E A -

5.2.1 $HE I AL HESCR A
R RA R A B . R FEEA G PR AN BB TRE , RS SRR

import sensor

N

sensor.reset ()

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

while True:
img = sensor.snapshot ()

sensor.reset () &N HIF K WA BN LB E . RGB565 1M T i/n. k25 Al T/ER,
GRAYSCALE I A P14 22 A6 B33 1 A 5 AN AL BEFF 4 . sensor. snapshot () iR [8] f AT & I Wi%
MRE ) image . Image, HILTEEAE N —UCRESGHLLRFF G INAEANZR, WIAeE HlZE G . dn] A
BAN—D ARG Y i v 5% X sensor.snapshot (buffer); &I EGESHFEEBZFZHX
w51

522 PR Iim G BHE SR

B AL AR 1) S B 2226 T 1) v BB RIS, ]l P BRI T B R A TR . status () R
[ o, M. RIREE ID. Gy mAEE(E R, W H TS
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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

52.3 BymE kR
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

524 @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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KM TPA 24 IEH B SHOER, EALLE ISP UG A RS, PR i k) ol RESCA W A
Ao RF AT DAEFE el 28 IS BOEIRB 6, FIIT)E TPA ISR AR B E o« BUIT 4% MR LE 5334
gt 241 IPA FiL

52.5 EILIPA SiilMs R

sensor.get_ipa_stats (timeout=1000) ¥E IPA iz47 6] LB —10 #% ISP St 5. {3 1w
it hasattr (sensor, "get_ipa_stats") fuft[E @M dtiEn, Hmmig k. a IPA.
timeout 34 1 % 1000 ZFPEEL, BHEEHL valueError. MR EHAGLA LRSI TR IPA $21]
IHR A None; Sk AHIMAML. TPA B 56 P 5 & /E L MRl OSError,

RV AANE AR H ST, R RIETRE, BRI SR 28 RSB MR S,
(HWERIG MG B TFEY, I 0] REFE i BIRR P PHZE Python, R SOE R AE . PRSI (A1 4K 4L
8 sensor.snapshot () KM ZEH. Giil)¥5 5 Python [ snapshot () EMREG ——NF W A%
k.

R FHIGAAE U E . ARREIEE R THIARC G T None, AePHEAREIR NS ITHE.

% 1: IPA GiiT 7B

% aX

seq 64 (i giit )y 5 iR ke IPA FHILA 1L )5 AT RE S B T4

flags IPA H 37 : AWB=1, AE=2, HIST=4, SHARPEN=8, AF=16, AWB_SUBWIN=32,
AE/AWB 1/ )3 5 JE 15 ESP Video FRric AN[E] o

ae 5x5 SERERIRG, 4% (=] [y) KTl.

awb fE counted (HAITEL). sum_r. sum_g. sum_b FM., GG HE
ST T RE A .

awb_subwin % [>;]Z?[%;/] EKG| 1) 5x5 W%, FHICFES awb M. FEGIm. & KRG
P B ST

hist Fehg R B XA P HES Y 16 AMERTTEG XIA A B 24 5 ISP B g «

sharpen =Ll ES-UNIR

af =EAE O FHRYNFE, KU definition (JEMWIE) Ml luminance (3%

BE)o XEERAEGEIME, NRELAIE.

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["seg"], stats["ae"], stats["awb"])

example/01-Camera/04—IPA/ipa_stats.py /W allE EWEEESE T . %42 1R [H] TPA i 241
ISP i NG, ANUEHEEMHEN O, SRS RS I LS HT T get_isp () [

o

5.2.6 T-@hsilil ISP

Wik )5, sensor.get_isp (block) iR [EIKEN Y {ISEWF I A SRR AL AR [B] None,
PR S IR B 1% A SC IS i 11, B X 0 R RS O B A S G R R, R TR SRR 1sc
75 %% ESP32-P4 v1.0 X PA I, blc 5% v3.0 DA I 1i SC2336 S {4 ka2 L5, Hit
sensor.get_isp ("exposure") i# % ik [A] None, {HASH]# T sensor.set_isp ("exposure",
value=...) BB, FahB AR sensor.set_ipa (False), sensor.set_isp (block,
**params) BM—MEBREEL, KI§E T BOR M HIECE . PA 217#E S ALl oSError,
GRS TS

Espressif Systems 38 Release 2026.10.23-6-gb29fe99143
Submit Document Feedback



https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.10.23-6-gb29fe99143%20for ESP32-P4

Chapter 5. API &%

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)
sensor.set_isp ("exposure", value=10000) # B {r: &%, % 100 f# BUE.

sensor.set_isp("pixel_gain", value=2.0) # ¥z & %&.

sensor.set_ipa (True)

AL PRELH A, 57 B A S 25 i 4 -

%% 2: ISP 44

E2S FEB

exposure value: BEJGIfTE], ALY, FUNIEE. Be il mibh 100 fepboh AT,
BEHASHTHCEE] 100 8>, PO SR G 2 s BTSRRI S5 2K, Al B
TFRRPEH BEERSE . BI4n SC2336 7 1280x720 30fps I K H# 52 200 {3 33.2 ZHb,
AR 100 fAb

pixel _gain  value: IEBMzm AR, 7E 1% N 1R 2 3 B SRdalr i — I

demosaic enable. gradient_ratio: #EWHI, JEGEL, M HIKBIHE REHEPE .

wb enable. rg. bg: 1. WIHEMIEMEE, JEEH 0 F| 1023/256,

lsc enable, lsc_gain_size, gain_r. gain_gr. gain_gb. gain_b: JU{-H435
FF, KEHIY get_isp ("lsc") REIFKE—E, BYETEHE R 0 2] 1023/256.
K JE R RS ULE

blc enable, stretch_enable, top_left_offset., top_right_offset.
bottom_left_offset, bottom_right_offset: HHFWiEaE, HO0 7| 255
IR .

bf enable. level (2-20). matrix: ¥HATHEAMSLEESL, JEHIH 0 3 15,

sharpen enable, h_thresh, 1_thresh (0-255, {GB{E A KT = BMH) . h_coeff,
m_coeff (0%]255/32), matrix: FATHEZMSLAIEE, JEEHR 0 3| 31,

ccm enable, matrix: HATHRFIMIAABREUE, 4800 T -4 3] 4 Z[H].

gamma enable, x. y: FMKBEN 16 WEEIFR, BUEN 0 8] 255, X MBREIE ST
TRiSHG, GERIBGLAUK 2 MF: BJa— sk 255, iR G —BRIFE R 256
AbHE

] EL 3¢ P B AR b FH B 2 800, Y [R5 B enable=True, {{f% A enable=False £ %M i% AL PR
B, MABRCMRANESDE. B P aare e R E . FRITHFRKE . Gamma i52[8] 21 38 18 #
24 W x Iy RFA UGN T EANEE, UB ST LR B AT M 2e . LSC F£A Hil 2 513
KRR IAEE T, FERIIR RN S TPA U1 5K A3 TEIRSh R 2 al, kS E O AMIH
%, WIS AR I T AR Z 500 A ORI B 3 B ] RER IR Bh &1k .

HFEH . ToRCBUE BB K B R e B a4 . AR S Al OSError. W&HR
HRERE N E N AL E, BRI sensor.reset () EHHIIRIL,
example/01-Camera/04-IPA/isp_preview.py RUIJCECER HAEE, FHXH IPA, SRIGEREETI Y,
2 FORENLIE R Whns . FHPPAFRS R AT CCM, 4T BE K MG S IR e ] 3 2 . P 2
Al CCM 2%k, H3#% Cul-C {1k, " PAME R UPDATE_INTERVAL_MS KA-ZHE FlH m s e X4
HIE B AL Z BB ST BBk, Ao hlriite. 1k, TPA LRFFCHDIFR B i fa— Rk & .
S

AR Sk AR A& PR T iR W) I G A s B ik image . Image; B AR E MR EXR S OES
] .
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W] iz 47 78 il example/01-Camera/00-Snapshot (R & H 4 1F) 5 example/0l1-Camera/
03-MJPEG (Wi-Fi MIPEG %) .

5.2.7 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

5.2.8 Functions

sensor.reset ()

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

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

Return the current pixel format constant.

sensor.set_framesize (framesize)
Select the output frame size.
S8
framesize —sensor.QQVGA, sensor.QVGA, or sensor. VGA when supported by the board.
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.

S
enable —True enables horizontal mirror.

Espressif Systems 40 Release 2026.10.23-6-gb29fe99143
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.10.23-6-gb29fe99143%20for ESP32-P4

Chapter 5. API &%

sensor.get_hmirror ()

Return whether horizontal mirror is enabled.

sensor.set_v£flip (enable)
Flip the camera image vertically.
S
enable —True enables vertical flip.
sensor.get_v£flip ()
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. Unsupported
cameras raise OSError.
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.

S8
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.
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.
sensor.skip_frames (time=..., n=...)
Drop frames while camera exposure and processing settle.
S8
time —milliseconds to wait. n: number of frames to skip.
sensor.snapshot (buffer=..., /)
Capture one image from the camera.
ZH
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.

5.2.9 C(lasses

class sensor.SensorStatus

Dictionary returned by status().

class sensor.IPAAWBStats
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class sensor.IPAAFStats

class sensor.IPAStats

5.3 image —F{RAbH]

image BiHPEE Image X4 PAKEET OpenMV imlib Mt EE: . M 5e. 180, Bt/ ail
AN, DARCRRAERGIN (BZk. ZRB:. 1. M. —4ES. AprilTag). Sif@iSHiziAimageio. ImageIo
Wimage.ImagelO —A1% 7

Y Hi ESP32-P4 fRZR Al B iR 2 ZXing-C++ £ JGimAl image . Image. find _barcodes ().

531 ZxPbgitataliibis

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))

RGB565 & 5 & & 7~ > LAB i Bl {i: (L_min, L_max, A_min, A_max, B_min, B_max).,
pixels_threshold £ it JEILEME F L D IX I, area_threshold £y it MK i Fad /Mg
ik, AR AR GG 2o b, W EB LR E k.

532 RS Aiori

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 () FEBEAFLHMHE SIS, binary () FFVCHE B IR R AR H, WG S8
K T BRI AR IR AR K. X 28 YA & TR b ol 15 .

53.3 4R

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())
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find_qrcodes () &[] “HER LR EANBRS A KBS A T DAREARAL BRI 45 4 SR 4ty
Bt A 0 TR ) ] R X8R, 38 W] AR S /M) RO

534 HZ. ZBGBIAM

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)

J

find_lines () #l find_circles() fff Al & < & i #8 W (. find_line_segments () fii [
Edge Drawing Lines £ ] #, H ' threshold J& M T 7= 4 Jf 38 B 31 % 1 fix /Iy Sobel #5 Ji2 I A,
merge_distance Jﬂ?ﬁ‘#/\ﬁiﬁ@%&o P (R v] U 5 A I £ 5 s BRI 22 E . ROI Bk &
B PR DA S, il s T iR e .

5.3.5 GufSIFPRAFRIR

import image

img = sensor.snapshot ()

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

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

JPEG quality M} FAUAE S i AR S R AT, 4:2:0 (0 SERhARIE T W] DARFEI B/ MR (IR . PRAT IR AT,
Hir R G K HAT 5,

KEFFHBAER kR B E G AL, FIT A : img. to_grayscale () .gaussian(1).
binary ([ (128, 255)1).

S Y

RTXETEE R, SIEGARER (B0 RN, Wigh) SE5EL2 (JE. BE/k.
FFAEAG ) o

B T/R Bl example/02-Tmage-Processing (£ &, JEIK. Bi@BELE. WES) . example/
04-Barcodes (4if%) 5 example/05-Feature-Detection (AprilTag, Bk, 2. [).

5.3.6 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.
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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.
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).

Espressif Systems 44 Release 2026.10.23-6-gb29fe99143
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.10.23-6-gb29fe99143%20for ESP32-P4

Chapter 5. API &%

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().

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
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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

5.3.7 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.
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 (1, 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 (r, 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.
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image.lab_to_rgb (pixel)
Convert a LAB tuple to an (r, 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.

5.3.8 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.
y10)
Start-point y coordinate.
x2 ()
End-point x coordinate.
y2 ()
End-point y coordinate.
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, 1).

x()
Center x coordinate.
y0O
Center y coordinate.
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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.

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).
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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().
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).
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enclosed_ellipse ()

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

class image.qgrcode
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.
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_kaniji ()

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).
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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.
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().
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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 ()
stdev ()
min ()
max ()

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

uq ()
Upper quartile (75th percentile).

1_mean ()
1_median()
1_mode ()
1_stdev ()
1 _min ()

1 _max ()
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1_1q0)
1_ug()
a_mean ()
a_median ()
a_mode ()
a_stdev ()
a_min ()
a_max ()
a_lq()
a_uq()
b_mean ()
b_median ()
b_mode ()
b_stdev ()
b_min ()
b_max ()
b_lq()

b_uqgq ()

class image
class image

class image

. Image (path)

. Image (width, height, pixformat, *, buffer=...)

. 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).

S
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).

Espressif Systems 53

Release 2026.10.23-6-gb29fe99143
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.10.23-6-gb29fe99143%20for ESP32-P4

Chapter 5. API &%

get_pixel (x,y, * rgbtuple=...)
Read one pixel. x, y: pixel coordinates.
BH
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.
ZH
* 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.

SH
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().
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).
BH
* 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.
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to_jpegqg (*, quality=..., subsampling=..., copy=...)
Encode to JPEG.
S8
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).
S8
mask —optional 1-bpp image limiting which pixels are cleared.
draw_line (x0, 0, xI, yl, color=..., thickness=...)

draw_line (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.
S48
e text —string to draw.
e color —text color.
* scale —integer/float scale factor of the font.
draw_cross (x, y, color=..., size=..., thickness=...)

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

draw_arrow (x0, y0, xI, yl, 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.
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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.
e 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.
B8
* 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.

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

ZH
ksize —kernel radius.
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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.
* 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).
BH
* 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).
S8
ksize —kernel radius.
bilateral (ksize, *, color_sigma=..., space_sigma=..., threshold=..., offset=..., invert=..., mask=...)
Bilateral filter (edge-preserving smoothing).
e
¢ ksize —kernel radius.

e 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 / I_bins / a_bins / b_bins: bin counts; -1
selects the channel default.

S8
* thresholds —optional list of thresholds to restrict counted pixels.
e 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().
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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.

SH
* thresholds -list of color thresholds selecting the pixels to fit.
¢ 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.

SH
* 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.
S

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.

B8
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_min=..., r_max=..., r_step=...)

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.

5%
i threshold —minimum accumulator magnitude.
find_rects (* roi=..., threshold=...)
Find rectangles/quadrilaterals (e.g. for fiducials).
SH
threshold —minimum edge-magnitude score.
find_gqgrcodes (*, roi=...)
Find and decode QR codes.
BH

roi —region of interest.
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find_barcodes (*, roi=...)
Find and decode 1D/2D barcodes (requires the barcode backend).
BH
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.

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

5.4 display -LCD /i

display BiHIKEFF &M K LCD. fl#—4> ESP32Display (|44 display.Display), HH
ESP32Display.write () JEEBWHIES i .

54.1 B LPI%

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}, JRRIRSGRCAERCH A, HH RIS BB E T BRX g H d—
UOFFFEEE N A QBT R & BB aa A 5r BT R

5.4.2 %JH Image 21N %

WER Y G 2 A T2 R e, AT ARIE — @ ) RGBS65 MR Zenh XA HAZHHT, L4 Lcd.

write():

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)

JREEMTA AGRELAE O R M A —A> Image., R RIKERKFEIREBRE AR KIRICH 2 HAe e m iKah
T X

543 e, Gl SRRy

il = Fly EERE, ] x_scale fl y_scale B4k, Hilit roi {UB/RIFEEIEH I8 E
X4 :
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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,
)

M fit=False W, fith iy 22040 E 09 O B AN AL LLBI4% 4. ROL (IR IE R AR AR, #5200 (%, v,

width, height); #i/)y ROL A A] DA/ 18 A 4 i 1) A B

544 T5R5SVTIRBRL

lcd = display.Display (backlight=80)

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

lcd.clear ()

lcd.deinit ()

G 0 5] 100 B F 70 B R AR R A I I deinit ()5 BKBIRAIERILIE A

NI
S Y

=

Hizf7Rfl: example/06-Peripherals/01-Display/lcd_preview.py,

5.4.5 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.
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.

S

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

backlight (value=...)
Get or set backlight brightness.

FrakeLs
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S8
value —None returns current brightness; otherwise set 0 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.

S8
¢ image —source image, normally from sensor.snapshot().
e roi —optional source rectangle (x, y, w, h).
e fit —True scales the image to fit the display area.

5.5 lcd_touch —fiphfakm A

lcd_touch BUREEHUT KA, T/ Wit R Bis. Touch () BEORIT AR O G EL Al At
AZFFHITF R M OSError.

5.5.1 BRI fuhdsE A b

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 ()

read () BRI (x, y) QEBFFARIITAL, BABAREEE (. AFRIEITF &R0 MBI B
H I AT TR AR WA R LRI 4 R

552 PSS IRRBEX

fib s a8 B S 3L =2 AESETY Touch () 2XFFTAREERS 40855615 IHSE B TLIE AR S0 5E L, H deinit ()
VA SREHOH LB RFA e . RS R RN IHM deinit (), EEIHMEE4SN, MicroPython K
AR

Z L

=

" & T /~ fil: example/06-Peripherals/03-Touch/touch_read.py fll example/
06-Peripherals/03-Touch/touch_lcd.py.

5.5.3 C(lasses

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.
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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.

5.6 espdl — BT Hi

espdl BLHLAE R L | KR 54T ESP-DL 1) .espdl %Y, FFEEHEH WAL 5 33 H AR
(PedestrianDetect, ESPDet., YOLO11). &E&flil (YOLO11nPose). KR4 (ImageNetCls)
FEHARERE: (NanoTrack), [ABAIHE Model ¥ ESP-DL J #&%i ) tensor %25 %5 Python,

5.6.1 fLHEHHIA R H bribEs

espdl.NanoTrack i& 4T NanoTrack V2 4 INT8 #iZA!, ¥ models/nanotrack_v2/ HFH =4 .
espdl LR Hil 315441 /sdcard/nanotrack_v2/ BIW], ZAHb &b 5L 56 SR AFAE 9 ZBE 1) build/
experiments/nanotrack-v2, NUETERFR LA GRS . P4/S31 fifif] ESP32-P4 Fil¥); Acdfhe
ANFEZ IR A INTI6 SEAR A . S3 TR A M) S3 T fr &b I B g Ik

example/03-Machine-Learning/00-ESP-DL/nanotrack.py BAERF.0 64x64 SEHE. B H AR
TAMEPY, # BOOT % (ESP32-P4X-EYE # P4 Function EV Board ¥ GPIO35) FFihiBks; FR R
MIEHERAS . ZK ARG REOT A2 /il & . MPLEGHEE RS 2R, /Nseae D o XK,
AL, FiEsE BUTTON_PIN #1 BOX_STZE & Ft HAMAE F 5 H AR R MFEL R LR 2R, #E
KB HEARL A

J 55 AT i %) MATCH_THRESHOLD = 0.95, [HiJfij_i) match @EZPCELM4L, A2 B AR S0k
BRI .

from machine import Pin
import display

import espdl

import sensor

import time

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.reset ()

sensor.set_pixformat (sensor.RGB565)

sensor.set_framesize (sensor.QVGA)

sensor.skip_frames (time=1000)

lcd = display.Display ()

tracker = espdl.NanoTrack (

MODEL_DIR + "/template_deploy.espdl",
GEFT)
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(% 750
MODEL_DIR + "/search_deploy.espdl",
MODEL_DIR + "/head_deploy.espdl",
)
frame = sensor.snapshot ()
width, height = frame.width (), frame.height ()
canvas = frame.copy ()
# Center at native size; smaller displays show the center crop.
visible_w = min(width, lcd.width())
visible_h = min (height, lcd.height())
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 = button.value ()
changed_at = time.ticks_ms ()
# A button held at startup must be released before it can confirm.
armed = stable_button ==
while True:
now = time.ticks_ms ()
level = 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
else:
canvas.draw_image (frame, 0, 0)
canvas.draw_string(view([0] + 2, view[1l] + 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 ()
begin = time.ticks_ms ()
result = tracker.track (frame, threshold=MATCH_THRESHOLD) if tracking else.
—None

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, y, w, h, color=(0, 255, 0), thickness=2)
canvas.draw_string(view[0] + 2, view[1l] + visible_h - 14,
"match 2.2 2d ms" % (score, time.ticks_diff (time.

—~ticks_ms (), begin)),

EF 0
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(#2 E50)
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) ZEffFHAREFME, SRIGREMOBAREL; 8 RABIAUA head 51, 5 H7HE 35 I R 2

ﬁ@%*)ﬁﬁﬂ ] — W 3B BEE F RT AR AE . R HilbRTE R RGB565 S K K% . 458K (x, v, w, h,
score) ; KT B{EK R [E] None, TE%EJ: BERE . HEARRRIUE B FRIA ] . X2 e s H AR
BEE, T@/‘éﬁrﬁﬁﬂ?ﬁﬁliﬂ%ﬂﬁwl %,

5.6.2 JilGHn i 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))
finally:
model.deinit ()

W PN EAT 55 BB VL RCB Y i AR SR, PT A Mode 1. ESP-DL 4311 57 G T AL BRAIHERE ; predict ()
IR 9] JR tR %y Y tensor, Python fUHS B ATAEAH i1 . inputs () A outputs () #R[H] TensorInfo
JG4H (name, shape, dtype, exponent), predict ( LJ]%E%%&}mnMH:Z$$%§§|%]RawTensor
JC4H (name, shape, dtype, exponent, bytes). @*ETE dtype IR, N ESP-DL
M K& exponent BEALHHI, AT sigmoid. HEMEAD. NMS., softmax Z¥ top-k &FE & . 8 H
letterbox=True, HJJFTBJ%ETIEIAﬁlgﬁﬁﬁ%%%i%ﬁﬁ%ﬁﬂﬁﬁ/\*EI‘J padding.

5.6.3 Hbpfsi

import sensor, espdl

det = espdl.ESPDet ("/sdcard/espdet_pico_224_ 224 face.espdl", score=0.5, nms=0.7)
1252578
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), thickness=2)

(T
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(750
img.draw_string(x, max(0, y - 12), "&.2f:2d" % (score, category))
finally:
det.deinit ()

score M T PBAREAR BEMRIEHE, nms T HEHI EAMAER G AN ALAR WG A K, 7TH
EMT LR BRI —VOEZ W RIE N ; deinit () SREHABIACERIHEI G0 X

5.6.4 PicoDet

PicoDet &3 i H 717 AMBEALUR F R 25 %K% . ‘B anchor-point 4t} tensor By ESP-DL [¥] Pico Ji5 4L 3
AR, Wi RS ESPDet. YOLOL1 KA.

5.6.5 PedestrianDetect

PedestrianDetect 20 HHF 224x224 PicoDet 17 ALK Python API, & {#i FiZ AR B 14 At FHER A
fE, FF R I FRAER I TG -

det = espdl.PedestrianDetect (
"/sdcard/pedestrian_detect/pedestrian_detect_pico.espdl",
score=0.7,
nms=0.5,

5.6.6 Pgsor

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) :
print (label, "2.4f" % score)
finally:
classifier.deinit ()

I FE 2 S 4 BB AL iy 73R [ Bt %2 topk A (label, score) JoH. B NRE SO A 5645
RGB565, #fifrfi AR At b 287 .

5.6.7 gL

N

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 ()
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BABASSEAAL B 174 COCO KA. BRKBUR T S B 2B (0, 0) , B IEKA LA
S F ML

5.6.8 iafrmHiEE I

[det .set_thresholds (score=0.65, nms=0.6)

TeFs BB N R B B, & AR ARGEE I B R S H AR AR (A T B SR

5.6.9 & o4l

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

e RawTensor: (name, shape, dtype, exponent, bytes)

o fEM: (x, y, w, h, score, category)

o K& (x, y, w, h, score, category, keypoints), & 174 COCO F4 5

BN - (
e /725 (label, score)
« B (x, y, w, h, score), {KTICHBIER A None

S
Al 332 f125 ESP-DL #EFRAE . . espdl #%20. EALPAKHEIEACHL. FREFARANE S W I A Frag4aal

W47~ fl: example/03-Machine-Learning/00-ESP-DL (47 A#& M. ESP-DL J& 14 & of fi# 55 .
ESPDet. YOLOI11, #%5. ImageNet 4325, BOOT 48 HfA M) NanoTrack 3B ) .

5.6.10 Functions

espdl.load_model (path, *, profile=...)
Preload an ESP-DL model file.
S8
» path —model path, for example “/sdcard/model.espdl” or “/flash/model.espdl” .
* profile —True enables ESP-DL profiling output when supported.

5.6.11 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().

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

S8
* 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.

SH
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.

S8
* path -model path.
* score —optional confidence threshold.
e nms —optional non-maximum suppression threshold.
* 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.

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

* 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.
B
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deinit ()

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.

Release model resources.

detect (image)

Run pedestrian detection on an RGB565 or grayscale image.

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

S

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

class espdl.YOLO11 (path, *, score=..., nms=..., topk=..., mean=..., std=...)
ESP-DL YOLOI11 object detection wrapper.

Create a YOLO11 detector from an .espdl model.

B

deinit ()

path —model path.
score —optional confidence threshold.
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.

Release model resources.

detect (image)

Run object detection on an image.

B8

image -RGB565 or grayscale image.

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.

S8

deinit ()

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.

Release model resources.
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detect (image)
Run COCO pose detection on an image. Returns 17 COCO keypoints for each person.
ZH
image -RGB565 or grayscale image.
set_thresholds (* score=..., nms=...)
Update detector thresholds.
BH
* score —new confidence threshold, or None to keep current value.
* 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.
S8
image -RGB565 or grayscale image.
set_thresholds (*, topk=..., score=...)
Update classifier thresholds.
L

* topk new maximum result count, or None to keep current value.
* score —new minimum score, or None to keep current value.

5.7 tflite —REFIHi: P

tflite Bidehnzk TensorFlow Lite .t £1ite flatbuffer, Fi# i TensorFlow Lite Micro i247. ‘B~ TFLite &
RUER A A THE 0 s SRR FR B A PR al 5 A PRI, o] DAFE I AR SE B B i 2 i A 55 42
[

571 HEARME

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)

(T
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(B LEm)
outputs = model.predict ([input_array])
raw = outputs[0]
finally:

model.deinit ()

predict () £ DA ulab ndarray 3% [0] 7 46 4t tensor. FALHN R & H IR BIAUTE B, VA
output_scale fll output_zero_point HITHE,

5.7.2 Callable #j A

YRGB, HREIE T A tensor A £E Fb Je 4 A ndarray B4 :

def fill_ input (buffer, shape, dtype_code):
t HWEAERERENEHNELFT T .

outputs = model.predict ([fill_input])

callable 21§t | %y A tensor [ 7] 5 bytearray £, tensor shape, DA ord ("b") XA dtype code. X
A EEARIE A TE Python /Rl R AL PR G 4i il . K FERE A AN B4k

5.7.3 kb

Model A PAJZUCERIN postprocess M, predict () WA AFEULFAIR callback. FHSEH
(model, inputs, raw_outputs), FFEA]PARFEIEE Python X4,

Z U

W[izf7/”fl: example/03-Machine-Learning/01-TFLite (person/no-person 4 sine smoke test).

5.7.4 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” .
* 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.
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5.8 image.ImagelO {40k

image. ITmageTO KA TSR A EBITH, H-OR B WIRIE IR . SCORRAEFEGE b IS 2588 S0
WA B WA EAE L L e o X . B DA image . TmageTO WTE U RERTE image Bk b RAUF
WAV T stubs/imageio.pyi.

5.8.1 SRHIBIAFH%

import sensor, image

stream = image.ImagelO ("/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 () FSSRAERBE ARG E— Wiz R EHFAIFG . sync () AIEEA 6 TR A 00 T 45 S0k 2%
HEHRE AL SCPFRU B S8 SRS P, PASE AR as OB FIAF i e I B A

5.8.2 Il o G Pl 1% i

import image

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

finally:
stream.close ()

J

pause=True % MK WIE I TEK, loop=False MSAERETAITR[H] None, A2 ol 2
Bl DAL PEEE T SV I SR PO BE LU, ML pause=False.

5.8.3 fEHMAAPE G

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

WAFIASEAT i VO, TG RAFAEIN 8] PR D St sl Se B2 Ab B, (HETEEAI 2 7E RAM 5 PSRAM
— W AR A

S
YR 5 3k —FEN AT ImagelO, JPEG. H.264 DAz USB CDC TV i % .
aJ 1z 7 N ff]: example/02-Image-Processing/03-Frame-Differencing/

in_memory_frame_differencing.py {# ] N7F ImagelO i
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5.8.4 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.

5.8.5 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” ).

* stream —path to the stream file.

L “ ”

* 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.

size()
Return the total stream size in bytes.
write (image)
Append one image to the stream (records the elapsed time since the last write).
S8
image —frame to store.
read (copy_to_fb=..., *, loop=..., pause=...)
Read the next frame from the stream.
B8
* copy_to_£b —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.
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sync ()
Flush buffered file data to storage (no-op for memory streams).

close ()

Close the stream and release its resources.

5.9 h264 -H.264 ;i

h2 64 FRHE 5 4565 i Annex-B H.264 NAL oG, B TR % Hl B A7 0%, 8% Arisp —-RTSP 437 i
Fto AHTT T ESP32-P4 #i 7,

5.9.1  Yahtd il 1%

import sensor, h264

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

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

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

o R A 55—t A% —3. encode () PA bytes iR[l—WidwiS%i, keyframe () HF
W5 2R 5 B4 1R 2 75 >4 IDR/T it

5.9.2 il H.264 L%

import sensor, h264

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

sensor.reset ()

sensor.set_pixformat (sensor.RGB565)
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 ()

J

R BIE AN LS MP4 224031 Annex-B BEAMS Y, Wl £fplay out.h264 §il, sifE ML R
. bitrate FoRHAREEAY TR, gop s PAWCN B S BEMTRIRS , QP LR BRI il SR vFY 5
HSARBTEE .

Espressif Systems 73 Release 2026.10.23-6-gb29fe99143
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.10.23-6-gb29fe99143%20for ESP32-P4

Chapter 5. API &%

593 BRI TE R S

7 A [ 8 A R A — A iy, IR PR N, S SRR I . R R B
it VR AERFIL B WA, AR WEREids, MR R Q@RI .

S U

s iR 5 AR UREH T RS HER” iRE, DA H.264 SCEEMTS RTSP L H 2 [l X &R .

Wizl example/01-Camera/01-H264/record_h264.py.

5.9.4 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.

S8
* 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.
BH
image —source frame; its size must match the encoder width/height.
keyframe ()

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

close ()

Release the encoder. Using the object afterwards raises OSError.

5.10 rtsp —RTSP #if

rtsp BIHUE T RTSP $pY %% H.264 NAL $yC, fiff VLC. fiplay %7 7 i i 38 2 00 46 L B8 15 3k 1 1
T Gh264 —H.264 4 # BLAREH . AR 0] BT ESP32-P4 #,

5101 CRAE. Gib ki

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),
(BT 50
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(#2 E50)
phy_addr=1,
phy_type=network.PHY_ IP101,
)

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 DA S | BIMeE A T4 TP101 RMII PHY fiy ESP32-P4X-Function-EV-Board, o= i JT- % #  fifi
TR M KL E . RTSPServer AWML . & EEFIMUR AN 5 A4 AL E — 2.

5102 Fyi AT A

Affiff] ffplay rtsp://<board-ip>:8554/ s HAhSZ R} RTSP (KT 4 bl . send () &
BB EEE M A BS, H HASERR s BA & PR & Fim b P R, Wi BERE T,
AT 3k G PH ZE R SEDE A . ANSR o o R 5 T R G A iR S BRA R i, T3 K max_frame_len.

5103 {FikRNRSS

RET I 25 B A2 X TR AT A ] server.stop () o M try/finally B DABGER A B o Kol
ST 2 58 UG JRIE B o
Z L

U ARAL 5 AR SRR TORSE . IS SR AR R
Hizf7Rfl: example/01-Camera/02-RTSP/stream_rtsp.py.

5.10.4 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.

ZH

* width —advertised video width in pixels.
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* 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.

¥
nal —encoded frame bytes from h264.H264Encoder.encode().

stop ()

Stop the server, join its task, and free queued frames.
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PEIR

T [ LT 55 (1) ESP-VISION 4 B4 H »

6.1 ZSMHi) Python Bt

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
6.1.1 2%

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

6.1.2 1. @& Ak

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

77




Chapter 6. #4455

(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,

6.1.3 2. $ii¥51:M 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,

6.1.4 3. FRIRSCIFHZ AL

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:.

6.1.5 4. FIMPHUAEHE

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

6.1.6 5. i 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,

6.1.7 6. HRIFEIE

[idf.py ——board ESP32_P4X_EYE build

SRJETE REPL i :

import foo
print (foo.hello())
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6.2 Ll ke

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 .

6.2.1 e 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

6.2.2 %1t 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

6.2.3 LR Tk

& 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,

624 %kl MicroPython J)fi

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

6.2.5 LY AT 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-

6.2.6 & ilifb#i4s Python Ui

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 .

6.2.7 ZilENRGIR S5 S vl 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 .

6.2.8 it HEIE
&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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6.3 KAt E

[ 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,

6.3.1 %Ki’y URL 3%,
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.

6.3.2  Aa[ENG L YA T

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 -

6.3.3 it i) Wi-Fi figJ)

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

6.3.4 [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 .

6.3.5 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 .

6.3.6 KAk

L. e AR _EA%4s 5 Core 322y, IR H R RBEEMM . IHIEZE AR B BIN £,

2. Nz e BRI 2 O P 814 3 GitHub, [A@ 2R MBI REEE: AT, FHE IR 2R
TRARAN AR AR AR RRAEHERE config T R4 MR RT HIVRESE RS . SEFFi9EE. HIL, SDK
AT IE L ; npm KA ANSET [ A

3. JHHR config ) publication My 7 IR IE A IE L. KE BT EE 4. website/MCP IR FIEE G Ao Bl
dry-run 54332 CI BUENARAE = FAZ ).

J17 52 BIN AN AT AZ i FRARSE LR B o N EORIH BRI o Bt . A 5[] 44 O i git Bl i ARt B
KU A AXLB AN 2 %A hR%: . npm 5 CDN %

6.4 SIABHEERY

ESP-VISION 7 £ S ALZ 71845 . BSP-DL . espdl BB fespd] —42 7 332 b, TensorFlow Lite
.tflite BBV Hifliee 4270 52 Bk, BIRURSm AR, TRAFBERBAFE T BT, 4
FRE A TE M T .

6.4.1 1. FRH sl HE Y

SEAEEHEIE T

» ESP-DL: A M\ ESP-DL #i%4 i SIS . espdl, Biffi ] ESP-DL [ &b/ S T HARRF 5 A #HE
Rl L espdl ¥R, 5 BEFRS A (ESP32-P4, ESP32-S3 & ESP32-S31) PLfL.

» TFLite Micro: {ifi ffj TensorFlow Lite .t f1ite flatbuffer, F7f{{FAEi%5E ! TensorFlow Lite Micro DA %
Bl R A TEE . TEMRRIET, Ak int8 BLALHE &2 PR H 5.

MG PRSI S E RN, 55 models/ I H F451 , M models/espdet / fllmodels/tflite/,
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6.4.2 2. REONEE VR B A6k

Hf .espdl B .tflite CAFHCEIEAT S AE A, BN /sdcard BIRE % /:

* SD R KPP UIEIR B, HEAN /sdeard,
* L FAT (ffat): ¥fisrXifad USB MSC 85, WAFSCIFHEA KA RAFHEL, HEREAR VIRE
X/, BIAEALER AR R H1E /my_model.espdl.

6.4.3 3. EFEAIGEN API

MRIHZAT AT 5 e RS Y. AP

®% API H#R

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

ESP-DL H#5#:i (YOLO11) espdl.YOLO11 (x, y, w, h, score,
category)

ESP-DL #7546 espdl.YOLOl1nPose K25 5 17 4~ COCO 4

ESP-DL E14& 42 espdl.ImageNetCls (label, score)

ESP-DL % i Python i}  espdl.Model 7 tensor JLEHE I 4G & T

i# F§ TFLite Micro W4T tflite.Model JE Gy 1Y tensor,  BY [m] 5% [F{H

X} ESP-DL $:4¢, #BIAFHRLOAF ) HUE a0 i8S 8, Tt iG k8% A mean. std. rgb_swap.
score, nms. topk B softmax. M4 FEEARE ESP-DL #:3 . {HXF Python FFi#ig &y H i, WG espdl.
Model.inputs () fll espdl.Model.outputs (), FfEY predict () IR\ RawTensor Fi5, X
F TFLite Micro 5%, W% input_shape. input_dtype. input_scale, input_zero_point,
output_shape. output_dtype. output_scale fl output_zero_point, FHJ¥F Python B4k It
el Hp S ASE AR AR ¢ 1) T Ak BBl b 3L

6.4.4 4. ;3547 ESP-DL #:H]

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 ()

6.4.5 5. 1t Python i ESP-DL %5 il

A T] fg Ji] ESP-DL EUR FiAL FRANHERR , (4Gt tensor F5 2L Python IR}, A Hespdl. Model,

import sensor, espdl

model = espdl.Model ("/sdcard/my_model.espdl", mean=(0, 0, 0), std=(255, 255, 255),.
—letterbox=True)
try:

(BT ID
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(750
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 ()

B tensor BB VAEIATATIESRI, JFFIHF shape. dtype Fil ESP-DL exponent Jifi. Rk
tensor ZEAVMRIL T, M exponent Hof5], FHHUST sigmoid. HEMERD . NMS. 432% top-k B{AkFRZ: letterbox
SERIRUM G AL

6.4.6 6. iz4T TFLite Micro i3

import tflite

def fill_ input (buffer, shape, dtype_code):
# HEAEXRETENEHNAATFT .

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 ()

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
WA example/03-Machine-Learning/01-TFLite/ " (" “person_detection.py Fil
sine.py).

6.4.7 7. w[ik: PERES BT AL UL

FEBUEH . espdl BAIMEGERT, Wil espdl. load_model () % H profile=True, DA% ESP-
DL fE e 5 B . % T TFLite Micro £, ®[$JE] model.len, model.ram. ¥y A JCEIREMIH LT
Bl SEHRIA flash K/, arena K/, tensor 1M L(EE, FILGALEE.

6.5 l|%: ESPDet Pico {57!

ESP-VISION jifi it espdl . ESPDet iz 4T ESPDet Pico H Frie il , Ay %%, S Fl &1L 7E ESP-
Detection i H Hp 52 i, ESP-VISION fll 3k a S .espdl 0, HiEid sensor., image #ll
espdl BIHSE LR

ARSCPARZ A ARK SRR 5], BEMI IR 22 . Bt Ess . IR, & {L-SHF] ESP-VISION Liz

SRR -
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6.5.1 1. #i:45 ESP-Detection I5%

WO An T -

git clone -b feat/esp-vision-train https://github.com/YanKEO1l/esp-detection.git }

cd esp-detection

ESP-Detection {ifi f] Python {Jl|Z: 38 5%, ANaE 850405 ESP-IDF, Hf5 4%1% ESP-VISION [l {4, #(&iz4T
ESP-DL 4 i) C++ 75l TAEH} A4 753 ESP-IDF,

ESP-Detection i /i] uv A BEH. MG RGTHHRS Y 2207 30

Linux/macOS:

[curl -LsSf https://astral.sh/uv/install.sh | sh J

Windows PowerShell :

[powershell —-ExecutionPolicy ByPass —-c "irm https://astral.sh/uv/install.psl | iex" }

GRS, BT 2, SRR 2R AP Rl Hr 4 Bl 2517 PATH. #fIA uv \THG, [FI2B00H BR
i

[uv sync }

uv sync £%% Ultralytics ., PyTorch, ONNX, ONNX Runtime . OpenCV Fl esp—ppg. {IRAL#5H NVIDIA
GPU, IS B RE P %4 GPU Wl PAE CPU, HIZmHSKRZ .

PG se UG, ATASERiA & A L AT :

uv run python espdet_train.py —--help
uv run python -m deploy.quantize_aligned —--help

6.5.2 2. fESS BN

fii i Roboflow MERFHRAERS, HEF T H voLovll 4. ST 5 PRk a4 #2151 ESP-Detection {37,
LU

datasets/my_object/
images/
train/
val/
labels/
train/
val/

ESP-Detection $2HU# 2 YOLO detection #2552, KK FHE labels HaE FA— A4 . txt %0
fF. Bl images/train/0001.jpg X} labels/train/0001.txt. W& MEH—ITFERr—1H
e :

[class_id x_center y_center width height J

Hrp x_center, y_center, width fl height R A E A 98 w0 — 105 7 Sk, JulEEE A
0.0%[1.0,

o A0 BRI 312 ARG F) A5 T A k-

[O 0.5123 0.4381 0.1840 0.1365 }

BOHRAERRAE N F1 542 ESP-VISION 3 7 ) 28 51144 A — 5L
BETE cfg/datasets/ MIEHIEENE, B4l cfg/datasets/my_object.yaml:

Espressif Systems 85 Release 2026.10.23-6-gb29fe99143
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.10.23-6-gb29fe99143%20for ESP32-P4

Chapter 6. #4455

path: datasets/my_object
train: images/train

val: images/val

test:

names:
0: my_object

J

path @#PHEMRE K, train fl val 4% path WE R H%. names WFIEFEEE, BRE THR
Ui espdl.ESPDet .detect () 1R[BIH category & L. YIZR5E LG A Bl BRI

WRZZ IR, GRS 1 BTl :

names:
0: helmet
1: person
2: vest

6.5.3 3. jJll%: ESPDet Pico

ESP-Detection 2t T espdet_train.py fEN HIZGEA L. BESif cfg/models/espdet_pico.
yaml 47 ESPDet Pico M %%, F-fii th fefERCE .

PRI I Z 7 Bl

uv run python espdet_train.py \
—-class_name my_object \
——pretrained_path None \
-—dataset cfg/datasets/my_object.yaml \
—--size 320 320

FKARSELULHA -
S iz
—-—class_name AT 4 FR, S5 Ultralytics %y H H 455 .

--pretrained_path TNGAE B AR A BN ZALE R ] None, A2 M cfg/models/
espdet_pico.yaml 4z HERL,

—-—dataset BEEE YAML %42,

--size WARST, #3080 height width. #4320 320 R 320x320 #ij A

IR P ESERA B B IZR 48 . K batch, RAM cache FIEUHEIYSR SRS . XFF/NMIdRAE, UIZRnT
AT ZEL IR I £, e . GRSEUn , A ATEIBIR A (E S

Training complete: runs/detect/my_object
Best weights: runs/detect/my_object/weights/best.pt

JG 4B ALY ] weights/best .pt,

6.5.4 4. fiea B Rhn

i .espdl HIFEEAY int8 HAL, EALTHEERUER . BRGNS R E S E SIS, BIUCRREDE
WELOBERY. MR B RAIEARRN.
H fi] B R LR (8 SRR A e

[datasets/my_object/images/val }

AT DA A — A E H 5%
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deploy/my_object_calib/
0001.jpg
0002.jpg
0003. jpg

FHER R AT AR, E O R G S A . AR AHESR TS T B—, T REHH BB R R bR IE 3
A 7350 R A 1 [P 7

6.5.5 5. §ftiiSil.espdl

{#iff] deploy.quantize_aligned ¥Z:iF ) best .pt Sk ESP-DL B[ n#k ) . 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

SHI
SH 15t B
--model WZHSRP) best .pt, WAIPLZE FHIH ONNX,
-—size Bl ARG, AN 2R R —2.
—-—target HFRH, Bl esp32p4 8{ esp32s3. WAlEZIEf AL B VLHL .
-—calib_data FHERE F H %
——espdl S th ) ESP-DL B g 4%
-—data HELE YAML, 1% A J5 BIAS 28040 g B AR Ik Fa 4 -

Z B STE R TE R ot 3] ONNX (W4, SR ESP-PPQ 34 int8 ESP-DL A5, 4 Fiffic & it
JH percentile #Z1fE . bias correction AT 1] scale —Z(P: 1) fusion X E .. ARSI S HRBEWETSIT; W0
HAEAN ——data, BFEIEIZE mAP50 A1 mAP50-95,

BSERG, A . espdl SAFEAE:

[ls —-1h deploy/espdet_pico_320_320_my_object.espdl

6.5.6 6. FIMBEIR TR b

AR ZZ AN ESP-VISION G th i L A/ e A, BHUICHE 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

Horp L espdl @SBRI, . Json @RS FAM T HAE LI sidecar JTLEE . #=/)> ISON 7R fil:

{

"name": "ESPDet Pico My Object",
"architecture": "ESPDet Pico",
"api": "espdl.ESPDet",
"task": "detection",
"input": "320x320",
(82T T0)
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(#2 E50)
"inputFormat": "RGB565",
"dataset": "My Object",
"labels": ["my_object"],
"sizeBytes": 574864,
"description": "Detects my_object in camera images."

}

labels WM AEIEE YAML 1 names [i)¥—3, sizeBytes WIHELFREA K/, FE Linux
AT DA SR R -

[stat -c '%s' models/espdet/pico/my_object/espdet_pico_320_320_my_object.espdl }

README . md HUHEIRI Ak . BRI . S ARG BALTER A G Ok 0 T AT B4R
B EERAE README H|Ie], NEH S JSON.

6.5.7 7. ¥ MBS Pn v ik
ESP-VISION izf 7B} M S0 R G0 AT . & ARG A

B Rig

/sdcard SD F. EABIES | SR B

/Elash F I FAT $CHiAM X . s USB MSC R85 U 4, i& Al R i
.

BRI § 2] SD RARH S5, AR AEn] AS

[MODEL = "/sdcard/espdet_pico_320_320_my_object.espdl" J

AR i E) flash AR F SRk, B ARE # 8 -

[MODEL = "/flash/espdet_pico_320_320_my_object.espdl" J

6.5.8 8. 1 ESP-VISION [-i&1y

N2 — 52 B MicroPython HERE AR :

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)

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)
(B F10)
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(B LEm)
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 ()

J

sensor i Wl RGB565, score s B 5 EB(H, nms & NMS S{E. 55—k AR EE R
score WIEHALE M RERA & HIHE, PRI RAS AIRAG I o VR .

6.5.9 9. LSUEFIiES

SRV VAR I e -

o JeBE ISR HEMBAIEESER, BRIARE RS B 2 & B A

o A RMA I BHEHEIR, BiA in B BOA KRS R

* SRJ57E ESP-VISION FigfTESLHHR S MIAY, IEARBES . A EEANE IR R AE .
* WA score Ml nms, I FE AL, TRENURHIEIA .

QR FE R IR H AR AR 22, (s Ak 48 )

o ——size BHMYILGR L2

e labels EHEMEIESE YAML F names Jii)3—28.

o BHEE @15 a EL SRR Sk A AT

o Mum g ki E 2 SRR . B RE sk  H AR,

* score @ EWMALR, SEURRILE LT 5E .
PR JSON Jeidis . README R BIA# ARG, wEnT PARFEEZL I A ESP-VISION [ models/
M example/ H3k, VERWE BT,

6.6 MBI KB

— I R MR A M A0 8 v AE B H SR boards /<BOARD>/ H1: TiiJ2 % ESP-VISION {4, boards/
<BOARD>/port/ T H 3N MicroPython ESP32 A 4. # 2% boards/<BOARD>/port/ #4}
F) 4 W% MicroPython B4 ports/esp32/boards/<BOARD>/, UM TEMPLATE 15,

6.6.1 MicroPython F& i

/T boards/<BOARD>/port/:

14 Big
mpconfigboard.cmake IDF_TARGET Jil B{H 5 SDKCONFIG_DEFAULTS £#.
mpconfigboard.h MicroPython I fETT 56 5 USB FA4FER .
sdkconfig.board 2k ESP-IDF Kconfig 78 35 i

partitions-*.csv AR,

board.json. board.md AR BT .

6.6.2 ESP-VISION i

fiiF boards/<BOARD>/:
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X i

boardconfig.h 51 L S RGBT & .
imlib_config.h OpenMV imlib BEETT K.
manifest.py R45 1Y Python A5k
camera.c G DINEE B

display.c LCD [l 55 65
sdcard.c SD Rt 54 R A S B .

W H S F/FALE camera.c, display.c. sdcard.c i}, micropython.cmake 2 Hzhi%H e, IF
R RR%R) board. cmake,

6.6.3 fudttikek

[idf.py —-—-board <NEW_BOARD> -p /dev/ttyACMO build flash monitor

Fik: ARTCNES RN, RSP (Rt PPATEE . WIRINF) FHESSkh 4.

6.7 EV-MUX v4 EHLERCA T

EV-MUX ({525t HE TR £l 12 245 EV-MUX., ARTAREIREEREA L WEEM. B, 235,
WS A B A .

6.8 Agent {UHY/F AR

AFEE 2 Al Agent A= i, ESP-VISION | FHACHTE A s il PR 20 . WAZ00RF H AREREE A0 A 7E ESP32 flf 44 il #%
_F3z471#) ESP-VISION MicroPython v1.28.0, 1fij AN J&iz47 CPython [#) PC. H e AR fEAE. B R
ik AR, B G ERBIIER APL; AR E K& DAAE S br e R . pip B, A
wheel, #VERGMRS . TR PC X RS

6.8.1 AL

#RIN ESP-VISION [ A HEM requirements. txt SIASZAAMKM, WA W B& nip, LMAIH
Pt AR AR pip. BT requirements.txt, P/l mip.install (), WAREHEKIIR KL
M5 =Tt QR R A B, RN E SR RBURES , sl 8R4 Uizt T Al A 261
TAEHE /1ib, FMENFEN mpy. HEBERECF, PR AR.

bl TR S B Arsm A& T WA A B, PC THW DA pyserial 4 CPython fi, {HMAAURFX
FARMARICH X ENG”, HAGESE ESP-VISION JiiAs i g AdX 2641,

6.8.2 All-in-One /14

B AR P B OR A B2 SO, A5 DU 3R (1] — STl S AT B B A i main. py. FFESCRFRY
import. FhE. WU, W EHE . FOEPRECR AR S A PRGOSO, i EOR
%Pf?lﬁﬂ%ﬁﬁﬁbﬁﬁh BN A — BEH BT 0] AGRSE R MSZ SO, (EA 25T B TR I B 75 %
TR i A

Espressif Systems 20 Release 2026.10.23-6-gb29fe99143
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.10.23-6-gb29fe99143%20for ESP32-P4

Chapter 6. #4455

TESEATCRR = G ERET, P0JeE B B L nr I s S . SO RSk . B, fEhE. 4%l P
BORM AL E E I WS G, AT EIME— AR, N e H AR E 4L 2 all-in-one MicroPython Jii
A, HETERIFasE—Wif5 44T 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 ()

6.8.3  BEATH1E 19 PH ALK

Agent 5 IDE, CLI [d]JgEHLNV A, 532 H A4 Device Core, A4 —%& EV-MUX & Flim: 48—
) EAIL/Core/ ML/ [l 4 56 22 W7 52 R H) éﬁiﬁﬁ%FB’Jm%i‘%”g bA% . PATHERER S — A 1E
# ok EV-MUX ., 5E3EMLImBG L A RGIE B 2@ k. MRS ss e, AMEAEF. Lk
f& ACK. fiy4[n] i 5t REPL $7RAF8 A B D IE -
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PIE =

ESP-VISION ¥ AL T B, FEL AR 54 E 43 JF: IDE F1H & X SDK W H 4% Ji] 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
v s [EAARD 2P 4 @ A5 il & MicroPython (mp_obj_t /py/*.h) 432,

7.1 Sr)ZHN

o ML : IDE $figmfa/ i Atm, H e W A SDK, AL gl sy, Agent AR 55545
T.E; Agent HO3H Alloop.

e Plugin (host/esp-vision-plugin, Gesp-vision/plugin): 34 Codex. Claude Code. Work-
Buddy T8 —4 G875 MY Skill, [& E 4 Device CLI fI'E 5 Knowledge HTTP 3 S Bl & -

e Device CLI (host/device-cli, Qesp-vision/device-cli): i@ shell fiz4~. JSON %55,
T B i SO AR A R T R E R AR iy 8 6E F Device Core 244t AP,

» Knowledge MCP (host/knowledge-mcp, @esp-vision/knowledge-mcp): JETRRALIR
MRS APT, SCRSFRGIAR ). B 7 4  FHAE L HTTP [R5 ; npm £332F stdio. HTTP H4THB%E
FEMEPIE, npm WHIRA]ASEG, website H1TTHE %511 HTTP ILRER R HILEAST .

* Device Core (host/device-core): IR Gesp-vision/device—-core npm &1 31
BURBAT . oK RIE . &6, PRIG SR ar R . R g RN APT S8R, SeEe3a2 L o A
APl 5

« EV-MUX v4: Core 5 [E {4 [R5 4TI MY, #£ USB CDC., USJ, UART. TCP |-%Zi—Miikk=.
WHEEIA . TARS VM epoch, FHLIGEBCAF AN M HAG AT, A5 B 23 owner,

o &AM MicroPython AT KA JH A Python 47 5 EHLMITIT G, Was B A A lsriE
7o

o Y)2 (modules/): HJ USER_C_MODULES 2., FHAHH image. sensor, display. espdl
M tflite jiid MP_REGISTER_MODULE H¥M. py_imageio.c #fit image.ImageT0 A
py_helper.c HILZHHI MM, 482 RE R 5% APLER., EEEBAEL C 5
platform/ i,

e S H MRS (platform/) : A W ESP32 JK /K 2. ev_channel.c / ev_mux.c /
ev_control_transport.c/ev_stdio.c (EV-MUX/EV-ATP JiKZ2{&%;). preview.c (EV-
MUX JPEG i ). display.c (BHERE). sdcard.c (#H:#F] /sdcard). usb_msc.c (i@
i3 TinyUSB MSC ##% ffat 43IX). usb_auto_download.c (S3/P4 OTG CDC & {ii/ F#E ).
jpeg.c (MEFEEME JPEG), debug.c, PAf main.c (JREIWIIRSHENAER) .

o imlib 411} (components/imlib/): &4fi C YA, 1EAPA MIT 247 IDF 4114, JHH OpenMV
lib/imlib,

o W&t (boards/<BOARD>/) : #MRMALE M E LA HML/E ~/SD KL Bl P4X 5 S31 fii
esp_video/V4L2, P4X i&A{#i ] PPA; S3 ffiff] esp32-camera,

* MicroPython + overlay: P4 MicroPython v1.28.0 & [& & K £ Wi H & 3 i T overlay/
micropython/, N EF build/micropython/ FHA NEIAS.
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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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iE FARAE A AT G Bl g K 4% SDK P2 FHUPIPE 1O, Jeylsk ™ DNS-SD & s T 1% 32\ M 28 1% A2 5
ROM [ P75 8 il 3. loader 4 JA, i i EV-MUX Ftfiii it 145 SDK BOA R o
FHLIEAM API X4 I Device Core £4L SDK

7.2 R B A B ind

RiNEER

l

sensarsnapshot])

l

image.Image
[ E BisE )
v v v
irnlib fh 2 f display write() img.flushi)
AlHEE = LCD - Ey-MUK FTH

sensor.snapshot () ¥f—WUERER AT E HAMIZ g, &N inage. Image, WK X EH
4T imlib AbFR. ESP-DL #fi#f ok TFLite Micro #i#, Fi@id display.write () &4 LCD, =il
img. flush () B FEHLIE.

7.3 WlfE T RS

FHLIEAE R EV-MUX v4, &35 [E I user/debug W/~ stream, % %518 18 & F7E 24 Hi owner [t USJ.
USB. UART &} TCP link |-, MicroPython HAL, C stdio. IDF H 7 H1 JPEG preview 43 543 A6 14 .

SEREM R 2. WIFRRE T, SR . Wik, SCPR/Python/ EEPMSCRIBS I EL IS il 15 £ 4
EV-MUX , %A E TRREEM) . Agent $5 A1 EALE R B 459 . 247 MicroPython 74 55 sys.stderr [1).5:
by AR LR M . AT B F L5458 .
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7.4 JRISEER

= 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.

7.5 B RAGELK

— 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

7.6 Bt 2R TR PRAY

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.

7.7 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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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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8.1 KPR MRE A uEw

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

8.2 HfEA7 BT
8.2.1 M. YUk F 3 bkl
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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
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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,

8.2.2 Wi, YERAUK SR EALE

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 .
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2 3 WP R

sink YIRS EERE/F 4 F T ORISR H
usj i Fr USB-Serial/JTAG #hix, Jo A 4% K 4k k¢ W B} P4-EYE BUA/BIR 5 #67]
HEEFIEI D, present A AKX Fl; # GEH I ROM, IDF J5 i jH 5l
BRI LA 29 it . &5 USB-OTG CDC
A2 [F]—A K] .
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 W68 55 AR
i/ ]
uart E5CZ UART TX/RX/GND 5 fi#igt UART REPL 5 15 W &2 AH[F] channel , {H575L
USB-UART #45:4% . SLASE PR Wl IR IR S 8 BeiFeR . I 0 5 S
T E N RE T EE AR FION w A AR IE IR R
4R«
tcp B L M % 45 B STA IPv4  accept ZrficAE{z, FIN/RST. BRiA 3232; 4> accepted

TCP server,

socket 4515 A Bsf B[ link o

slot, ANEETHA> owner. ¥

Y 3 WebSocket-to-TCP
TR

B i A3 D S5

Ja ) boards/<BOARD>/boardconfig.h, boards/<BOARD>/port/mpconfigboard.h Fi SoC
REJI LRI SE o« 5K ] MicroPython # 175 22 P WA 1T, T AR(CER I EV-MUX 5 MRiicA MUX
LD AZ R TEREALAEEEOALE, BT LA capabilities. sinks HifE.

4 GRS A RARGUR B

sink FEH HETMR R 51 R IE1TRR i
us i SoC oot USJ H P4 F %At M ESP32_S31_CHATBOT; B4 IDF
MICROPY_HW_ESP_USB_SERIAL_ system console JFi5 4 HiA7G M7 Bl & .
JEH
usb SoC/port #& fit USB device H ESP32_S3_EYE. ESP32_S31_KORVO,
MICROPY_HW_USB_CDC A% ESP32_S31_MOSAICO., AtomS3R-M12; P4
B AR AR5 SoC St [A] i #& % CDC 5 USJ.
uart MICROPY_HW_ENABLE_UART_REI P4, ESP32_S3_EYE, AtomS3R-M12,
AR, ARG S EER. ESP32_S31_KORVO IR E £ I
ESP32_S31_MOSAICO, ESP32_S31_ CHATBOT
KMo
tcp ESP_VISION_ENABLE_TCP_TRA! STA 3f 78 IPv4 J5 A fE W W, 24 Hi

Jie/2 WLAN 3Kz H . ESP32_P4X_VISION HJ port fi & X 4] WLAN,

At TCP ST XA LIS T3z .

MWk BT Il boards/ESP32_P4X_EYE/boardconfig.h.boards/ESP32_S3_EYE/boardconfig.
h #l boards/ESP32_S31_MOSAICO/port/mpconfigboard.h; J5 i % W H platform/
ev_transport_config.h {G#¥,

USB-Serial/JTAG 4 USB-OTG /E 2. [X 4y

PA-EYE u[ DA[R] 1t UST #il OTG CDC, Wigk#fnl fEE I ttyAcM, BAERGM T ARE. EHUNMKIE
USB fifiit4F. VID/PID, Jpol s Mt RERAFMARIEE N, P hello/capabilities BA & S

USJ 5 TinyUSB CDC fifi A [A] SMSL/AKEN B A . S H o — it A3 hello, i 7 [0] 212 52 P link s A2 [
F o —HE DR BN Ot R . —MEO R SR, MRS, HEEES
AR [T
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P4-EYE HJi2477%% CDC PID 24 #iky 0x4003., #4r S3 #JZf ] PID 0x1001 DA%+ esptool Y USB reset
J¥%1; PID B34 Serial/JTAG, Ff il TinyUSB OTG CDC 315 JTAG f§i{:fE /7. ROM F #4=7] g
BT AT — T R, R REAR SR E IR AR A R

link = Ji5¥ + f%{\i + generation

TCFslotn old queued request fframe
generation & slot i, generation &

i

FIr JRST fclose

l

TCF slot & reused
generation G+1

¥

generation check
reject stale work

Pl 7: TCP RYOLSI IS BERAS RS A e . TR HERIAY link 5115 TX HAR. FRIAT VMAERA
S S e A T ) B R L 45 . USB LS W5 S R et 2 ik S 4 7 A R bt
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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 R %554 ; WLAN fifi{4-. J& A /Hosted 3Kz 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

JE i IHERAE G iR, ARSI TR R T USB #6itk . W48 5 45A1 TCP ARSI 2314
E‘L supported. present. readyﬁ]owner %%Ulﬁl% “E‘?&ﬁiﬂl” “%ﬁﬁé?ﬁ%@ﬁ'%ﬂﬁ&” “ﬁlé
R “REFFAXIE”, NEMHEEN.

console/null' " (#l4% " none) Hi ev_channel.c fAsHiig kI, AEAFHEN sink, A
HIULE capabilities.sinks. ANEH B v4 BT K.

UART Jyft 2 A e USB ity pit % K/

UART f) Ak TR e il 53

timeout_ms = max (1500, ceil (frameBytes * 10 * 1000 / baud) * 2 + 250)
timeout_ms <= 10000

10 SR UL 8NT Ap57 5 A G Hiad 10 BT R WE R S A4, S0fF preview. frame F4R
%g&% JPEG #RAETEARBERFH EAL5E. MARM IR BRAREIR P13/ B st USB/TCP, {3254t
PRGR RIS «

TCP ¥ =AM ] 5

L BkIET: MR EREZ) 3000 ms J5 550, FIL TCP % Fim AW 56 300 ms 52 171 5 3 HE S 5
s [E] UT 24

2. UGy BRIA 15000 ms, JoAYEBIALE I WIRE owner; 3X—# 2 FIrg BRI .

3. WA IR 2k owner J5, socket 4 £ 30000 ms i [ R] HUETERAE S % 02N S Dk
% MER generation FYAE (. X B R R .

IR AL LV discovery/S e MESR AR AT, A SCRFMIA M SLAZ 3 I 1 47 5 1 VML SE4p 348 R Y
TCP JEHAE FR D5 KM IR RS A [l — link ] ATERLRE 37 1 N ECB A

DTR/RTS. RESET 45 ROM F#;
DTR ZZ AR B BRI EV-MUX 2. & P EHLER AR (H USB 73T, [l A b Sr RVRTA 5
IEHARE R X &K1k session.release, 15NEEFHZ3H .,

CDC DTR/RTS H 3l F 2 & 3 #b— 2% USB control %42, ‘&5 Python machine.bootloader ()
esp_vision_restart (download_mode) JiE/2K%L; Python i3k A 57 B$h 47, USB control callback H
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ICSRRAS, IR timer FEIPHAMIATE (7. P4 BN T B AR O B RGEAF AR M S3 iR
ROM USB persistence/PHY ZZHEH14,

IIIIIEIIII IIIIHEHIII IIIl%EHIIII IIIIHIIIII

| I
I I
| 1
| EV-MUX: machine.boctloader() 1

| _orUSE DTR/RTS control 1

v

esp wision_restartitrue)

v

o

masked boot flag + esp_restart

¥

respen enumerated ROM interface

ROM;stub flash protocol + readback

clear download latch + reset

new hellofacquire + identity check

! 1 _ __

Pl 8: A FEEA. GEGSRE ST &R =AM HiAG. EV-MUX H 85 A& H ROM 55 4
EV-MUX i 14 2 t A BE B ROM B k4% sibe 5 B2 A8 .

P4-EYE OTG Mizf7753E A ROM i, esptool v5 ffil] ——~before usb-reset; & #EA ROM., %4k
FEHMZEEERN{H ——before no-reset, v4 TEX WP E N usb_reset /no_reset, F#H L
HAEBEHIAB A SRR . FEAERPIES B8R &S0, AREE— E10 HEHE4EM).

823 ZSiEAM. EELKE

“HOE” AR va PR HERD S SC

FT A SR DR RS B2 A 00A% , (H A s SE2 3+ (AL 1 KA owner. 47
owner FRIIN, JEHERASIHIEE R BAAD . DTR. USB #fi AT . debug stream #EAZH 5
A

route.bind fll route.auto EZIFENATF#/E, 1RM] UNSUPPORTED_OPERATION, user/debug
A~ stream FfifE— owner —2 Az, ik FAHL B #: T, Wl A B, siERE A link RAUHAEI, A
Ji B A .
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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

Pl 9: BBl SER SN, B KBS, AFR B &% Python BUCHE 4 IH owner (g
token W ANREAZZS 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
2% 6: AN H I 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
P T W 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 .

8.2.4 iR, ZiidiE 'y RPC Bl

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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BRI (LS s R ORSE I O)

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¢

%8 NIFE

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

F9: & Ll

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 10: EV-ATP #4ifi
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 file.write transport / native H] FE @t F F & HES
VFS VM AR, RNHATRERERS -
user.rpc script.write/ script. VM |H i Base64 5 A/ HEA I A=
run AT,
user.rpc device.control Sk transport  stop/reset/status, network.®
storage.writer.*, launcher R
544 action 4% .
debug.rpc transport.state /  transport RS EBEHRWI, NERA
route.get JT stream 4 5E .
debug.rpc debug.info VM, stats ffl4h  de-
vice/memory/sensor/fs.list/fs.read ;
transport.stats AN K VM.,
debug.rpc debug.capture_frame VM IM—K &, 7Eitk RPC |1 rsp
F13% [0] JPEG,
debug.rpc debug.capture_screen VM LCD % J5 RGB565 i 4 f5
JPEG, FEIt RPC rsp HiR[H];
ARG kL
debug.rpc route.bind / route. IE4 v4 R [a]
auto UNSUPPORTED_OPERATION,

51 )2 Device Core ] files.read/remove 5 python.execute 2% Flif AP, ~CHRL FEER 4
RPC. ({45 Python AR G WL 5L Z X Python. Fi AL STHHR1E .

debug.capture_screen Kl it debug.rpc 4B &35S VM epoch, A% quality F 1-
100, A% 2 i) B 4% F5 J5 i 5K seq/method, encoding:binary. contentType:image/Jjpeg, 7
width / height 5 JPEG payload. J LCD iR [1] JSON error NOT_SUPPORTED, [ J&/H %X & 7~ Mi
xR [A] DISPLAY_NOT_READY; AfEME1%LE % L%, Core [ capture ({ source: 'screen',
format: 'jpeg' }) X —RPC, PERFL. FRIRWL, H &5 %S

Espressif Systems 121 Release 2026.10.23-6-gb29fe99143
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.10.23-6-gb29fe99143%20for ESP32-P4

Chapter 8. {5 &4 5 EV-MUX

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"}),
)

J

ZER B G, ASEIATE. & reader, MR, RPC XEEE(IKE . BARERHMA K i, tHARE
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.

8.2.5 A3 Python. JHIA 5341

—AMEEREGS , 2R PR

il REPL., BIA AT SCOEAE i) 3 i — 4> MicroPython VM5 — kil EAAFEMIFI &35, VM AR A%
LN T HEEFE VES, AT Python. Core {5ERATAL SO Sl REdRR1E . —IMRISTE] 5 VM (1)
¥, 2% REPL HIFE% VM i) RPC, {H Rl transport task [ 2l 2 2 P15/ 19 25 45 1 B

Hostuseraction
terminal f run [ file

}

Device Core
python.input() / fileswrite)
python.execute() f control()

|
v v v +

repl.stdin user.rpc replsignal user.rpc
Python bytes scriptorun [eE] filewrite (binary)

native VFS
continuouswrite+ 5HA-256

auth+bounded YM/REPL queues

I

same MicroPython VM
REPL /W5 execfile

I

repl.stdout/ stderr
markers+application output

P15 2 HEA . U A RS T A AR A O, (ARSI PRSP 2§ . — 1 session 1Y) owner LY
PR e N RELEASE T 7 W2 REPL 654,
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A2 1.3, Python: framed stdin

PAF metadata 5 payload 2H /% —Mfi, 71 token/epoch {4 5137, SERmRahi sk [H AR B4

{"seq":10, "channel":"repl.stdin", "type":"data", "encoding":"text", "sessionId": }

—"89%abcdef012345678%abcdef01234567", "vmEpoch" : 1}

[print("hello from current VM") J

Python (A2 JGiA N K i%i&E 4 REPL FT45W, U0 \r\n. repl.stdin payload & Python 77, 2
{"code":"..."}JSON. i% channel A~ & A2 RPC, AN HEFRHI AIRIEF seq ) rsp; FEHLNZE REPL
It B AT R TR

24 capabilities [{] replInputMax HH N S11F77, K H 512 FHIHIEI AL & DTSR g0
T 5 K B BR o A 2478 A . H3C. emoji. Python #% L. CRLF #5747, AT 2048 77
5l payload FR#1% H T stdin.

Device Core fifi i} ASCII %% X ] Python literal #35 $04 147, FH-REZATIRIIGHE exec (.. .) , SO
(1) UTF-8 A5 5 SRR i A BN ICHL o JLPRGuid SRms i 2 i 9Bl , A J firmware 1 2h%5 SUIT R
R STATTE I8

Ctrl-C. Ctrl-D 5 - fY)%

Ctrl-C W% repl .signal, payload H i Fy 0x03:

{"seq":11,"channel":"repl.signal", "type":"signal", "sessionId":
—"89%abcdef0123456789%abcdef01234567", "vmEpoch" : 1}
[payload hex: 03 }

EV-MUX 5 i), ZEPEE 0 E# A 0x03 A1k Cul-C, BRI/ ANTEEE framing i A . FFFE4F
“03” = JSON 3 i A payload A [/ — 5.

A REPL [y Ctrl-D (0x04) W] PAFEA stdin 428 il 5277 fjplt & RS (7474 5 Device Core 5 (7 i AL 1]
@3 framed Python iy %K. device.control ff action:stop s HlErEIEA D, (B8R
K EZAE TP WAHDES.

RS, WAERE24H] session/epoch HHTIK SEBEARIE, UERH REPL W] $hAT. BAIASH IEAE TG S AR A i 5t
AR, Cul-C WREIE)S; AAEH —IK RPC ack #EWT e EREHURBL SO .
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e AR L i 4 0]

framed Pythen command + unigue marker

-

echo: print{'MARKER', ...} source

..‘. _______________________________
|
|
|
- application stdout / log / preview :
_______________________________ |
- actual complete MARKER line

match current scep
e+ fullline + values

PR

Bl 16: WAL S brid A7y, bt AT T e T A S s ik i . FALTS B Wipk e 52 847 AUHFAF
5 contains £ $§ marker, 23[R RN,

PRCW AR UGB TME—, £567 sessionld/vmEpoch. SEREATEEMFI T L RALFINT . XHEGRALSF, B2
UESE P PR RS SR, RS - 579 7] HE H BUAE stdout, stderr Sy 25 B A2 B KT -

nfRE BRI AR

SDK 0.2.0 1] Python., 84, &K 5 HMFAT SO —AS TAET5 13 KRBTSR 5 3 AL R
i, F scriptrun, AJF files.write ZHURFFAZE . [H v4 [E 45/ file.write binary B3] 256, {H20 5 5 [
HIEA e AL Core NHERIELRIHG Ade. [E40Y script.write HORILETE A% im e B o

PRI F user.rpe [ file.write 53, P 4B sessionld/vmEpoch 5 %5 seq. /N JSON $4i47
PR 2048 5275 . EALAE begin HiA: BUHTHY 16 7Rl upload ID, begin M iy, 7% 2R B G B A5 AT £ %% ID
% abort,
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—":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 1 >R metadata 3% B encoding:binary, payload & 16 =75 5L 44 upload ID. 4 =35/ offset, [l 542
1..16384 5 SCIF RN AS ;. CRC32 #5484 payload (7RIS ). ARgf5—Hedk 4096 F45X1 5%, fefi—
Benli%E. NUL, CRLF, SOF. EOF #{@ &%, A Base64 s Python fiy Af#HT. [ {1k [u] JSON
{ok:true,writtenBytes:N} , Core #3555 A4 ik F—3e. H5 . BRERFIELT offset #4544, ARMLIHLE . B
B E T R LA

{"action":"commit", "uploadId":"<same ID>"}
{"ok":true, "bytes":2097152, "complete" :true}
{"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 JC P 282 . commit F256 5 K 57 SHA-256, [ifif5 fsync, close. %&ffi; 25X/ AR
begin/commit. FZULAE HATEMIA AT ITA & 1 file.write —JEH134 K 5 A4l K Eemifz g, HAbysH RPC
FREJUNAS ;. ki payload FBR4 16384+20 75, 5 JSON [¥) 2048 “F 45 FRE I .

AR EY PR AR 235, VM epoch Rl Al AU THITA & A REIBINSBUF #rid A& . abort,
B KA STHE 30 R TC SRR & S PHFF MR IGIN SCPR s < PH R OR B AP RS e e e, AN DRI
. EIRIEE VO ARATIRR S, VM AT B R % SRS AT SO R Gt

e 5 e B AR 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 MR #0, al Ae A R 2 mR . FAT H SR 2 [A) 45t fL n] RE R T Il
B8y SO, AR H A B 5 7 . commit B EM R R, FHLUICEFIASEBOIRAS, FiLHT
A% H AR SHA-256 Hga A —Etk, AMTIAMESE L

vt e fiE

AR TS, RGN S B SHATRA B, it Python, BRI Fr It
— AT G R R RTIR. ARG K, B AR/ NV E T open/append/close. 45 16 KiB
Beygi DB SR, AEAR B Flash 1) 4 KiB EFRRLEEXT TR 7 R M HA EV-MUX WAIFTA AL, A4
IR . ATT Bt APT SUfE T 1 .

2026-10-16, P4X-EYE revision 3.2 {f /fl ESP-IDF 6.1 [E{f: a£41759 5 SDK 0.2.0 JF 4 5%, 7EPLA Flash
SR GAGEI AR _EALHEIS . TTI AL E begin, BR-SHRIRAL: RK_EAL)E T SME B # i o B SO
T SHA-256, 4xifi 3. XERAHBa LIAEAR, AR I LAY A rEARIIE .

%% 11: PAX-EYE Flash & FE4<

N 256 KiB [HE A\ 2% 256 KiB it il L 1% 2 MiB gt & EE
USB-Serial-JITAG 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 [%idfi RPC M 292 YK 16 ¥, 75 Jil begin/commit; | JZ M A 5 515 A SCAE R/ 2.14 Al
% 1.04 ff5. AL Flash/FAT Il 5 AFLZL 20 55 KiB/s, X2 YEifF e Bl s, A2 USB Bl i
R ANSCIEA T A begin/commit 5 FAT TR 1[I 2 WiAS o« HE— 2 N B AR L BEA i -5 B lSo L
AN ZAREETIOR JSON 3.
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ATFCAE APT 52k F5icB

120 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%abcdef0123456789%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
B, ABLIAG LRI S R e A TCIRIAER . ARSIt SR I MbRc . BT s Ay
AT A AR

MW device.python.execute ({ path, completion: 'start' }) #HiFHEFT, &MH
% done Promise [ FJfi. Core NFSZRILHTEKLI, MAIA BRI startscript ()5 HELRIET
A RA R T H 3 E IR . Run/Stop UTARIEIL R R PATIRES By, A REE 5 REPL N EB5E AL
[ DA I 455

A EE R BRI IEARIA . S N RREHETT, RIES reader 4REE TAE. SO A% 301 E] FRIR
Run WV g dE4a/HEN, A RIBA T — A 4.

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
VEISCHE AR drain; SRR ARG 546 . AL ERPIRAS . PUTIEE ) AR e 5 #s:; Aigdt 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 -

8.2.6 YL, PIAHUML. TIESLEV
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preview JE &, AEilpd RPC

NP img.flush () J§, preview producer 7F 55 52 & L R4 1l K% g t9 8 JPEG, DA preview.
frame FHEMik 45 247 user stream owner. ¥ HIIMN preview. subscribe ¥k, HWAET print
i Base64 B4 .

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 ()

TCRRIESR AR A W finally BRALNY HERREREE . X MBI BIAS H 2 ARk — & FiAsY
PRREHEAER , EHUBTRIIESE R 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 AR R BERRIBASIAR A, Widhinth . $EsSPfR. ToA 2 owner IFA N T M4 A preview; FIHLZE
MAREREEZ I AR A AT R

PG A T 25
AT AR & metadata; SZF5 seq. route. Hf[E]E. sessionld. vmEpoch ¥ 24 Hij & & PR F= AR

{
"sid": "preview", "seq": 40,
"type": "data", "encoding":
"contentType": "image/jpeg",
"ts_ms": 123456,
"sessionId": "89abcdef012345678%abcdef01234567",
}

"channel": "preview.frame",
"binary", "route": "usb",
"width": 160, "height": 120,

"vmEpoch": 1

payload E # M JPEG [ —#HFF5H1R, p 2 4ilS )5 JPEG 454K, KN/& width x height, A2 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

2 13: W X 20 PR OR DR

B preview.frame debug. debug.
capture_frame capture_screen
fiilt A A img. flush (). FHERGLIMWGER.  FHLLCD MEEK.
B3 4252 1) image .. 15143k snapshot. BoR2ERERSZH
RGB3565 i
Sl e =yl M 57 type:data J& RPC type:rsp # J& RPC type:rsp #
JPEG. i — ki JPEG. i — ki JPEG.
AT WA AR P VM B\IIRIGA/EE VM BB SBRU S 7 22 o
preview. %3k, Hegmhd, ARGk
oY RVFEW, BoFfEAN 4% H sk AHE RPC 2B, TG
5. seq/channel/method . BB R [ 5
2 1l 5 epoch 5K Ik Wi
NV
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Application

! |
! |
! |
| debugrpc req: capture_screen, seg=50 |

>

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.

LCD M AYIIR Ik bese . ANEL . NEshigsk, HiElug/54 3 RGB565 firii. %A LCD ik [
NOT_SUPPORTED, AWJURILE A A RE /R Wik M DISPLAY_NOT_READY. EEHUImSTE VM {155
5EREE. REAREHBTIT, VM T EHE T §BIR [E] vM_BUSY / VM_TIMEOUT. H[i% JPEG quality
F 1100, B SRR R Wi R PR AR [ 52, S BEUERH 1 6o i {4 IR 3

fifi i 45— Core HAL CLI [f) ——screen—output SRk K EHHA7 JPEG; HA a4 55008k L id
12850, IR S E 245,

PABIR SE4 5 Zit

B0, &9, REPL, Hi. preview XV AR[E TX 25, i/ MuBA S iAA F, HEHREA B G A~
AE AR EMEG R R IHE I kA ER .

preview H RO AMT, AR AR TR AR IHE .. B4 EER-—2FWFTAEERIE, AR
WK JPEG e LB —3K . preview 5 K& debug response i A FREFR G0N - % = MHEFE A BLAY 256
KiB i, AR ] A0 = AT K B A4 256 KiB (1) E L4

pendingF1 i few F2 replaces F1 new F3 replacesF2 T sends latest F3 i host reads

Pl 20: FRARBUEITGE L2 A fg — K B s o . 5 7 BORAF IR R, I B B i A7 i e 1] P A
WACSRIE L, HASZRAT HA R iSRG preview AR AR

UART [y PR Bl baud 5 247358018 ; USB/TCP LA Fidsth., IKZE write 7] N34 sk
[l WOULD_BLOCK, TX task W20 £f 84 K K% 5 R ITAE AR N4k 22, ik 326 2 Bl socket 4 15 1] BB i
TCP link <[], 17 RX i i H i B A e 210 parser, AN —H#EIA MR .

H i 5 &8 H b Ul

IDE "] DAY log.idf. RPCZWIAEZSF AT RN “REHE”, HXA UL A2 firmware )4
JUAS channel, repl.stdout WEEE /R H/REPL SCA, channel (BRI BRI W AR 4. #4147 EF
T Hirfi
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ARG HERRE, Bt . uEgs ol DAl ISR, N8 S ok AR 4 Bira BRI PR 1 o T owner K
ERIN/ER H & JF3) console JF IR SCAS S 24 Hi session MV 555, N AEZWHE K HF AR

UL EE o T

debug.info [ff) scope:transport.stats 55 transport.state A[fEf F Python {T:i216), HTF
MELBAG] . RX JE4 . KRR, preview ZFEAlgumk . W41X 5 endpoint/link ZEit. 4 /geit. W55
SERbRIL :

o AR UST BRINH B T3 N 42 )5y drops X AN%ET-i%3) TCP _ER4FE RPC R,

o JASRPC L& B 58 Bk Y., AARFBE BN 55 58

'g@wiﬁ%ﬁﬁﬁiﬁﬁﬁ7Kﬁﬂﬁ%iﬁ%%7@%ﬁwmmmm%@@ﬁ%%ﬁ?Wﬁ

H iR o

* reset/generation 5L F] REMULSE TG M ALCRAERTZ] L i Sl 2 0h By 545 R il k.

VWHHMAREE R, Hilsgb BB S RES AN EETE RS DA T P S T B DASELW ] — TX BAS)

W iy 2 i 1 400

LCD ZAFAE R W IR AL I o ie . SO AR A I RETiS . SPT RS Ba i A% 4 5 UG 2 R B BCA 3R 1], 42 ]
A& DMA %R . $%13k snapshot ZE77 48 H UM 73 i, F Python & Core HHR KN
ST MR ROT RN l— 5. SRR 3 RS2l . BB S K P/ BB B VM BB SRk
o PIEHA AT IS BTN AT . D BCOCSC B PSRAM, AT T OR B J5UA 3 1 kLR s {XRCE
JE AN BEUER] PSRAM 14540 )82 o

Motk RAEAR G FEA AL di N AR E , AN PRAIEEE S s ER C B S AHTR] . Python snapshot MRS X2 AT
RSN —UMUER B 1, BSES ) 5 Core fE AR 1] 37 2 4AY JPEG. BHZUK5) DMA e Al
JPEG #ihth TAEGet A 25 R LE i R, X PRGN 2 R I RERY AR N A7 TR

8.2.7 EMLEEA. Wi-Fi it ® 555 50k
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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 B 2 Uik

USB H: O IF AT B3 E— R BB 58 B, #%Mi. | traceback Al IDF JHa 305 “fTHHR O ALl
KK discovery hello, serial.flush () BEERFHETHL TX, NELBUEBIRESMN o

Core FEIERFF IR, L[> parser FO A EE H A% 300 ms 1 sh%idis; X-— P AE S0, 6
FI 45 SRAI5 A K 5E LAY header/body B, JERE AZE AL IR AR OFE R, I ARRE =AW G 2 Lk md .

HEzs gD E R W IHEOE , A PRIEE R &/USB/EHZ M E %S, A2 Er USB completion 451% . J54E
ERGARERF IR, WS EFARIG . preview TS50
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open serial once

300 msbounded read
one parser across chunks

hoincomplete header/body

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
T 2 AR VPRSI origin,  J155 JE I WA AS Ml 0 28 175 R A B/ 42 42 5K 3528 TLS Bl 3245 (19 WSS
L3, USB Web Serial 5M2&#idLH createbDevice FIF{ &4y,

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 .

BEAL(/ROM: JEFFIH S SR AW EACR/ PFHRAE BB B Xt firmware identity. LGRS
AR S ARSI SR, Cot B RIRIEER M RE AW, AN A EL SHR.

WU A5k gksr BT, ROTEEH I H A5 TAEH A HARIRES: BB ABPITRESEBATTA, HEF
SR g5, M2 EE45 nT 4 H: operationld JEHE; i V45 RPC. REPL i AFISCF: append 324 18 H H 3l
EiY @

FHURIN BEEA GRS —A 8

« discovery/capabilities: £ 7% i) B RPC BRATIE 2 6 7.

* keepalive: FAYRZY 3 Fb, [R]HH 2 [E{F lease BTG

o HA[7 startup drain: H 45 300 ms, BHIREE K.

o EHLRX BHii: SH LI 12 FPHUE, Foif TCP It s BUERD AT FE «

o B RX: SN/ 3/10 B, 5 FHCR BIFEAS 2 R — A7 .

o VM HEBA: &4 5 #bd, #hn EHEFAY RSB,

* {4 readFile: Core ERIAEIHMR 30 #5; IDE 2l 75508 F A 5 60 7.

o Wi-Fi il & : F45282 30 #0; accepted W& HIZ2 4G, 00 iR LORTS.

XLZUHIEIN S % LIUE, 2ATRILASE P capabilities A1 % o e A E . UG HA BB A AE KA
TSRO A R E A B A8 RO ERY K AR FF el A ST 58 IR a4

8.2.8  Jay I A BB L 15 B R D\ SRS

#rit: SPilsd DNS-SD 221fi ESP-VISION [z 45, iy Device Core i1t Node I3 Wi 5 1 2515 i BLIE i
o [ EA B FLSTS UL @A KA %K. BUA hello discovery HAE transport B /5 T

R b LE R

B R mDNS/DNS-SD, EEHO RS #%, 2 IDF5.5, 6.0, 6.1 manifest 2251 espressif/mdns:
~1.1.0 4. DNS-SD H] PTR #(%/[x55, SRV $2ftFAL5umr, TXT #ftEes, A skt ftYmr IPv4
Hiik,
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% 140 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,

o FH#: esp-vision-< TEF XM EL>-<MAC J& 6 L+ x#F>-< EHFRA>.local, i
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
FH- MAC. USB, USJ, UART. TCP [ hello /%5 . capabilities 1% debug {35 L3 [7] 4 [7]
[ hostname $725 (R% .local) M5e#EE4#% ID,

o B IRAFRRRBLIBR R G 28. SRV ATiSEPR ESP_VISION_TCP_PORT (BRiA 3232) , AYE
TXT H5 b 1 o

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 /il Launcher M F23t5 Ji- eFuse MAC JRA: i #5451, Hosted Wi-Fi A 5 B4 AL . A g
HIEL M FEAR MAC, TP, boot ID 5, session ID, £ g bRl AN o] HIHRAS A BT, A4 BEDL
KAEA

o NAMEW. SiE iR owner IRZS . KIVUBHATE, SRS HHINIE,

¥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 #if) 5 i =54, network.hostname () iR[E[A—ANFH—4F5; & EHMA TR 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

8.2.9 Device Core $ A 351

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

#.

8.2.10 @l fE%El. PSR 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
% 15: 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

J

-—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 flmemory_policy. all {EPE5Eits
A, ANFRIARRERRA R AR A5 N eI il RIS s Rk, AN RERF Bk B
TEE L. IUSEss RS AT, SRS th CLIZAT o8 B AR G

CI target test 2% 457 CI ffi{4:]]2%{#i i ESP-IDF v5.5.6, £ P4 Function EV Board 374551 75
BATHM R . CI[H B RAFH% % JPEG 5 LCD i E 8 JPEG, KB R 5iE8h BaRXt g xt.
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AP ILETL (——require-all), ANSCRFREJIHY SKIP WA MM R IR $AGLBEA
BURZ WA SCRR R AP BRI, N R AR T (B U 4 i DR S B AG A SR I X LIl
P It M5 IDF A6y, ARG FE G HER R, W32 ——expect-board M N E )
project_description.json HJFHI project_version FIRELHENIRN S 5E BENE, EHAT
Python .. 5 B 7 6 25 Rl FE 268 B R AR 2 i T [T 7F

& B AT FHY python . execute () JATEAEI T RAM 4550, 42 A5 i 445
WL (U repl Inputiax (B S115:4) 5 WK MR &M% Device Core Myl AT
Foo WA SIS B AR 2 REACHIIY A4 25 VR LCD WEUR, PHULIIAE . BEGSR A i e MR T 15
S LEL

FAE A BGIE. SIS SRS EIFAE. HEAE RS Bt A FE o BT, FE
WA SRS R T ——write, WRZOR Flash CH# A S, PATME—IGR SO — 3 5
AGEER, HAGEERI L A O SO RSN T A7 2 (1% 5 DA STORAGE_UNAVAILABLE 2k
W, CLFIRE{ CLI # AN 2A8 AbA7AE . Tl BB S H 3 W, 51 SD -RA#E Flash,

FRAG Sk IR R 24 B 235 TP A 52 3% stdout marker 58 2156 1Y JPEG. Core 45 BE A%, PATHISEEE,
RS E G ZA%N. T ). IPAIRES. BRIAER . preview., ERALBEN B/, #8F. & ACK,
PATHEBL B REPL #8278 75 A4 B BN BERE A 45 52 GIE e « K W17 I RS2 e 8 9 Ak 3 vM_BUSY /

VM_TIMEOUT,

LCD bt 5 IR

—-screen-output W/REHMHRKEZE, #id device.capture ({ source: 'screen', format:

"jpeg’ }) B LCD 5 RGB56S [ JPEG, FLRIFEIFGE BAR. TUOCOIEIH Pk it H %

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

5 I {4 debug . capture_screen, ¥£ VM AT4 B /R i X, AR H Gk . W %5 JPEG
ARG . RTS5ERERFAETI, XS EL ML . LCD K44H iR [l DISPLAY_NOT_READY;
JG LCD 80 [ 4 A S FpHFR ] NOT_SUPPORTED, NG G LT R . IU5E MR R AT W e Je
SR, ANUERIBRE A . B S IEH

XSRS A S5 112 B Python Ry, Il REMUE R WA ZHPM B Be, A5 IDE/H AR IR 5
AT WA AR owner IR REEAERFALZY, Al ek DG o IR A7 I I SRR R A
SRSl RAFR S . JPEG I H SN SR SEEREE . AR 580 AL, GO 5 PR B AR5 4R
&, NEHEREA.

WA 51 5%
% 16: —EWCSEHL, ARk
PN | BEtHE
host/device-core: npm test Core AT APL. P, &%, &I S AR B &M AL
Mo
host/device-core: npm run  FRLI/TCP Sclpiels. HEGSk B ERHER, [F—ATF Core.

test:hardware

tools/ci/flash_and_test.py CI H=/IDF ;=¥ 5585, b5 E)%E Core ENLIGE; A
5L EV-MUX.,

tools/tests/ Bl EHURARZSHL. JSON. BB, f7h# 58 A3,
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i B o )y

® 1T LG

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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18 FFRE 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
BRI Python, S5 SUAFFEATKM L EZ X Python, By K5 THHIR1E
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

8.3 /\/\AK‘/)‘%}FE,]*E%&»

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

8.4 i ELLSt

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 9

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,

9.1 Wi APL 5e¥5%

AV S IETERER . s i A KA 0.4.0 H createDevice MR BG4 R AT APL, R4 515
B, $RAEF A RAT, RIGHT reject. TR BRI T BLS AR ANREL P A I3k g8— MR A TRy
timeout SFMEIH, W LAKT RSN FBONE. MO R, JUNABRIERL.
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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

T . BeS I [l application £E1% .
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 .

9.1.1 BIEER % 5 Vit

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

Wi s AR ELRTT %L, data 320500 Uint8 Array 75,

Al Core SERCIT F IS 4T H 1 .

subscribe ({ data,
error, close })
connect ({ signal })

disconnect () Al 5 P BILE B T R reader/writer B .
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9.1.2 device.discover(options)

{ timeout = 3000, signal? } - Promise<DiscoveredDevicel[]>

timeout 2k 50-10000 [, WAL E: discovery provider, &N H DISCOVERY_UNAVAILABLE, %%
REREIFHENAHT, R 256 5. KAERERS, WARTRREYEIA 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) .

}

IR B S5 A R B, R 2 Y 0 B Y [ 8 R . deviceld g A BT B9 5 F MAC;
firmwareVersion @B R4S, A& IDE A, M4 T dhohk/vm O Q8 735 18, BRdR& R
expectedDevice. Node 5| #s provider I 5485 API 7 % 4%,

9.1.3 device.connect(options)

{ transport?, role = "unknown", expectedDevice = null, timeout = 30000,
probeRepl = 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
SRS . %2 Python JUATHIKHS REPL () S EDT AT BB R TR Y o %S HU B2 10 /R 1E.

9.1.4 device.disconnect()

iR 1A] Promise, BEALETE . A LR PETAE ., KPS THERERS . B 175 AR FH T35 transport 3¢ vk .
ER LR, CWIFRIXT R 5. REEE g B MUATI n] BE reject, Rl TE42 2R L 1.
TE finally 5., BEIEFEA]EHFITHY transport, i@ 4 connect $#fLHT transport.

9.1.5 device.inspect(request)

{ fields = ["identity", "capabilities", "runtime"], timeout = 5000, signal?
} - Promise<Inspection>

FE #R

identity { devicelId, hostname, board, firmwareVersion } |
null

capabilities RS2 {4 8E )1 . features. channels, limits,

runtime 2> ifi/parser/transport R #E , [ff vmReady. vmEpoch 124 Hij run Y null,

scriptRunning fl run HEREEA SDK &35 H 3 AT BN
REARYE false/null | Brik & F 5 S RETF 2. vmReady Fn VM U
3, ANEREN.

network network.status 25 %, 41§15 enabled/configured/state/IPv4 5FHEIARE, A
ORI,
storage flash 5 sd f storage.writer.status 455, ZE3K storage.writer.lease fE 17,
Espressif Systems 151 Release 2026.10.23-6-gb29fe99143

Submit Document Feedback



https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.10.23-6-gb29fe99143%20for ESP32-P4

Chapter 9. Device Core 34/, SDK

fields WAiJE LR HAZFAMMAES A, GREERAE, T2 FBHRER K. GO FEE 2
WA RIS, N 2FCRENME ISR . M S576S &R RPC; %M N H T&IRZERE, A2
HEA~ inspect )40 — BB R .

9.1.6 device.configure(request)

{ network: { enabled?, credentials? }, timeout = 45000, signal? } -
Promise<{ ok, completed, network }>

credentials 5 { ssid, password } B{null, SSID 34 1-32 4> UTF-8 37, A~E4 4 NUL, %
MRS (FFMN 4 ) . 8-63 ASTTHTHI ASCIL 45 5( 64 i+ /5 il PSK. enabled Hffi/R{H. 242
— DR, A EERAERE. HERERS XML, ANEERATXE enabled: true.

await device.configure ({ network: {

credentials: { ssid: 'example', password: 'example-password' },
enabled: true,

Foh)

await device.configure ({ network: { enabled: false } })

await device.configure ({ network: { credentials: null } })

Hl B S RS i3 5 A& g B, AN H % accepted ACK., completed fU&ELMiIAR { action,
operationId } #BE, KA error.completed, IR error.pending; B5ESFEA
HZh&R . Jedlue e P B s, AR 355 . Bek Wi-Fi A gelrF TCP, ElGi it USB L™,
ARILE TG .

9.1.7 device.control(request)

{ action, mode?, timeout = 15000, signal? } - Promise<control result>
BEK 1TA
{ action: "stop" } FR /{5 11 Python, WX python.execute iz47 8] .
{ action: "reset", BEE VM, WEHT epoch LIRS

mode: "soft" }

{ action: "reset", R, AR .

mode: "hard" }

{ action: 2K ROM MM, B 5 W6 ROM B 5 4%

"bootloader" }

mode {UAE reset Wb, HABZIAERBEIL T B4 . stop ACK AACKMATEFLLL 52 i, W k2 M 2<
done, i/ % ACK AMUEKIEHJHZhE ROM M2 L 58, K Ja 0 s A if) o

9.1.8 device.python.input(data)

P FAF R L Uint8Array, 1R [F] )25 A Promise. 8 HATPA \r 3£%5; JF completion: "start" fj
AT AT stdin 5 (U0 57 Python input () ). B ¥ERAA R R IR timeout/signal S
fit i python . output FHMAAZAT, A KIETEMARFRAERT) . HoAth 5 S EE 4 R R, ohse
2% ADA DEVICE_BUSY 3544,

9.1.9 device.python.execute(request)
{ source? | path?, completion = "wait", timeout = null, maxOutputChars?,
signal? }

source' " (F#& %) 5 *"path " (RHELEXNEKR) SHME AR ME—/, " completion: "wait™"
&\ { ok, path, output, outputTruncated }, HIEH4FT source i path 25 null, completion:
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"start" J&[ { ok: true, path, done }, done 5%J5 IR W [FIFEM G5 R LM . start 1% B BT S48 4
A2 U runner K FA VM #EARRIE, AR AP EITE . timeout LAV T wait B ;
BB null R TRRERPATIIFR . & B Be P 2 B 5 . maxOutputChars AIEHEEEL, PR
PR Bt EATEL, ARSI D s e s 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 () }

7~ terminal g UT $24it. start 51 source 2 %% Core HH 1HME—IGIS S0, 2158 NGTHERE: &
ABIH P path N2 R g . start AR5, device.disconnect () SRS TEHA S K IE
IR &1 KM done ZEASHIAEAS , 54 LA AT RE4kSEIZ T, TR signal &—HEEF
done Z5H; &IEUA R, BUNST REIFFER . WrEnl se S Eumm S A i . Python stdout 472445
FEJR EV-MUX 24, Jovk i el 52 s s i S R &0, R Pl s 7 P B S A
Ja GRS . kAt ) Python traceback, ok J2HATMEHIZER, ASGEE FIHb T 7 (& Python 2
RS T IERE S S5 R .

9.1.10 Ve SCIFHA:
BB AR AN AR, % 123 4> UTES 747, SEESHITA, AT, 515 (ERe . . .

HARRL K RBEAL. U list AT IARBAS /o BFEORUF RS C R, R PrA R i B2 2
%, LATI7IAS Python U REAS T -

device.files.list(request = {})

{ path = "/", recursive = false, signal? }

IR B4 %4 { name, path, type:  “file” | “directory” ,size }, H 3% size 25 0; IS5 RAN AL .

device.files.read(request)

{ path, encoding = "binary", timeout = null, chunkTimeout = 30000, maxBytes
= null, signal? }

binary 1 [i] Uint8Array, utf-8 iR [0 475 . 4 Ws/mnull t imeout FE/R ILEEAZEHTIE; chunkTimeout [
Hil5Ek REPL 22 H., BRiA 30000 ZF>. 345 BRI BRI, SRR A AL SZ R A iR FR 6] . maxBytes A
null 57 0..16777216 %, FREIFE SCOFEEE IR STEZA, RSN IR W] ORI

device.files.write(request)

{ path, data, overwrite = true, onProgress = null, signal? }

data Ay FFAFHIEL Uint8Array; overwrite:false 13K KA . JEEEIAJEIR { writtenBytes, totalBytes }. 5EH 30
il [ F SHA-256 AL AN 2 AT, a2 [a] 55 5 bytes. complete:true 5 path [RF2AHIA A& IATICM:

device.files.remove(request)

{ path, type = "file", signal? }
type A file 5¥ directory; Ml H SR EK H X M%S. & [H] Promise<void>, AU IHMIERIRE
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device.files.mkdir(request)

{ path, recursive = false, signal? }
1B {ok:true}; BRHBIAAIECHS, ARFERCEHES, BRI SCHESH .

SDK 0.2.0 & PA b1 A SC4: (4235 Python YRS AIEEAL ) St nl SE (1 i 4 —Efl file .write bA% . [{F20
Y file.write.binary HHEMEARL 1imits. fileWriteChunkMax " (4096..16384, #% 4096
XF); A X FH K E UNSUPPORTED_OPERATION R R EH E M, F iR F Base64/JSON =,
REPL Lf£, list/read/remove/mkdir {i{#fl framed REPL, L& %51 files.writeBinary
AFF k. #ERCHABERHFH, K% Promise RUARKTEKE/BAHREF KA T K. B
W/ kKA RA abort, EHMLFEEAN., HLERIE vM b, . b&fn @ % A4l & Wk Y
FEM; FAT AEFRA X AR ELREN L LAMER, FAAEREBLEFES. X EHY N :doc: .
./communication/python-files ., N fl E# # f| * device.firmware.update(), EH /
firmware T2 ROM BEESLH,

9.1.11 device.capture(request)

{ source, format = "jpeg", quality?, timeout = 15000, signal? } - Promise<{
data, mimeType, metadata }>

source 4 camera B screen, #&HXHHKF jpeg. AL quality fy 1-100 FREEL, 24 W& TSR A [ £EERIA
{H. data & Uint8Array, mimeType 4 image/jpeg, X }{iF metadata.width/height, TIEIRFIXTRINE .

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 })

B L ANEAE VM gl 6 A/68 ] 515 3k LCD IR 2K LCD ©4) dafl, 3 R J5 4 52 i 1
RGB565 Wi, A J& 8l B 5 Sk s E T 22 il e 4% . A S5 A (3% [1] NOT_SUPPORTED, LCD R HI#R LR
[i] DISPLAY_NOT_READY . #{-4E A 2P 3wt ol 2. %75 247 DMA 5¢ [ 5 preview A2 fif
W preview-debug .

9.1.12 device.on(event, handler)

[l 34 unsubscribe () o FFEJRah4 iR 7E connect BT, HEWTAHHLES A 2 i R A s LA M Wi
B2 sk listener.error WS, UL B4 BT HBE &1 object URL.

=4 ESRE aX

python.output string Python stdout/stderr. $2/RAF-53 H i .

raw string EV-MUX Wiz SMSCF, Bl 538 )5 sk i -

log string [E{4-/IDF 2 W 3.

preview { data, M img.flush() J=4 1) JPEG, AFE M.
mimeType,
metadata }

state { state, connecting/ready/disconnected , PA M
identity?, hello/network.changed #2715 ; ready B ff} identity .
reason? }

diagnostic { event, ... rpc.request/response/timeout, listener.error 52
details } Wrs P2 SR ST B o B A

rpc { channel, A RPC WLEE , M55 BRI Se s i
metadata,
payload }
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9.1.13 HJF. PSR

if). BoE. . Python, SCPFRIINE HEERIEREALT ready, K. FATH . BEAEANTRKIE
ey BT 2 T & A S ROM loader JE A R IEFEI AT . 4142 5] Python, SCf:. FRE. I
B 45 B R E 28 iR [5]) DEVICE_BUSY, AN2x H AR 5515 K HEBL . stop/reset W] A5 IEAESATHY
python.execute PpifE; start iz 7HFEE 5 F 28 done, 2774237 stdin B} FLVF A H A -

iR 51

TypeError / BIESHG KRB AHABZEM R S PHEA
RangeError /

INVALID_PATH

DEVICE_NOT_READY / FeiERE, oS RME I S A
DEVICE_BUSY

DISCOVERY_UNAVAILABLE #h75 provider, il FE.4 66 S .

/

UNSUPPORTED_OPERATION

SESSION_BUSY / REMCH AR R owner . 575 E R JFEIES T E M, At e E H
SESSION_LOST / HILEF A

VERSION_MISMATCH

TIMEOUT / AbortError  AbortSignal R] fE{% V8 H 7 Error JR K ; ERUIRSHEEARA, EiBEW
/ CONNECTION_CLOSED HIZXT B4 RS .

VM_BUSY / VM_TIMEOUT  HH#fACERMEI 4R, 45 /0 s b i 35 TR s m A (A SRR

/ DISPLAY_NOT_READY

/ NOT_SUPPORTED

BT S AL B rejection, 451 P BEAL 7 code. errno. completed, pending, {H A2 AT H51RISHY
A code. WiTF/HUEA IR R AIBN . AMEEHACZ 1L, WAEWRE ] AEHEER SFH851E.

9.1.14  [HIER A 55 9 Bt

device.firmware.check ({ catalog?, identity?, version?, mode = 'update',
fetch = globalThis.fetch, signal? })

JR [\ { available, currentVersion, release, releases }., O IEEREHELZ &S S50
RIEZHHE AN LB 7321 identity, @ # board 5§ firmwareVersion., Mifr NS TERE.
EIE B A, catalog B2 INTEXTZ Bk 46 %] HTTPS JSON Hitik, T #2h2s reject; JLUCHIFF &M
Bk release: null, available: false. #W% catalog 5}, Core HZfi5zHL dl.espressif.com | [¥
ESP-VISION ‘B J7 H 5% ] & MUA BB ot s H X catalog HUZ2 & w5 . Dy 30 4% H /b 0755 T8 iy
PRI 5, AEOR AT R 2225 H AR

HF##g N { schemaversion: 1, releases: [{ board, version, image }] }, KTk
WeAZDIHT RATERHET ;. BROIAERE S AN VCECT AR 4% B P RLES: v4 BefG ekl 38 U I HaZ A %
P&, available Fm BARSMuIERARNE, NERTEH B/git AFRFREEE R BAT N
HeAARCASINY , UL ZESE B a0 s HARiiAS , 3Ea BRI E o .

image 1% evMuxVersion: 4, JEMEE chipFamily. offset, DAJKHi chipRevision B{#&
B chipRevisionMin/chipRevisionMax, 1IF¥#{ bytes 5 partitionSize " (BHRMAKE
T), 64 fE/NE+x3#% ~sha256, PAf partitionTable: { offset, bytes, sha256 }.
EPRN G IS4 X HTTPS url, H.#:45(H application bin; zip/artifact N Z A2 14 bin, Core A1
TR . FT AR S B By e 4 — B, ARSI, A& SDK/IDE JitAs. SHA-256 ] T#%
35 5Pk H S8, AREIEIREE KA E .

device.firmware.update ({ release, board?, mode = 'update',K data?, fetch =
globalThis.fetch, openlLoader, reset?, onProgress?, onPhase?, signal? })

release NIGALR P EBFENFE . CERRAUHICEIZIT Ll RIERRUAGET board W1
ELPBRIEFIT A M. data & Uint8Array application bin; £ l§H T 7 release.image.url, Core 4¢
e ROF MG Ay, TR EV-MUX %42, Fifif5 9 15 321 openLoader ({ signal }) #KHUROM T
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i . A FIE AR LT ER 11/ WebUSB 4% )2 ROM #EA$4E, Core AL LS OTA, A 155 —
HEA AL F 4. BT TCP & B/ &, TR as ZAH N8R,

loader LW 5 R -F 4 API 7, % %% 1) FirmwareFlashSession, H]i% reset (loader) #{{H hard-
reset 35l%, onProgress (percent) A5 BIELEMNEY 0-100 $£)F, onPhase (text) R4AE5WTEr. Bk
A update Fi0{U 5 application 73X : B AR KL A MBI AR . Z2RERIAEIXE, BAGETEN
BRI Ay . A DORVLEL &2 BRIATHAEOE A8, AR NVS s ool Balse e 2edé 1
T3

SR n 3O OK B X J§ iR Bl { verified: true, needsReset, version, board,
reconnected: false }, needsReset: true ERMBFFWRNA P YWHE . A H3HEE EV-
MUX, WAERHRACZTT, AAITEEHFEREERA . BUHESETE . $H loader LA K 5 AHI
BHG FFIRRE EEREGY, Pt imls. KRS reject I &P T AREY loader, AZKIHRIE . HHHTH
(B4R . He a8 E XOF & # A DEVICE_BUSY {54, RAFE S . TR ER&REN,
A2 5 A R M Ol

const result = await device.firmware.check ({
catalog: trustedCatalog, // B E A M F R AW HFEHEH XK.
// B ¥ /ROM WK £ W : identity: previouslyInspectedIdentity
)
if (result.available && userApprovedVersion === result.release.version) {
const updated = await device.firmware.update ({
release: result.release,
openLoader: ({ signal }) => host.openRomLoader ({ signal }),
onProgress: percent => console.log(percent),
)
console.log (updated) // % 4T & % /& i ; needsReset W & 7 & fI .
s

B IR

ZH firmware.check/update, BFf& A mode: 'install'., AFFE EV-MUX ##80217 9 ) [
5 PO B B ST AR, U B #E AL ROM R #i5a, I 4E ROM 3 £5() USB-Serial-JTAG (USJ)
8¢ UART 3 1. 25 & AN BRI [ (42 {7 USB-OTG CDC #2211, W ¥igs 1 E A2 ROM i@ it
#%, CLI P Node/esptool ififit#§. IimFEA 2 TCP OTA,

ik mode: 'update' fREJEUH HECHV AT 2 RKORIEREEL, A2 B 31U install, 23
install Xf2 i ALH 1Y 58 B AH- BB ML 0 B A, A3 bootloader, 7P IXEMM . HiREELHNCH
Hlls (GEFTREATER NVS, SUUERGHE) ATRERIE R, ARIEMRE R, WAL RARITE A #
Weo i 2 5T TR DX 20 0 U225 5 PR P SR A 7 S

%5 F schemaVersion 1, k& i & H ¥ v & install: { offset: 0, bytes, flashSize,
sha256, url, chipRevisionMin, chipRevisionMax, bootloader: { offset, bytes,
sha256 } }. flashSize 17 J5 2K Flash 2558 (F717); A Ah#rl bootloader 5 1 Fiits F A& T A%
. JiA image 12 A ZRSZICEEGE  bootloader., 73 XA 45 H Yu Bl WG Ay, JEIH
WA Y. ANESH AR . EARKENIE G515 5 55 Pr IDF F=9) A4 ik 28 o8 s D s ilAR dik
DB TURE IS S HEI A 25

firmware.check ({ mode: 'install', ... }) EFHE —NH L L U 0 RAR, B
KMk B o AR AU HR R N B B R AR 1 2R FE releases P, i 3K Bk BE B A
B} #f FIRMWARE_INSTALL_UNAVAILABLE; 3k %1 mode #% i 4i, firmware.update ({ mode:
"install', ... }) 7ERESTEAIIREL ROM i DRI IR 518, MEERA ELE . BT, X4
JEBNINERAS I JEDEC LS &, B IRE A DHBRARA T XE, FICEEATRIHRILE . 5658
W2, ARG BF. BUS SR B SSHE RN B 2% Caaf T8 B0 S EH 9T inspect A .

const device = createDevice() // A % E & 1T A transport I connect ().
const selected = await device.firmware.check ({
identity: { board: 'ESP32_P4X EYE', firmwareVersion: 'unknown' },
mode: 'install', version: selectedFirmwareVersion,

b
(A
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(750
await device.firmware.update ({
release: selected.release, board: 'ESP32_P4X EYE', mode: 'install',
openlLoader: ({ signal }) => host.openRomLoader ({ signal }),

})

9.1.15  ZI IR WA

releases R HgH Y FiH AR EFIRA, REEZMTHET: AW version B}, release 25 —4>
HetEMR A . (6 A version WIHZE IR AKEHHVCEL, ANFF#ER A FIRMWARE_VERSION_UNAVAILABLE
E4, AWl Bs e A . F—IF Z WG EE A H R % CH SR BERT IR P s i el il
KA H U E, Core NNEUTA Git tag, CIL =¥ A K AIRA . QB8 IH ALY AR [ 1) 58 B e 06

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 }),

H)

Node fig =1 i EL A Bt 52 {1 ROM &ALt

import { openNodeRom } from '(@esp-vision/device-core/node’

await device.firmware.update ({
release: selected.release, board: 'ESP32 P4X_EYE', mode: 'install',
openLoader: ({ signal }) => openNodeRom({ port: selectedRomPort, signal }),

})

SDK 051 B f & W % #f ROM & B #+ Qesp-vision/device-core/browser [
openBrowserRom ({ port, logger?, signal? }), B H FERZM/FA XY, HPRFHH
PR B A 23R W, Device Core npm ¢L3F 3%,

9.1.16 AR Atk i BIN f14 (0.4.0)

SDK 051 B fJ & X & % i Bl #§. loadOfficialFirmware 5 loadReleaseManifest M
@esp-vision/device-core/firmware A ; RAIITHSH createbevice,

loadOfficialFirmware ({ board?, version?, fetch = globalThis.fetch, signal?
Y A 4 i Bl config.toml fY [publication]: schemaVersion: 1, version, 40 {v
sourceCommit, manifestUrl, J& 4 F % manifestSha256 M releases: [{ version,
manifestUrl, manifestSha256, boards }]. JIRWAANEE, SWhEES BME—; KMy
() Hofth 2 45 7 BOAR B B R AR e BB B . 8 @ iR AV AR DA AFAE TiZ 51 . AUF 2T A 1 — 4y
manifest, A7 F A x IRAHBE; firmware.check ({ version }) &{&ifAY, reader, T
7 publication, 7| f 5 manifest Jo RS BAfA G L, FL3E 404 SOMG A AICEL, ATERLR. RAZEEARS
publication WELELREIH feed; 8 MUA 2 29 IHTCER KB .

loadReleaseManifest ({ url, sha256, version?, sourceCommit?, boards?, fetch

= globalThis.fetch, signal? }) AiZHUATAR config, HiSzHUH| Wi, SHA-256 755 UTF-8
JSON JFH4FTT . 450102 schemaVersion: 1, version., sourceCommit, IF#%f pipelineId,
layout: 'legacy' | 'single-bin', MG &M releases $. 58 ¥ website I8 [ A %
mep' " (null R AHEKX) . TEHER/HNESEATLLEER;, REMKKIA release 5
£, BF URL [RE & " “https://dl.espressif.com/AE/esp-vision/; L8N 2k & &
%] raw.githubusercontent.com/espressif/esp-vision/<sourceCommit>/models/...,
MCP §#iiA ¥ url/bytes/sha256/version/sourceCommit, {fiffI’BE 5 bin/mcp/ JFJF; website i
AR BUASBAZAA RL, B T (4 A B AN R A nT A AR 9 6 o R i M B 2 64 AR AAR AL, 256
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A AL S . 4 MiB manifest 5277 . [&] 5@ M Ao A XS AT A& &5 R, NS T AT E LK
FRLZE A INIE.

loadOfficialFirmware fF manifest [t I /PR [H] publication; B[k board HYFEL (/) manifest 1L
J5 TR [ R 45 H . publication. releases $RHE&4& I AR ALS | s website . releases
Al AR B B D SR BRI IH IR A R 8803, ANBEF S ml PAPEH BIN URL A ilcess. Mk A E 25|
WG, WEBERZGIHAY loadReleaseMani fest EEMAS, (5 EFH 2R B [ —HR .

layout: 'single-bin' H1%E;A> release ¥ image.source: { url, bytes, sha256, offset
}; URL A 6T image . url 558458 1) install .url, KEMEST install .bytes/sha256,
source.offset T image.offset, WLEMNIETEEALEN; image.bytes/sha256 Uik
M. Core —¥RK N 22> source, FEREL ROM [ fE 44 K J& /W 75/ N ET bootloader ., 43 X 8k 3 F M Z AT,
VI EE &L se. nRiaE. BASEEEERE. 2 XKARZEMRABOATIHR, A B3
RELE, B mode: 'install' HEAHKITRES; %A data WHERIA, f£7F image. source
WHL AR SERE A, W E A H BIN, 482550 HF 1egacy manifest 51HR M AiA . N2 A
KRR % 256 MiB _ERRZy3, i H} HTTPS, fE488 ¢ n], B A1 HTTP Range., W Yi#s i M 7 o/
BATTFE U s

& & W75 1Y) manifest F15¢%% BIN source {ii 3 % #% HTTP 2847 (cache: default); W7 config 5I[H

570 H BIN f£4F no-store, [FE %77 fetch By Bl F| TypeError B, {{—K no-store Hi{PAKE ik
/> CORS 3LMIHZE A7, HTTP, HUMR . SHA-256 s CHdnss A Eit. R

9.2 gl APL 525

A 275 i package.json exports 78 i AT S AR G2 T, FIH T S HIERA T RILI LA
FIRBYT v R RIL T SRS A 5 1 sre/device _* SEEUBLHLE T PEBHE 10 o AR ) AP 5%, % A
% iR, ANAER R TRIEZ N A &/ irds . PAUNZEA T JavaScript Z8UEVMEEE, 74
J7 %1% 7] Promise

9.2.1 @esp-vision/device-core

WA S Y, createDevice (options), &ESE G IR BT R TES R APl 7% 5%,

9.2.2 (@esp-vision/device-core/evmux
EvMuxParser

new EvMuxParser (handlers = {})

WEFA MR, PR EEWA. CRC. iF3EH channel 4} % . handlers 10,45 text, rawText, log.
command, other. preview(base64, metadata, bytes). debuglmage(base64, metadata). rpc(metadata, payload). fil-

terFrame(metadata, payload). frameRejected(metadata). filterFrame 3% [1] false Bs}PH [ 1038 45 -

EvMuxParser.setLimits ({ metadataMax, payloadMax, frameProgressTimeoutMs,
frameTotalTimeoutMs } = {})

B 3 1F{H metadata/payload SR /INFHAS 52 B& i st [a] FR #1 .
EvMuxParser.resetReplTextDecoders ()

- stdout/stderr 7)) UTF-8 AR 75,
EvMuxParser.reset ()

THEREAZE M. A e RWUE NS 5501
EvMuxParser.getDiagnostics ()

1& [1] active/rxBytes/rxChunks/bufferedBytes/frames/droppedFrames/lastChannel
EvMuxParser.hasPartialFrame ()

FIWTZE b h 2 B AEAE T RE IS 58 B i
EvMuxParser. feedText (text)

AR ARG Sk A SRR . DSEBE F A,

Espressif Systems 158 Release 2026.10.23-6-gb29fe99143
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.10.23-6-gb29fe99143%20for ESP32-P4

Chapter 9. Device Core 34/, SDK

EvMuxParser. feedBytes (bytes)

i AMERE Uint8Array B, SRVFIRIOL. Kbl
EvMuxParser.dispatch (metadata, payload)

R ELfEMT metadata/payload 43 & % channel handler, [ A H 484k Fimis: .

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% [B] 4 metadata, AN/ 3] payload #1 CRC [k | Uint8Array., seq T XHE, sessionld/vmEpoch fRiH
PRI daidn ki, ARSI .

9.2.3 @esp-vision/device-core/evrepl
EV_REPL_FILE_CHUNK_BYTES

25 REPL SCEE AZSERIA B KN, 5 script.write RPC 43 HA [f]

{224

EV_REPL_INPUT_MAX_BYTES

SEF% REPL #iy A2 B9 ERIA UTF-8 %, (3% exec #% P4

[511

EvRepl

new EvRepl (io0)

framed MicroPython REPL {/##%. io.writtEvmux(channel, type, method, payload) #7513 [#] Promise, F354%
i stdout, "R ATF I VAMALE RSO KA BIAE, B E I device.python/files.

EvRepl.execInputBytes (source)

V55 SURHY REPL exec fird- UTF-8 S48, 18G4l
EvRepl.createScriptEndSentinel ()

Az JH R [0 E— LA 52 R IE T B A 2
EvRepl.createScriptRunCommand (path)

A ST NI SE UARIC I execfile 14T A4
EvRepl.cancelScriptEndSentinel ()

TR R PERCHY 58 BUARIC -
EvRepl.drainScriptEnd ()

TH PR A S8 bRic, 38240 onScriptEnd.
EvRepl.partialMarkerTail ()

AR A 72 B 58 bR L AR B G2t
EvRepl . feedStdout (text)

BASCT, VRS AT i S R
EvRepl.drain()

ALPEE i BN AT 5 e R -
EvRepl.failAll (error)

PASE AR 2 HE A/ 24 1 S5 R
EvRepl.resetEpoch (error)

B RS epoch IRES, WEIHSFFFE KL
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EvRepl.enqueue (operation, { signal = null } = {})
FFTIAT operation, R [H]H 45 Promise, SZREHGH.
EvRepl.writeStdin (data)
[4] repl.stdin 5453 /Uint8 Array .

EvRepl.execlLine (line, { timeout = 8000, signal = null } = {})
PATHERLFIAT, SRR/
EvRepl.execPy (source, { timeout = 8000, signal = null } = {})

FRIRESHE SN exec fird, AR AR H -

EvRepl.getDeviceInfo({ signal = null } = {})
EHPE . KL R ARG R .
EvRepl.getFsStats(path = '/', { signal = null } = {})

AT S R G B/ SRR R .
EvRepl.listFs(path, { recursive = false, signal

& [5]F4f {name,path,type,size} 25 H , W&
EvRepl.walkFs ({ signal = null } = {})

IR [ A 11 {88 Pk SO o
EvRepl.readFile (fn, { timeout = null, chunkTimeout = 30000, signal = null,
maxBytes = null } = {})

[0 SEHE SO Uint8Array; SCUA7ZEAL . R BN SERE I FE 2
EvRepl.touchFile (£fn)

B 2@/ W — 04, Promise<void>,

EvRepl.removeFile (path, { signal = null } = {})

W BE—~ 3¢, Promise<void>,
EvRepl.removeDir (path, { signal = null } = {})

M 2S H %, Promise<void>,

EvRepl .makePath (path)

L7 REPL HijBh 75 i 6 @ At .

EvRepl .writeFile (fn, data, chunk_size = EV_REPL_FILE_CHUNK_BYTES, direct =
false, { signal = null } = {})

A REPL 5/ 5 A4 A files.write fifi F 2% 1 RPC 5 A#f.
EvRepl.readSysInfoMD ()

1% 1] Markdown #% =01 R S8 (5 E. -

null } = {})

evReplExecInputBytes

evReplExecInputBytes (source)

V% U511 REPL exec fir4- UTE-8 FH54, W& ar > EATTH

9.2.4 @esp-vision/device-core/session
DeviceSession

new DeviceSession ({ transport, EvMuxParser, makeEvMuxFrame, EvRepl,
handlers = {}, sid = 'ide-client', sleep = defaultSleep, })

&2 v4 i OB #%, 1 A transport, EvMuxParser. EvRepl. makeEvMuxFrame; handlers 3% Ui
text/rawText/log/preview/rpc/diagnostic [ < 1% A& v & 0 0] V8. 98 F O 20037 17 4% g A 9T A 5235,
FI R SO FTFHERE AL createDevice 0L HPEEC A o J MR

DeviceSession. feedBytes (bytes)

] TR AR AT i AR Y
DeviceSession. feedText (text)

AR SUA
DeviceSession.hasFeature (feature)

FIWTHH T RE 1 275 PR € feature.
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DeviceSession.writeFrame (channel, type, method, payload, { authorize =
null, vmRequest = null seq' requestedSeq = null, signal = null,
writeTimeout = null,

fﬁm%ﬁ@mmﬁﬂkﬁm,kﬁ%%Pmmw

DeviceSession.rpc (method, payload = {}, { timeout = 4000, channel = null,
signal = null, binaryResponse = false } = {})

% 3% 0 RPC, 455 JSON X binaryResponse; I, IR . R4 154 H 4.
DeviceSession.captureImage (method, payload = {}, options = {})

PR 3%, &[] JPEG {data,mimeType,metadata} .
DeviceSession.negotiate (options = {})

PRI v4. weie S0/ BR . SRBUA AL, Pk REPL,
DeviceSession.writeFile (path, content, { encoding = 'utf-8', mode =
'overwrite', runAfterWrite = false, signal = null, onProgress = null, } =

BT FE—H) file.write —3EHI5#5 A UTF-8/775, 585 SHA-256 #£37 J5 1R [A]; FoK file.write.binary
APLERIH AL %R
DeviceSession.writeScript (path, content, { runAfterWrite = false, signal =
null }

wrlteFflz i) UTF-8 35338,
DeviceSession.createOperationId()

A= T Y I 28545 B operation 1D,
DeviceSession.networkStatus (options = {})

1% [8] network status JRF/45EH .
DeviceSession.configureNetwork ({ ssid, password, operationId = undefined },
options = {})

KR FEHEF operationld, 1R [A] accepted ACK, AL 5 6 M B 2
DeviceSession.setNetworkEnabled (enabled, options = {})

RIEAF AN TT RAB L

DeviceSession. forgetNetwork (options = {})
TR IE B R AL ST -
DeviceSession.release ({ timeout = 1200 } = {})
Bt EV-MUX £35#124, Promise #&[0] RPC 451 ,
DeviceSession.executePython (source, { timeout = null, signal = null } = {})

i#17 framed REPL $HATIRAS F R 1] %y
DeviceSession.interrupt ()
137 framed signal # 38 & 1% Ctrl-C.
DeviceSession.control (operation, { timeout = 15000, signal = null } = {})
AT stop/soft-reset/hard-reset/bootloader 355 il .
DeviceSession.stopForRepl ({ timeout = 5000, signal = null } = {})
T % R i 04T REPL, 3R [IE25 1 /R (8 .
DeviceSession.runScript (path, content, { timeout = 10000, signal = null,
onStarted = null, maxOutputChars = Number .POSITIVE_INFINITY, trial = null,
inlineCompletion = false, } =

PATER A, W46 4% content, %"E A AR

DeviceSession.startScript (path, content, { onStarted = null, ...options }

{})
JE A, 3R 5] £5 done Promise [ /m)# .

DeviceSession. scriptRunSnapshot ()

AR [0 4 s A TR E null,

DeviceSession snapshot ()

L3RR AS, role. fiE Sy, parser/transport 45T FIf AL T RPC % .
DeviceSess:.on close(error = new Error('connection closed'))

AR T AR, EEXSTRES/E NS PEIERE 16 3 %

WU T EIR S B35 state., role, identity . capabilities., sessionld, vmEpoch. vmReady. limits. parser. repl;
Nid ST EE S, AHBER(E. negotiate MK role=" unknown” . drainMs=300. acquire=true.
probeRepl=true. expectedDevice=null, signal=null, TCP BkiJ 55} drain, control $:3Z stop/soft-reset/hard-
reset/bootloader “FAFH: , AN N IR R ARG . T2 2818 R ] accepted ACK, [ fi] configure /2%
ZERN WIS 52 . T typed run trial B} 323K operation_id & UUIDv4, source_path A3 512 4~ UTF-8

Espressif Systems 161 Release 2026.10.23-6-gb29fe99143
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.10.23-6-gb29fe99143%20for ESP32-P4

Chapter 9. Device Core 34/, SDK

7. source_hash 2}y 64 {ii/NE SHA-256, F-FE3K [5{4: 75 B launcher trial/typed-runner §EJJ; trial ANEES
inlineCompletion 21 &y .

EV_MUX_DEFAULT_LIMITS

PSR BRI, 52 PR B T HIvRT B0 2 limits; (xLargePayloadMax=0 24 #E 0B, AFR A 4 R
AE AT EIR.

{

"metadataMax": 384,
"rxPayloadMax": 2048,
"replInputMax": 511,
"vmPendingMax": 1,
"txLargePayloadMax": O,
"txFrameTimeoutMs": 1500,
"txQueueTimeoutMs": 2000

EV_MUX_PATH_MAX_BYTES

Bk UTE-8 PRI, S5 IR SCPF4 At

(25 1

EV_MUX_PAYLOAD_LIMIT

HeZ payload WS H &, ARAUIRTHT RX R

[1800 ]

EV_MUX_REQUIRED_CHANNELS

v4 BE AR ER K channel H2 4 .
[

"user.rpc",
"debug.rpc",
"repl.stdin",
"repl.stdout",
"repl.stderr",
"repl.signal",
"log.idf",
"preview. frame"

EV_MUX_REQUIRED_FEATURES

v4 B8 ISR ) feature FE 6,
[

"capabilities",
"route.changed",
"framed.repl",
"session.firstCome",
"session.keepalive"
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EV_MUX_SCRIPT_CHUNK_BYTES

IH script.write [ 2% #H; SDK 0.3.0 FAERFER, —#FHlH KB fileWriteChunkMax .

[900

EV_MUX_VERSION

SCRFI ST R BURAS -

[4

evmuxRpcChannelForMethod
evmuxRpcChannelForMethod (method)
debug.* Jy¥EiR 0] debug.rpc, FH AR 9] user.rpc.
requiresEvmuxFirmwareUpgrade
requiresEvmuxFirmwareUpgrade (err)
FIWT R A AT ETHRE R R R, R BI R, A FERAS AN DL S T bR«
validateEvmuxCapabilities

validateEvmuxCapabilities (payload)

T8 vaA A 0hH5 features/channels, FHGEE2 TR 2y, &[] void; ASPCRDEY B2 58 F7 -3l 45

9.2.5 @esp-vision/device-core/actions

DEVICE_ACTION_DESCRIPTORS

AN 1T A E s R VERY, AR Core TV SEIF- G LIRS . 782 UI 8 workspace i ; iX 44
handler 2 B4 E . Hi A PAKHEIAR Y inputSchema A, outputSchema i/ handler H & X M7, risk
4 readOnly/destructive/openWorld F1i .

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": {1},
"additionalProperties": true

}I

"risk": {
"readOnly": true,
"destructive": false,
"openWorld": false

(T
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(% L 50)

by
"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": "object",
"properties": {

"transport": {

"enum": [
"serial",
"tcp"
1s
"default": "serial",
"description": "Use serial for a platform port or tcp for an IP address on.

—~the device network."

Hy

"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."

by

"host": {
"type": "string",
"description": "IPv4 or IPv6 address of the device when transport is tcp."

s

"tepPort": {
"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

b
"outputSchema": {

"type": "object",
"properties": {},
"additionalProperties": true
(BT
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(B L)

}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

}I

"outputSchema": {
"type": "object",
"properties": {1},
"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"
}I
"drainMs": {
"type": "integer",
"minimum": O,
"maximum": 3000,
"default": 300
}
}I
"additionalProperties": false
}I
"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties": true
}l
"risk": {
"readOnly": false,

(T
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"destructive": false,
"openWorld": false

Hy

(B L)

"requiresReadyDevice": false,

"concurrency": "exclusive"

device.inspect

Inspect protocol state, device identity, filesystem, and recent logs.

{
"inputSchema": {
"type": "object",
"properties": {
"includeFiles": {
"type": "boolean",
"default": true
}I
"logLimit": {
"type": "integer",
"minimum": O,
"maximum": 500,
"default": 100
}
}I
"additionalProperties":
}I
"outputSchema": {
"type": "object",
"properties": {},

false

"additionalProperties": true

}l

"risk": {
"readOnly": true,
"destructive": false,
"openWorld": false

by

"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"

(T
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(B L)

]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.

{
"inputSchema": {
"type": "object",
"properties": {
"code": {
"type": "string"
}I
"maxDurationMs": ({
"type": "integer",
"minimum": 1000,
"maximum": 180000,
"default": 180000
}
}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.observeEphemeral

Observe the bounded output and status of the current temporary Python run.

{
"inputSchema": {
"type" : "Obj ect" ,
"properties": {
(A
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(#2 E50)
"runId": {
"type": "string"
s
"waitMs": {
"type": "integer",
"minimum": O,
"maximum": 10000,
"default": 1000
s
"outputOffset": {
"type": "integer",
"minimum": O,
"maximum": 1048576,
"default": 0
}
} r
"required": |
"runId"
] 4
"additionalProperties": false
by
"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties": true
} 4
"risk": {
"readOnly": true,
"destructive": false,
"openWorld": false
} 4
"requiresReadyDevice": true,
"concurrency": "shared-read"
}
python.stopEphemeral
Stop the current temporary Python run and remove its reserved device file.
{
"inputSchema": {
"type": "object",
"properties": {
"runId": {
"type": "string"
}
} ’
"required": |
"runId"
] ’
"additionalProperties": false
} 4
"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties": true
} 4
"risk": {
"readOnly": false,
"destructive": true,
"openWorld": false
EETFI)
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(B L)
} 4
"requiresReadyDevice": true,
"concurrency": "exclusive"
}
deviceFile.read
Read a file from the device filesystem.
<
{
"inputSchema": {
"type": "object",
"properties": {
"path": {
"type": "string"
} ’
"encoding": {
"enum": [
"utf-8",
"base64"
I
"default": "utf-8"
}
}
"required": |
"path"
] ’
"additionalProperties": false
} 4
"outputSchema": {
"type": "object",
"properties": {1},
"additionalProperties": true
} 4
"risk": {
"readOnly": true,
"destructive": false,
"openWorld": false
} 4
"requiresReadyDevice": true,
"concurrency": "exclusive"
}
deviceFile.write
Write a file to the device using the negotiated transfer path.
{
"inputSchema": {
"type": "object",
"properties": {
"path": {
"type": "string"
} ’
"content": {
"type": "string"
} ’
"encoding": {
"enum": [
"utf-8",
"base64"
J 4
(A
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(% L 50)

"default": "utf-8"
}I
"runAfterWrite": {
"type": "boolean",
"default": false
}
}I
"required": |
"path",
"content"
]I
"additionalProperties": false
}I
"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties": true
}I
"risk": {
"readOnly": false,
"destructive": true,
"openWorld": true
}I
"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,

(BETID
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(B L)

"additionalProperties": false
}I
"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties": true
}I
"risk": {
"readOnly": false,
"destructive": true,
"openWorld": true
by
"requiresReadyDevice": true,
"concurrency": "exclusive"

deviceFile.remove

Remove one file or one empty directory from the device filesystem.

{
"inputSchema": {
"type": "object",
"properties": {
"path": {
"type": "string"
}I
"kind": {
"enum": [
"file",
"directory"
J!
"default": "file"
}
}I
"required": |
"path"
]I
"additionalProperties": false
}I
"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties": true
}I
"risk": {
"readOnly": false,
"destructive": true,
"openWorld": true
}I
"requiresReadyDevice": true,
"concurrency": "exclusive"

deviceTest.run

Write, run, and capture a target-side MicroPython test.

{
"inputSchema": {
"type" . " Object ",

"properties": {
(T
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"path": {
"type": "string",
"default": "/.agent_test.py"
}I
"source": {
"type": "string"
}I
"timeoutMs": {
"type": "integer",
"minimum": 500,
"maximum": 120000,
"default": 10000
}
}I
"required": |
"source"
]I
"additionalProperties": false
}I
"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties": true
}I
"risk": {
"readOnly": false,
"destructive": true,
"openWorld": true
}I
"requiresReadyDevice": true,
"concurrency": "exclusive"

(% L 50)

device.control

Interrupt, reset, or enter the bootloader.

{
"inputSchema": {
"type": "object",
"properties": {
"operation": {
"enum": [
"stop",
"soft-reset",
"hard-reset",
"bootloader"
]
}I
"confirmBootloader": {
"type": "boolean",
"default": false
}
}I
"required": |
"operation"
]I
"additionalProperties": false
}I
"outputSchema": {
"type": "object",

(BETID
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"properties": {},

"additionalProperties":

Hy

"risk": {
"readOnly": false,
"destructive": true,
"openWorld": false

by

true

"requiresReadyDevice": true,

"concurrency":

"exclusive"

(B L)

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": {
"type": "object",
"properties": {

"method": {
"type": "string"

}I

"payload": {
"type": "object",
"default": {}

}I

"channel": {

"enum": [
"user.rpc",
"debug.rpc"

]
b
"timeoutMs": {

"type": "integer",
"minimum": 100,
"maximum": 120000,
"default": 4000
}
}I
"required": |
"method"

1,

by

"outputSchema": {
"type": "object",
"properties": {1},

by

"risk": {
"readOnly": false,
"destructive": true,
"openWorld": true

ty

"concurrency":

"additionalProperties":

"additionalProperties":

false

true

"requiresReadyDevice": true,
"exclusive"

frame.capture
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Capture one JPEG frame for an explicitly requested observation.

{
"inputSchema": {
"type": "object",
"properties": {
"timeoutMs": {
"type": "integer",
"minimum": 500,
"maximum": 30000,
"default": 8000
}
}I
"additionalProperties": false
}I
"outputSchema": {
"type": "object",
"properties": {},
"additionalProperties": true
}l
"risk": {
"readOnly": true,
"destructive": false,
"openWorld": false
}I
"requiresReadyDevice": true,
"concurrency": "exclusive"

DEVICE_ACTION_SCHEMA_VERSION

18 R VEREA ) schema AR,

g )

DEVICE_ACTORS

fa LSRR FLVFI actor ZFK, Wl B R RAEER actor
[

"aqent"
]
DeviceActionError
new DeviceActionError (code, message, { recovery = null, details = null,
cause = null } = {})

ZERATE EBIER R, & code/message 11 T] 1% recovery/details/cause; toJSON ASJF414k, cause.

DeviceActionError.toJSON ()
1R 1] {code,message,recovery?,details?} .

DeviceActionGateway

new DeviceActionGateway ({ registry = new DeviceActionRegistry(),

coordinator = new OperationCoordinator (), lease = new Devicelease(),
getSession = () => null, authorize = async () => true, } = {})
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U EhEHs Alcontext, A fE 25 ready 2x35, 8 authorize(descriptor, input, context), F-PMEE 46
7€ handler. context.actor /5% % H¢, context.requestld 24JE, context.signal BN . 15 TR S2pr 7
BURHE , BRIA authorize 1R [1] true.

DeviceActionGateway.invoke (actionName, input = {}, context = {})

Promise: 1R [A|#:55/$#2 45 handler 455 FE R BE LT 3L,

DeviceActionRegistry

new DeviceActionRegistry(descriptors = DEVICE_ACTION_DESCRIPTORS, {
schemaVersion = DEVICE_ACTION_SCHEMA_VERSION } = {})

ZEHIAR 5 B X405 handler 1T . A %E5K name., inputSchema. outputSchema. risk. A4 EHIAIN
JZICHR:, Gateway.invoke 234 ACTION_UNAVAILABLE $E443 f ; register/bind 1 [4] this, 7] %=1 FH .

DeviceActionRegistry.register (descriptor, handler = null)
HEMH A 5 7l 3% handler.
DeviceActionRegistry.bind(name, handler)

HEAHNEE handler.
DeviceActionRegistry.descriptor (name)

IR [l 5 null,
DeviceActionRegistry.handler (name)

3% [A] handler 5§ null,
DeviceActionRegistry.list ()

SATIEBUS i
DeviceActionRegistry.validate (name, input)

RgRA . BHERAE, R R R4S .

DeviceLease

new DevicelLease ()
16 M actor FHZY, S[E{E EV-MUX &35 2 AR . actor 144 J& T- DEVICE_ACTORS, [#] actor [ £
AR EARIGEGR FE S i .

Devicelease.acquire (actor)

iz 1] {id,actor,release}, ~[E] actor oS B4
Devicelease.release (id)

FEI— 18 F: 4125 1D,
Devicelease.assertAccess (actor)

actor AHFA 1 EAL LIS .
Devicelease. snapshot ()
& [H] {state,primary,actors,holders} .

DeviceLeaseConflictError

new DeviceleaseConflictError (owner, requester)
5 3 actor 5 4 EiH 2R b 2 Bf 1) DeviceActionError
OperationCoordinator

new OperationCoordinator ()

SCRFEUN -5 R PAVAE PR R AT BERCE S HEBL, it B B TR %8 5 operation F2 ISR .
AbortSignal,
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OperationCoordinator.run({ actor, requestId, actionName, signal },
operation)

- operation HEPA , & [9] 25 5 Promise.
OperationCoordinator close (reason = actionAbortError ('Device session
closed')

ﬁ%ﬂ&l%%@ﬁ%mlﬁ {5 R ST R A

OperationCoordinator. snapshot ()

12 8] 2417 A HEBA actor/request/action B4 .

9.2.6 @esp-vision/device-core/bindings
DeviceEvidenceBuffer

new DeviceEvidenceBuffer (limit = MAX_EVIDENCE_ENTRIES)

A A AR s, A EEERA_ERR 500, snapshot ERIA 1005 (& BRIC, AL BREURE B

DeviceEvidenceBuffer.append(kind, value, details = null)
BT E . BRAS (B S A] 3 details.,
DeviceEvidenceBuffer.snapshot (1imit = 100)

YIRS 3 U o B S TRES o

DeviceEvidenceBuffer.clear()

HETE .
EPHEMERAL_PYTHON_PATH

ERIEEHE AT R g AR B B AL W source/start fifi i H O ME— Ik B 4% .

[" /.espvision_agent_run.py"

EphemeralPythonController

new EphemeralPythonController (session, { evidence = null, generation =
'session' } = {})

B AN P B O — AN B BR B9 GBS Python 3Z 17, f#f fi EPHEMERAL_PYTHON_PATH;
session “Aj  DeviceSession. it Fi & runld/path/status/output/nextOffset/finished/cleaned, W] Pff er-
ror/outputTruncated/cleanupError/residualPath; J5 BRI A TR G H 58 5

EphemeralethonController.start(code, { maxDurationMs = 180000, signal
null } =

Fﬂﬁﬁ@%ﬂﬁﬁﬂiﬁ7kﬁmﬁ,mmﬁﬁﬁ
EphemeralPythonController.observe (runld, { waitMs = 1000, outputOffset
signal = null } = {})

22 5515 waitMs, M outputOffset 32 [ B -E- i H .
EphemeralethonController stop (runId)

IR BT, R PIE AR
EphemeralPythonController.close ()

5 il g 2 PH IS -/ B4 BB 1T

]
o

bindSessionDeviceActions

bindSessionDeviceActions (registry, { evidence = new DeviceEvidenceBuffer(),
lease = null, getOperations = () => null, getGeneration = () => 'session',

P=oA)

[ R 41 2 18 ] 35/ 30 4-/Python/4IU&] handler, %[A] { evidence, controllerFor } . [ pRECAHEALTE 3% H
fi%) listPorts/connect/disconnect/workspace #RE L, 4 15 E40E -
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9.2.7 @esp-vision/device-core/firmware

FirmwareFlashSession
new FirmwareFlashSession(loader, image, { reset = () => loader.hardReset (),
mode = 'update' } = {})

ROM G ERE L, 5 EV-MUX a3 & 00 IF, B556) RA6H —IK. state & idle — connecting —
connected — flashing — verified — closed, KT %4 error — closed; flash Fx 2 Wi T, EASE closed AREH|E

FirmwareFlashSession.connect (bytes)

BAHIIE GG 0 A2 AR AT 43 X RWE A

FirmwareFlashSession flash (bytes, { onProgress = () => {}, onPhase = () =>
{} } = {}
'ﬁf}ﬂ/\lz, SEREEE ] I A% UG SHA-256, SRIGE T ; A WiIT. onProgress 24y 0..100, onPhase 32U
’Ij(/ujc%o

FirmwareFlashSession.disconnect ()
X oader K, WAL TS KA.

55 1% i b 1 4 evMuxVersion=4. bytes. offset. partitionSize. sha256. chipFamily. chipRevision, parti-
tionTable:{offset,bytes,sha256} . ZHEML A {E M @ o SH5H Uint8Array; BRIABIAN A THE - #EBR Bk 7
XiF# . AR loader $2{1L initialize() . chipFamily/chipRevision, getSecurityInfo() ., runStub(true) ., hardReset().
disconnect(); stub &l flashData(), readFlash(). readRegister()., writeRegister(). PN'& P4 1E% B sh8ifEat
P, PRI E A SR ALK onPhase $278, A AR H I EE .
mode: 'install' fff Hl % B & I B g W & R W A ov Bl ﬁﬂ( 1E application H,
bytes/offset=0/sha256/flashSize/bootloader ## iR 52 %% 4 1% , partitionTable fi $¥F J5i 4% 14 A& R BT I
Zi ] I} 7 3 bootloader 55 ] . %%@Eﬁlﬁﬁ@%%@ﬁﬂ, BERIR Y stub $2HE flashld(), 1% 9] %24 JEDEC
ID, fi16- 23 ﬂyﬁi BRI UG N RRE Rl ORI A Node iE LR K H I Web Serial loader 4
fit 775&% BB B T8 UL A APL 5%

firmwareMode (mode = 'update') & I FF & [ update/mstall H oMb {H # H TypeError,
validateFirmwareImage (image, bytes, { mode = 'update' } = {}) ¥£ install i z{

TIE LAY bootloader., 43X LAY 15 Bl KM 7«

firmwareSha256

firmwareSha256 (bytes)
Promise<string>, i&[8]/NE SHA-256 753kl 2L, FL>R Web Crypto.

validateFirmwarelmage

H)

} {
Promise<Uint8Array>, 85 v4. AEHIT T8 BT - K FA SHA-256, iR [mlH A 5175 AHERECT R
A AL

validateFirmwareImage (image, bytes, { mode = 'update'

9.2.8 @esp-vision/device-core/node

defaultPython

SEE BN Python W 473041 Windows S python, HABZRS N python3,
listSerial ({ python = defaultPython, signal, timeout = 10000 } = {},
dependencies = {}

{1 pyserial *&é‘é%?ﬁ$ﬂ 3¢ Python 5 pyserial; R[N R SLVFHEA SRR THF o
filterSer:LalPorts(ports, { platform = process.platform, allPorts = false }

1’“ PG AR X USB il FFR /R T REMZEICR, AT, WAAE BB

Espressif Systems 177 Release 2026.10.23-6-gb29fe99143
Submit Document Feedback


https://www.espressif.com/zh-hans/company/documents/documentation_feedback?docId=&sections=&version=Release 2026.10.23-6-gb29fe99143%20for ESP32-P4

Chapter 9. Device Core 34/, SDK

serialEntry (port)
BB IR FF A R AN i B2 11 A RE I B4 USB ol s ks BAE T R 15 .

transportFor (entry, options = {})
SRR B TCP (e L5 &4 5t MET AT 48 & python,

inventory (options = {}, dependencies = {})
MR MR S iR ] { devices, warnings, sourcesAvailable }. BRIAHJH,
NiEE; probe: true &R MEE., AJH timeout. interfaces. python, allPorts
M signal =%,

nodeAdapterAssets ()
REf1E serial fil rom URL FYELERT S, /0548 node_serial.py 5 node_rom.py. Node
FTALER AR 2 PR 1 2 2 2 T TR A L 55 1% 4% .

tcpTransport ({ host, port })
IR [ 9 s #1& ) Node TCP 451G Ad#s. A Core £ device.connect ({ role: 'tcp' }) WY
T,

serialTransport ({ serial, python })
i 9] 3L I ) Node/Python H I35 B #4878 B 4% 44 TR/ B8 A2 I © 42 %€ pyserial [ fiERERS (Bi4n
python3); fy Core $THFFIKI, PRz 1R usi. usb B vart . ERCH HEFT, A
Y — B WG X

openNodeRom ({ port, python?, signal? })
R[N B ROM @iz, BN AT I . T device. firmware.update ({ openLoader:
({ signal }) => openNodeRom({ port, signal }), ... }), ZHESNVHEHILA.
SEHUMh ST 425 Python esptool>=5.3,<6; Unix ERiA python3, Windows 2kiA python. Core fi35#] 41k .
B AL ZAL5RE. SDK 0.3.0 i3, {UHT Node; X5 Ti5174 serialTransport, AR
= TCP OTA.

9.2.9 @esp-vision/device-core/discovery
ESP_VISION_DISCOVERY_SERVICE

Node provider ZF ) DNS-SD i 4545 -

["7espfvision ._tcp.local”

NetworkDiscovery

new NetworkDiscovery (provider)

fI 44 list({timeout, signal}) [ provider, FZIGE5HRH4% FHIAHET  list 5 device.discover i FH AH [ B il £
GERGEN, ARERTA .

NetworkDiscovery.list ({ timeout = 3000, signal } = {})
TE K PR TE] 1 1 pPSUSCSE R IC 5%, SCRF AbortSignal.,

createBridgeDiscovery

createBridgeDiscovery (connectionUrl, { fetch: fetcher = globalThis.fetch }
=4}

iR [ B #5482 GET /devices?timeout="--- f{) NetworkDiscovery; FZI{ ws/wss connectionUrl, R]{¥ A fetch, %%
by connectionUrl 40 [] Y H. A /device/<32-hex> I{4%.,

normalizeDiscoveredDevice

normalizeDiscoveredDevice (value)
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SREFHVE IS R E AL 12 f7/NE MAC 1753 . DNS 8142 At 63 545 board BT 96, firmware-
Version AT 255, ¥4 evMuxVersion. 3 1 1..65535. &/D—A-&7: IPv4; Hilik 75, compatible 7~
v4,

9.2.10 @esp-vision/device-core/discovery/node
createNodeDiscovery

createNodeDiscovery ({ createMdns, interfaceAddress } = {})

1% [a] fifi Bl _esp-vision._tcp.local [1¥] PTR/SRV/TXT/A it 5% [ff) NetworkDiscovery, createMdns 7] i A & 2%
multicast-dns ) T.J , interfaceAddress 3%E£& M | IPv4; 75 NIsh7S 5 A B 4K §fi multicast-dns, {X 32572 F4
W /4 % A Tl TPv4 {85 TTL, BRA8 48 5 XM socket.,

9.2.11 fdiHA%

TR Tt R S bR UG E R, NI N R A WY RA PRRr— D SEEAT
WA PTAAL. fi T actor fLZY. ROM %58 55 A: iy Jil IR A2 DA 25 SO TR] o 3830 B 52 HL A B R 4%
PAESE BRI i 322 e T %A

9.2.12 FirmwareFlashSession.flash & [A[{fi

[R5, flash %[0 { verified: true, needsReset: boolean }., BAiEILH} needsReset 2
true; {UFE closed RSN BEUEIAR IR T . W EE{#H device. firmware.update () 5EREMHEHF
e 5 i 1 AZ 2

9.2.13 (@esp-vision/device-core/browser

openBrowserRom({ port, logger = {}, signal? })

SDK 0.5.1 EE &b A H. i 3 Web Serial SerialPort iR [A ¥z ROM &EELAS: WAE
AP FHNEERL, CRRCHZFTRER. initialize () FERMEBIE K tasmota 9.4.2,
FI o 0. H G0 B4/ chipName/chipFamily/chipRevision, ANJE3f stub, i AL #S
P initialize/getSecurityInfo/runStub/hardReset/disconnect fi firmware.
update ffi f]; Core KM Hifg 5 ROM %254 H3h stub, HE—HITH A, SEHM ML
fii. logger W 4Eflt log/error/debug; signal BUHHILRIL, AHWE TGS AL H 3.
disconnect () FEEREHmM T, G0 RMALERTER: KGRI M. A0 N AT s
ANSCFFE M )RR ESM. SE8OR Bl W Device Core npm @3 3%, JA FUARNZL Node 5k, i
55 Node A FIA 2 30 3 25 i it o

9.2.14 @esp-vision/device-core/firmware % fi LS (0.5.1)
loadOfficialFirmware ({ board?, version?, fetch = globalThis.fetch, signal?

)
iHi 3 publication 5| HIMMZCE Jr 4 Wi BOR 5 & A IR, 32 7] manifest J¢ publication [Jj 525 Ak
M AL e vl A B B A PR BB . G publication [ C B f B 1H TCE R 2

loadReleaseManifest ({ url, sha256, version?, sourceCommit?, boards?, fetch

= globalThis.fetch, signal? })
Hom g — 0y AW 28 H 7 manifest, 5554675 SHA-256. Sy, seBEME. A [ g &
website/model/MCP 3 iiH A, 3% [6] manifest %5, A &N AFTHF ROM, FE . FR#5 8 BIN
THEAT R LB R APL 7% 5%,
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9.2.15 HNEEI eI e 8

W YiAs ROM i e (AL i id 4 iiliz /7Y flash stub S0, HAMB M ARK B LF80: 15+
WHE R s TS B FJ5 A4 FUFELF . %7 needsReset NH, resetError &R ALK MUY
MHE; P AR R R IR 7 5.

9.3 Device Core npm 4%} 4%

SBR[ SDK Y485 APL &R 5| Tdevice-corefindex, . JT} AP1 S35, & BEHEAN S W device-core/api, A =
93t W device-core/advanced . AT EA P H BB THIHE ARG o

2 T o] X £ 2 A IDE. Device CLI. Agent TAER X H & X EALW F W IT A% . Gesp-vision/
device-core J& 70 Ul 3L il (5 60 EHL R IRHE A 182, AR EE 2% Python & J' i
B ILAS Y. Agent i% £ 5 /E Al CLI; Knowledge MCP i 3if HTTP #2 ey, 52 B ik =X
L.communication/wire-protocol , ¥¥R4: 11 I,communication/interfaces .

031 PR, WA Lidens

Device Core JERGAE ESP-VISION [ {4 FEY) host /device-core/ 4i, host/ FRiBITHETHLEIA
i, A [E AR IDE FIH & SN BB SDK, Agent 354544 il TAE 3t 8 A 54T €217 Device CLI.
PSR B AE [R]—> MR X554, Core. SCAY-S5 .

ST IRAS , N 5 B A 5 IDE UG8 o« A8 TR il 1l 1] @esp-vision/device-core@0.5.1,
H ¥ #: EV-MUX v4; v3 R[] VERSION_MISMATCH, [V N#ERTH . 2 EHE7E A FF npm registry
TINRS I ARCAS s dry run 50178 MR RESET &1 .

npm view @esp-vision/device-core@0.5.1 version dist.integrity
npm install --save-exact @esp-vision/device-core@0.5.1

Node FHLE: R Node.js 22. W Va#s T EFT U #5 L import map fEHT 4%, LA K Web Serial 5f — 3
WebSocket ;. Device Core APHTER L3R, M54, iUl IDE Ul, Node 5 1 Hzs 55 L4205 pyserial f)
Python ; Node mDNS % ¥ f§ multicast—dns, B[} Device CLI DA Gesp-vision/device-cli@0.
1.0 %%, & Agent WA HREM 323 HFan 2. [E7E npm fUAFF T lockfile.

9.3.2 Wil. Core Sf&ungMvt

ARE LW H README, RE 2R & HF— SVG. WL 715t 4510545 S T/ R %G, Device
Core 15735 APL, PMUAISTRIRA, EV-MUX & 5B TH G 7S AR A He 1 /socket
/O, AYedpy—E Wik, BHERE APLABERERSE,; KI5 ROM S5 &A1 57 A J6 1
ROM loader A ifiid EV-MUX E4E1%

BN EEAE#— createDevice ({ transport }) ¥%; WAORSHXANTL) i, Core
ATTRNT. KHEHE K. 2. fRTG. REPL PMRFIRAEAR R . B A 0T e s it TR 50055 30
et I A ST T I S TSR R IR G 7T, ANSRICEV-MUX A AL, R E4id il

R LA UTHE ¥ writeBytes (Uint8Array) : Promise FEETPFIHIE RiEREXE
SERL, UK reject; subscribe ({ data, error, close }) #EJFIGFTY. iR S5k, Hm
F2E R I BUE T I R $. W% connect ({ signal }) /disconnect () fTH. XA HIER:, Core
STl SR, BT Cf SR DA RS connect ., 485 B, WOULD_BLOCK K{E Y il 523 & %,
IH#ERERTT G A RE 4k sl i A B .

9.3.3 iy Node TCP 74

YA F BN core-tep.mis, FEZEMIIHIZFT node core-tcp.mjs <device-ip>, &%
T VM IS v4, TCP BRiAd 118 3232, %R Bl dr 4745 i s ik, R BLRE L) 5C.
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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
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import net from 'node:net'
import { once } from 'node:events'
import { createDevice } from '@esp-vision/device-core'

const host = process.argv[2]

if ('host) throw new Error ('Usage: node core-tcp.mjs <device—-ip>"')
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
}I
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())
)
}I

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 () PRI IEFRI REPL , W] B P8 Python #2)7 s AN & ToRIME HIIAE AR . inspect ()
BN S, BB IR, el AT fields BRi#T i network / storage. disconnect ()
TR TE . AR PR BT R AL P ik BRI, IVAE finally JHHE.

9.3.4 R%iZE Web Serial 7534

MH P S connectSerial (); requestPort FELAE R XA L. AF R
USB CDC {Ff role: 'usb', USI X 'usi', SePBEiL reader/writer £, FH-55MER .

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 = {
(BT
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(750
subscribe (next) {
listeners = next
reading = (async () => {
try {
for (;;) {
const { value, done } = await reader.read()

if (done) break
listeners?.data (value)
}
listeners?.close ()
} catch (error) { listeners?.error (error) }
finally { reader.releaselLock() }
PO
return () => { listeners = null }
by
writeBytes: bytes => writer.write (bytes),
async disconnect () {
await reader.cancel () .catch(() => {})
await reading
writer.releaseLock ()
await port.close()
}I
s

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 () }

AW 25 0o 285 A5 X3 A — | WebSocket #7452, 7585 FAH R 119 transport 2224 5 role: 'tep'. W@ECERAN
¥ 2r WebSocket OPEN, PR bufferedAmount FYEMT IR P8 send AREUEBT R4S E IR
B UL NWITH state AR AL, %407 Woecommunication/host-integration

9.3.5 5% 1A Python

PATF BRI device B, MWHiiEid device.on ("python.output', handler) g, F/ES
AT BT, EARRSK b EE 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"' })

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' ZFfH45%, 'start' R
%7 done Promise S sl AJAH . Je Bl [l al b A% R BB A AT 58 BUIEDE . JCRRIZITHE control ({
action: 'stop' }), PREFESOFERITER: 118 ACK ANEERAUTTIRIE BEIE M
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files.list/read/write/remove/mkdir ZME— W X/ A . files.write ZEULFEAFE B
Uint8Array, SDK 0.3.0 #Jiiid file.write G " gkhlHe. #4545 A1 SHA-256 $2 57 58 il
[fF ] file . write.binary, GRAREIIEIMTIGL . BEHCR H SRARAE Y Hif A framed REPL, {4
ARG . ATEAHA IR SO KA B SIEAF SO ERE S H— A Reds s Core
X B s #AEiR [E] DEVICE_BUSY, K HIASREIRIN 1) B 2h# AR i) REPL 3 A Zbnfii A . $E4030

BLL,communication/python-files

9.3.6 Wi-Fiit® 5IRZ&

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 } })

configure @EEHH: AMFEALE, credentials: null FRFEWIFXAML, AREFATEE
enabled: true., PEMIFEIENLIEIRL S ssid 5 password, FFMI 4 ] 252358 . Core BEZ 4%
HEERrEE A, R HGR B [E 4 accepted s Fr 5l 7 A E A AL AR 245 . KA} error. completed
/ error.pending AT HIIANP IR G RTEMF S, AANENE. timeout 5§ signal FE[R]—ERXT
E LN

fLseiad USB BCR, skkfp i 2818 i il TCP BIRWTIT . FCESIPWAHUR S AR C RS
. BCM 5 e USB, P, TCP 24, RNEeFEHIH token,

9.3.7 KWL S

H fF W i _esp-vision._tcp.local Xk i F & K & £ ID. = %
O AN i I " N U A= S RN VN 7/ S VG G NP S ] - - = W |

esp-vision—-<full-board-name>-<last-6-mac-hex>-<firmware-version>, & [1. TCP,

Python 5 & LA #]—5. KA ERRADI G2 TELARREIN.
Node 7231 1% multicast—dns peer J5f#i i :

import { createDevice } from '(@esp-vision/device-core'
import { createNodeDiscovery } from 'Q@esp-vision/device-core/discovery/node'
import { tcpTransport } from '@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']l }))
} finally { await device.disconnect () }

J

N1 H device.discover ()., createNodeDiscovery () #ll createBridgeDiscovery () i&
[8] provider, 3k 1ist ({ timeout, signal }), AfEfit discover(); JHit createDevice ({
discovery: provider }) ¥ A. SDK 0.5.1 M Qesp-vision/device—core/node H
$ inventory. listSerial, filterSerialPorts., serialEntry. transportFor,
defaultPython fl nodeAdapterAssets. ZRIA inventory H#2¢, NiERE,; FWHEHWASIT
FrEHE. BB REEE pyserial . L& 2053k APL T8 4%
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import { inventory } from '(Qesp-vision/device-core/node'

const { devices, warnings } = await inventory({ timeout: 3000 })
console.log(devices.map (({ interface, address, status }) => ({ interface, address,.
—status })))

console.warn (warnings)

Node inventory J[_E RG0S MR M KB, iR A devices. warnings 5 sourcesAvailable,
BRIANRFTHE R 1 probe: true &F—EH:, WHETWIIELEZTTIY Python, BEITERIAE . (5L
PEFATALF PRI, 5 285t API T 55

WS #8i F| Qesp-vision/device-core/discovery H1[{J createBridgeDiscovery ('ws://
127.0.0.1:8766/device") YEAAHM. W VigsiA 4 DNS-SD 2568 T 45 Rt F deviceld,
hostname, board, firmwareVersion, addresses., port., compatible, #FR:45HE L 0] HE
connectionUrl, g FHILIHEERERLAS, B expectedDevice FEHRMAIHRIZE ID 5 EHL4,
Bij 1k DHCP #ihtBRIH; XA ZIAlE. VLAN, HFEEIEM AP [F el ge iR 2 ok, o e
BT LI

9.3.8 %. H&5PRii

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',K format: 'jpeg', timeout:_
—15000 })
// image: { data: Uint8Array, mimeType: 'image/jpeg', metadata }
// Call unsubscribePreview () /unsubscribelLog () and revoke the final URL on UI.
—~teardown.

imageView 5 systemLog @75 UL X4, on ik [BIHUGETT K%L, EGFERIUIES LA & R G
JPEG 777, N7 UL BT EV-MUX. Core 7} A Hil A% % 221 ) epoch;; preview H 4 #2 /7 img. f1ush ()
fil ke, PHZERF SRV B SRS EE W $AT VM.

capture ({ source: 'screen', format: 'jpeg' }) JH %L debug.capture_screen, &
] LCD f 5 #2321 RGB565 Wigi i1 JPEG; BEAE VM AL HiztT, A #gk sk A8 fE4+ . Jo LCD 1R
[l NOT_SUPPORTED, ARAJIAM/TCAH AMERIE] DISPLAY _NOT_READY; A£xERBIHAZR L. IHIE (5
ZHEJTB B Core #2 AN SCRE o R s — i BRI ARSEIE . EALIAE 4 nom run test:hardware
] ——screen-output BRI ERZHAZEINGRE, Weommunication/validation.,

9.3.9 Hfi. HELRA

await device.control ({ action: 'reset', mode: 'soft', timeout: 15000 })
// awalit device.control ({ action: 'reset', mode: 'hard' })
// await device.control ({ action: 'bootloader' })

B SZ i Core ¥ ready epoch A1 REPL & ; RIS GH 5 e RS, A B shEmIFES . 5
PRI T B 2 (R HERSE AL, BN EAE TR T EHT L.

ROM I E AT 7 T B§4% Gesp-vision/device-core/firmware; f§ 3 A ROM loader., &\t #E
Bitg . i LR TN ALSKNE . Core A%, AE EV-MUX _E3fT ROM R . control ({
action: 'bootloader' }) HifR#k A FEAR, NS .. YIS Wcommunication/interfaces.

AR . PN S &K RAELE host /device—-core/ [AG4EP; IDE A1 H & XMW [E E npm A,
Agent %45 TVEVLfH F Device CLI, {{{& SDK Biz4T IS i, schema/package #2555 & 7 dry run, A
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7 il A [ iR R M . AT S RS, 1E S registry ] I PERAK AR job Fll npm view SifE. PMNGE
J1h7R o AR BE 1t S EALIERIA . 38K Wcommunication/validation.

9.3.10 WHDZMEEHA 1

WV device. firmware.check () HBNKEUE &1 H R RS A TCEE; catalog (UHTHE
TENAE X, @i device. firmware.update ({ release, openLoader, ... }) ZiEHkE
HIFRZE A . P CLI Lk Node ROM i@ fitds , v 47 H P JCRRELE: loader A< ; JavaScript g 32 it
openLoader & 5 [1/Web Serial 3135, 528 H 5. BUHSENELA W 2 R AP 7% %% | JIK)Z loader
TSR] B 42 {8 FirmwareFlashSession.,

Node {5 E7[ M RGesp-vision/device-core/node § A openNodeRom, f& A openLoader: ({
signal }) => openNodeRom({ port, signal }), JLFHFHCELIEFEGH. WEA1E R Web
Serial ROM EEIES. 25 118 457E check/update % B mode: 'install', BRIABEEANTE BN A .

9.3.11 PIYELEY ROM %455

SDK 0.5.1 E2 % /browser A1, /ffiff] webpack. Vite 5 esbuild ], ¥ 3745 Web Serial f 3] Va5
133 HTTPS By localhost 3547, J555 Python, EA/Lif; tasmota & i #e B AL A FRE AN T .

import { createDevice } from 'Q@esp-vision/device-core'
import { openBrowserRom } from '@esp-vision/device-core/browser'

/S ERTRERHAFERD, BEREMART E 4.
const port = await navigator.serial.requestPort ()
// W ROM ZE AWM EBEHRCAHEBATH & 0 & #.
const result = await createDevice () .firmware.update ({
release: selectedRelease, board: selectedRelease.board,
mode: 'update', // B & install EELBE W T EE4 THKIE.
openLoader: ({ signal }) => openBrowserRom({ port, signal, logger: console }),
onProgress: percent => updateProgress (percent),
})

if (result.needsReset) showManualReset ()

selectedRelease BTN firmware. check, Core FEFHL ROM i F B F # 5 A 16 5
%, FEF8h stub BIREER . BT Z 2R, KEBA X (update) SSEZEHE (install), 523 [H]E
FABANFEN . ARG E R T, WA B3Itz . Promise 5¢ B HITARFF UL IH 5 v
ORTH: BARITHGE, FFRBABEAARTFTHEE A SRS, Bphp 730 515w ] AR 8 — N E ElEs
Jiinitialize (), FHER-—XGAEH openLoader iRIH]; WAE finally M, R BAL T 5 MR
T Core FRHR 1. J5iA: USB Besk )5 vl REFG LWL A, It ROM @ f#s 5 EV-MUX iz{7H{H: 1, TCP
OTA 43FF.

HiE 1Y tasmota 9.4.2 H2{it P4 {571 301/302 Hi jfsi/eFuse AbBH, S31 HHE., AT HLERY stub JSON KB H A
7] esp-flasher-stub v1.4.0, Core 7E S22 A5 B4 45 5 SLIP {i s H EASS . )54 USB MEM_END B H} 517
0 EiiEtfiA OHAL [ stub J53), PASIE R/ NIRRT . AN SRR stub SCHIRAY SLIP yiAT3 HA g 2%
. AHIARS Node A LIASINZR N Y5 4% J i o

9.4 BHEMNASTT

P57 npm fJ Qesp-vision/device-cli % ¥ esp-vision-device fir 4. CLI f#i i 2% I 19
@esp-vision/device—core API, ik AWM 54 3. Python $i4T. W& . BB RE. it
AL R FIBR A . 7528 Node.js 22 558 = iAo
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9.4.1 LR BHLEOR

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;
AliEA ——python EHFH MR . BERIA TR B LR 1 %¢0¢ esptool>=5.3, <6, Al %k
PR CLI P 1 multicast-DNS & Fig

94.2 ‘KM 5K

AR E HPRI, inspect Mz RGEH: DA A%, AT D0 BEEE &1l USB ik fF (U] T
e 2, ARCHOIAEE S0y, BRIAER USB H ik ——all-ports /R HE REC W
i, ——interface ¥ZE S MM all, serial, usb. usj. uart fil tcp., B ——port A%k
PR, 734 Linux /dev/serial/by-id/... H4.

esp-vision-device inspect --Jjson

esp-vision-device inspect —--interface serial --all-ports

esp-vision-device inspect --interface usj,usb —--probe

esp-vision-device inspect --select 1 —--fields identity,capabilities,runtime
esp-vision-device inspect —--port /dev/ttyACMO --role usj

esp-vision-device inspect —--tcp esp-vision-board.local:3232 --fields identity,
—network, storage

J

——probe KM FELIKE, ——select HEARRMEE R P bk, PIEAE B EV-
MUX $RHL, ANemIELEE TN H &% Cul-C. —-probe-timeout fF MBI AEIA 5000 7,
K 60000 Z£Fb. AIUAEERIA 3000 2ZFD, ol 4L B 10000 250, $57& H PRl ERIA i) identity |
capabilities Fll runtime; ——fields iA#%5% network fll storage. ¥5iF HFRA inspect. configure. [&{4:
¥, capture, watch flJfi/l: files write ffif#ksN%#:. Python $44T. #ifi REPL [ files list/
read/remove/mkdir. control. [E {4 HFIFTA HEAL BRI H 35 B REPL 32880, ml g &% Cul-C.
BB OHBTH ——role #§%&E usj. usb, uart o unknown, JfHMUMELA ——port; BUAMEN

unknown,

Runtime H1[J scriptRunning Ml run F/R8 4[] SDK il RERR TAF. BrEiy CLI Jhfe Joikiiid X 4t
T BN TR B B AR R e A BigtT . viReady FUR RN %, AFOREMNLE
P

9.4.3 A . Bl S Ak

esp-vision-device configure --port COM3 --ssid MyWiFi
esp-vision-device configure —--port COM3 --ssid MyWiFi --password-stdin
esp-vision-device configure --port COM3 —--network-enabled false
esp-vision-device configure --port COM3 —--forget-wifi
esp-vision-device control —-tcp 192.168.1.100 —--action stop
esp-vision-device control --port COM3 --action reset --mode soft
esp-vision-device control --port COM3 --action bootloader
esp-vision-device firmware check —--port COM3 --version 2026.10.15
esp-vision-device firmware check —--board ESP32_P4X_ EYE --json

esp-vision-device firmware update --port COM3 --version 2026.10.15

FeE Wi-Fi i & B i3 n A AR50 ] —-password-stdin MARMER AR, #f w4
TS, BESRMAS UG T . reset UWHIFEE --mode soft B ——mode hard; WHIHHIAA
RER R/ HFER.

fik] {4 2 KON 0 B 5 A s ——catalog W] 8@ A HL H 5% SC {4 8¢ HTTPS URL. & £k 4 7% 75
B ——board, A | ——current-version $§E M HIRA . FHMTE EAHL ——port FIBAH K
—-—version; WEH HEZEEMH esptool>=5.3,<6, TCP A& OTA, B\ ——mode update HE
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I - OR B B 23 XA SR A P8l . —-mode install ff% ——board, RHAZEBBGIFFHREGA
LR N A s 23 A I ) T HE A ROM R 385X USI/UART H: [, ——image $&HUAHIE £,
A2 G A 52 BV

9.4.4 Python 17

Python fij A0 H H fig e £ —F: NHK ——source CODE. &AM --file LOCAL.py, (s hHY
—-path DEVICE.py. 2RI\ ——completion wait &% PUTEEHR . IEEE ——timeout MS HBHIH]
SBHEHFHDAT. ——max-output-chars RHHHIRAMH (BHL 16384, FK | 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 {{#% ——path, HHEBE VM #EA runner J5HIAEZ. ZIAAF R AL
IR B A T5E . CLI B S RERER TR, AEke ek & 4, EV-MUX ¥ Python #1ifE
i o ] 5 B SRR P 2315 . TR ZESEAT Python i Bl Bl & ——completion wait; J5%E watch Tk
P B S AT S DA E R o T R GOR SR B T A R SO A T S T AR Y

Hi 4 Python FAAT AL AL B (1) Python 3£ python.output. python.log #l python.state
NDJSON FHA:SLHFH A stderr. i} 5%2 ——max—output-chars FRifil, iXF| FFRE & E—REWRIC.
stdout Z5 405 ok, Ao ER ST AN Python SUA,

9.4.5 BRI GPEGRRAE

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

J

SCAFEERURT JPEG RS 3R B S AH8 @ A HD ——output, HREIEEE, FIECRocEdE. %
HUARAEBGA ERRH 16 MiB; —-max-bytes AL ERR, files write il i SCff RPC ik
HF5 . JSON RS A RGBSR NE .

9.4.6 HLALPEY watch

batch PLAN.json &{EEEFIEREMK K schemaversion: 1 31X, AGTE—NERE ST T,
HAEE DR MBI S EE O EEERRMEE . R #/E RN python, files.list,
files.read. files.write. files.remove, files.mkdir fil capture. Python #IELZEHEEk
T5E e ASH ST ER AR DATH R SO Ir e H S B s B4 IR AR LA 4 X i 4 . fiLAR PR i 55 48 REPL
TR, AR AT BESAAT Python B KHS REPL 1% SC {444 o

{

"schemaVersion": 1,

"operations": |
{ "op": "python", "source": "print ('hello')" },
{ "op": "files.read", "path": "/boot.py", "output": "./boot.py" 1},
{ "op": "capture", "source": "screen", "output": "./screen.jpg" }

]
}

J

watch —-duration MS F% --port B ——tcp, HBKEEN 1 ZH 2 1 /. BEHaIME 4 FIHRE
S . &, RSB, SRERER: . watch A EEhIA . EHER s E N
WA ST i I 15 4 44T 55 1) Python FRifE%g Y . SIGINT/SIGTERM £x B i & I RE I A AL -
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9.4.7 Hith. WS

——json &FF stdout #j -} — schemaVersion: 1 JSON {§#}, JRZS. Python i, HE. FE{4mr B, BL
TH - FEIRFNFERT DA NDISON F45 A stderr. — il WA IRA B AAMS . ——timeout $#5Z 1..600000
ZF), 1% JIT inspect/configure/control Fli% £ & MU EE; ——probe—timeout KB NE K IEIRIK &
FIZEMEE RS . 2N HEE ——timeout B, il THI A Python 04T, SCEFEEH. MG RAE K LA #E
FX S, BT R e [ ffT A 30000 2£FP. Python ——completion start A%
-—timeout; watch ffif} ——duration; REI{F#EAMEANGEH LD, HXFHESHOE. BEEHTGES
AJG, Core 2x5¢ W0l BB UEAIZ A AL FE . files list/write/remove/mkdir SZ 555 BN, (3 PEAERR .
SIGINT iz [alf5>4 130, SIGTERM 4 143, Z8/ATRIGERA 2, HERMCA 1, Ik 0. [ HEERA
WEMBIEAS A EIRX. 1817 esp-vision-device --help --json AJEFHLAG AN S HIGE
PIE =8

9.5 ARt

npm install --save-exact @esp-vision/device-core@0.5.1
# Optional Node LAN discovery adapter:
npm install multicast-dns

AR BT ] SDK 0.5 15 %225 Fi i F BUASAf AR 1A registry 7] F . Node EHLEZE 4 Node.js 22;
WS 2B BT 4028 import map, F: 1 15 3 H2 {1k Web Serial 5 —#£{] WebSocket “EH5#42 . {1 %+ EV-MUX
VA, V3 BRI E . RS R A IDE A HH BT .

9.6 LA N

ARE 5T H README, RGN H[6— SVG. FHLN 735 R 5510848 A FLE AR S Ng , Device
Core 17735 APL, RIS TRIRAS, EV-MUX & 5B ThHEE . bl as fe e M /socket
/O, A4Eiry —EWillik. BHRFEME APLABRRTEES %, KBS ROM 55445 s A dy 8,
ROM loader Aifiit EV-MUX E 4514,

WAL RS createDevice, RE[EZM S, NN FH ) Device MTERE. IFE N . 25T,

R BB AN WL A APL 73 42 Hop e I A TF O IRse B T & A5 b APL R %54, (N
e E A . Agent TR Device CLI #24f:i5#; Knowledge MCP J& il 37 1) S 11

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 () }

}

T H4%iz47H) Node TCP 5| Yi#% Web Serial i it 7= 5] WL Device Core npm ¢,35 3%, Wik, #h. Frai
Windex, G—HEHIMAA O W validation,

9.7 VFulik

npm {3, }% ESP-VISION H A 57#k K H Apache-2.0, 54—, f 42 LICENSE 5 NOTICE; NOTICE
PREE P MIT RS VP AT JESC, 58 = OB 85744 B VAl k. 350 H 3 B 0L 3 #T 92
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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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SDK 0.5.1 13 ¢ Node & #i. = /W 2535 £ H 26, ROM $8 5. A48 % ff B B8 A Bg BIN 3 T
%%, @esp-vision/device-core/node 5 H X 4 fg FE N 28 X T @8 T F{ W & 7= URL, 742 %
JG 4T npm ——prefix node_modules/@esp-vision/device—core test flnpm —--prefix
node_modules/Resp-vision/device-core run test:hardware —- ——help; Ht/blialss
M AERF M. W discover () 5 provider 1ist () HY 3% & WL.Device Core npm 8,3 4%,
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TEPS=

A Fi L] ESP-VISION 5 MicroPython, OpenMV K& 355 = HAlff 2 [ X R . WHES 0% X 5SS
R34 VT E

10.1 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.

10.2 fREUZK

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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Chapter 10. Wi H X &

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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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

1.1 VFaliEdRs R

TRV G5 K IRAR K E A . B AR T 1R I ) e BT B
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I B 2 K55 73 B 1R 7£ ESP-VISION s4E F FATE
tasmota-webserial- host/device-core/ W% #% Web Serial ROM J5i; MIT (_Lji¥ package
esptool 9.4.2 package. json F % src/stubs/README. manifest) ; stub

& #h, e src/

browser_rom. js

Jinz

md FRBH stub 3 iE A esp-flasher-

stub v1.4.0

=k OB ]
Apache-2.0/MIT,
VERMOR 2258, A

AR R il 5%
PR S
Device Core F #l host/device-core EV-MUX v4 £#Li# (5. Python. Apache-
SDK PRI KRB E G A 2.0 (host/

A U A AIL/LCD Il

host/device-core/

AT 00 3 A B AL WA o

device-core/
LICENSE); Ji%h
MIT 75 W] f& & T
NOTICE
Apache-2.0, £ B

B tests/fixtures/ £, ALEAE npm 1 Ji HR P
device-checks.py
MicroPython v1.28.0  1lib/micropython Python 1z17H}5 ESP32 port £ MIT
157
MicroPython #4475 overlay/ HT[EE B ORI gk K  MIT
LA i micropython/ SERIE, PR B R ORCR i ]
shared/runtime/ sk
pyexec.c, overlay/
micropython/
ports/esp32/
mpthreadport.c
micropython-ulab lib/ulab BH S5HBUEITE MIT
6.12
OpenMV v5.0.0 components/imlib B 15 hb 3 5 22 ) Bk MIT, #R45 CfFE
imlib 4§ AL
OpenMV Python 4§ modules/py_image*., OpenMV X image API 4§ MIT
BT modules/ E
py_helper*
OpenMV AprilTag 32 components/ AprilTag 5546 BSD-2-Clause
B2/l imlib/upstream/
apriltag.c
ZXing-C++ v3.0.2 lib/zxing-cpp — Yk S B S Apache-2.0
ESP-DL Component Registry TR BB AT Hs) MIT
TensorFlow Lite Mi- Component Registry TensorFlow Lite Micro ##iz4fT  Apache-2.0
cro / esp-tflite-micro iy
esp_new_jpeg Component Registry B4 JPEG Jmfiftis Espressif MIT ([
KRB )
esp32-camera Component Registry FAMLER Bl Apache-2.0
ESP-IDF AP SDK ARG, SRS AL Apache-2.0
NanoTrack V2 Fii il models/ _bJi% NanoTrack 3%

G

nanotrack_v2

5

A R 1) 1 FB B

fit Apache-2.0 3
A RUE M AR
WA, ULH
P4 README F13k
5

1.2 el B v ml ik

QHETZY) LICENSE i ] T ESP-VISION HA MY, (HASEEH =1l ik:
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https://github.com/micropython/micropython
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