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1.1 {2 ESP-VISION

ESP-VISION Jg [fi[i] K # SoC R ALl AL ST SHUISEHER, TREREG TRHBGRSE . QAR 2
MUY . 2% (et . RIZUARE AN ALHERLSEAZLORE T, IR IR —ARiEALRY Python 45171, IKAETT &
B PR EEIERAE . FREHA RN SRR T AR I

1.2 etk

o NZSCHRRHOG R RITT ARG ARk . R . R, USRS . TS SR APL

o PRI pENE. PGB, FRERRIN . T4ERD. SRS AprilTag S5 R AL PR AE

o H:F ESP-DL #2it HARKM . ZSAN T RIE G 2568 7, FFRitbim AR50 A .

o JRIZERY CIC++ FLRHZH A EE B RIS A Y 22 AR AN SR8 CF A e, S sE s b i e s S
SEHHEF TR

o Wit VSCode F#HL T H s Web IDE #47H %, - idf. py & HLE L,

1.3 LRI R
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2.1 SZRIIFR B

=R

Sh

ESP-VISION 3 #&5%

ESP32-P4X-EYE

ESP32-P4X-

ESP32-S3-EYE_SUB_VL1

ESP32-S3-EYE

ESP32-S31-Korvo

ESP32-P4

ESP32-P4

Function-EV-Board

ESP32-S3

ESP32-S3

TR i sensor, image, display, espdl,
imageio, h264, rtsp, barcode | MicroPython:
network, WLAN, 12C, SPI, UART, PWM, WDT |
M b BE F7: pixel/math, filters, geometry, template
matching, QR code, AprilTag

YR B sensor, image, display, espdl,
imageio, h264, rtsp, barcode | MicroPython:
network, WLAN, 12C, SPI, UART, PWM, WDT |
M b BE 77 pixel/math, filters, geometry, template
matching, QR code, AprilTag

R B sensor, image, display, espdl,
imageio | MicroPython: network, WLAN, 12C,
SPI, UART, PWM, WDT | 4% &€ J7: pixel/math,
filters, geometry, template matching, QR code,
AprilTag

X H¢ (I3Z ¥ ESP-IDF master) | idi: sensor,
image, display, espdl, imageio | MicroPy-
thon: network, WLAN, I12C, SPI, UART, PWM,
WDT | # % 68 J7: pixel/math, filters, geometry,
template matching, QR code, AprilTag

i TFAEARYE mpconfigport.
Kt FrAH S AR A Bl AR B

h, &HEZWH) mpconfigboard.h 5 imlib_config.h, PA
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22 Ehie il

Fridoth Fy 42 e e BRSOk e, Biltn, A IDF_TARGET A esp32p4 B}, micropython.cmake
F&HMA h264 Ml rtsp. MBBCE AW DA T boards/<BOARD>/board. cmake #fE—# 5 H B % ]
ZXing-C++ 55 J5im G UG -

API U HLE B AH K AT 5 S5 AR P ik S 2 SC A2 it L, micropython.cmake, boards/
* /port /mpconfigboard.cmake &I A board. cmake 52 ESP-VISION API |] [ 4 1A g 3k
o

2.3  brifE MicroPython Jjfig

Fr ME MicroPython ZhER il 5 — & B B K £ £ JF overlay/micropython/ports/esp32/
mpconfigport.h 5&IF &M mpconfigboard.h, FFREASRG| X B 25 AR fE
oA 25 134 AT BE T 7 e ) AN [T

WHITTT &AL U AR < 1] T Bluetooth A1 ESP-NOW ; S31 T A& ik %M T machine.ADC filmachine.
ADCBlock. FFAEMATIRE B AAH R M 28 A8 (AN FRCE , network . WLAN A REEE .
LSRR S e, RIS i s £ 10 )€ ESP-VISION API 2% | {H R AR AR #E MicroPython
B SR . MR A U A S — 49 /e 5 H README

O SCRY A IR 24 T e A R R R T B BRINRE ) . B SO R EUE B g e U5 1 BT RE 5 2
AR VIR 5 S 26 22 S5 1 DAL (- e B A T
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Chapter 3

P AT']

3.1 WiESE

o % Y ¥FHY ESP-IDF #1855, B source FHIIA, ff idf.py /T PATH H; MEin LAV R

Ui H README,
o —HBHES K 5 I BAR A S I g BT AR .

3.2 ik, ekl

TR TTRE O, ARETE QMR F SR ARG 1df . py §E:

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

)

Z A &5 4T prepare—-micropython: &I lib/micropython B2 46 H 3 [E £ Y MicroPython
v1.28.0 #£ %5, 7F build/micropython/ ~F%',:I:',:F{% i) MicroPython 4 @ ®l A&, ¥ overlay/
micropython/ W B ZEIA, R)5 % & 1 boards/<BOARD>/port/ & 4F F|i% El 4 ) ports/

esp32/boards/<BOARD>/, llb/mlcropythonﬁ AR T 15,




Chapter 3. e AL

3.3 i idf.py @A

we WiRA

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> clean JHFHZMRMIHZEH L.
idf.py --board <BOARD> T 53 P 3 T e e e B A 7 5o

fullclean

34 s A AR

Pk se i, it REPL JE# I 22 ML BE

example/ 7,

BEAAPL 4% BT AR 2 BER BN Y. APL () )2 AT
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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 4 g it B0 i A b SCACRS S, F SCRPIRAE . Skl 26, 36, gk, 28, 7. BT
SCEPRAS . R, R, S AAR async/await S5 Python JERX . ARSI ERIXTR,
BEA I TE 2R C WU ARSI -

from micropython import const

_MIN_PIXELS = const (80)
(BT )
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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 FEEINEE
TEMRS RIS b, ARG AR AR R R T4 T, PRI, B2 Pt Gl 2 A i P 77 -

E: il AT ESP-VISION {& R i

None 5 bool AArAE FONMEBKARSIRE, ToiRBshE LA HENR.

int 5 float kS FEREVTRL. ABAR . BIERI 8. R B AR RERIEHXT 4 ;
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 BPOE TG, Tof S o & A E R % .

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.

Espressif Systems 13 Release master
Submit Document Feedback



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

Chapter 4. ELRlHT &

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 () — WAL (BRIA 0.5) fH: XIHTER M A 8O R AE

* image.Image.mode () —HU&HH WAH

e image.Image.midpoint () TEs/MES R 183 bias BE -

* image.Image.bilateral () [l WF # 25 0] B B (space_sigma) 5 B & 4 Bl J&
(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() ¥ i@ i ¥ 18 Z 4 7 48 & [ 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 () Yimage.Image.find circles() ffi | & J & #; I
threshold @iw/NREMAFDTEL, *_margin XEFH T AIFEIER WL
e image.Image.find_ rects () BNV GEHTREERCSRERE).
* image.Image.find_qrcodes () 5image.Image.find _apriltags () ¥l MERSAH R AR
RRAL TERBEYLN S, AprilTag iICAEIR [T 6 H I EEALEE
Ui ESP32-P4 My 2% fi B b i ZXing-C++ jGiififit image. Image. find_barcodes ().

Frik: AMELEAT OpenMV 152 GPL AU 12 (oMV_NO_GPL=1), HUt/& EHrRIAMAE
HEBR . AT HY imlib_config. h JUEIFMFLE R RIA; KRB MBI IR STEVE L R

4.5 A P

espdl —#£ 7 432 R ] ESP-DL (JREEMITRRE I PR ) (Eise LamdTi 24 . ESP-VISION JlTH
[ fE55 H)JE e ESP-DL, (fiiA L JLATHiRE M IR AF R IAE . S EIARAE , i S ik iz sy
H1 ESP-DL 7585 1 i [l 5 T L 5e i (78 ESP32-P4 b A AAMINE) -
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4.5.1 .espdl BiZif%\

BAPL espdl XK. —A . espdl WEMGBEEIE . YIZREFEIRE, PSR R BT SfbfF R . B
e e IF B HEZE (PyTorch, TensorFlow) #4464 ESP-DL A% s B iR UL 71 A #7049 4270 . A7 T17
fi# (/sdcard/...) B flash FE4IX (/flash/...), B EEE2EME KB espdl . 1oad_model ()
piiE=

452 Hifk
T AR AR B3I DA IZ AT 52 BE Y 32 37 s HERE, [N ESP-DL Gz AT AR, i 8 i (75
R EEESR AL 16 i) BBuzS . BALH — A R TR SRR 7 T M 2 AR B, BRIV

B, SGEREFRESE A BRSO R . K EEHUE T AR/, (X I AL E e ey AL . TS BE
FLEMM BN ZRA A RH  o

4.5.3 PR

—W detect () (H classify ()) VBG4 TR B BEERHERSI A, ESP-DL izf7RLM %, £
PSP IR A% 2 Python U4 :
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=
H
B
i
e

ESP-DL

detect{img)

R+ 13—k

—

'___________________________________

B

intg

TS + NMS + topk

— 1

o T &

4.54 FHALPE

FEPEAT, A BRI S B FRi— 2
© G BB AT R . BRIES A BIHEOREAE R B MIRTAE M A AR
o B S EEBA LT (2830 2 RGB)
o P ARZIIE R mean FIRDA std, EATRMERERET (mean=/std=), fETH5HHPLRAIA
BRI BRIA(ELE Be Rl AR AL

4.5.5 JoAbp

IR0 245 1) D i 1) X AR S A Python JEAH :

o HEsKEM (espdl.ESPDet. espdl.YOLO11) jRrERFRBIASIIBENE . EI5E score HI{EA]
BRIGHE, AERMEIME (nms) AFpESER, HZ45F (x, v, w, h, score, category)
JGZH. YOLO11 iR topk FREIZEE .

Espressif Systems 22 Release master
Submit Document Feedback


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

Chapter 4. ELRlHT &

o BBALVE (espdl.yoLolinPose) RPN 17 4~ COCO Fef k.,
e ¥ (espdl.ImageNetCls) [ FHRJER] softmax, 1k[H topk 4~ (label, score) X,

B AT TEIZ T set_thresholds AT JCRE EB N EAAL, 11 RO BB 2 A8 1L .

4.5.6 WA LTERE

B J HOE 2 v B K, 42 BLAE PSRAM Hto i N — R BB 5 i 08 F BB 0t 52, TR 2B il 8
. MsEERM deinit () (SRR — 91 H) PAREBUBAL. R0 F a5t i A BERIG K, BRIk
espdet_pico XZEBE/IMETY [ 4 RS P45 IR o 5 .

4.6 B LKLk

sensor.snapshot () FHK HE—RMH, BHEEFERZ K5 AMXHRERKL, Ot
TAF Wi image. Image., | fRXLEHBeA B THMEE WM (set_pixformat. set_framesize.
skip_frames) PAKASH ZMAIHEBERHIE .

Espressif Systems 23 Release master
Submit Document Feedback


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

Chapter 4. LRl &

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

FEIFARINE], A 24 AGK i i PRI Iy g image . Image. f1ush (), ‘Eifid USB CDC i 4 Fihift
EVFRAME JPEG il #iix 2] 4L, mlER £V THMEIFEon. ZEio® Wi-Fi. L7 SD K, 2
JEIAS 35 AR BRIA Y B 157 [ %

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{iai8E

i

$ME{E MicroPythoniB{T
B ...

i

iMaitiREEx. 5. W

i

PITHESM _boot.py
TEFI8E Flash &8

i

7T 5 py_inisetup.p
Yo

i

A AIE D +
EEF fedcard

i

FHEM T /oot py

i

gk UsE i2E

v | BT |
IFHERHLIT fmain.py

v | EH .
i s ST El RS 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

TREEH _boot . py AN H N ER Flash SC{F 255, ESP-VISION L ¥1iAftH py_inisetup.py 5
Ao A5 Flash 51 2R IX A%, ALK A B vEs 8 ffat 20X, FHRHHEE] /. B ENY
SEARGAERMZE /boot .py. /main.py. /README.txt fll /.esp_vision_disk FRic 3.

WERFEBOCHE R G B E ABA SR, py_inisetup.py SEilillid #% 2S00 R G0 dopr G ek
ST . AR TEBRIZ ST ARG SO, DR M 5 E SO 2R GE PRSI DR B 17 o s A
HAEM S AR SD R e A A

EFEGETFRKRKEMASERZC A B3SO JF A A A PL# & boards/<BOARD>/
board_inisetup.py PRI BN main. py fl README. txt HZA .

4.8.4 {di}l{] boot.py

boot .py EAHATLATERN. ISl 5e il FEmHELELAE R0 e w0 antl, Blanese™ i, ERmE
B SR R 2 1

import network

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

boot . py WAIRIEN, AR ALE M KK AJEH. ESP-VISION {U4E boot . py S5 #I1& 4k MicroPython
USB ¥4, DI ZESAC I RZETH) boot . py A HESE USB REPL Al FAL T H TG .

4.8.5 {di}}] main.py

main.py BAENPBA L o BBCRRARSCBURCAEM AR R T, 3 SR -5 R a2 R AR g S

import sys
import my_app

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

4F KeyboardInterrupt QESE, ATDAREFT Ctrl-C {3 1RM A AT REPL. 7= i 7 %
ARSI, L] DAt S T machine . reset (), {HI4 P GIIRER 24T & RIS W

ESP-VISION B\ main.py & T AUt 28 (5 BIFAEMERA HRAR, B VSCode 4 FEAIHAt L TR A48
PG PAFERIRL . Al ctrl-C PINHZEAIUEA REPL, sifE ™ MA B /main. py.

4.8.6 REPL 5ffhth sl
main.py IEFR ISR R, PRS0 REPL. Ctrl-C &[5 IEAEZATH) Python
JHIAYE A KeyboardInterrupt, fEAYF REPL H$% Ctr1-D W& H 8 E (7.

U T B8 A TV TE R R4 8h . DA REPL, 1] Ctr1—c TR, S & sk R
t:
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import os

print (os.listdir("/"))
os.rename ("/main.py", "/main.disabled.py")
# ® R ctrl-D EF B, H#RIZAITZLH MW main.py.

WRICIAKA REPL, WAE QAR A SAEBRI BB R A . erase—flash &{iFRik &4 Flash,
ALAE ATRSCHE R GEAUT s

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

AT erase-flash B EHFGEE SR EEHE XRS5, H BT RERREAFAERER boot .py B}

main.pye.
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APl %%

ESP-VISION #2153 R4 . I ALER . mi Won . PRS0 A5 5 4 5 DA K& AT #EBEZE Python APL, JT&
F AT DAE 300 [ A S F %) MicroPython #RifE AP, SERSRECRESH] . MZEAE . Ui . REE
P K38 FH B T % . ESP-VISION FEiE F i P9 325 5 1) OpenMV B4 FK, {04 sensor fll image,
kPt display. espdl SEfIR,

ESP-VISION it Ui 5 stubs/ TR BUFRAREFE 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)
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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 Mm% 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 i B i 4% S5
e 7L H 15 Hi 5 Dk R 1R

import asyncio
import espdl
import json
import sensor
import time

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

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

async with state_lock:

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

tEMEREATNERENEHERLEESFET.
(T
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(B L)

await asyncio.sleep_ms (0)

async def telemetry_task():
while True:
await asyncio.sleep_ms (1000)
async with state_lock:
payload = json.dumps ({
"frames": state["frames"],
"detections": state["detections"],
})
print ("telemetry:", payload)
# X R AT EESRAEEE socket i,

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
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FiA GIL AR SEhATIY T AR, B TARAE 55 58N ESP-IDF C/C++ 2014, Jf: ] Python %% 14 LI i Y
API, Ji] ESP-IDF {8\ EPf#: W APIREHLEEI asyncio task, FFFRATIHIEERMMEN _thread, LRk
551 A task

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

N
import sensor

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 LRI BIAIE G LA E . RGB565 & T H/n. 2B KLZE Al TAER,
GRAYSCALE N W BG4 22 40 M AL B NI 5 AT AL PRI 4. sensor.snapshot () &[0 iy v & Fmigs
MR image . Image, FIMTEEAE TN —UCREGHEAFF RGNS RN, WEE iz EE .

522 PGIi S BHR TR A

B A A 1) S B 2226 T 1) v BB RN, Tl KB RN T LR A TR . status () R
BEAF R BEKA . LERES ID. BRI MR EE, "W T2H

import sensor

sensor.reset ()
(BT )
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(750
sensor.set_hmirror (True)
sensor.set_vflip (False)
info = sensor.status ()
print ("sensor id:", info["id"])
print (" utput ", info["width"], "x", info["height"])
( Al

print ("ready:", info["ready"])

BEB BN S S G SRR R . P RS FTHERI IR LIS TR status (), BRIAIRIESLE Sniss
FHIIE VRS- 2 0y R T 5 A B i — 30

523 PIMEFILR A
AN BRI T DA IR BB, IHE B —UOREE AT B H 3 -

sensor.shutdown (True)

#F RO EFERBRLIE AL,
sensor.shutdown (False)
sensor.skip_frames (n=3)
img = sensor.snapshot ()

RS GR)E, MR CEE AW FEE E R, WERD R R
S

AR AR AR YT — MR QAT M A R Bl ik image . Tmage; BRARR NG FEMAE O
[i] o

T 12 17 78 fl: example/01-Camera/00-Snapshot (R4 H £ 7E) 5 example/0Ol-Camera/
03-MJPEG (Wi-Fi MIPEG E23%).

5.2.4 Constants

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

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

sensor.QVGA

5.2.5 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.

S8
pixformat —sensor.GRAYSCALE or sensor.RGB565.
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sensor.get_pixformat ()

Return the current pixel format constant.

sensor.set_framesize (framesize)
Select the output frame size.
S8
framesize —sensor.QQVGA or sensor.QVGA.
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.
SH
enable —True enables horizontal mirror.
sensor.get_hmirror ()

Return whether horizontal mirror is enabled.

sensor.set_v£flip (enable)
Flip the camera image vertically.
S8
enable —True enables vertical flip.
sensor.get_vEflip ()
Return whether vertical flip is enabled.

sensor.skip_frames (time=..., n=...)
Drop frames while camera exposure and processing settle.
B8
time —milliseconds to wait. n: number of frames to skip.
sensor .snapshot (buffer=...)
Capture one image from the camera.
SH
buffer —reserved for compatibility; pass None in current ESP-VISION builds.
sensor.status ()

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

5.2.6 Classes

class sensor.SensorStatus

Dictionary returned by status().
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5.3 image {401

image BEHHR ML Image X4 AN EET OpenMV imlib PSS H I 2 d& e . S8 . Bt/
A, DASCASRERG I (BR[| 557 . —4EfY . AprilTag). Zaf#iE 28 imageio. ImageI0 Wimage.ImagelO
~BERAR

M HI ESP32-P4 HR 2 it B iR B8 ZXing-C++ &S G Al image . Image. find_barcodes ().

531 ZP5gifatlibs

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 & 6 & & 7~ 4~ LAB ¥ Bl {: (L_min, L_max, A_min, A_max, B_min, B_max).
pixels_threshold & i JEVCHE F i D IX 1, area_threshold ik i AMEHE  BLd /Mg
i, oA iR AR R G 2o i, W R AL BTk .

532 BN Aty

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

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

img.erode (1)

img.dilate (1)

img.flush ()

J

gaussian () {FBUEACERIHIE EHIMEFS . binary () BFUSEHI K E(EFENCN AR —AE, BE)55CE
MK ] BRI AR IR AR DX, X 2T 3 25 R H A A0 I 152

533 BV

sensor.set_pixformat (sensor.GRAYSCALE)

img = sensor.snapshot ()

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

find_qrcodes () R [m] ARG LA EORIMRAS P 2. DK B 5l AR AIRAC BT 45 2R — 260
H et A 0 TR A ] R X8R, 38 W] AR S /M) RO
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534  FEZY5 R

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 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)

A I I T e V) SR e i 2, v R T I B S AR I 4 2R . BRI PR T . ROT B A1 #4273
BERATARRARIT I, R e IR T R E 1

5.3.5 ZufSIFPRAFRIR

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 I FAUAE S i AR5 R AT, 4:2:0 (0 BERRRRIE T W] DARFEI /MR (IR . PRAF IR AT,
Hir U RGEAE 2 HAT 5.

REHSHARAE 17 V2R ] B A B, LRI DASER AT img.to_grayscale () .gaussian (1) .
binary ([ (128, 255)1),

S Y

=

KTFEIEE R EH, SIEGARE (R G0, WiZeh) SEG0s2 (JEF. BEL.
FFAEAG ) o

A B T/R Bl example/02-Tmage-Processing (£ &, Ik, Bi@BEE. WES) . example/
04-Barcodes (" 4if%) 5 example/05-Feature-Detection (AprilTag, Bk, ).

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.
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).
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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).
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.
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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
image.CODE39
image .PDF417
image.CODE93
image.CODE128

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

image.TAG25H7
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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 (1, g, b) color to a LAB tuple.
image.rgb_to_yuv (pixel)

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

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

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

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

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

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

Convert a YUV tuple to a grayscale value.
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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.

y1l0
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.

y(O
Center y coordinate.

r()
Radius in pixels.

magnitude ()
Hough accumulator magnitude (circle strength).
class image.rect

A detected rectangle (quadrilateral).

corners ()

Return the four corner points in clockwise order.

Espressif Systems 44
Submit Document Feedback

Release master


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

Chapter 5. API &%

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.
yO

Bounding-box top-left y.
w()

Bounding-box width.
h()

Bounding-box height.
pixels ()

Number of pixels in the blob.
cx ()

Centroid x (integer).
cxf ()

Centroid x (float).
cy ()

Centroid y (integer).
cyf ()

Centroid y (float).
rotation ()

Orientation of the blob’ s major axis in radians.

rotation_deg ()

Orientation in degrees.
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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).
enclosed_ellipse ()

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

class image.qrcode

A decoded QR code found by find_qrcodes().

corners ()

The four corner points.

rect ()

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

x()

Bounding-box top-left x.
y()

Bounding-box top-left y.
w()

Bounding-box width.
h()

Bounding-box height.
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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).
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).

S

p —percentile in the range O to 1.

get_threshold()
Compute an Otsu threshold from the histogram.
get_stats ()
Compute statistics (mean/median/mode/stdev/---) from the histogram.
get_statistics ()
Alias of get_stats().
statistics ()
Alias of get_stats().
class image.percentile
A percentile result from histogram.get_percentile().
value ()
Combined/L value at the percentile.
1_value ()
L-channel value.
a_value ()

A-channel value.

b_value ()

B-channel value.
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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 ()

190
Lower quartile (25th percentile).

uq ()
Upper quartile (75th percentile).

1_mean ()
1l_median ()
1_mode ()
1_stdev ()
1 min()

1 max ()
1_1gq¢()
1_ug()
a_mean ()
a_median ()
a_mode ()
a_stdev ()
a_min ()

a_max ()
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a_lq()
a_uqg()
b_mean ()
b_median ()
b_mode ()
b_stdev ()
b_min ()
b_max ()
b_1q()
b_uq ()

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

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).
S8
* path —source file path.
* copy_to_£fb —True loads the decoded image into the frame buffer.
width ()

Image width in pixels.
height ()

Image height in pixels.
format ()

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

Size of the pixel buffer in bytes.
bytearray ()

Return the pixel buffer as a bytearray (no copy).
get_pixel (x,y, * rgbtuple=...)

Read one pixel. x, y: pixel coordinates.

S
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.
B8
pixel —grayscale value or (r, g, b) color.
flush ()
Push this image to the host preview over USB CDC (EVFRAME JPEG stream).
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save (path, *, roi=..., quality=...)
Save the image to a file; the format is inferred from the extension.
S
* path —destination path.

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

copy (*, roi=..., x_scale=..., y_scale=..., rgb_channel=..., alpha=..., color_palette=..., alpha_palette=...,
hint=..., transform=..., copy=...)
Return a scaled/cropped/converted copy of the image. x_scale, y_scale: horizontal/vertical scale factors.
S8
* 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).
S8
* quality -JPEG quality from 1 to 100.
¢ subsampling —one of the JPEG_SUBSAMPLING_* constants.
to_bitmap (¥ copy=..., roi=...)
Convert to a 1-bpp bitmap.
to_grayscale (* copy=..., roi=...)
Convert to grayscale.
to_rgb565 (* copy=..., roi=...)
Convert to RGB565.
to_rainbow (¥, copy=..., roi=...)
Apply the rainbow palette and convert to RGB565.
to_ironbow (*, copy=..., roi=...)
Apply the ironbow thermal palette and convert to RGB565.
to_jpegqg (¥, quality=..., subsampling=..., copy=...)
Encode to JPEG.
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).

BH
mask —optional 1-bpp image limiting which pixels are cleared.
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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.
¥
¢ 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, x1I, yI, color=..., size=..., thickness=...)

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

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

Draw connecting edges between a sequence of corner points.

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

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

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

Invert pixel values.

erode (ksize, *, threshold=..., mask=...)
Morphological erosion with a (2*ksize+1) square structuring element.

B8

* ksize —structuring-element radius.
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* 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.

SH
image —other Image, (r, 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.
¢ ksize —kernel radius.
* mask —optional 1-bpp image.
median (ksize, *, percentile=..., threshold=..., offset=..., invert=..., mask=...)
Median filter (edge-preserving denoise).
S8
¢ ksize —kernel radius.
¢ percentile —rank in [0, 1] to select (0.5 == median).
mode (ksize, *, threshold=..., offset=..., invert=..., mask=...)
Mode (most-common value) filter.
SH
ksize —kernel radius.
midpoint (ksize, *, bias=..., threshold=..., offset=..., invert=..., mask=...)
Midpoint filter ((min + max)/2 blended by bias).
¥
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.
SH
¢ 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).
SH

* ksize —kernel radius.
* unsharp —True turns the filter into an unsharp-mask sharpener.
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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).
ZH
ksize —kernel radius.
bilateral (ksize, *, color_sigma=..., space_sigma=..., threshold=..., offset=..., invert=..., mask=...)
Bilateral filter (edge-preserving smoothing).
S
¢ 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.

B8
* thresholds —optional list of thresholds to restrict counted pixels.
* invert —invert the threshold match.
e roi -region of interest (X, y, w, h).
* difference —optional image to histogram the difference against.
get_hist (thresholds=..., *, invert=..., roi=..., bins=..., |_bins=..., a_bins=..., b_bins=..., difference=...)

Alias of get_histogram().

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

Alias of get_statistics().

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

Alias of get_statistics().

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

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

S8
* 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=...)
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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.
S8
e roi —region of interest; x_stride, y_stride: sampling steps.
¢ threshold —minimum Hough accumulator magnitude to report a line.
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.

BH
threshold —minimum accumulator magnitude.

find_rects (* roi=..., threshold=...)
Find rectangles/quadrilaterals (e.g. for fiducials).
BH

threshold —minimum edge-magnitude score.

find_grcodes (*, roi=...)
Find and decode QR codes.
S8
roi —region of interest.
find_barcodes (*, roi=...)
Find and decode 1D/2D barcodes (requires the barcode backend).
roi —region of interest.
find_apriltags (* roi=..., families=..., fx=..., fy=..., cx=..., cy=..., pose=...)
Find and decode AprilTags, optionally estimating 6-DoF pose. fx, fy, cx, cy: camera intrinsics for pose

estimation.

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

5.4 display -LCD /i

display BEIKENFF &Mk _F ) LCD., )7 —/> ESP32Display (4N display.Display),
ESP32Display.write () EEGIHER] R,
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541 BHEPI%

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)

J

] fit=True i}, FWERBXGMCAERFE, FH ERIRSREOACE T . B Ry H el —
PSR N R QAN G TR i T

542 EfL. @S Ey

i =y EERE, ] x_scale fl y_scale B4k, Hilid roi [UB/RIFEERIEH I8 E
XA :

img = sensor.snapshot ()
lcd.write (
img,
x=20,
y=10,
X_scale=0.5,
y_scale=0.5,
roi=(40, 30, 160, 120),
fit=False,

)

Y fit=False W}, #ith S 2CHG a2 00 00 B4 b 4% . RO R I B Ak dw, #5Xh (%, v,
width, height); 4i/)y ROLAH] DA/ A a1 I 15 B i .

543 ORI

lcd = display.Display (backlight=80)

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

lcd.clear ()

lcd.deinit ()

OGN 0 B 100 B9 73 b o B K AU AR B A deinit () ; SKEHRAIIGILIG A S4EEES
UNGIEAUE

S

a7/~ example/06-Peripherals/01-Display/lcd_preview.py,

5.4.4 Classes

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

Create and initialize the display.

B
* width —requested display width; O uses board default.
* height —requested display height; O uses board default.
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deinit ()

refresh —target refresh rate in Hz.
backlight —initial backlight percentage, from 0 to 100.

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.

B8

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

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

S

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.

SH

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

5.5 espdl —iXIHE A

espdl HIHTERE S K4 iz 17 ESP-DL [ .espdl f8Y, H 4w WAL S #2405 T8 2 H ARk
(ESPDet. YOLO11). &Mt (YoLollnPose) FIEE4rZ (ImageNetCls),

551  Hbzst

import sensor, espdl

det
try:

espdl .ESPDet ("/sdcard/espdet_pico_224 224 face.espdl", score=0.5, nms=0.7)

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)
img.draw_string(x, max (0, y - 12), " : " % (score, category))

finally:

det.deinit ()

J

score M Tl EMREAF MM, nms TR ERGMHERMG . A0 AR S AR, WTE
EMT 2K BRI UG ELMZBEN; deinit () SRR AIF R Zrh X
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552 PKgun%k

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, "%.4f" % score)
finally:
classifier.deinit ()

Gy RGOSR T R [ % topk A (label, score) Jufl. WhBEEFRORF SCOF BG40
RGB565, PR AT PR 2452

553 bt

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 ()

BAEELIRAE 174 COCO KA ai. SRBRERRE XA LRI (0, 0), EEETH KT ILM
KA B R H kL

554 BATIrERE L

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

i BT B B AME BORE, &S ARSI B es 5 H A R A A T s SR

555 &Hocdl

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

o KA (%, y, w, h, score, category, keypoints), £ 17/ COCO 5k
* 4335 (label, score)
B

A 332 y48 ESP-DL #EFARE . . espdl 4. BALLANRIGALRE. FREFHIANE 2 L5 A Frag 22,

w217l example/03-Machine-Learning/00-ESP-DL (ESPDet. YOLOI11. #%5. ImageNet 4}

%)

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

S8
e path —model path, for example “/sdcard/model.espdl” or “/flash/model.espdl” .
* profile —True enables ESP-DL profiling output when supported.

5.5.7 Classes

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

Create a detector from an .espdl model.

B
* path —model path.
* score —optional confidence threshold.
* nms —optional non-maximum suppression threshold.
* 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.
S
image -RGB565 or grayscale image.
set_thresholds (* score=..., nms=...)
Update detector thresholds.
ZH
¢ score —new confidence threshold, or None to keep current value.
e nms —new NMS threshold, or None to keep current value.
class espdl.YOLO11 (path, *, score=..., nms=..., topk=..., mean=..., std=...)
ESP-DL YOLO11 object detection wrapper.

Create a YOLOL11 detector from an .espdl model.

S8
* 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.
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.

S8

Espressif Systems 59 Release master
Submit Document Feedback


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

Chapter 5. API &%

* score —new confidence threshold, or None to keep current value.
e nms —new NMS threshold, or None to keep current value.
class espdl.YOLOl1lnPose (path, *, score=..., nms=..., topk=..., mean=..., std=...)
ESP-DL YOLO11n COCO pose wrapper.

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

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

Release model resources.

detect (image)
Run COCO pose detection on an image. Returns 17 COCO keypoints for each person.
S
image -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.ImageNetCls (path, *, topk=..., score=..., mean=..., std=..., softmax=...)
ESP-DL ImageNet classification wrapper.

Create a classifier from an .espdl model.

* 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.
5%

* topk —new maximum result count, or None to keep current value.
e score —new minimum score, or None to keep current value.
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5.6 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.

5.6.1 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

5.6.2 Il Lo Y 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.

5.6.3 fEHMAAPE S

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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5.6.4 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.

5.6.5 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.

* 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.

5.7 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,

5.7.1  Yand i Pl 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

5.7.2 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 .
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5.7.3 BEIRL A EIE R

IS Ay [ 28 A FER A @ — A gy, eI RS B S RS TR L G AT AR R AR 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.

5.7.4 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.

5.8 rtsp —-RTSP #i%

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 #,

5.8.1 CRA:. Guih o

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),
(Cay
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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.

582 Z&rtibAsIAT 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.

583 kRS

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.

5.8.4 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

67
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(750
static MP_DEFINE_CONST_DICT (foo_module_globals, foo_module_globals_table);

const mp_obj_module_t mp_module_foo = {

.base = { &mp_type_module },

.globals = (mp_obj_dict_t *)&foo_module_globals,
bi

MP_REGISTER_MODULE (MP_QSTR_foo, mp_module_foo);

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

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())

Espressif Systems 68 Release master
Submit Document Feedback


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

Chapter 6. #4455

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 WOBC ¥R, Y SE B A B 1 1) T A ESP-VISION [if] {4, 3 J2 AN [ ) B BT A bl 18 Bl i H 5%
micropython.cmake £x 551 i A W XTIt i 2 R IF &M 18K boards/<BOARD>/" " (&3
HFH MicroPython M X °  boards/<BOARD>/port/) UGNt N K. ST 75 mASK,
N 44 B S o7 0 T AR BB ARG, TS & B G UL = R b e .

6.2.2 %1t ESP-VISION Python kil

micropython.cmake HJ ESP_VISION_MODULE_SOURCES 4|3 k78 255 45 Python f) C/C++ 4 7E .
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

BERERM A2 BB RETENIEG 6 RSSHTE AT BREMI LG, EFHE
target_sources, target_link_libraries. {3 AR A size 45, BHAATEMKIEE
AR .

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 {4, Python {CiY

&M boards/<BOARD>/manifest.py 4 il v 45 3| [ {4 # 1 Python ik, W[ MicroPython
manifest HL#{# ] freeze (). module (). package () B include () ¥hr=iEsh it . JFEaLE:
£ ANTEEREA VRGBT R 4 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")

PREEACR AT S TR E — B i PR S s B Be T Y, AH2 5 A I Flash. T 301 18] 50 ft 528 5 473 7 i 4
MSCiE, MARBTEMRSCAER G (B0 /1ib FRYEM) 5 /sdcard H1.

6.2.6 ZAEHIR 55 5wl A 1t
WF ARG . BRHT SD RSZH T boards/<BOARD>/, f£fF camera.c, display.c fl sdcard.c

Bt, micropython.cmake & HBNEM . g CMake FF £ W iHE boards/<BOARD>/board. cmake
W B4 ET P4 JT A HGE T ESP_VISION_ENABLE_BARCODE J& i AJ 3/ ZXing 2515 J5 ifi o

[Set(ESP7VISIONiENABLEiBARCODE OFF) J

AL rErs, WM HARAD S IDF 2105, R HAER S| usermod_esp_vision_platform; FERA(F
I, KR BRIRAD . SkOCPRE AR e . BEBHKI LG Ak H .

6.2.7 it %Ik
&1 CMake. sdkconfig. manifest B{IJEEZ 5, W HHT LS A4 BT A0 -

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

1E REPL HBG iR G ATIZSE M) APL, Guf7Hl R0, FEXF IR size il i HHA4
SCRY, PR ST AR RE 7478 B AR [T E B 3 2R i

6.3 SIABIEY

ESP-VISION ifi idespdl 127 432 #8tizfT ESP-DL . espdl i, BIARSGARNE, 27 e
ZER UL SN Y |- R = AP £ TR 1 oY S i Y ST

6.3.1 1. JRIN A FL

A M ESP-DL #8422 SRECELRIY) . espdl, S ] ESP-DL [f) s Ab/ 5 T HEERF 3 AR AN . espdl
¥, 5 HEMSHE (ESP32-P4, ESP32-S3 i ESP32-S31) JUfL.

W E RN RS, 5P EF models/ FHHRLEH, S models/espdet/,
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6.3.2 2. JEREHEE VLB A7

K . espdl SCPFHCEN BRI EERR A76# BN /sdcard B /flash:

* SD R FFICHHEIEIR B, HEHACH /sdeard.
* L FAT (ffat): %o P USB MSC 257, WKFSCIHEA KA RATAEEL, #ieh /flash.

633 3. HEMEER
FRIEARTUAT- 55 3R X V. 1) espdl f51%5:

T£% EAS H#R

H Fr#&im (ESPDet) espdl.ESPDet (x, y, w, h, score,
category)

HArf&m (YOLOI11) espdl.YOLO11 (x, y, w, h, score,
category)

RASHE I espdl.YOLOllnPose K558 17 4~ COCO &4 =

15425 espdl.ImageNetCls (label, score)

ERTE TR R ) TRALEE, A [A)F4)iE BR 0% A mean. std. score., nms. topk B softmax,

6.34 4. gt

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 ()

n[iaf 7 A )l example/03-Machine-Learning/00-ESP-DL/ " (" espdet_pico.py.yololl.
py. yololin_pose.py. imagenet_cls.py).

6.3.5 5. ufyk: PERESPI
TERAEF A PR, Al flespdl . load_model () % profile=True, DAt ESP-DL 14 6E
HTER.

6.4  ERMGHAII AR

— eI e MR A M A0 A v E B H SR boards /<BOARD>/ Hi: Tii |25 ESP-VISION {4, boards/
<BOARD>/port/ FH 3% MicroPython ESP32 A S04, #7826 boards/<BOARD> /port / it
F) 4= Bt MicroPython B 4ASf] ports/esp32/boards/<BOARD>/ ., YA TEMPLATE My T 15,
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6.4.1 MicroPython F& i

{%F boards/<BOARD>/port/:

X

Ri&

mpconfigboard.cmake
mpconfigboard.h
sdkconfig.board

IDF_TARGET fil B{f 5 SDKCONFIG_DEFAULTS %%.
MicroPython Fjfig x5 USB F44H: .
2t ESP-IDF Kconfig 75 75 17 .

partitions—*.csv X FE.

board. json. board.md iR R R BT E R
6.4.2 ESP-VISION i
{iiF boards/<BOARD>/:

X1 A&

boardconfig.h
imlib_config.h
manifest.py
camera.c
display.c
sdcard.c

5153 IS BB A T
OpenMV imlib BEETTF K.
VREGH) Python K,

BB AR B o

LCD Hit 51 EsL I .

SD ROt SRR IS E .

W H s FAEAE camera.c, display.c, sdcard.c i}, micropython.cmake £ HahikH e, 7

B R %ER board. cmake.

643 Kkt ibek

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

Frik: ATUMESRA . PRARIERCP IR (PGSR . PPA ILE. WIRIF) BTEESb4.
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PIE =

ESP-VISION [#%¢ MicroPython [ {4442 . HRZRE 5. JL 5214 MRk 45 DA K I ] Python AR ST A He 17
HA, R HGZ il & MicroPython (mp_obj_t /py/*.h) #7152,

ESP-VISION

MicroPython App Scripts VSCode Host Tool / Web IDE
example/ - /lib - frozen packages (separate repository)

Application

Python API Bindings (modules/)

‘ sensor ‘ ‘ image / ImagelO ‘ ‘ display ‘ ‘ espdl ‘ ‘ h264 ‘ ‘

Vision Library (imlib) Al Inference Runtime

[ Drawing / Filters ‘ [ Color Tracking ESP-DL Runtime J MicroPython v1.28.0

Service & ’ Feature Detection J ’ QR Code ‘ .espdl Models J ESP-VISION Overlay
Framework S ————— ——

’ Barcode (ZXing) J ’ AprilTag i Detect / Classify / Pose J ulab

Platform Services (platform/) ‘ Board Backends (boards/)

Preview (USB CDC) JPEG Codec Display Layer Camera (V4L2 + PPA / esp32-camera)
SD Card USB MSC Boot / Soft-reset Display SD Card

Environment & e ESP Component Registry ESP32 SoCs
Dependency esp_video - esp32-camera - esp_new_jpeg - ESP-DL P4 -S3-S31

[ 1: ESP-VISION 43 244 4
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7.1 SRR

MicraPythaon B

[examplef)

l

HMERE (modules))

sensor fimage fdispla...

v v

FalEsE imnlib A
(platfarem,) (componentsfimlib)
=T

[boardsf=BOARD=)

l

MicroPython + overlay
(buildy, overlayf

o YB9)2 (modules/): B USER_C_MODULES 2, VU EH AL image, sensor, display. espdl
i#1d MP_REGISTER_MODULE H¥FMF.py_imageio.c# image. ImageT0ZkA, py_helper.
c NI . 90 2 Ao it SR APLERL, HEHELL C 3 platform/

o MG (platform/): HBFH ESP32 ii/K 2. preview.c (iid USB CDC ) EVFRAME JPEG
%), display.c GEMERE). sdcard.c (F#F| /sdcard). usb_msc.c (j#i;3 TinyUSB
MSC ##% ffat 4}IX) . jpeg.c (FE{FE#{F JPEG). debug.c, A main.c (BRI E
A NIEIR) -

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

o W&t (boards/<BOARD>/) : £ M E LA HHL/E ~/SD KL Bl. P4X 45 S31 fii
esp_video/V4L2, P4X iA{#i ] PPA; S3 ffiff] esp32-camera,

e MicroPython + overlay: P4 MicroPython v1.28.0 & [& & K £ Wi H & 30 i T overlay/
micropython/, FNHF build/micropython/ A NEI4S.

Espressif Systems 74 Release master
Submit Document Feedback


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

Chapter 7. J7 22

7.2

N fEER

¥

sehsor.shapshot)

¥

R A 2 i L1 R B8 i

image.lmage
(A& AR
¥ “ “
imlib gbE display.write() img.flush(}
espd H#EH -=LCD -=USECDC FlE

sensor.snapshot () $F—WERER W E Mg, 24 inage. Image. MIAKE G X 1%t
7 imlib AbHEEE espdl #EFH, Fafiid display.write () 3%fE LCD, (i img.flush () iXfEF

HLIASE -

7.3 DRSS

B’z A%

idf_ext.py QR E T FRPUBME idf . py ¥,

micropython. SERARAL: FENEH B, P& SRGESCH: . include f42 . S5 zxing

cmake Hulab,

lib/ ] 2 MR AR 85 = 7 TS (MicroPython, ulab. ZXing-C++).

overlay/ X ] MicroPython }§427i &) ESP-VISION MicroPython 34 &,

micropython/

boards/ BARELE . VRESTE B S RPN G b o

platform/ JEE T RS (RIML. W%, f#f%. &R, USB, JPEG).,

modules/ MicroPython C/C++ 4§ 7€ (sensor. image. display. imageio, espdl,
PAJCRERS FJE I h264 il rsp).

components/ ESP-IDF 204, f3E OpenMV imlib 5 ZXing J5if .

models/ BATHF MARAFAE BB T 2E . espdl BIAYTFIE.

example/ MicroPython 715 {5l jH 4~

stubs/ iR C AL . pyi AR

74 WAL

— I BRI E AR PAE AR H S boards/<BOARD>/ Hi:

o ESP-VISION fll] (Tfi2) : boardconfig.h, imlib_config.h, manifest.py, DAL
camera.c/display.c/sdcard.c,
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 MicroPython 445 flll (boards/<BOARD>/port/): IDF H#x. sdkconfig, 43X 3. USB F/5H. 1
A% T H S A B MicroPython FI A ports/esp32/boards/<BOARD>/.,

SERE WG S [ A8 o 37 09 T K AR

7.5 BfLE 2R ARA PR

micropython.cmake fRE IDF_TARGET FIHu g fil Bkt . ESP32-P4 # M & h264 5 rtsp; 4
B P4 MR L E IR 235 H ZXing-C++ XTEM 5. 2/ TF APLARFE LS R 5 I 4R 33+

7.6 MicroPython Overlay

ESP-VISION DA MicroPython v1.28.0 1E 2k [& & I i KL 2. ESP32 port i) i H ¥ & 4 37 /F overlay/
micropython/ . prepare-micropython 4 & 4 B & ¥ H W | 3| build/micropython/
idf<ESP_IDF_VERSION>/micropython/ T4 HAIA; 1ib/micropython FHHL LR A T4
1 EEZ% .

ESP-VISION 5_F-Jfsfi H B0 RIS A % 41 A UPRA0TFATHE L4 T iz .
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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

8.1 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
REJ1. BEAZ— DALY Python RS .

o OpenMYV J&355r P08 28R AP i1y LUz kiP5 . ESP-VISION & ] T OpenMV imlib f{—#R4
FRIBE, PARGRSY image 45 SHIBIACRS, FFOR B 3k 28 SCPR G B VR AT IR AT UR R B o

* ESP-VISION & i ) SR &0 i S i H . #HPL. o, Fé6if. USB. #wfifis. ESP-DL #i3i
FIARIE L By ESP-VISION 454 ESP-IDF ZH {44529 . ESP-VISION A& OpenMV [E{4:194y 32, A
5 SERE ) OpenMV Tifi{-4il152 )% . IDE B A HBIIHE.

(I, sensor. image SFBIRESRURIREF OpenMV KAk, TR CAMA, (5 APT AR AR
My iese A . SRR S ZENE A TP M. WAF . BEPFESMAI IR . WY A
WIAPI 5% gifE.

8.2 (KEUZK

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 / h264 / rtsp
\
+—— H k5P E K
\ +-— OpenMV imlib F &
| +-— ulab / ZXing-C++ / ESP-DL
\
+-- ESP-IDF., HE A M 5 R K E

AR B =i B -
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e 1ib/ F1AY Git submodule, fl# MicroPython. ulab Fil ZXing-C++;
e components/ 54 modules/ PREGFELEP S = IRAEACHD ;
e idf_component .yml T 2% ESP Component Registry ZH{4:. E.{A&ZH {2 F i 4= 7] EfE ESP-

IDF JiA . HARE AT Z AR AL .
BMFHIRAS . ASHOERALRIVF UL WL 7T 3 35 B
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VEnliE

At ESP-VISION VFR[IEA KU RME—Z% . X HLBG N T35 BT 2 BRARACRD R IR, A Bk
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, CRFEGETZM LICENSE Ho 5] ARYEE =7 AR ARFF I SC: . SPDX Frif sk b i vl ik
AR HE; 2 FETZ LICENSE A4 7 3 s ik B4 m] ik

9.1 VFaliEdsip

RIS G 53 KR AR R MO . AN T A I ) e B B

I B A5 A BEIE 7£ ESP-VISION (€A WRIE
MicroPython v1.28.0  1ib/micropython Python 121 7Hf 5 ESP32 port £t MIT
59
micropython-ulab lib/ulab BAHSHBETTE MIT
6.12
OpenMV imlib F components/imlib PRI Ak L5 22 | A MIT, B4 3C{8E
% MAZAL
OpenMV Python #§ modules/py_image*. OpenMV XA&H] image AP14§ MIT
BT modules/ B
py_helper*
OpenMV AprilTag 32 components/ AprilTag 5 5 A6 BSD-2-Clause
B2/ imlib/upstream/
apriltag.c
ZXing-C++ v3.0.2 lib/zxing-cpp — A AR B i Apache-2.0
ESP-DL Component Registry PR P B T ) MIT
esp_new_jpeg Component Registry At JPEG Y filths Espressif MIT ([
IR
esp32-camera Component Registry FHPLERZ) Apache-2.0
ESP-IDF SMi SDK MRS WRS IR ZH 4 Apache-2.0

9.2 Il BRAE U ik

GFETZA LICENSE & ] T ESP-VISION HA Y, HAS %5 =I5 iFalik:

o B =07 SO ARSE R L EUR VAT IESZAL, ORI AR IR S VAT IRk 5
o [Fl—AHERnREA S A FEF IR, B4 inlib FEOH MIT, il apriltag.c iy BSD-2-Clause;
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* Apache-2.0, MIT F1 BSD £ S WAi4 AT UEE A A2 E 40 &, (B SRIBATAR B R . 14 AT IE SC A 75
G QU

o HLSU IR ZE AN (A PR T L A E AT IE . I UN4 BT esp_new_jpeg VFRIESCAKR E T K3
PRI, ANRE SRR A AR A TE BRI A5 2R A MIT;

o TARRL. BRI, WA SCERIEORAE AT BB A AT A K, ASBEMIERL YR RTIE A Bk

KA S E R, 2R

1. 3FET)Z LICENSE;

2. 4> Git submodule ) LICENSE;

. PR A i managed_components/*/LICENSE;
4. PRI IE SO SPDX FRiH . VR AT UESL AR = B 5
5. B, R, MR R A A T R SR RN (5 A5

W

9.3 OpenMV 5 GPL Ui te

OpenMV _I Jjif I HE v A W] % 5 3 #6 R A A8 [5] 14 v] Ik, ESP-VISION £ micropython.cmake
components/imlib/CMakeLists.txt Hi&H OMV_NO_GPL=1, A %i¥ OpenMV 3% GPL {4
FERNP AR B o IX T BT 24 B BRIA MG R SR T X SeAAS, AN W AR A T BT SR/ Tk
1) B B FE -

BEE imlib PIRETT K. [H)4F OpenMV EJF AU BB BIARS . WAE SCIF R ARV T IE s AN ZEAURYE
SCPFFTAE H SRAEWT R ATLE

9.4 W= J5 1R

5] ESP-VISION i1 565 =77t sl 5 SO -

] o ] B RRAR B4R 32 5

B SCUERRIAE AT IE & H 5350 H 4 o s s

{88 ESEIA . SPDX ARIR . 4] HIE SCAFI L EE ) NOTICE;

TEATG AT . RS . AHERAR . IR FNFATHIE

BRIAR T A LR TR AR, A A SCRY R B 5
VERIEARTE 2 A R R A LR, AE A BT SE R A i 2

A S
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Python fi3t % 5|

d

display, 56

e
espdl, 58

h

h264, 64

[

image, 40
imageio, 61

r
rtsp, 65

S

sensor, 37
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£

A

a_bins () (image.histogram F ) ,48
a_lg() (image.statistics F¥) ,49
a_max () (image.statistics ¥ ) ,49
a_mean() (image.statistics F) ,49
a_median() (image.statistics ¥ ) ,49
a_min() (image.statistics F %) ,49
a_mode () (image.statistics 7‘7‘,/2) ,49
a_stdev ( (image.statistics F ) ,49

)

a_uq() (image.statistics ¥ ) ,50
a_value() (image.percentile Fi) ,48
a_value() (image.threshold ¥ ) ,49
APPLY_COLOR_PALETTE_FIRST () (# image

) 41
apriltag (image WH %) ,48
area() (image.blob F&) ,46
AREA() (% image ##wW) ,41

B

b_bins () (image.histogram ¥ ) ,48
b_1lg() (image.statistics ¥ ) ,50
b_max () (image.statistics F %) ,50
b_mean() (image.statistics F ) ,50
b_median() (image.statistics F ) ,50
b_min() (image.statistics ¥ ) ,50
b_mode () (image.statistics ¥ ) ,50
b_stdev ( (image.statistics F &) ,50

)

b_ug() (image.statistics F i) ,50
)
)

b_value() (image.percentile F ) ,48

b_value() (image.threshold ¥ #¥) ,49

backlight () (display.ESP32Display 7%
) .57

barcode (image FHE) ,47

BAYER () (#& image #Hd) 40
BICUBIC() (7 image #k¥) ,41
bilateral() (image.Image ¥ i) , 54
BILINEAR() (# image #Hd) 41

binary () (image.Image ¥ &) ,52

BINARY () (% image #ikw#) ,40

binary_to_grayscale() (# image A3 )
,43

binary_to_lab() (# image #3#) ,43

binary_to_rgb() (& image #Hd) 43

binary_to_yuv() (# image #3k#) ,43

bins () (image.histogram F ) ,48
BLACK_BACKGROUND () (# image ), 41
blob (image W) ,45

blur () (image.Image F¥ %) ,53

buffer_size() (imageio.ImageIO ¥ i),
62

bytearray() (image.Image ¥ %) ,50

C

CENTER () (# image #HH) 41
circle() (image.circle F¥) ,44
circle (image WHy%) ,44

classify () (espdl.ImageNetCls ¥ ), 60
clear () (display.ESP32Display #¥),57
clear() (image.Image F¥i) ,51
close() (h264.H264Encoder Fi) ,64
close() (image.Image ¥) ,53
close() (imageio.ImageIO ¥ ) ,63

R

CODABAR () (7 image #ikw) 42
code () (image.blob ¥ ) ,46
CODE128 () (£ image #Hw) ,42
CODE39 () (£ image ) ,42
CODE93 () (£ image ) ,42
compactness () (image.blob Fik) ,46
compress () (image.Image ¥3) ,51
convexity () (image.blob F¥) ,46
copy () (image.Image F) ,5l
CORNER_AGAST () (# image #kw) ,42
CORNER_FAST () (# image #Hd) ,42
corners () (image.barcode F¥i) ,47
corners () (image.blob ¥i) ,45
corners () (image.qrcode F¥) ,46
corners () 44
count ()
count ()
crop ()
cx ()
cxf ()
cy ()
cyf ()

D
data_type () (image.qrcode F) ,47

DATABAR () (7 image kW) ,42
DATABAR_EXP () (# image #kd)

(image.rect Fi%) ,
(image.blob F i) ,46
(imageio.ImageIO F) ,62

(image.Image ¥i) ,51
(image.blob F i) ,45

(image.blob F &) ,45
(image.blob ¥ &) ,45
(image.blob Fi) ,45

,42

deinit () (display.ESP32Display F# i) ,
57

deinit () (espdl.ESPDet ¥ ) ,59

deinit () (espdl.ImageNetCls ¥ ) , 60

deinit () (espdl.YOLO11l F3¥) ,59
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#5]

deinit () (espdl.YOLOllnPose ¥3#) ,60
density () (image.blob F¥) ,46
detect () (espdl.ESPDet F3¥) ,59
detect () (espdl.YOLO11l F#3¥) ,59
detect () (espdl.YOLOllnPose #3#) ,60
difference() (image.Image ¥ i) ,53
dilate() (image.Image ¥#) ,53
display

module, 56

(image.Image F#i) ,52
(image.Image ¥ &) ,52
(image.Image Fi) ,52
(image.Image Fi) ,52
draw_ellipse() (image.Image ¥ ) ,52
draw_image () (image.Image ¥#) ,52
draw_keypoints () (image.Image ¥ #&),52
draw_line() (image.Image ¥3¥) ,51
draw_rectangle () (image.Image ¥ ),52
draw_string() (image.Image ¥) ,52

E

EAN13 () (& image #Hd) 42

EAN2 () (& image #Hewd) 42

EANS () (7 image #3kH) ,42

EAN8 () (£ image ) ,42

ecc_level() (image.qrcode F¥i) ,47

eci() (image.qrcode F) ,47

EDGE_CANNY () (# image ##w) ,42

EDGE_SIMPLE () (# image #Hd) ,42

elongation() (image.blob F ) ,46

enclosed_ellipse() (image.blob ¥ %),
46

enclosing_circle()
46

encode () (h264.H264Encoder F i) , 64

erode () (image.Image ¥ ) ,52

ESP32Display (display H#%) ,56

ESPDet (espdl H#3%) ,59

draw_arrow ()
draw_circle ()
draw_cross ()
draw_edges ()

(image.blob F &) ,

espdl
module, 58
extent () (image.blob F ) ,46

EXTRACT_RGB_CHANNEL_FIRST () (# image

BHE) 41
F

FILE_STREAM() (# imageio #fw) ,62
find_apriltags() (image.Image ¥#),55
find_barcodes () (image.Image ¥i) ,55
find_blobs () (image.Image ¥¥) ,54
find_circles() (image.Image ¥ ¥) ,55
find_lines() (image.Image ¥ &) ,55
find_grcodes () (image .Image 7}’,{%) , 55
find_rects() (image.Image F# ) ,55

flush() (image.Image ¥ &) ,50
format () (image.Image F#) ,50
G

gaussian() (image.Image ¥ %) ,53

gaussian_blur() (image.Image ¥ ) ,54
get_framesize () (# sensor k) ,38
get_hist () (image.Image F¥}¥) ,54
get_histogram() (image.Image F ) ,54
get_hmirror () (# sensor #kw) ,38
get_id() (# sensor #iw) ,38
get_percentile() (image.histogram ¥
%) 48
get_pixel() (image.Image ¥ ) ,50
get_pixformat () (# sensor #id) 38
get_regression() (image.Image ¥ &), 54
get_statistics() (image.histogram v

%) 48
get_statistics () (image.Image ¥ ¥),54
get_stats() (image.histogram F ) ,48
get_stats () (image.Image ¥3) ,54
get_threshold() (image.histogram ¥ i)
,48

get_vflip() (# sensor #kw) ,38
GRAYSCALE () (# image #¥d) ,40
GRAYSCALE () (# sensor ) ,37
grayscale_to_binary () (# image 3 )
,43
grayscale_to_lab () (& image ¥ ) ,43
grayscale_to_rgb() (# image ##) ,43
grayscale_to_yuv () (# image ), 43

F{

)  (image.barcode ¥ i) ,47
)  (image.blob F i) ,45
)  (image.qrcode ¥ ) ,47
)  (image.rect F &) ,45
64

module, 64
H264Encoder (h264 H k) | 64
height () (display.ESP32Display F &) ,

57

height () (image.Image F¥) ,50
height () (# sensor i) ,38
histeq() (image.Image ¥ %) ,53
histogram() (image.Image ¥ ) ,54
histogram (image Wi %£) ,48
HMIRROR () (# image #Hw) , 41

|
125() (# image #¥#) ,42

image
module, 40

imageio
module, 61

ImageIO (imageio #H@k) ,62

ImageNetCls (espdl #H%) ,60

Image (image FH£) ,50

invert () (image.Image ¥i) ,52

is_alphanumeric() (image.grcode ¥i),

47
is_binary ()
is_closed()
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(image.qgrcode F i) ,47
(imageio.ImageIO F i) ,62
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is_kanji() (image.qgrcode ¥ i) ,47 mode () (image.Image #i) ,53
is_numeric() (image.grcode ¥ ) ,47 mode () (image.statistics F %) ,49
ISBN10 () (#& image #Hd) ,42 module
ISBN13 () (#& image #Hd) ,42 display, 56
espdl, 58
J h264, 64
JPEG () (# image #k) ,40 image, 40
JPEG_SUBSAMPLING_420() (# image # 3t imageio, 61
), 42 rtsp, 65
JPEG_SUBSAMPLING_422 () (# image # 3% sensor, 37
H) 42 morph () (image.Image ¥ i) ,53
JPEG_SUBSAMPLING_444 () (# image #
) 41 O
JPEG_SUBSAMPLING_AUTO () (# image # 3 offset() (imageio.ImageIO ¥ i) ,62
H) 41 open() (image.Image F¥) ,53
K P
keyframe () (h264.H264Encoder ¥ %) .64 PALETTE_DEPTH() (7 image HH) , 41
PALETTE_EVT_DARK () (& image #¥H) ,41
L PALETTE_EVT_LIGHT () (# image ## ), 41
1_bins() (image.histogram F¥) ,48 PALETTE_IRONBOW () (7 image ) |40
1_1g() (image.statistics F ) ,49 PALETTE_RAINBOW () (# image #kw) |40
l_max () (image.statistics F i) ,49 payload() (image.barcode ¥ i) ,47
1_mean() (image.statistics F i) ,49 payload() (image.grcode ¥ k) ,47
1_median() (image.statistics ¥3) ,49 PDF417() (& image #Hd) ,42
1_min() (image.statistics F %) ,49 percentile (image FH#£) ,48
1_mode () (image.statistics F ) ,49 perimeter () (image.blob F i) ,46
1_stdev() (image.statistics F &) ,49 pixels() (image.blob F ) ,45
1_uq() (image.statistics F i) ,49 PNG() (#& image #HH#) ,40
1_value() (image.percentile F ) ,48
1_value() (image.threshold F# ) ,49 Q
lab_to_binary () (# image #¥H) ,43 0OVGA () (% sensor Hew) 37
lab_to_grayscale () (# image k), 43 qrcode (image W Hyk) |46
lab_to_rgb() (& image kW) ,43 quality() (image.barcode Fi%) ,48
lab_to_yuv() (% image ¥ ) ,43 OVGA() (% sensor Hkw) 37
laplacian() (image.Image F¥i) ,54
length() (image.line ¥i) ,44 R
Lo, U ige ) 4 0 tinage circre 72) 4
’ read() (imageio.ImageIO ¥ %) ,62
load_moldel() (& ?Spql ﬁﬁ%#) 58 rect () (image.barcode ¥ i) ,47
1q() (image.statistics Fi) ,49 rect () (image.blob F i) ,45
M rect () (image.qrcode F¥i) ,46
rect () (image.rect F) ,44
magnitude () (image.circle Fik) ,44 rect (image W %) , 44
magnitude () (image.line Fi) ,44 reset () (% sensor HHd) ,37
magnitude () (image.rect F ) ,45 RGB565 () (7 image #HH) ,40
major_axis_line() (image.blob ¥ i),46 RGB565 () (# sensor M) 37
mask () (image.grcode 77‘/2’) ,47 rgb_to_binary () (# image #k) ,43
max () (image.statisti\cs Fk) 49 rgb_to_grayscale () (# image #3#Hw) ,43
mean () (image.Image #i) ,53 rgb_to_lab () (# image kW) ,43
mean () (image.statistics F i) ,49 rgb_to_yuv() (# image ) ,43
median() (image.Image ¥ ) ,‘53 rho() (image.line # i) ,44
median() (image.statistics F ) ,49 ROTATE_180 () (# image #¥kdr) 41
MEMORY_STREAM() (% imageio W) .62 porate 270() (% image Hskd) |41
midpoint () (image.Image ¥ i) ,53 ROTATE_90 () (£ image #¥d) , 41
min() (image.statistics F i) ,49 rotation() (image.barcode F# i) ,48
min_corners () (image.blob F i) ,45 rotation() (image.blob F i) ,45
minor_axis_line() (image.blob ¥ %),46
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rotation_deg() (image.blob Fi) ,45
rotation_rad() (image.blob ¥ i) ,45
roundness () (image.blob Fi) ,46
rtsp

module, 65
RTISPServer (rtsp #H#%) ,65

S

save () (image.Image ¥3) ,50
scale() (image.Image F¥%) ,5l1
SCALE_ASPECT_EXPAND () (# image k)

,41
SCALE_ASPECT_IGNORE () (# image k)
,41
SCALE_ASPECT_KEEP () (#£ image #3¥w),41
SEARCH_DS () (% image #¥kw¥) ,42
SEARCH_EX () (% image #H ) 42

(imageio.ImageIO ¥ i)
(rtsp .RTSPServer 77‘/2)

, 62
, 66

seek ()
send ()
sensor
module, 37
SensorStatus (sensor #H@E) ,38
set_framesize() (# sensor ) ,38
set_hmirror () (E sensor #,%iﬁ%l:}j) , 38
set_pixel() (image.Image F¥¥) ,50
set_pixformat () (# sensor #Hd) ,37
set_thresholds () (espdl.ESPDet F#),
59
set_thresholds ()
) 60
set_thresholds ()
59
set_thresholds ()
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set_vflip() (# sensor ) ,38
shutdown () (# sensor ) ,37
size() (image.Image ¥3) ,50
size() (imageio.ImageIO ¥ ¥)
skip_frames () (# sensor k)
snapshot () (# sensor ) ,38
solidity () (image.blob ¥ i) ,46
statistics ( (image.histogram 7‘7‘&%),48
statistics( (image.Image Fi) ,54
statistics (image W@ %) ,49

status () (# sensor #Hd) ,38

(espdl.ImageNetCls
(espdl.YOLO11 F &),

(espdl.YOLOl1lnPose

,62
, 38
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stdev () (image.statistics F ) ,49
stop() (rtsp.RTSPServer ¥i) ,66
sync() (imageio.ImageIO Fi) ,62
T

TAG16H5 () (# image k) ,42
TAG25H7 () (# image #idk) ,42
TAG25H9 () (7 image #¥d) ,42
TAG36H10 () (7 image #H) ,43
TAG36H11 () (# image #kw) ,43
theta() (image.line ¥ ) ,44
threshold (image W) ,48
to_bitmap() (image.Image ¥¥) ,51

(image.Image ¥3) ,51
(image.Image ¥ &) ,51

to_grayscale ()
to_ironbow ()

to_jpeg() (image.Image F¥3#) ,51
to_png() (image.Image ¥ ¥) ,51
to_rainbow () (image.Image 7‘7‘,/2) , 51
to_rgb565() (image.Image F¥¥) ,51

TRANSPOSE () (# image #kw) |41

type () (image.barcode F ) ,48
type () (imageio.ImageIO F¥) ,62
U

UPCA () (& image #Hewd) 42
UPCE () (% image #¥k#) ,42

ug() (image.statistics F %) ,49

V

value () (image.percentile F k) ,48
value () (image.threshold ¥ ) ,49
version() (image.qgrcode ¥ ¥) ,47

version() (imageio.ImageIO F i) ,62

VFLIP () (# image ## ) , 41

w

w() (image.barcode ¥ &) ,47

w() (image.blob F i) ,45

w() (image.qrcode ¥ &) ,47

w() (image.rect K &) ,45

width() (display.ESP32Display F#),57
width () (image.Image ¥ &) ,50
width () (# sensor #Hd) ,38
write () (display.ESP32Display K i),57
write() (imageio.ImageIO ¥ i) ,62
X

x() (image.barcode ¥ i) ,47

x() (image.blob F i) ,45

x() (image.circle F i) ,44

x() (image.grcode F¥#) ,46

x() (image.rect F @) ,45

x1() (image.line ¥ ) ,44
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x_hist_bins () (image.blob ¥ ) ,46
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v () (image.barcode ¥ i) ,47
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v () (image.grcode F¥i) ,47
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v2() (image.line ¥ ) ,44
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yuv_to_lab () (# image #w) , 44
yuv_to_rgb () (# image #w) ,43
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