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CHAPTER 1

Introduction

1.1 ESP-DL &4}

ESP-DL @ —/~% 2y ESP R A i i i HL s O il 42 W 2 HEBEAE 2R . dlad ESP-DL, fm] AR B
HHE AR R LI A (SoC) TT % AL B .

1.1.1 #hid

ESP-DL 2 {1t 7 hn#k. Wilfissr ALBAY APL eS80 T, I Houf A HiAt /R 2% SDK o4k £E i
ESP-PPQ fE2 ESP-DL {4 T. 5., AEAF Rk H ONNX. Pytorch FiI TensorFlow LAY, FfHFH G i oy
ESP-DL AR A% 2.

o ESP-DL FrifE BRI A 248250 T ONNX, {Hffi ] FlatBuffers [fij /& Protobuf, i H B 594 H 5
FrRE WP AIML, SR “espdl'.

o FAURT9:BL: ESP-DL Sisfibsi Bl 17 WL AL 1, 4l Conv, Pool, Gemm, Add 1 Mul %5, HHj
S FHFHIET operator_support_state.md

o WRASAARLRIZS . ALK SRS T E Y T RAM RV, A IR [ 2 2 BB B A A AL,
PR A AT I [F] f fie/ IME A B

o DU H B SUZ IR AV S ST S A R IR TS RE JT . HT, Conv2D il DepthwiseC-
onv2D SCRPBUZ T BEE

« 8bit LUT Activation: [ Relu, PRelu(n>1) 2 #Mi T4 E4TT 5%, ESP-DL ERiA{ii ff] 8bit LUT(Look Up
Table) 77 = SLEL, DAMIEEHERE.

ESP-DL R GEAEZ P40 T i



https://github.com/espressif/esp-dl/blob/62bab30/operator_support_state.md
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€ ONNX © PyTorch  “F TensorFlow

l
l

) - . :

sssssssssssssssssssss --

...ESP-DL

1.2 ESP-DL IfiH4H4R

ESP-DL (AL HTIF A 4ES R AR k. TTH ARG T -
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121 dl (FEZ)

RO TR A I BRI T A, 73 TR

model 7. B HREF IR FNGF. 18 d1l_model_base fl d1_memory_manager,

module 60+ ™~ & W& H O (B, ik, MIE%) . X dl_module_base.hpp,
dl_module_conv.hpp, dl_module_pool.hpp, dl_module_relu.hpp %,

base FLAAMSTSCL, AUFEXE A (esp32, esp32s3, esp32p4) (1 ISA FE il gk &5 75230
{441 d1_base_conv2d.cpp/hpp, dl_base_avg_pool2d.cpp/hpp %, PAMK isa/ THEPH
ISA e b

math $22 8 (JEMERRER) . CfF: dl_math.hpp fl d1_math_matrix.hpp.

tool FiBhIhAEE (LM TH). XfF: dl_tool.hpp Al dl_tool.cpp. % isa/ FHEH ISA fF
LA,

tensor K EISFNEAE, W dl_tensor_base.hpp.

1.2.2 vision ({+EHLMHE)

THAHULSERER, 2k R

classification & % 4 2% (B A i B . Wi PFH: d1_cls base. J§ Ab
#%1 imagenet_cls_postprocessor, hand_gesture_cls_postprocessor,
dl_cls_postprocessor,

recognition FF fif £ HU (B ZYHER) o FRAEECHE E AR (M. MR, &) o WA
dl_feat_image_preprocessor, TEIEI dl_feat_base, |G/t #s: d1_feat_postprocessor.
ﬁ(?ﬁﬁé dl_recognition_database

image R ACEE (PRI, BT, (R W) . B (BR. JR). ”BILEEE (RN,
FEy. Bitaskie. Mtk BEerEE). KBRS/ (JPEG/BMP), £ TH (M. ZSO0M8E).
K 1% 4 ¥: dl_image_process, BPi 4 % : dl_image_color. K 18 i 4 P #%:

dl_image_preprocessor., K i H/49 15 dl_image_jpeg. dl_image_bmp. % | T H:
dl_image_draw,

detect H A3 K W (BT A 3 ) o Jf PH: dl_detect_base. J5 Ab Hl #%:
dl_detect_yololl_postprocessor., dl_detect_espdet_postprocessor,
dl_detect_msr_postprocessor. dl_detect_mnp_postprocessor,
dl_detect_pico_postprocessor. &E&fhiif: dl_pose_yololl_postprocessor.

1.2.3 audio (Z§4biE)

ERAL BRI, 43l
o common i & TH., {4 dl_audio_common.cpp/hpp , dl_audio_wav.cpp/hpp.

« speech_features iE 5 IEHEEL . 01 d1_speech_features.cpp/hpp (baseclass), d1_fbank.cpp/

hpp (Filter Bank), d1_mfcc.cpp/hpp (MFCC), d1_spectrogram. cpp/hpp (Spectrogram).

1.2. ESP-DL IH4ALR 5
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1.2.4 fbs_loader (FlatBuffers jn;3g)

AbFR FlatBuffers fHi2 :
« include 33 {4:: fbs_loader.hpp, fbs_model.hpp,
o src SEP: fbs_loader.cpp.

o lib/ £ XRTE H AR Figid 5 esp32/, esp32s3/, esp32p4/.

« espidl.fbs FlatBuffers 5 3014,
« pack_espdl_models.py B3 T I,

1.2.5 H{3CH

 CMakeLists.txt 1 |5 ¥ #t i & .

o idf_component.yml 24 7CHdE (ZAFR. A, H00) .
« README.md % H SCRSAISE 35 1

« LICENSE 7] 43K
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CHAPTER 2

UNEE:T]

2.1 WHEX

o —3t ESP32-S3 5, ESP32-P4 F % #x. A {diH]: ESP32-S3-EYE & ESP32-P4-Function-EV-Board
« —£& PC (Linux £%t)

i
o TR EMEFISRA Type C 210 . i H 0 ] 10 10 28 0 3 7 R AR )

« ESP-DL 3745 ESP32, (HHF TSLBUR M C %5, [Ht ESP32 iz {7l )% 2 it T ESP32-S3 5 ESP32-
P4, WIATRE, IAESUH T HATEN ISR FECE SCPF, ESP-DL i s & L iy Ase 4 — 8. 2R

(P
- i ESP-PPQ £1k ESP32 ‘- &S1AIE}, F54F target BEEH c.
- i [f] ESP-DL #33 ESP32 ‘- & HAU, T1 H 4515 target W E N esp32,
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2.2 REFEXK

2.2.1 ESP-IDF

ESP-DL JF ESP-IDF jz47. A KANA[3KH ESP-IDF fiEAHUtH], 152 ESP-IDF Zififi i .

#3: {lF] ESP-IDF ) release/v5.3 sl B A,

2.2.2 ESP-PPQ

ESP-PPQ 25T ppq &4k T.H, (010 B 43 . ESP-PPQ 7£ PPQ (3L hk VRN T SR 2552 il ¥ quantizer
Fl exporter, 7518 F FORSHEAS [F] (465 A 26550 ESP-DL VTIE R A6, H-5: 4 >4 ESP-DL 1] DA ELHE N #k (b%
HERLZ 4. ESP-PPQ 325 PPQ ArAT Y APL filib A . L2 4013515 5% PPQ SCRIRIIAM . QiR EA AL
H ORI, mTRAE AR 5 32623 esp-ppq:

Ji K= {iH pip %My

pip install torch torchvision torchaudio —--index-url https://download.pytorch.org/whl/
—Cpu
pip install esp-ppg

Ji&K T pip RN, CAMEPREF Y master 4357 2D

git clone https://github.com/espressif/esp-ppg.git

cd esp-ppq

pip install torch torchvision torchaudio —--index-url https://download.pytorch.org/whl/
—Ccpu

pip install -e .

Ji&K = i uv 2y

uv pip install "esp-ppglcpul" --torch-backend=cpu

# GPU

# uv pip install "esp-ppgl[cpu]'" --torch-backend=cul24

# AMD GPU

# uv pip install "esp-ppg[cpu]" —--torch-backend=rocmé6.2
# Intel XPU

# uv pip install "esp-ppqg[cpu]" —--torch-backend=xpu

JiAM: i uv 2200, CIEPRFE S master 4y % [H2D

git clone https://github.com/espressif/esp-ppg.git

cd esp-ppgq

uv pip install torch torchvision torchaudio --index-url https://download.pytorch.org/
—whl/cpu

uv pip install -e .

Ji X 1E docker '{ii J{] esp-ppq

[docker build -t esp-ppg:your_tag https://github.com/espressif/esp-ppg.git

i
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o RBIAHD 222 Y 2 linux pytorch cpu JiUAS , AR S BR G UL 2250 B FY pytorch.,

o QAR uv 2, UFFEE W -—torch-backend Z4LHIAT, M2 Zm I H H L E Y pytorch URLs
5/,

2.3 HREFFIE
ESP-DL f2 it 7 —28JP4 R 69 7031

2.3.1 RHIEmIF & &R

idf.py set-target [Soc]
idf.py flash monitor

S BARRE FrEH [Soc), BRI esp32s3 Hl esp32p4. /REIE RIS esp32 BRI S iFNE B SC
.

2.3.2 RBIEE

[idf.py menuconfig ]

—SROI LS A RCE AT, WDAEME 1df.py set-target FEEN T Z MM idf . py menuconfig
PEATHCE .

2.3.3 W= HERR
# & ESP-IDF (44

%% [ ESP-IDF DOC

%R FLASH F0i5R) R 51

[idf.py eras—-flash -p [PORT] ]

B build/. sdkconfig. dependencies.lock, managed_components/ JFEizR.

24 HERE

HE, #Z% ESP-DL 57 HPIRAS operator_support_state.md , i pRIGHIHZ iy 7 C 24581 50

ESP-DL W75 ffi ] LA 453X . espdl JEATAREASTRSE , TR 2 S AR 55 B AT AL A X6 e 2 J5 A RE A A &
ESP-PPQ 2t T espdl_quantize_onnx fll espdl_quantize_torch WFdE I DA 3 ONNX AL F F
PyTorch #i81 5:Hfy . espdl #BY, HAMPREE2Z>JHELL 4N TensorfFlow, PaddlePaddle S54R 5 2 /e KA AL %
5 ONNX . [H UL # R G BLEY AT DU ONNX BB . 245 R, HS 5

o dofTELARE

2.3. BRiEFE 9


https://github.com/espressif/esp-dl/tree/62bab30/examples
https://docs.espressif.com/projects/esp-idf/zh_CN/latest/esp32/get-started/index.html
https://github.com/espressif/esp-dl/blob/62bab30/operator_support_state.md

ESP-DL i FiEM, R1ThR# latest

o JofiT 1 MobileNetV2

e hofTE 1L YOLOIIn

o 4efTE 1t YOLOI In-pose
o dofTE RN ARA

2.5 ERIERE

ESP-DL 34t T— 751 APLRHUE AR THI . WA A, W20
o LofT o i Ao IXAR T
o dofTH AT 52
. o THE A XA
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CHAPTER 3

Tutorials

3.1 T EILRE

ESP-DL WA fl L G482 . espdl #ETHIALITE . X2 —FhatfuiBiBdkg =X, SC3F 8bit (w8a8). 16bit (w16al6)
PASCRATREEE (w8al6) Efk. ik = Fh B Ak 7 sUnT A A T A A, AE CRRp R ARG B 1) TR I i K Ak e 2
B fEARERET, FATRFLA quantize sin_model B, NZHA {1 ESP-PPQ &AL FiH . espdl A,
1k )78 Post Training Quantization (PTQ).

o A TAE
o TR RARA

o TIHFFH Lespdl

- 2% % (quant_type)

- REeEE

o LR )

— BALAEA HEFE & AE TS
. BAENF *

- W% B =1L (PTQ)

~ B dodl % (QAT)

11
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3.1.1 #&TIE

% ¥ ESP_PPQ

3.1.2 TSRSy

[python sin_model.py ]

AT sin_model.py o A SNG4 FLEY Pytorch #5284 FUL£ [0, 2pi] YR R sin sREL. WIZER &
PRAFAI R pth ALFE, -5 ONNX B2,

£578: ESP-PPQ ##ft T espdl_quantize_onnx fll espdl_quantize_torch BFE T PATH ONNX £
RUH PyTorch A%, AR 2 SIHELE, 40 TensorfFlow, PaddlePaddle S5HR 55 22 4o ki %445 ONNX .

« TensorFlow % ONNX tf2onnx

» TFLite % ONNX tflite2onnx

« TFLite % TensorFlow tflite2tensorflow
o PaddlePaddle § ONNX paddle2onnx

313 E{tHESH .espdl

2 2% quantize_torch_model.py Fl quantize_onnx_model.py , T fi# 41 fi] {#f § espdl_quantize_onnx Fi
espdl_quantize_torch BEOEALHFH .espdl FHiH,

PATHIA G & =3, il

o **.espdl: ESPDL BIH bl SCHF, IEHHE TN A AT R, Hf SCFpilad Neton n[ LA
BAUEEH

o **.info: ESPDL M AT, TN E . espdl BAR BT H . 5 THZEEHY,
RALSERIBRACER, I A/ A5

o ** . Json: MALGEICHE, HTREMEERRAFAINE.

E{tFH=E (quant_type)

i) espdl_quantize_onnx/espdl_quantize_torch [ quant_type SEEFRA T E:

quant_type WE g BRI A&

w8a8 (BKiA) INT8 INT8 HEHLE B AR, K2 H ) BRI e

wl6alé INT16 INT16 R, TEMNER TR

w8alé INT8 INT16 TRETKSBE . ALEE Sbit. 4T 16bit, 3 TS
H ) Conv/ Gemm / MatMul (ESP-DL >v3.3.11)

none FP32 FP32 Beid Bk (UH TR/ )

12 Chapter 3. Tutorials
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quant_ppg_graph = espdl_quantize_torch (
model=model,
espdl_export_file="sin model.espdl",
calib_dataloader=dataloader,
calib_steps=32,
input_shape=[1, 117,
target="esp32s3", # "esp32p4", "esp32s31", "esp32s3" B, "c"
quant_type="w8a8", # "w8a8", "w8al6", "wl6al6" I "none"
collate_fn=collate_fn,
device="cpu",
error_report=True,
export_test_values=True,
verbose=1,

o THMSEM quant_type. M4EIFHMEAR, BLEEIHN num_of_bits B, num_of_bits=8 %
T+ quant_type="w8a8"; num_of_bits=16 ZHT quant_type="wl6al6",

» w8al16 M ESP-DL v3.3.11 JF Ui A 1f SCRe. HARIr A 5 FH#A A7 w8al6 kernel: i # A E (1) Conv
/ Gemm / MatMul i fij INT8 A& 1 INT16 #7F; depthwise Conv (group !'= 1) KHEHE T4 EEEF|
INT16, £l operator_support_state.md,

« debug=True = f£ PPQ ' 5 Al ¥ AF £ INTI6 fj B, X wieale A % (IH 2 %l #:

hi_precision=True),

REEt

A DAFE [A] — B 8 p iR & 6 H) w8as., w8alé Ml wi6al6. J¢fl quant_type ¥ HERINHE, Hild
QuantizationSetting.dispatching table ¥R THEE HEHE:

from esp_ppg import QuantizationSettingFactory
from esp_ppg.api import espdl_quantize_onnx, get_target_platform

TARGET = "esp32p4"

quant_setting = QuantizationSettingFactory.espdl_setting()

t REEBRRERAAREHEH L INTI6

quant_setting.dispatching_table.append (
"/features/features.1/conv/conv.0/conv.0.0/Conv",
get_target_platform(TARGET, quant_type="w8alé6"),

)

quant_setting.dispatching_table.append (
"/features/features.1/conv/conv.0/conv.0.2/Clip",
get_target_platform(TARGET, quant_type="wlb6aléc"),

quant_ppg_graph = espdl_quantize_onnx (
onnx_import_file="model.onnx",
espdl_export_file="model.espdl",
calib_dataloader=dataloader,
calib_steps=32,
input_shape=[1, 3, 224, 224],
target=TARGET,
quant_type="w8a8",
(25 N30

3.1. T EILRE 13
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(% L350
setting=quant_setting,
collate_fn=collate_fn,
device="cpu",
)
W oHx # H get_target_platform(target, quant_type="w8a8"), H 5 ¥

get_target_platform(target, 16) (8] num_of_bits=16){3RA [, F 4 H wi6als,

i M i setting.dispatching_table [ % B & ¥ J&. espdl_quantize_* Hj
dispatching override fil dispatching_method ZEEIEF, BFEG LA T4

ke
L AFFER cespdl BAUARRIR, MEFRZSRAAIRE.
e ESP32 Xffl Per-Tensor ALK, ROUND 3% 5 ROUND_HALF_UP,

- fliJ] ESP-PPQ Ak ESP32 {5 RN}, F5HF target IR E N ¢, [NAFE ESP-DL wr, HAF 15K
PRH CHEFHRG .

- i1} ESP-DL 3% ESP32 ~-S 4840}, T H 4515 target W &N esp32.
e ESP3253 Xl Per-Tensor EALIKEME, ROUND & A ROUND_HALF_UP,

« ESP32P4 #ll ESP32S31 [ Conv, GEMM & T K] Per-Channel #AkENE, HEE T XM
Per-Tensor EALFME, ROUND 3 & 5 ROUND_HALF_EVEN,

2. Hi ESP-DL i ] i &b S & X Fr & k. + POWER OF TWO,

AR N

6 TF AR Y 7E M s ) HfE PR 25 R 2 I, B JE R ED % PC m iy — AW K i A . TF S api R
export_test_values &I, HLEENRF—H MR A&y BALAE . espdl LRI, input_shape 3§
Ml inputs ZELAHE & HHH—A, input_shape 40 H HEALA MK A, inputs WA AFE &
—MFEER AR A . . info U R LAEE Wi A/ I (E. #FK test inputs value fil test
outputs value &HEEAT.

BLRBIEE & FETFR

espdl_quantize_onnx fll espdl_quantize_torch API £k [ BaseGraph, {fiJfl BaseGraph 4%
FHM ) TorchExecutor Ftn] PATE PC (il I S AR B HEF THERE 1o

executor = TorchExecutor (graph=quanted_graph, device=device)
output = executor (input)

AR HE B AT R A ] AR S R BE R . T esp-al MRumifERAY S R I2 REM esp-ppa X157
(9, AT DA B %R PP B A SE R A TR RE

i
1. 2477 esp-dl {7 FF batch_size Sy 1, A7 4%5Z batch 5{E B3 batch,

2. .info UAFHIIINSE A /St DA AL SERTA AR 2 16 TSR, WAL ULARA 16 5
T, SAESEHHTE 0.

14 Chapter 3. Tutorials
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3.1.4 BREMRFE

ARARAGRZL BRI wla8 AL TE R B RE USSR, "] DARF R ML) weale /wicale, Hifkit
S RGN Z RIS, Wl DA AR A VA2 i AR R PR 2K -

NgEEL (PTQ)

o AHTI (W8a8 /w8al6 / wilbalb)
o 8bit &AL

E{LRAIZ (QAT)

o YOLOI In-pose = A% B Fa )| %k

3.2 HEE

3.2.1 {§H AutoQuant Hz)E{LEEY

. EE&IAF
o & 2Z1& A AutoQuant

o ZERIRI

. TTT {5!]

TETH ] ESP32 ith i B, FATE T M espdl_quantize_onnx X OB B, HEHRE
HE ONNX K7 . MUERE A S — B A, S DA T B . espdl FiA,

{E T B RN , ELIE RERER M AT AL RARA B, e T WP And p AL .
n, BACRITEN AN A, MO EEA R R HREE AN, DAL X BN 1) S AL
PR AT AE . XS RIS MR A RS, ot — 20 50 R R AL s oA B R B LA SeAE ESP32 3tk i L1y
FERLAEIR

L, FEREIT AW, SFHR—HAEN SRR RE—E RN R RN . TP REEEFREA
WriA RS R, TP RA SN, PRI R BE N — 2205 . AutoQuant AEAFHREY, 12X
FERE . BEHHMBARNRS SR, FFIH A,

NHEATRE T AutoQuant S H SR EI A IE R EALACE, HARBURAL SRR

3.2. BHE 15
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EETE

1. %% ESP_PPQ

£ 4 {EH AutoQuant

AutoQuant [l ] 77 espdl_quantize_onnx FUl, [AlFmELHE LA S8 A R, R LG
MR espdl_auto_quantize_onnx R/HZN A SR RFAL. I HKIRTE LM ONNX BLA AL

PAR S A shape &5

PIEI EEXAFET . espdl_quantize_onnx M T AT IREERE R EL, FILHEM AR R
LICE; T espdl_auto_quantize_onnx M TIEL A BLICE T A TRR. PPN SGHE, HOHS

PR A K BRI
TIPS BB S Bl A T U R -

from esp_ppqg.api import AutoQuantSearchSetting, espdl_auto_quantize_onnx

def evaluate_fn (graph) :
# Replace this with your validation logic.
topl, top5 = ...
return topl, {"topl": topl, "topb": top5}

setting = AutoQuantSearchSetting(
search_mode="fast",
num_of_ candidates=5,
score_direction="maximize",
run_dir="outputs/auto_quant_mobilenetv2",

)

espdl_auto_guantize_onnx (
onnx_import_file="model.onnx",
espdl_export_file="outputs/model.espdl",
calib_dataloader=calib_loader,
calib_steps=32,
input_shape=[3, 224, 224],
evaluate_fn=evaluate_fn,
target="esp32p4",
setting=setting,
device="cuda",

)

EZRBI, 145 espdl_auto_quantize_onnx AT 9 NS4

SH A

onnx_import_file ONNX #5701 g4
espdl_export_file .espdl fifl S H RS
calib_dataloader P UEB R

calib_steps A VER A FH 11 batch &
input_shape TRy A shape, NS batch 48R, BN [3, 224, 224]
evaluate_fn ] A P R %R
target EXE
setting AutoQuant {1 &L E
device T4, Blin "cpu" 8¢ "cuda"
16 Chapter 3. Tutorials
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Hrp, FRATE S X evaluate_fn fll setting, HAWSEHIMH %M espdl_quantize_onnx FA

gﬁo

evaluate_fn

evaluate_fn & AutoQuant 3R AN R e Ab it B 25 R PEI R 85, J2— P rl iS4
o HREZPRBIN: AutoQuant 247 evaluate fn iRBIKFEFRHER, B0 2471 topl / topS. ik

LT mAP,

o ARBEOEIZAZIT: AutoQuant R J5 1 BRIAVEII XA ATHEY -

O 20 BB graphwise_error_analyse, fEACHER: EITIABIAY (LY graphwise SNR i3
2, RIEHURZERKH 3 2R, Rz AR

MRETHE X evaluate_fn, NN E A FEK:

o REEMWNZ (score, extras) —JG.

o score UMEAMREF, e nan, inf 5{ bool,

e extras Wi dict,

o extras FIANEE(H ] AutoQuant FfF- B F B :

params

setting

score, hash, index., folder, files, strategy.

setting 4% AutoQuant R RITH . GBI R, REZDMEERGIR . LG R, AR
BEMCH G R RS, #H AutoQuantSearchSetting FlE

AutoQuantSearchSetting W& A ESEUTT

S HINME 1B
search_mode "exhaustive" # % B, "exhaustive" £ 2 Fr A 1% % it B

num_of_candidat 5
score_directior "maximize"

candidate_filte low_latency_candide

run_dir "outputs/
auto_quant"
resume False

"fast" SCERBURE—, FHASEREA A EE
Ho

e 2R B I e A R, k2 Top-K 1 Ko

score HHET H 1. MERRE . mAP 48 bRbk oMby, fd
il "maximize"; R2=. loss &5 48 bRk NG,
"minimize"., UKL A evaluate_fn I}, [V AH
"minimize"

Top-K Bl g7 . BRI fid [] £ B 38 AR AR A &5
B SR H AR A& 4 score HEFF, WRARE A None
SEIGEERRAT H 5

BEMEAH run_dir k5=

WM "fast EREL, 0] pASE— A :

setting.top_strategy = 10

setting.early_stop_patience = 3
Xof B SR PN -
B RRINME WtRA
top_strategy 10 55— fa PR Y £ /D A TR AR S 1 2R

early_stop_patience 3

SRS S DA R T IR R
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HiFgeg “gaa s AV SRR S E0 19, & setting.strategy_space fll setting.param_space:

FE A
strategy_space BRI B RARIKE RS 58K, fliNE7 221 mixed_precision
param_space PEREEAS SRR LA S0, BIANRHEST VAR . AL A, 2] 55

AT EREX PN T B, WA TREL, T LAMB R 2R

setting.strategy_space["mixed_precision"] = [True, False]
setting.param_space["calib_algorithm"] ["method"] = ["k1", "mse"]

SERBIAE R PAEE esp_ppg/autoquant /setting.py.

o

RIREN
AutoQuant i} 5¢ il — MR BRI R, AR E A run_dir. FHSREHIT:

<run_dir>/
summary.json
candidates.json
0000/
config.json
model.espdl
model.info
model. json
model.native
0001/

HA, summary. json iLRFTA LA MAIEE . candidates. json it Top-K &k, 4145 H
STPRAF— IR S Y C M ) AR 2R S A

JFE resume=True J5, AutoQuant &£l summary.json , BB A SFEWMA) (strategy, params) Z4H
Fro XU EEHTER T ERSREIIT, AR,

B

ESP-PPQ #£11t T/ 1] LB #1217H) AutoQuant 7<) :

python -m esp_ppqg.samples.AutoQuant .mobilenetv?2
python -m esp_ppg.samples.AutoQuant.yololln

3.2.2 {# M espdl-quantize Skill BzhiA{f ELIEE

o 143 espdl-quantize skill
o IRFIERK

o skill 45 §54%
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o ¥ espdl-quantize skill
- Frik—: A& A npx (5 - mAE)
- FikD FEEER

o dof1E B espdl-quantize skill
— PRiR I 48 7 )

o TETH

o« BEJZKTHLER
_ final_report.md
— best B F&

HEHE

ARG A anfn] i ] espdl-quantize skill YR 24 S BRI T 5 2 # 4L AL espdl-quantize j&—4> ** Téjzl_
. ARG+ 1Y Agent skill: ‘244D baseline, P44 layerwise 1224041, FEHR I B hikdF s
1) esp-ppq EAL YA (40 TQT. JRAHRIEE. ﬂiig@ TEARIES), fiﬁf’éﬁﬁ@%ﬁ%@ﬁiﬁ@]i@

P H 22 B AR R UE B3R 3k A AL PR AL B ] skill 11 3R 3K 3 QuantizationSettingFactory.
espdl_setting () HIEURE.

42 espdl-quantize skill
esp-ppq Zx 5% | TR A JH EAk passes (FHER . ZEAEIIN . W ERIE . ACPAETRY . IRARE. TQT.
LSQ. HREESE), MR H 2-6 NS Fohz2il A GER, 55 HS5h 28 52 silent degradation,

espdl-quantize skill 5" FiRZM A - FHMSL - B BN TIRERSE N = g5, R A s R
o BOLRE S

L. i) references/ppg _methods.md H 4t TAF esp-ppq H¥EMREL, S8 EHTRSE
P
2. YURTM references/decision_playbook.md f&4fF Top-K 2 20 A E/ i 0fh, B

WL AR B g5 95 -

3. [4l% harness scripts/run_iteration.py WK AR (user_quant.py) fl—4
JSON setting, i H Z544 4k r=4 (metrics. layerwise error. per-layer stats), Agent H7F52H JSON EI]_Hﬁj(
UK.

4. #2FAREML
2.

5. Hbsi&gnde 2 M——H skl 5 H bRt i s AL SRES ph 93 11 passes:

« 41%f POWER_OF_2 H#i (esp32p4 / esp32s3 / c), skill & Hghikit LSQ: LSQ 243 L%
scale, 5 POWER_OF_2 [¥) 2 (FER Zysfipise, IO TQT (B E#N% log2_scale, KK
&Ml POWER_OF 2).

o esp32pd )5 B )24 (Layerwise Equalization) B}, skill £ % Hi#45: % M| 5 Conv/Gemm

(¥ per-channel AL SRS FEL BE_EH &, esp-ppq 'H 7 #Ric oy “Not recommend” , HSZHFWIH>
MobileNet /T B AT 73 B 28T ] A 22, PRI skl 7 etk

scripts/compare_iterations.py & 2o MWECE, 1F Agent N —51%
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R K

1. 2% ESP_PPQ
2. 22 skill FiAMIOH: :
TE skill H3% (44 SKILL.md BYHE) THAT:

[pip install -r assets/extra_requirements.txt

KAME T pandas. scipy. tgdm,

ks skill HEHETTEX4 MY Python fFRERR 1, JCili Docker,

skill BEREZE
espdl-quantize skill £F esp-dl 3% W A2 R

[esp—dl/tools/agents/skills/espdl—quantize/

H x4t -

esp-dl/tools/agents/skills/espdl-quantize/

F— SKILL.md # skill A\ 56 ¥ %
— assets/

| — extra_requirements.txt #

— user_quant_torch_example.py # Torch # % # #
— user_quant_onnx_example.py # ONNX 3 4 # R
— example_quantize_mobilenetv2/ #
L— example_quantize_yololln/ #

|
|
|
|
— references/
|
|
|

4N Python 4R #i

MobileNet-V2 5 % & ]
YOLO11ln %5 % % f

— contract.md t AP EATEAER

— decision_playbook.md A R K F M

L— ppg_methods.md # esp-ppq & F % H M@
L— scripts/

F— run_iteration.py # 2 #H#% N harness

L— compare_iterations.py # EREE SRS

24t espdl-quantize skill

espdl-quantize skill /& Agent H3gJL R, W PAZCRAEAT ] Agent [ skills STPFJER o 8 WZRBRAR AT

FiE—: ER npx (% - KiEH)

>k OpenCode. Cursor, Claude Code I H A2 T HL 2255 skill % &) PR 5 V52 ] npx:

[npx skills add espressif/esp-dl --skill espdl-quantize

#rik: npx /g Node.js (ifiid npm) HAFAEIATE . WERIRH AR LR Node.js, 2% Node.js 225/ #EAT

7S

20
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PATa2 G, skill K9 H 328 FHAEARAY Coding Agent T H AR .

FHiEZ: FaRE

RO T30 2, BE HUIKR 223 Node.js, T HRIE VR B Ay FL AR TR 49 B DA 15d I A -
Cursor R

Ff skill H 55 i %] Cursor 1y skills 3L (PAH] 4% skills H s A i) :

# Linux / macOS
cp -r esp-dl/tools/agents/skills/espdl-quantize \
~/.cursor/skills/espdl-quantize

# Windows (PowerShell)
Copy—-Item —-Recurse esp-dl\tools\agents\skills\espdl-quantize \
Senv:USERPROFILE\.cursor\skills\espdl-quantize

OpenCode P

¥ skill H 5%% %15 OpenCode 7 skills (443 :

# A4 B HEMW skills H X
cp -r esp-dl/tools/agents/skills/espdl-quantize \
.opencode/skills/espdl-quantize

# XEH B PR skills H F
cp -r esp-dl/tools/agents/skills/espdl-quantize \
~/.agents/skills/espdl-quantize

04 {& A espdi-quantize skill

A skill 7, RG2S MR GER 4 user_quant.py), HiE:
« QUANT_CONFIG: fAKFlE M (BBIAL, M AJRR. HFRMH . primary_metric 4 ).,
e create_calib_dataloader () : i&[A] PyTorch Dataloader, FfTIKHUE.
e get_torch_model () B{3Efit onnx_path: &[0 eval Fi=[1) nn.Module (torch %) B ONNX ¥
1Zs
« evaluate (quant_graph) -> dict: U PPQ &1L J5 19 &, & [ 48 o5 7 8t (W 200 &
QUANT_CONFIG["primary_metric"] X} key).
o (H[3k) “evaluate_fast(quant_graph) -> dict*: JHT-esd i a5 PEA .
SEREA IO IE S % skill H3E R references/contract .md.

&
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REFF 5 B

PATR fir & o T MM D7 30 ARAT A 3] Agent X% A6
APl AR AR IR

// & mobilenet_v2 # &

# % JH espdl-quantize skill % ft, example_quantize_mobilenetv2/user_quant.py X 4.
—mobilenet_v2 A , 4 # baseline, R FE M FE layerwise Pz #% £ 13 #, H A topl_
M EER 71.878 MUE, BEEM, AREFT .

// &AM yololin #H

# % H espdl-quantize skill & ft example_quantize_yololln/user_quant.py X 4 yololln.
A, % baseline, R E M E layerwise R Z# R 13 ®, EH & map5095 #MEF#H 39.0.
SR, BEEM, BAREFT.

A 20 I

// E W/ mobilenet_v2 ## &

# % H espdl-quantize skill & ft example_quantize_mobilenetv2/user_quant.py X 4.
—mobilenet_v2 # A, X W EL#% R T13%, KX EF X R10%8, EAF topl MEFELX 71.878.
S, BEREM, BAREFT.

// &AM yololin A

& M F espdl-quantize skill & ff, example_quantize_yololln/user_gquant.py iX /> yololln.
SHA, ZHELHXRTI3R, RELFLRI0K, HIF map5095 HEFE A 39.0-

B, BB, BREHFT.

skill SUEIE4 )52 A BiATRA T ik :

1. Phase 0 —JL2:iF4h . {#fIBRIA QuantizationSettingFactory.espdl_setting () Hil—kEAk,
53| baseline $5%75 .

2. Phase 1 — % 7 4 M+ 3¢ Hl layerwise_error.json, layer_stats.json,
non_computing_hot_ops.json, graphwise_jumps.json, iH5] Top-K 2.

3. Phase 2 —yJu 3R SEE LK . AR decision playbook 3EHEE ¥, HEM T —% setting. json,
4. Phase 3 —{UH4T: 1817 scripts/run_iteration.py #f7EAL, TEALFEHR.

5. Phase 4 — b8 S5 S HIWi: (i /] scripts/compare_iterations.py L& F S, &HiEF)
target_metric BB FFRMME L, 75 0U)[E] 3] Phase 1,

T IEACI G AR TEAE outputs/iter_<N>/ HREF, fUF:

2HTE R AR AR .

AL AT =N

e layer_stats.json/layer_stats_full.json —&ZKENDGHGIT.
AKE A Y SR AL

e model.espdl, model.info., model.json., model.native

e metrics. json

e layerwise_error.json

e setting. json

AL B S

o Agent 84 HARFERR (W0 topl. map5095) A% [F] s 2 >3 . 5 QUANT_CONFIG[ “pri-
mary_metric” ] —3(, H.5 user_quant.py # evaluate() BRER [ FIFEFR key —FK.

o Agent 75 308 B R SCURSREE SR EINEE; BT SO I ORI AZ E M AR, 0 deepseek_v4_pro.
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AT EBARTR, skill AN (JEE 3 RA5SLHIRS best AMLEVNT 0.1%) FSHHITE R
LR, {H AL Agent TR I 30 Ko BOAITIAE I3 ) Pt 26 RAC W RIRAIZ . B 1 LR
RIS (7 FEER N #7), skill 2)k outputs/ FEAFNKERE, Tl EHIH.

SEERHI

skill H S0 TP AT B RGBT S8R B, (RS 25 322 S BRI H 454 -
1. MobileNet-V2 P{% 433k (Torch)
XIS assets/example_quantize_mobilenetv2/
o
« user_quant.py —5¢#ERY Torch BZH2ZY5H] (ImageNet KHHEL ITA) -
FE7 evaluate pPRELSEIN .
2. YOLO11n HE#K3ll (ONNX)

e datasets/

XS assets/example_quantize_yololln/
o
* user_quant.py — e R ONNX FAUFZYSH (COCO Kl 7Pl .
KL 55 evaluate B4R .
M esp-dl QrFEAR H 57 & B Ak B8 A= B -

e yololln_eval.py

# MobileNet-V2 & |
cd esp-dl/tools/agents/skills/espdl-quantize/assets/example_quantize_mobilenetv2

# YOLOl1ln 7
cd esp-dl/tools/agents/skills/espdl-quantize/assets/example_gquantize_yololln

EERAZATHER

2 skill SERUITA R (BOAFIRSBAIE) JG, &fE outputs/ H FAEMPAT B Yy, [HTVReE M
F

final_report.md

outputs/final_report.md @&UEAIMA ** HZ& L85 **, UE:
o Summary — R {EIERIK . RAEEIRE. 5 HARRZEEE.
« Iteration history — A AU IR SE BT 0 3, WIRAHR ARSI Ik . $84n2ML (delta) FIBCRIT

& (improvement / regression / new best) .
MR e R L E (JSON #8xX), W EHEEE M.

o Python snippet —— 7] H £ & # # M 1 & £ H B QuantizationSettingFactory.
espdl_setting () FCEALHS A B

« Key findings ——Skill }f R IFEM ELE: ARNITIE. [FIEMTTIE. RIRBRZED R
« Remaining gap — 5 KRB E| ARdatR, MG SRR 2Rt R S fe sl (g R . TR

£7K5 . blockwise reconstruction 45 ) ,

o Best setting
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PAF &2 —1% MobileNet-V2 on ESP32-S3 /Rl ¥ final_report.md FEx:

## Summary

— Best iteration: iter_8

- topl: 71.5000 (target_metric=71.8780)
— Other metrics: top5=89.4500

## Iteration history

| iter | method changed | topl | delta | outcome | rank | affects inference speed |
|===l===l===|=== === |===| ==~

| 0 | default espdl_setting() baseline | 60.5000 | +0.0000 = | baseline | 11 | No |

| 1 | Phase 2: calib=kl x TQT (default) | 71.2250 | +10.7250 * | improvement | 2 | No |

| 2 | Phase 2: calib=mse x TQT (default) | 70.5250 | +10.0250 * | improvement | 10 |._
—No |

| 3 | Phase 2: calib=percentile x TQT (default) | 70.9000 | +10.4000 * | improvement |.
-9 | No |

| 8 | Phase 3 lever 3c: Fusion alignment | 71.5000 | +11.0000 * | **best** | **1**x |_
—No |

## Best setting

" json

{
"iteration_id": 8,
"rationale": "Phase 3 lever 3c: Fusion alignment for elementwise ops...",
"calib_algorithm": "k1",
"tgt_optimization": { "enabled": true, "lr": le-05, "steps": 500, ... },
"fusion_alignment": { "align_elementwise_to": "Align to Large" }

## Key findings

- **Best vs baseline**: +11.0000 (from 60.5000 to 71.5000).

- **Most effective lever**: Phase 3 lever 3c (Fusion alignment)
- **Largest regression**: iter_ 12 (Blockwise reconstruction)

best H#

outputs/best/ HFFIRAFT ** HAUE A+ e i), T B ESt—L 0

IR, AT E T esp-dl %

A PR HE A o

IR B E (5 final_report.md 1A Best setting —%§) .
e iteration_index.json — 5[ HIIEMR I TCEH .

PAF 2Rtk R metrics. json /i3Ml:

e model.espdl

e metrics.json

e setting.json

{

"_primary_key": "topl",
"_primary_value": 71.5,
"metric_direction": "max",

"topl": 71.5,
"top5": 89.45

PAJ setting.json /xfil:
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"iteration_id": 8,

"rationale": "Phase 3 lever 3c: Fusion alignment for elementwise ops...",
"calib_algorithm": "k1",

"tgt_optimization": { "enabled": true, "lr": 1e-05, "steps": 500, ... },
"fusion_alignment": { "align_elementwise_to": "Align to Large" }

ANEES: {RATPAEHE5 ) £inal report.md t1f) Python snippet I (U thAd B (R T, T Tt
BBY.

i HEE

ModuleNotFoundError: No module named 'pandas' (B{ pandas/ scipy/tqdm)

K2z skill FUAMEKHT . AE skill H 5% Fisf7:

[pip install -r assets/extra_requirements.txt

KeyError: 'primary metric' pf AssertionError: primary metric=... not in

metrics=...
QUANT_CONFIG["primary_metric"] & EH key 5 evaluate () SEFRiR IR dict key A—F. 3

X5 W S ERNEAT .

OSError: [Errno 2] No such file or directory: '.../user_qgquant.py'
skill ALY SC1F . BN - AR HTH LA H K& user_quant .py; 8- e84 Ba$8E T IE
T PRI RE X 2 X B A

e ACEEH K (TQT / LSQ / blockwise reconstruction )
T T EGR, PC IR o 47 TG 4R, AT DAESR & o 2K skill Bkid TQT/LSQ <% #EH) passes,
i e 2215, layerwise equalization. bias correction 2B HEH A4 10 5V

LSQ pass was skipped because target policy is POWER_OF_2
IEHBLR . esp-ppq f£ POWER_OF_2 Hix (Jrf esp-dlith 1) 1 LSQ &#fkiEfk, skill B zhipksd 3P4
TQT B, TLHFAIL.

Layer-wise equalization is not recommended for per—-channel weight targets
warn-only. esp-ppq {ifl I & Z M AL &k 1, X IERIA.

SKILL A7 IR Dz / BEA AT 5B AT iR
A REZ Agent AT IR A skill, bt BUAS BRECRIER S5t . 22l

o fFH B & 1E " i espdl-quantize skill--- ",

o HiiA skill HarE5Hg e, H O 2 BoMKH .

o (4826 RE J) R AR AL .

o N ETRSCHE NERRIBAL, FFITE Agent (19 1R SCH4/ H SR RE
BREBITREAERT

K fr outputs/iter_<N>/layer_stats.json, G )ZH] Noise:Signal Power Ratio
KT 0.05 (5%), PiPlRALIRZEC IR IR, ARSI AR. thmr%E:

o IR HESHERE (calib_steps).
o 2L ERIE (mixed precision) 4 URIS BT RS (096
o KA AT BE R S IZR e 4 — 2
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3.3 tnfang. AiAFotEEEDHTIRE

TEARZRES, FATREA AN WILFI AT —A> espdl B, 2

o EHTAE

e M rodata WP hesR A

e M partition Wy iw# R
o M sdcard ¥ i #H R

o IMIXARR B 5 I % T IE A
o AR AL R L

o OHTAEA IEID 3EIR

o SRS AHT: profile() 7 ik

3.3.1 #&TIE

1. %% ESP_IDF

2. gt espdl #R

3.3.2 M rodata thinZkEE
W AR S B i A B I FE)Y FLASH 1) . rodata Bte @@k, HEUS R ARV R
J7 AR B S SRR 2 0 T b

1. {fF CMakeLists.txt FPEMIETRI S

LR . espdl BAUMFHRAZ] . rodata B, HTE CMakeLists.txt FEMPAN . BT
idf_component_register () ZHl, &)G—fTHE idf_component_register () ZJ)5.

idf_build_get_property (component_targets _ COMPONENT_TARGETS)

if ("___ idf_espressif__esp-dl" IN_LIST component_targets)
idf_component_get_property (espdl_dir espressif__esp-dl COMPONENT_DIR)

elseif ("__ idf esp-dl" IN_LIST component_targets)
idf_component_get_property (espdl_dir esp-dl COMPONENT_DIR)

endif ()

set (cmake_dir ${espdl_dir}/fbs_loader/cmake)
include ($S{cmake_dir}/utilities.cmake)
set (embed_files your_model_path/model_name.espdl)

idf_component_register(...)

target_add_aligned_binary_data (${COMPONENT_LIB} ${embed_files} BINARY)

2. AERE T AR B
CEEB TR
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[#include "dl_model_base.hpp" ]

RS G e -

-
/) BEEE WA WR "_binary ", X# 4 "model_espdl”, 4 "_start"
extern const uint8_t model_espdl[] asm("_binary _model_espdl_start");

/) BEERRE - ERARANS SR EA
dl::Model *model = new dl::Model ((const char *)model_espdl, fbs::MODEL_LOCATION_
—IN_FLASH_RODATA) ;

/O BmBERE - BEXSH:

/- B HEREE FLASH ¥ (¥4 PSRAM/W # RAM, {1 f B K )
/- WHE AHE RAM A A 0 F¥ (k& H PSraM)

/- A ﬁw’@ém@%fi%‘é

// = T E R Y

// - param _copy = false (¥ % ¥+ § /£ FLASH %)

// dl::Model *model = new dl::Model ((const char *)model_espdl,

// fbs::MODEL_LOCATION_IN_ FLASH RODATA,
// 0, // max_internal_size

// dl: :MEMORY_MANAGER GREEDY,

// nullptr, // key

// false); // param_copy

Frik: PERE S AR :
o BRI G rodata & e 25 ARR I, BERSCPRRATE Y AR 2B RS, A 0B AR

REFbER . X RIS SIINGERITA] . B AN partition i B AER WA sdeard +F 4o 3%
A SRRk I

« Vafé vs PEfE: param_copy SHCh BB B HUZ 7 M FLASH 5 SIE] THLG 1577 (PSRAM/IHE RAM).
B param_copy=false i D444 RAM, {11 T FLASH Ui sk Rc1e, W (EfEmbtft. (L1
RAM { UK 4 58 T2 40 .

o BUHRDY MK I/D: HATE - rodata iy kAT AE T BRI partition. cov Hfg R RS
FEN

3.3.3 M partition fajingEiEE

ﬁtﬁ%ﬁfiﬁﬁﬁ%fﬁﬁim FLASH 43X, Fe i@y F I AR A o iy
. {f partition.csv PEMIETLEE

BIEEE AR partition. csv UM ERII X A K0 RRWHEM(EE, WS4 ESP-IDF /)
X3k,

# Name, Type, SubType, Offset, Size, Flags
factory, app, factory, 0x010000, 4000K,
model, data, spiffs, , 4000K,

o Name: {LATH R LHIAFR (EFELILAFRE 16 MF4F)
o Type: data

+ SubType: spiffs (FHAIFHLLTT)

o Offset: 2Pl AZNTE

3.3. nfamng. MiXFoiEEes HTiRE 27


https://docs.espressif.com/projects/esp-idf/zh_CN/latest/esp32/api-guides/partition-tables.html
https://docs.espressif.com/projects/esp-idf/zh_CN/latest/esp32/api-guides/partition-tables.html

ESP-DL i FiEM, R1ThR# latest

o Size: WK T LA RN
2. fE CMakeLists.txt PERMBIEIEEF{%E

idf_component_register(...)
set (image_file your_model_path/model_name.espdl)
esptool_py_flash_to_partition(flash "model" "${image_file}")

esptool_py_flash_to_partition P NSNS partition. csv P Name FE; T
fic.

3. AERYE T IARBON
CEESTR

[#include "dl_model_base.hpp"

e st

/) ERRE - ERARINS B R AEA
dl: :Model *model = new dl::Model ("model", fbs::MODEL_LOCATION_IN_FLASH_PARTITION);

/BB RE - S KREAE FLASH F U HH RAM
// dl::Model *model = new dl::Model ("model",

// fbs: :MODEL_LOCATION_IN_FLASH PARTITION,
// 0, // max_internal_ size

// dl: :MEMORY_MANAGER_GREEDY,

// nullptr, // key

// false); // param_copy

F—MSH (P RKER%E) WA partition. csv H1HY Name FEILME.

ik Beorfifb: i idf.py app-flash f{UF idf.py flash, ATPASURESRRY AR Y70 XM AN e
SRBAL P o K R T I AR R BE SR I TE]

3.3.4 M sdcard hinZEs

BEJTIEM SD R, 24 FLASH =5 Al B ol 75 05 28 BOpr b 2 i Jo o B be sk s A
1. 45 SD |
o KA: SD RS N FAT32, QRAMAML, BBt (BiaEk).
o ffy: TEfT ESP-DL X Wi, 1% 4y SD R4k,
2. {3k SD |
o {1 BSP (BR&f L) :
7 menuconfig H = ]l CONFIG_BSP_SD_FORMAT_ON_MOUNT_FAIL DA H kg1

#include "bsp/esp-bsp.h"
ESP_ERROR_CHECK (bsp_sdcard_mount () ) ;

« AMEH BSP:
BB e LT, iXE format_if mount_failed = true,
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#include "esp_vfs_fat.h"
#include "sdmmc_cmd.h"

esp_vfis_fat_sdmmc_mount_config t mount_config = {
.format_if mount_failed = true,
.max_files = 5,
.allocation_unit_size = 16 * 1024

Wi
// HH s £ (EMAREIHE kT G EMN)

3. SEHIBORE SD
SR . espdl B HI%] SD (B4, EHFRE FE4 model . espdl).
4. AR B
EPEgE

[#include "dl_model_base.hpp" ]

o WFAH ] BSP(Board Support Package)

// ¥ # sdcard.
const char *model_path = "/your_sdcard_mount_point/your_model_path/model_name.

—espdl";
Model *model = new Model (model_path, fbs::MODEL_LOCATION_IN_SDCARD) ;

ik A sdeard 7 ho 38 42780 i), AN AR AE S KBS a],  BROAE AL B OE FE EEN sdeard & i £
PSRAM {3 internal RAM. HIRARA) FLASH 5[] &5k, XA ERA T .

3.3.5 MARBRIRHERETIER
test () JIRMELRFHERES R GRS PR AR EME FUE I T HURE, Bib R 707 AR IR R HEBRA5R

Hi B4k
+ .espdl BIALUAITE ESP-PPQ 3 th i I+ M ARt ** (/] export_test_values if
1) o

o XTERE, EATRAS A I i A AT MBI )N
API: esp_err_t dl::Model::test ()
B QR T S R ] EsP_OK, MR [ ESP_FAIL,
ik

#include "dl_model_base.hpp"

/S BEEAE. ..
esp_err_t ret = model->test();

if (ret == ESP_OK) {

ESP_LOGI (TAG, "# A M@ ! ");
} else {

ESP_LOGE (TAG, "# & Mk &k K! ");

}

&)
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/7 B E R
ESP_ERROR_CHECK (model->test ());

(% L350

BR(ERLE

LA i AR IR A K, BITPA testO) AT EAMTEA

2. W A AR IS TR

3. R SRR AT IR (BB R IR A 2E)

4. AR A R R

INT16 BRITERCH I TR ARE, INTI6 B RIFLLA A £1 (2R

3.3.6 FTERBAFERARR

profile _memory () JFiEfTEHIES AR NAEAL (A# RAM. PSRAM. FLASH) B A HI TR0 H]4 .

API: void dl::Model::profile_memory ()

Hlik:

#include "dl_model_ base.hpp"

/R EFAMNKERE. ..

model->profile_memory () ;

LR OR AT

AR

fERE

fbs_model
parameter

parameter_copy

variable

others

flatbuffers 45 24, f0 & — 4~ 7 Ui, &4 S ¥
parameter, flatbuffers fERI G THIAISE 2 4b, i
%g?@gﬁ%/@@h& BRI SR A BTk, Bies
2RI Z4, 24 flatbuffers A1 (7 T FLASH (1)
e, BRIAE &L K 252 i #) PSRAM &} # internal
RAM DARE = HEFEPERE .

PFFE PRASLER FRE I N AT, ASE2 A A/t DA B ]
TS5 SR 2 (i A R 43 25 ]

X R B O R K F OE M F H,
heap_caps_aligned_alloc /
heap_caps_aligned_calloc H i & &

XIFFHP BN (RN) .

SR AERAY BN N RAM, PSRAM Al FLASH i 1 1% .
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3.3.7 SITIREHIEER

profile_module () FYEFTEIEA p AR (J2) HIEEIIER (R B
API: void dl::Model::profile_module (bool sort_module_by_latency = false)

S8 - sort_module_by_latency : WIHRF true , BRI RAT (FEihdt). WRK false (B
W), BEHUERINIUT 2 .

ke

// B FEmANR T

model->profile_module () ;

/S HmERETF (RFHE)

model->profile_module (true);

W ARR: - R - AR () - HERRAEIR (fRP, AnRJE ] DL_LOG_LATENCY_UNIT NMIA
JEIED) - KRR HEFAER

#HE API:
e std::map<std::string, module_info> get_module_info () - PAZRFEJ7 ik BIALHE B,

e void print_module_info (const std::map<std::string, module_info> &info,
bool sort_module_by_latency = false) - MG EIBEE B

3.3.8 A& e #T: profile() ik

profile () H¥ELEE T profile_memory () Ml profile_module (), BETLEESHT.
API: void dl::Model::profile(bool sort_module_by_latency = false)
ik

/7 IR T H E A K R A AT
model->profile () ;

/) RN G KRN

model->profile (true);

R RN AR BE AT i) S (R 5E T 5

3.4 y{IB{TIRE #EIE

TEAFRET, FATHNF ARG . 2510

B

o f&TIE
o fodi A
o RIS NS .
PN
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- whEAME
- ¥k dl::TensorBase
o R ftinm it
- REMEANE
- R Bt dl::TensorBase

o AEANIEIE

3.4.1 HE&TIE

5% ESP_IDF

3.4.2 IEFERY

G foT o 2k A5

3.4.3 FREMEERERAN/Hith -

std: :map<std::string, dl::TensorBase *> model_ inputs = model->get_inputs();
dl::TensorBase *model_input = model_inputs.begin ()->second;

std: :map<std::string, dl::TensorBase *> model_outputs = model->get_outputs();
dl::TensorBase *model_output = model_outputs.begin()->second;

AJPAE T get _inputs () il get_outputs () api FREFHI A/ Y4 F A d1: : TensorBase. H
ZA5H., WS Hdl:TensorBase 3 4% .

Fik: ESP-DL ) N 774 BILAS 2 S B 1 i A/ [ 8 2R i 2 e — BE R A7 i T e3>
WAF, FrUAYBR AT HE PR A, S TR RS R S B R AT A4S R . Wal@dl, model _input HFHI%UE,
FEPATSE B 5, FTREME S mode 1 _output s HoAl f RIS R P A i -

3.4.4 Bt

8bit 1 16bit FEAL BT, 45352 int8_t Fl intl6_t KAk A, float T A D F e iR BE
exponent BAL BT BB Y )5 A REME AT, JTREARK:
@ = Clip (Round (R) , MIN, MAX>

Scale

Scale = 2Fp

¥

o ROEEEAMIITTE SEL

o Q ZEAFIEEE, FEAE MIN, MAX] 5[ NI T .

o MIN ¥/ ME, 8bit I, MIN =-128, 16bit iif, MIN = -32768.
o MAX BB/, 8bit I}, MAX = 127, 16bit i}, MAX = 32767,
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Bt E

float input_v = VALUE;

// Note that dl::quantize accepts inverse of scale as the second input, so we use DI_
—RESCALE here.

int8_t quant_input_v = dl::quantize<int8_t> (input_v, DL_RESCALE (model_input->
—exponent) ) ;

B1{t d1: :TensorBase

// assume that input_tensor already contains the float input data.
dl::TensorBase *input_tensor;
model_input->assign (input_tensor) ;

3.4.5 REtH

8bit Al 16bit FHLMIEIZ, 4 HIfEE] ints_t Fl int16_t KAAKIM. LAY exponent KR E A
REiBENE A, TP

R’ = Q x Scale
Scale = 2F%
Hrp:
o R’ B REAEIRE T S
o Q ZEALE M.

REMENME

int8_t quant_output_v = VALUE;
float output_v = dl::dequantize (quant_output_v, DL_SCALE (model_output->exponent)) ;

RE1{t d1: : TensorBase

// create a TensorBase filled with 0 of shape [1, 1]

dl::TensorBase *output_tensor = new dl::TensorBase ({1, 1}, nullptr, 0, dl::DATA_TYPE_
—FLOAT) ;

output_tensor->assign (model_output) ;
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3.4.6 EHBYHEE

HEZ:
o %I
e void dl::Model::run(runtime_mode_t mode)
e void dl::Model::run(TensorBase *input, runtime_mode_t mode)

e void dl::Model::run (std::map<std::string, TensorBase*> &user_inputs,
runtime_mode_t mode, std::map<std::string, TensorBase*> user_outputs)

3.5 wfareliEHFHER (E¥F)

AREREAFHEFEAE AL : :module g4, 25 (A FAIE— BB, Module JERITABIHIESE, B X
ANHEIR ALY B E R

#51E: ESP-DL "B 1 5 ONNX X 5% .

3.5.1 HfigR 3 Module

BEAARAE T I A EIR A K EE R ETTA -
o« Jjikhi:

- dl::module: :Module: :Module (): FJWERE, HTHIIREL,
- dl::module: :Module: :~Module (): NitJpk%L, HFRECFEIR.
- dl::module::Module: :get_output_shape (): RIEH ATMRITE R B,
- dl::module::Module::forward(): afrRidh, EEI,
- dl::module::Module::forward_args (): BATHER, IRFHED.
- dl::module::Module: :deserialize(): MJFHMAE BB LA
- dl::module::Module: :print (): fJHIBHEE .

W5 H,, #%% Module Class Reference

3.5.2 BIRHFRRAE
BN — AP, T Module HAIRA— AT EEBE I
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5l €] MyCustomModule 3

WL RHI, 5% esp-dl/dl/module,

#include "module.h" // & 4 & X Module 2 # k X #f

namespace dl {
namespace module {

class MyCustomModule : public Module {
public:
// M &K
MyCustomModule (const char *name = "MyCustomModule",
module_inplace_t inplace = MODULE_NON_INPLACE,
quant_type_t quant_type = QUANT_TYPE_NONE)
Module (name, inplace, quant_type) {}

/7 MR
virtual ~MyCustomModule () {}

// ®E get_output_shape ¥ &%
std::vector<std::vector<int>> get_output_shape (std::vector<std::vector<int>> &
—input_shapes) override ({
/O ERARERATRITE R B VRN E B
std: :vector<std::vector<int>> output_shapes;
/ARl BRERAEERERATLRAER
output_shapes.push_back (input_shapes[0]) ;
return output_shapes;

}

// ®E forward F &
void forward(std::vector<dl::TensorBase *> &tensors, runtime_mode_t mode =._
—RUNTIME_MODE_AUTO) override {
/) ERBATHER G EE
/7 Bl TR ' AT R E
for (auto &tensor : tensors) {
/) EANKE AT E LR E

}

// BB forward args ¥ 3%

void forward_args (void *args) override {
/) ERREE D EE
/Bl RESRRATE LR E

}

/7 W B R BRI AE B S

static Module *deserialize (fbs::FbsModel *fbs_model, std::string node_name) {
/7 IR T A A S LBl E
// U N5 ONNX X5

}

// EE print 7 &

void print () override {
/S THERER
ESP_LOGI ("MyCustomModule", "Module Name: %s, Quant type: %d", name.c_str(),-

—quant_type) ;
}
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(B LE10)
bi

} // namespace module
} // namespace dl

M MyCustomModule

LT MyCustomModule K5, #i§fE dl_module_creator F{EHERRLIER , (H 4R w] .

void register_dl_modules ()

{

if (creators.empty()) {

this->register_module ("MyCustomModule", MyCustomModule::deserialize);

3.6 f£F Al Agent Bzt H ¥

A ARG G A fal #E £ Fh Coding Agent T..H. (41 Claude . Cursor. OpenCode 45 ) F1423:f1{#i ] espdl-operator
skill, PAfS7E ESP-DL HEZE 58 SO0 2 M 45 5511 B 2 Ak S5 8. BLFsWI B Linux SR80 6.

o 4% espdl-operator skill
o fRAR R

o GHRE Skill

o BRIk TF4E T 1)

o Skill fi%Z A%

o TRIAIAAL

o BEHER

o X TR

3.6.1 {+4 % espdl-operator skill

espdl-operator &—™it Coding Agent i JI A B h4kIF & skill, JI+¥E ESP-DL HEZRfR sz, MR A0
A2 M 285481, 244K ]3] Coding Agent (4l Claude. Cursor. OpenCode £&) #&H12 T-4H K45k, 1% skill &
F55 AT H 858 AT LAE:

Coding Agent 5 4 2 b1 :
L P15 oK - fift ONNX SE-FRI3E , i S 2R BB R B S
2. /R esp-dl C++ {UiY - H ZhEE Module JZ2H1 Base 22 )3k U5 B30
3. f&X esp-ppq wALACE - FE AL TH AN T2 8F, Bl layout pattern
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4. QUM B - A= 5 PyTorch/ONNX i858, i i 54

5. PATHEE I - 1217 Docker A4, Az R, AT IR A 03

6. BEUESTARE Y - i f& esp-dl Ml esp-ppq AYHERRLE R —EL

Skill [k D0 i :

o hadl A AL - MTFKEI 21740, Coding Agent H 2 5¢ T A 20 38
o ESPEMA - B esp-dl (C++) Fil esp-ppq (Python) PTG
o RISk - B3N ESP-DL (AR HITE . H S5 A i f
o WESOFK - RPE T, SRR RS2 Rt

W Ee:
= RBER
SEPHA T “5eE HardSwish 287, 7 FF int8 il float32”
NI i SR “4& Tanh ZFFRIN int16 57
SRR “k Mod &S mE Ak SRy
LN “IiiE LogSoftmax 7 esp-dl Al esp-ppq B 45 & & —2”

3.6.2 {kEiEk

TEMfi f espdl-operator skill ZFif, VRTFEHEHIZEHE AR A :

AR TR I 2 2B R E5
& A& BRME
Docker T @ AR Vs 3
uv Python U5 HH#% curl -LsSf https://astral.sh/
uv/install.sh | sh
Git R A s il apt install git (Ubuntu/Debian)

i Skill B Eh4bE iy ik

PATNHCH ** Tois T84 **, espdl-operator skill 2AESATIE R T H Sh4b B -
« esp-ppq: Python 4k T H A1 - skill £ [ 87 Docker 254§ 1 ARG (K 20 0%
o SCHiARIMA: gen_ops_markdown.py & TH - skill & H3lizf7
+ Docker Bif%: espdl/idf-ppq Hifg - skill 2 HaHH (WIRTEE)
o ESP-IDF: H & AEZE - & 45 4E Docker 455
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LESEINR , TRUEPAR fir % n] PAIE R ST :

# & & Docker
docker —--version

# B FE uv

uv —--version

# & Git

git --version

WA PA LA SARREIE R A NI CASE R, UEWIPREE g, T RATFAR G skill,

3.6.3 /K E Skill
T E %4

B, BARIITH H XM (esp_dl_project_1 RUIHMHR, MHEFHFZARATLMER) . PA
opencode S fll, H &5 &R :

esp_dl_project_1/ <— HEMREX (A eLSELRKAT)

— esp-dl/ # ESP-DL * R & &
| F— esp-d1/ # B ERRKRE (d1/, vision/, audio/ %)
| — examples/ + =Bl F
| F— test_apps/ # RN A
| — tools/ # LA MK
[ — ...
— esp-ppa/ # BT HE (5 esp-dl FAR)
|  F— esp_ppa/ # TRERD
| !: pyproject.toml + JHEE XM
| e
L— .opencode/ # OpenCode B % (% Z €l #)
L— skills/espdl-operator/ # skill Z % fL & (4 " esp-dl/tools/agents/

< skills/espdl-operator/)

TERE: skill A LB T esp-dl/tools/agents/skills/espdl-operator/, WWEERHE hal i
5| .opencode/skills/espdl-operator/ (BiHAh Agent X} HIH ). skill 344uE SKILL.md (3
) Ml references/ (ZHBMFIKGAEIEH).

EE: fITHLMuE

Wi LN A A H HLH 5% “esp_dl_project_1/ F47.
AR R B 24 B O, AT
#EEYWMER

# Nz d £l : /home/username/workspace/esp_dl_project_1
# B, /path/to/esp_dl_project_1

# WMRAEFTERE R, HAEBkE
cd /path/to/esp_dl_project_1
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FHit—: € npx (% - KiEH)

4 OpenCode. Cursor, Claude Code % HAt e T H-4¢5% skill fz & $LA) 7 2 i F npx:

[npx skills add espressif/esp-dl —--skill espdl-operator

#1E: npx /2 Node.js (i3 npm) HAFHIEIITE . WRARM K %25 Node.js, 1E2% Node.js 24457 HE4T
YR

B4, skill 459 1 325 FZEARRY Coding Agent T HLHIAT i,

BEZ: FHRE
RO T30 22, BE TR TR SRR npx, T HRYE AR B A F AR TR 42 B DA d I A -

Frik: A Agent T LAY skill 222 FSRn] BEA AR, 35 MR 5 B o P 1) T L EeA38 0oh B2 ) 2 6 A

OpenCode

Jithi—: SRS

# HWHRMNER EMRE K esp_dl_project_1/
cd /path/to/esp_dl_project_1

# Al # .opencode/skills H 3k
mkdir -p .opencode/skills/espdl-operator

# M esp-dl/tools/agents/skills/espdl-operator & #| B| .opencode/skills/espdl-operator
cp —-r esp-dl/tools/agents/skills/espdl-operator/* .opencode/skills/espdl-operator/

Jitk s WINAR SRR G TIRR, DREFRE )

# HWBEMRAET EMRE X esp_dl _project 1/
cd /path/to/esp_dl project_1

# M|l # .opencode/skills H
mkdir -p .opencode/skills

A BERFEHE (FAMEYER)

# E: M .opencode/skills/espdl-operator %5 i esp-dl/tools/agents/skills/espdl-
—operator

In -s ../../esp-dl/tools/agents/skills/espdl-operator .opencode/skills/espdl-operator

# o iE R R K
1ls -la .opencode/skills/espdl-operator
# N iZ W o~ SKILL.md #1 references/ H 3k

JE3h OpenCode J5, F4u4 Hahziz skill.
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Cursor

Jithi—+ SIS

# B RIRE T B R B K esp_dl_project_1/
cd /path/to/esp_dl_project_1

# Al & Cursor skills H 3
mkdir -p .cursor/skills/espdl-operator

# A M skill X H#
cp -r esp-dl/tools/agents/skills/espdl-operator/*

.cursor/skills/espdl-operator/

Jith s MRS e

# WMREFAET BEMHRE FX esp_dl_project_1/
cd /path/to/esp_dl_project_1

# Ml Z .cursor/skills H 3k
mkdir -p .cursor/skills

# AR TR

1ln -s

./../esp-dl/tools/agents/skills/espdl-operator

.cursor/skills/espdl-operator

Claude Desktop (Claude Code)

Jitk—+ SWsCer

# B RARE R E AR B X esp_dl_project_1/
cd /path/to/esp_dl_project_1

# @l # Claude skills H X%
mkdir -p .claude/skills/espdl-operator

# A% skill X H
cp -r esp-dl/tools/agents/skills/espdl-operator/*

.claude/skills/espdl-operator/

Jitk " MERF SR

# WA ETE MR E K esp_dl_project_1/
cd /path/to/esp_dl_project_1

# A #
mkdir -p

.claude/skills H
.claude/skills

# Al E TR

1ln -s

./../esp-dl/tools/agents/skills/espdl-operator

.claude/skills/espdl-operator
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3.6.4 BREFIERHI

RBEAREESE B — N T MyOp:
1. Wl skill ©2e3k

[ls -la .opencode/skills/espdl-operator/SKILL.md

2. £ Agent i ]

["?E%‘a’“lz’i}:f)@#/j\ MyOp ¥ ¥, X # int8. intl6 F float32"

3. Agent X3
o JmZ skill
o 1M 9 N BLiE T Coding Agent A
o R LB RIS SO
« 517 Docker i
3.6.5 Skill %k {#

AT, VRATAEE DA i % espdl-operator skill:

BAESMA
FLEAER P DA e 6] -

ARl % iR B i % 17
ST “implement operator”
“NnaET “add operator”

“BAL SRR “quantization support”

“ENESE “operator alignment”

“%@ﬁﬂ%ﬁ%ﬁ?” “add a new Op”
wIRtiE

Ap: "HERLH— A Mod & F"
Agent: [H 3 i1 & espdl-operator skill H FF it 45 &1

B F: "% 0 LogSoftmax & F Z| esp-dl"
Agent: [H 37 fn# skill H# LA » K]
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EXEMA
AR F B AR ARL, TP CEOR Agent i 13% skill:

"f# | espdl-operator skill # # £ 3 Softmax & F"
"M # espdl-operator skill B3 &, % LogSoftmax A0 intlé X F"

3.6.6 TEEEKIE

1% skill 453 Coding Agent 5¢ 8 LA T F- [ B -

Phase 1: fix 593

o Ff ONNX S 7HLVE
o WiEBA 2% (Elementwise. Convolution, Pooling %)

o T SRR A (int8, intl16. float32)
Phase 2: 323 esp-dl Module &

o QIEEE THHL U4 (d1_module_<op>. hpp)
o S get_output_shape () fll forward () F ¥
e 7f d1_module_creator.hpp F¥EMHE T

Phase 3: 323l esp-dl Base &

o B C %5 (d1_base_<op>.hpp/cpp)

Phase 4: esp-ppq £5i

o f£ EspdlQuantizer.py F{EMEMA S

o 1F espdl_typedef.py L E layout pattern
Phase 5: ECE iz A HI

o #SH PyTorch/ONNX U AU AL 745
o 7F op_cfg.toml PHELEMIXSEL

42
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Phase 6: Docker 33 503

o A A (intS‘ intl6. ﬂoat32)
o Fz L
o FERRHE SR

Phase 7: SIMD #t{t (TTE)

o XMRR SR, RgEaE L

Phase 8: E-¥ 34355581
o Tifif5 esp-dl FiI esp-ppq FHEFHLE H—%

Phase 9: B3 304
* 1547 gen_ops_markdown. py B T SCRPRA SRS

3.6.7 rFEHERR
Skill s fil %

o HfgIA skill T IERAY H ¢ (LA opencode Affil: .opencode/skills/espdl-operator)
o 2 Bk & iR . {3 ] espdl-operator skill -+ ”
o A Agent T H 35 skill
Skill KR LIBHRIT
o FEATRERIAT, BN espdl-operator skill $i47, Biltn:

# RIAT docker A H#TEMEBRIX/MAK, WERFEF TE ML
# T espdl-operator skill WH ¥, X EHFH# TR IMN K, EH L & &

BEFHHRTER

% skill FPER 2485 Al Hah5E A RS9 S . BT AR 28R 22 B WA TR 250 -
1. PR{EHAY AT T_H (41 OpenCode. Cursor, Claude %)
2. AT BRUAR SRS R ) (NI SRS /KF, PRAERE S, VM tool HIRE 11 2554

RAERAIMIRGN, I FRA KA C RN PO, SN (MY, 1SRN,
{7

Coding Agent TH 1 FARYHREY
Cursor Claude Opus 4.6
OpenCode Kimi 2.5 + GLM 5 & Claude Opus 4.6
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IR BB ARSI ANAF, T EL25IA:
o MR AL (4] Claude Opus. GPT-4 %)
o S NACRE LY Coding Agent T A
« 2% SKILL.md "4t T 3h 53

Docker |o]g&

# # & Docker £ & iBAT
docker ps

#OE B E R R
cd esp-dl/tools/agents/skills/espdl-operator/assets/docker
docker build -t espdl/idf-ppg:latest .

PR ()8

# MR % l]f B (Linux)
sudo usermod —-a -G dialout SUSER

FEHEFENAE K

3.6.8 HHXHIE

o SKILL.md: esp-dl/tools/agents/skills/espdl-operator/SKILL.md - 52T A5

o P B esp-dl/tools/agents/skills/espdl-operator/references/
esp-dl-templates.md

K A W M esp-dl/tools/agents/skills/espdl-operator/references/

esp-ppg-checklist.md
o esp-dl: esp-dl/ -esp-dl FACHLE
« esp-ppq: esp-ppq/ - esp-ppq AL TH (5 esp-dl [{Z H %)

3.7 n{aER=E MobileNetV2

TEABAET, FATA A i H) ESP-PPQ X i)l k1Y) MobileNetV2 U 4T ffk, (i ] ESP-DL #3271k
J5 ) MobileNetV2 #%,

o BHTIE

o BAE
- TR HAER
- RERIEE
- 8bit B
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LY

. B
- BfEskEK

- ATALFZ

- EaE

3.71 HEZETIIE

1. 2% ESP_IDF

ik
« ESP32P4: % Conv fl Gemm FT-F{# B >R i per-channel &4V 508, H 454 71{# F per-tensor.
o« ESP32S3 Je Mt Jy: AR 4EBR T, Prf 51194 — R A per-tensor H{b 50 .

1T per-channel EALZESI (55 W # T per-tensor, [ IHIFI#AAE ESP32-P4 1 ik LRk i F
ESP32-S3,

AL A

Tl kR Y

M torchvision Jil1Zk MobileNet_v2 FFIYIZAETL, 48 AT PAA ONNX models Y, TensorFlow models N %% :

import torchvision
from torchvision.models.mobilenetv2 import MobileNet_V2_Weights

model = torchvision.models.mobilenet.mobilenet_v2 (weights=MobileNet_V2_Weights.
> IMAGENET1K_V1)

BRAEHESR

PHERR AR R ZAR IR I A AR B, RO A /5 2R n] B S AR A B A T A Wl BTG OL, DAGE
S AR . X HLDA ImageNet BARAEA G, 8 W] A5 A RSO 4R

fifi Fi} torchvision Ji#k ImageNet {4 :

import torchvision.datasets as datasets
from torch.utils.data.dataset import Subset
dataset = datasets.ImageFolder (
CALIB_DIR,
transforms.Compose (
[
transforms.Resize (256),
transforms.CenterCrop (224),

(B30
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https://github.com/espressif/esp-dl/tree/62bab30/examples/tutorial/how_to_quantize_model/quantize_mobilenetv2
https://github.com/onnx/models
https://github.com/tensorflow/models
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(#z E70)
transforms.ToTensor (),
transforms.Normalize (
mean=[0.485, 0.456, 0.406], std=[0.229, 0.224, 0.225]
) r

)
)
dataset = Subset (dataset, indices=[_ for _ in range (0, 1024)])
dataloader = DataLoader (

dataset=dataset,

batch_size=BATCH_SIZE,

shuffle=False,

num_workers=4,

pin_memory=False,

collate_fn=collate_fnl,

8bit [FE (L

MR AR A S AutoQuant R FFE] . 2] AutoQuant, T HIHT esp-ppq NIFTIAIF S HAE.
ESP32-P4 #{bi% ¥

# default: Replace ReLU6 with ReLU.

quant_setting = QuantizationSettingFactory.espdl_setting/()
quant_setting.quantize_activation_setting.calib_algorithm = 'kl1'

quant_setting.equalization = True

quant_setting.equalization_setting.iterations = 4
quant_setting.equalization_setting.value_threshold = 0.1
quant_setting.equalization_setting.opt_level = 2
quant_setting.equalization_setting.interested_layers = None

quant_setting.tgt_optimization = True

tgt_setting = quant_setting.tgt_optimization_setting
tgt_setting.lr = 5e-5

tgt_setting.steps = 800

tgt_setting.block_size = 4
tgt_setting.is_scale_trainable = True
tgt_setting.gamma = 0.0

tgt_setting.int_lambda = 0.0
tgt_setting.collecting_device = 'cuda'

ESP32-P4 wifbik7:

Analysing Graphwise Quantization Error (Phrase 1):: 100
=%

—8/8 [00:03<00:00, 2.45it/s]
Analysing Graphwise Quantization Error (Phrase 2):: 100

3
“— %

—8/8 [00:07<00:00, 1.13it/s]

Layer | NOISE:SIGNAL POWER RATIO
/features/features.17/conv/conv.0/conv.0.0/Conv: | [ NININNHNNIENNDEEEEEEEE @ (¢.57°%
/features/features.16/conv/conv.2/Conv: ' I | 1o 0093

)
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https://docs.espressif.com/projects/esp-dl/zh_CN/latest/tutorials/auto_quantization/how_to_use_AutoQuant.html
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/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.

15/conv/conv.2/Conv:
1/conv/conv.1/Conv:

17/conv/conv.2/Conv:
14/conv/conv.2/Conv:

18/features.18.0/Conv:

6/conv/conv.2/Conv:
13/conv/conv.2/Conv:
12/conv/conv.2/Conv:

16/conv/conv.0/conv.0.

3/conv/conv.2/Conv:
5/conv/conv.2/Conv:

16/conv/conv.1/conv.1.

10/conv/conv.2/Conv:

15/conv/conv.1/conv.1.
15/conv/conv.0/conv.0.

11/conv/conv.2/Conv:
9/conv/conv.2/Conv:
4/conv/conv.2/Conv:
7/conv/conv.2/Conv:

14/conv/conv.1/conv.1.

2/conv/conv.2/Conv:

14/conv/conv.0/conv.0.

8/conv/conv.2/Conv:

2/conv/conv.1l/conv.1.
5/conv/conv.1/conv.1.
13/conv/conv.1/conv.1
12/conv/conv.1/conv.1
13/conv/conv.0/conv.0
6/conv/conv.1l/conv.1.
3/conv/conv.1l/conv.1.
10/conv/conv.1/conv.1
2/conv/conv.0/conv.0.
11/conv/conv.1/conv.1
9/conv/conv.1/conv.1.
8/conv/conv.1l/conv.1.
7/conv/conv.0/conv.0.
4/conv/conv.0/conv.0.
12/conv/conv.0/conv.0
10/conv/conv.0/conv.0

/classifier/classifier.1/Gemm:

/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.

11/conv/conv.0/conv.0
17/conv/conv.1/conv.1
1/conv/conv.0/conv.0
4/conv/conv.1l/conv.1
6/conv/conv.0/conv.0
7/conv/conv.1l/conv.1
9/conv/conv.0/conv.0.
8/conv/conv.0/conv.0
5/conv/conv.0/conv.0
3/conv/conv.0/conv.0
0/features.0.0/Conv:

Analysing Layerwise quantization error::

- N RN AN AN N AN R AN N NN AR ER NN AN RN AN AR RN AN AER NN

—53/53 [05:01<00:00, 5.69s/it]

Layer

0/Conv:
0/Conv:

.0/Conv:
.0/Conv:
.0/Conv:

0/Conv:
0/Conv:

.0/Conv:

0/Conv:

.0/Conv:

0/Conv:
0/Conv:
0/Conv:
0/Conv:

.0/Conv:
.0/Conv:

.0/Conv:
.0/Conv:
.0/Conv:
.0/Conv:
.0/Conv:
.0/Conv:

0/Conv:

.0/Conv:
.0/Conv:
.0/Conv:

100

/features/features.1/conv/conv.0/conv.0.0/Conv:

/features/features.

1/conv/conv.1l/Conv:

0/Conv:

0/Conv:

0/Conv:
0/Conv:

0/Conv:

0/Conv:

NOISE:SIGNAL POWER RATIO

| I | 276513
IR ENARNENERER

(% 50
11.915%
10.603%
10.027%
9.947%
.698%
.669%
.486%
.475%
.409%
.102%
.808%
.629%
.346%
.103%
.871%
.859%
.553%
.576%
.275%
.975%
.867%
.843%
.688%
.620%
.545%
.508%
.423%
L422%
.398%
.311%
.184%
.923%
.919%
.899%
.801%
.687%
.534%
.532%
.404%
.323%
.314%
.218%
.154%
.094%
.591%
.313%
.147%
.126%
.995%
.810%
.109%

O OO FRPEFPEFPRFEPDNDNMDNMDNMNDMDDNDMNDNDNDDNDDNDNDDNDDNDWWWWWWWWWWWWH B o oo oy ooy o)~ J -1 00 0 W

26.101%
SR
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/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.

0/features.0.0/Conv:
14/conv/conv.2/Conv:
2/conv/conv.1l/conv.1.0/Conv:
3/conv/conv.1l/conv.1.0/Conv:
16/conv/conv.2/Conv:
3/conv/conv.2/Conv:
2/conv/conv.2/Conv:
2/conv/conv.0/conv.0.0/Conv:

17/conv/conv.0/conv.0.0/Conv:
14/conv/conv.1/conv.1.0/Conv:

15/conv/conv.2/Conv:
4/conv/conv.2/Conv:

14/conv/conv.0/conv.0.0/Conv:

4/conv/conv.0/conv.0.0/Conv:
3/conv/conv.0/conv.0.0/Conv:

/classifier/classifier.1/Gemm:

/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.

17/conv/conv.2/Conv:

15/conv/conv.0/conv.0.0/Conv:
16/conv/conv.0/conv.0.0/Conv:

7/conv/conv.2/Conv:

15/conv/conv.1/conv.1.0/Conv:

4/conv/conv.1l/conv.1.0/Conv:
13/conv/conv.2/Conv:
11/conv/conv.2/Conv:
7/conv/conv.0/conv.0.0/Conv:
18/features.18.0/Conv:

13/conv/conv.0/conv.0.0/Conv:

6/conv/conv.2/Conv:

11/conv/conv.1/conv.1.0/Conv:

5/conv/conv.2/Conv:

16/conv/conv.1/conv.1.0/Conv:
11/conv/conv.0/conv.0.0/Conv:

10/conv/conv.2/Conv:
12/conv/conv.2/Conv:
8/conv/conv.2/Conv:
5/conv/conv.1/conv.1.0/Conv:
8/conv/conv.1/conv.1.0/Conv:
6/conv/conv.1/conv.1.0/Conv:
5/conv/conv.0/conv.0.0/Conv:

12/conv/conv.0/conv.0.0/Conv:
10/conv/conv.0/conv.0.0/Conv:
13/conv/conv.1/conv.1.0/Conv:

7/conv/conv.1l/conv.1.0/Conv:
9/conv/conv.2/Conv:

6/conv/conv.0/conv.0.0/Conv:
8/conv/conv.0/conv.0.0/Conv:

10/conv/conv.1/conv.1.0/Conv:
12/conv/conv.1/conv.1.0/Conv:

9/conv/conv.0/conv.0.0/Conv:

17/conv/conv.1/conv.1.0/Conv:

9/conv/conv.1/conv.1.0/Conv:

* Prec@l 72.025 Prec@5 89.425

el el eololNeolNoNeoNolololoNeoBoNeoloBoNoBoNeoNolohooNeoBoNeoBoNoNoloNeoNoNeoBoNeooNoNo oo oloBo oo ool o L al

.908%
.741%
.665%
.123%
.902%
.872%
.806%
.735%
.529%
.510%
.409%
.352%
.340%
.339%
.333%
.295%
.244%
.231%
.214%
L211%
.206%
.194%
.179%
.160%
.137%
.134%
.131%
.122%
.106%
.103%
.098%
.090%
.083%
.080%
.072%
.070%
.069%
.067%
.052%
.049%
.044%
.036%
.033%
.029%
.029%
.024%
.024%
.023%
.019%
.019%
.016%

(% L350

ESP32-P4 Hfbsk Rt

LIRSS 76 ESP32P4 R Y] PTQ HALIY, HALIAL Prec@1 2y 72.025%, 577 mifkiZl (71.878%) HeilL
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ESP32-S3 5ifbik i

# default: Replace ReLU6 with ReLU.
quant_setting

quant_setting

= QuantizationSettingFactory.espdl_setting()

.quantize_activation_setting.calib_algorithm = 'kl1'
quant_setting.
quant_setting.

equalization = True

equalization_setting.iterations = 4

quant_setting.
quant_setting.
quant_setting.

equalization_setting.
equalization_setting.
equalization_setting.

value_threshold = 0.1
opt_level = 2
interested_layers = None

quant_setting.

tgt_setting

tgt_optimization = True
= quant_setting.tgt_optimization_setting

tgt_setting.lr = le-5
tgt_setting.steps = 1000
tgt_setting.block_size = 4
tgt_setting.is_scale_trainable = True
tgt_setting.gamma = 0.0
tgt_setting.int_lambda = 0.0
tgt_setting.collecting device = 'cuda'

ESP32-S3 Hifbin

Analysing Graphwise Quantization Error (Phrase 1) :: 00
¢ >%‘

—~8/8 [00:03<00:00, 2.34it/s]
Analysing Graphwise Quantization Error (Phrase 2):: 100
N O A A S A AR E N BN ER R
—~8/8 [00:07<00:00, 1.01it/s]
Layer | NOISE:SIGNAL POWER RATIO
/features/features.17/conv/conv.0/conv.0.0/Conv: | | IIIININEBEEEE @ :.:20%
/features/features.16/conv/conv.2/Conv: . | 24.168%
/features/features.15/conv/conv.2/Conv: | I | 16.545%
/features/features.1l4/conv/conv.2/Conv: | | 13.160%
/features/features.1l/conv/conv.1/Conv: I | 12.979%
/features/features.17/conv/conv.2/Conv: | | 11.054%
/features/features.18/features.18.0/Conv: | I | 10.546%
/features/features.13/conv/conv.2/Conv: I | 10.353%
/features/features.16/conv/conv.0/conv.0.0/Conv: | | EIGN | 9.501%
/features/features.6/conv/conv.2/Conv: | | 9.038%
/features/features.12/conv/conv.2/Conv: I | 8.405%
/features/features.16/conv/conv.1/conv.1.0/Conv: | | N | 8.007%
/features/features.3/conv/conv.2/Conv: | - | 7.629%
/features/features.10/conv/conv.2/Conv: | - | 7.459%
/features/features.15/conv/conv.0/conv.0.0/Conv: | | | 7.418%
/features/features.5/conv/conv.2/Conv: | - | 6.852%
/features/features.15/conv/conv.1l/conv.1.0/Conv: | - | 6.680%
/features/features.11/conv/conv.2/Conv: | IR | 6.381%
/features/features.9/conv/conv.2/Conv: | - | 5.971%
/features/features.14/conv/conv.1l/conv.1.0/Conv: | - | 5.716%
/features/features.14/conv/conv.0/conv.0.0/Conv: | |l | 5.159%
/features/features.4/conv/conv.2/Conv: | - | 5.090%
/features/features.7/conv/conv.2/Conv: | - | 4.734%
/features/features.2/conv/conv.2/Conv: | - | 4.244%
/features/features.8/conv/conv.2/Conv: | - | 4.103%
/features/features.2/conv/conv.1l/conv.1.0/Conv: | - | 4.070%
SR

[N
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/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.

12/conv/conv.1/conv.1.0/Conv:
13/conv/conv.1/conv.1.0/Conv:

5/conv/conv.1/conv.1.0/Conv:

13/conv/conv.0/conv.0.0/Conv:

2/conv/conv.0/conv.0.0/Conv:
6/conv/conv.1/conv.1.0/Conv:

/classifier/classifier.1/Gemm:

/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
Analysing Layerwise quantization error::
R A A A A AN RN A A AR RN NN AN

[04:31<00:00,

—53/53
Layer

/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.

10/conv/conv.1/conv.1.0/Conv:

3/conv/conv.1l/conv.1.0/Conv:

11/conv/conv.1/conv.1.0/Conv:

8/conv/conv.1/conv.1.0/Conv:
9/conv/conv.1/conv.1.0/Conv:
7/conv/conv.0/conv.0.0/Conv:

12/conv/conv.0/conv.0.0/Conv:

4/conv/conv.0/conv.0.0/Conv:

11/conv/conv.0/conv.0.0/Conv:
10/conv/conv.0/conv.0.0/Conv:
17/conv/conv.1/conv.1.0/Conv:

4/conv/conv.1l/conv.1.0/Conv:
6/conv/conv.0/conv.0.0/Conv:
7/conv/conv.1l/conv.1.0/Conv:
9/conv/conv.0/conv.0.0/Conv:
8/conv/conv.0/conv.0.0/Conv:
5/conv/conv.0/conv.0.0/Conv:
3/conv/conv.0/conv.0.0/Conv:
1/conv/conv.0/conv.0.0/Conv:
0/features.0.0/Conv:
100

5.11s/1t]

1/conv/conv.0/conv.0.0/Conv:
1/conv/conv.1/Conv:
14/conv/conv.2/Conv:
0/features.0.0/Conv:

17/conv/conv.0/conv.0.0/Conv:

3/conv/conv.1/conv.1.0/Conv:
17/conv/conv.2/Conv:
2/conv/conv.2/Conv:
16/conv/conv.2/Conv:
3/conv/conv.2/Conv:
2/conv/conv.1l/conv.1.0/Conv:

14/conv/conv.1/conv.1.0/Conv:

2/conv/conv.0/conv.0.0/Conv:
4/conv/conv.2/Conv:

14/conv/conv.0/conv.0.0/Conv:

15/conv/conv.2/Conv:
4/conv/conv.0/conv.0.0/Conv:

16/conv/conv.0/conv.0.0/Conv:

7/conv/conv.2/Conv:
11/conv/conv.2/Conv:
7/conv/conv.0/conv.0.0/Conv:

/classifier/classifier.1/Gemm:

/features/features.
/features/features.
/features/features.
/features/features.

12/conv/conv.2/Conv:
3/conv/conv.0/conv.0.0/Conv:

16/conv/conv.1/conv.1.0/Conv:
15/conv/conv.1/conv.1.0/Conv:

(% 50
.780%
.755%
.752%
.726%
.653%
.541%
.391%
.327%
.197%
.168%
.083%
.063%
.819%
.757%
.656%
.573%
.570%
.513%
.172%
.688%
.399%
.272%
.250%
.083%
.813%
.763%
.049%

O OO FRP P EPEPEPDNMDNMDMDNDNDDNDNDNDNDWWWWWWWWWWWW

NOISE:SIGNAL POWER RATIO

O O O O O O O OO OO OO0 O0OOoOoOoOoOo o=

10.635%
9.070%
.356%
.057%
.905%
.649%
.631%
.605%
.572%
.529%
.505%
.285%
.284%
277%
.244%
.242%
.235%
.147%
.133%
.126%
.105%
.104%
.102%
.100%
.099%
.091%
&)
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/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.

15/conv/conv.0/conv.0.0/Conv:

4/conv/conv.1l/conv.1.0/Conv:
5/conv/conv.2/Conv:
13/conv/conv.2/Conv:

11/conv/conv.1/conv.1.0/Conv:

5/conv/conv.1/conv.1.0/Conv:

11/conv/conv.0/conv.0.0/Conv:
13/conv/conv.0/conv.0.0/Conv:

6/conv/conv.2/Conv:
10/conv/conv.2/Conv:
6/conv/conv.1/conv.1.0/Conv:

17/conv/conv.1/conv.1.0/Conv:

8/conv/conv.2/Conv:

12/conv/conv.0/conv.0.0/Conv:

8/conv/conv.1l/conv.1.0/Conv:

13/conv/conv.1/conv.1.0/Conv:
12/conv/conv.1/conv.1.0/Conv:

5/conv/conv.0/conv.0.0/Conv:
18/features.18.0/Conv:

10/conv/conv.0/conv.0.0/Conv:

7/conv/conv.1l/conv.1.0/Conv:
6/conv/conv.0/conv.0.0/Conv:
9/conv/conv.2/Conv:

10/conv/conv.1/conv.1.0/Conv:

8/conv/conv.0/conv.0.0/Conv:
9/conv/conv.0/conv.0.0/Conv:
9/conv/conv.1/conv.1.0/Conv:

* Prec@l 70.543 Prec@5 89.525

(% 50
.090%
.079%
.079%
.072%
.068%
.064%
.062%
.061%
.060%
.056%
.051%
.047%
.040%
.040%
.039%
.038%
.034%
.033%
.029%
.025%
.023%
.022%
.021%
.020%
.017%
.011%
.007%

O O O O O O O O OO OO OO OO0 O0OOoOoOoLoo oo o

ESP32-S3 #H{b45 4t

SCuGZE LR . FE ESP32-S3 [ORH] PTQ Ak, EALFAL Prec@1 4 70.543%, W17 ESP32-P4 )&

TR -

ik WPRAIE PR E R, ATPAZHAME ] QAT (Auantization Aware Training). ELATJ7iA1HZ% PPQ

QAT example.

3.7.3 HEIRE

N |

EfRoIEESE

e dI_cls_base.hpp
o dl_cls_base.cpp

3.7. n{g&p=E MobileNetV2
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https://github.com/OpenPPL/ppq/blob/master/ppq/samples/TensorRT/Example_QAT.py
https://github.com/OpenPPL/ppq/blob/master/ppq/samples/TensorRT/Example_QAT.py
https://github.com/espressif/esp-dl/tree/62bab30/examples/mobilenetv2_cls
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/classification/dl_cls_base.hpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/classification/dl_cls_base.cpp

ESP-DL i FiEM, R1ThR# latest

RIAbIE
ImagePreprocessor FH I T8 A E B AL P, $F color conversion, crop, resize,
normalization, quantize,

« dl_image_preprocessor.hpp

« dl_image_preprocessor.cpp

E4biE

o dl_cls_postprocessor.hpp
o dI_cls_postprocessor.cpp
» imagenet_cls_postprocessor.hpp

» imagenet_cls_postprocessor.cpp

3.8 iN{T&pZE YOLO11n

EARRE Y, A4l H ESP-PPQ Xf Hi| 25 YOLO1 In 2V Ak,, I ESP-DL #3%& &t )5
) YOLO11n i1,

o BE&TIE

o BT
- TR hAR
- REHRIEE
- 8bit 5L

- BARiEm AR
- ATALFE
- EAE

3.8.1 #&TIIE

1. %% ESP_IDF
2. %% ESP_PPQ
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https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/image/dl_image_preprocessor.hpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/image/dl_image_preprocessor.cpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/classification/dl_cls_postprocessor.hpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/classification/dl_cls_postprocessor.cpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/classification/imagenet_cls_postprocessor.hpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/classification/imagenet_cls_postprocessor.cpp

ESP-DL FHFiER, A1ThRA latest

3.8.2 HEE(t
iR

RE] PAM Ultralytics release T YN 5 yolol In AFHY

H Hi ESP-PPQ %3 ONNX. PyTorch, TensorFlow %%, YEEA kI, PyTorch A1 TensorFlow £ 5Ek44k A
ONNX 74  [K #5125k yolol In B4k i ONNX Az,

HRSRPE, SF A export_onnx.py RFHilIZkH yolol In A7 L4k ONNX AR,
TEZAT FRATER T Detect 221 forward ¥E, HADPATLHE:

o SERIHEIRENE . 5ELRI yolol In BIBUAH LY, LS 2 b Detect HL 5 fifidh i FHAEAH S E R 2 )5
AT A sE A, MO B R0 THEBEEEIR . — 51, Conv, Transpose, Slice, Split Hl Concat #
YEFEE B AR s T R AR AR . — T, FEIGACERET By, BIBUHERL d e St T A P T
SRG RS I AAE SRR TR, AR T A H

o« BARAYEAILIRZE. ESP-PPQ 11 Concat Ml Add #ERM TG &AL, T AR, T box
I score FFE I ZE BN, ENTEEAFEB D ST, MARPHEAE &, RKpH, bT Addfl sub
W ARTERIZZ B, MR 2 7R B by, il

BRERIESR

R RO A T ZE A Ay AKX — B, [RIINROAT R e B A AR I AT REG D0, DABE ST i A . AR
Bl BATEE RS calib_yolol1n ,

8bit FEt

T R AL E T AutoQuant # RG] . T AutoQuant, i HUHT esp-ppq M TR A IS AR
ESP32-P4 b ik

quant_setting = QuantizationSettingFactory.espdl_setting()
quant_setting.quantize_activation_setting.calib_algorithm = 'percentile'

quant_setting.bias_correct = True
quant_setting.bias_correct_setting.interested_layers = []
quant_setting.bias_correct_setting.block_size = 4
quant_setting.bias_correct_setting.steps = 32

quant_setting.tgt_optimization = True

tgt_setting = quant_setting.tgt_optimization_setting
tgt_setting.lr = le-5

tgt_setting.steps = 500

tgt_setting.block_size = 4
tgt_setting.is_scale_trainable = True
tgt_setting.gamma = 0.0

tgt_setting.int_lambda = 0.0
tgt_setting.collecting_device = 'cuda'

ESP32-P4 wifbii %

Analysing Graphwise Quantization Error (Phrase 2):: 100

—~1/1 [00:00<00:00, 4.59it/s]
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https://github.com/ultralytics/assets/releases/download/v8.3.0/yolo11n.pt
https://github.com/espressif/esp-dl/blob/62bab30/models/coco_detect/models/export_onnx.py
https://dl.espressif.com/public/calib_yolo11n.zip
https://docs.espressif.com/projects/esp-dl/zh_CN/latest/tutorials/auto_quantization/how_to_use_AutoQuant.html

ESP-DL i FiEM, R1ThR# latest

(# E50)
Layer | NOISE:SIGNAL POWER RATIO
/model.3/conv/Conv: I | o 240
/model.2/cv2/conv/Conv: I | 0353
/model.2/m.0/cv2/conv/Conv: ] | 5.410%
/model.6/m.0/cv2/conv/Conv: | ] ] | 5.329%
/model.10/m/m.0/attn/proj/conv/Conv: o | [ ] | 5.175%
/model.23/cv2.0/cv2.0.1/conv/Conv: . @@ | | 4.425%
/model.4/m.0/cvl/conv/Conv: . I | 4.371%
/model.10/m/m.0/ffn/ffn.1/conv/Conv: W ] | 4.270%
/model.4/cv2/conv/Conv: | | 4.266%
/model.6/cvl/conv/Conv: I I | 4.050%
/model.8/m.0/cv2/conv/Conv: I | 3.640%
/model.6/m.0/cv3/conv/Conv: I N | 3.530%
/model.5/conv/Conv: . @@ ] | 3.420%
/model.4/cvl/conv/Conv: | I | 3.341%
/model.6/cv2/conv/Conv: I | 3.242%
/model.6/m.0/m/m.0/cvl/conv/Conv: | I | 3.111%
/model.23/cv2.1/cv2.1.1/conv/Conv: | I | 3.045%
/model.2/cvl/conv/Conv: I | 2.928%
/model.23/cv3.0/cv3.0.1/cv3.0.1.1/conv/conv: | | HNNNNEEE | 2.712%
/model.8/cvl/conv/Conv: | I | 2.700%
/model.2/m.0/cv1l/conv/Conv: | | 2.677%
/model.1l/conv/Conv: . @ | | 2.523%
/model.23/cv2.1/cv2.1.0/conv/Conv: | | 2.514%
/model.6/m.0/m/m.0/cv2/conv/Conv: | | 2.474%
/model.23/cv2.0/cv2.0.0/conv/Conv: . @ | | 2.404%
/model.6/m.0/m/m.1/cvl/conv/Conv: . @ | | 2.325%
/model.10/m/m.0/attn/pe/conv/Conv: I | 2.323%
/model.7/conv/Conv: o @ | | 2.322%
/model.23/cv3.1/cv3.1.1/cv3.1.1.1/conv/Conv: | [N | 2.317%
/model.6/m.0/cvl/conv/Conv: I | 2.279%
/model.4/m.0/cv2/conv/Conv: . @ | | 2.273%
/model.19/m.0/cv2/conv/Conv: . | | 2.273%
/model.16/m.0/cv2/conv/Conv: I | 2.259%
/model.16/m.0/cvl/conv/Conv: . @ | | 2.122%
/model.8/m.0/cvl/conv/Conv: . | 2.061%
/model.23/cv3.0/cv3.0.0/cv3.0.0.1/conv/Conv: | | IR | 2.031%
/model.13/m.0/cv2/conv/Conv: I I | 1.982%
/model.10/m/m.0/attn/gkv/conv/Conv: I | 1.969%
/model.10/cvl/conv/Conv: | I | 1.9393%
/model.19/cv2/conv/Conv: I | 1.879%
/model.8/m.0/m/m.0/cvl/conv/Conv: . ] | 1.868%
/model.23/cv3.2/cv3.2.1/cv3.2.1.1/conv/Conv: | N | 1.861%
/model.8/cv2/conv/Conv: I I | 1.835%
/model.17/conv/Conv: | I | 1.819%
/model.19/cvl/conv/Conv: N ] | 1.773%
/model.16/cv2/conv/Conv: ] | 1.750%
/model.23/cv3.1/cv3.1.0/cv3.1.0.1/conv/Conv: | R | 1.740%
/model.22/m.0/cv2/conv/Conv: N ] | 1.730%
/model.19/m.0/cvl/conv/Conv: ] | 1.706%
/model.23/cv2.0/cv2.0.2/Conv: N ] | 1.661%
/model.13/cvl/conv/Conv: | I | 1.635%
/model.20/conv/Conv: ] | 1.635%
/model.13/m.0/cvl/conv/Conv: N | | 1.613%
/model.13/cv2/conv/Conv: ] | 1.594%
/model.23/cv2.2/cv2.2.0/conv/Conv: ] | 1.560%
/model.23/cv3.2/cv3.2.0/cv3.2.0.1/conv/Conv: | | | 1.538%

(ZEF )
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/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
Analysing Layerwise

6/m.0/m/m.1/cv2/conv/Conv:

23/cv3.2/cv3.2.0/cv3.2.0.0/conv/Conv:

22/cvl/conv/Conv:
8/m.0/m/m.0/cv2/conv/Conv:
22/cv2/conv/Conv:
16/cvl/conv/Conv:
8/m.0/m/m.1/cvl/conv/Conv:
8/m.0/cv3/conv/Conv:

23/cv2.2/cv2.2.1/conv/Conv:

10/m/m.0/attn/MatMul :
22/m.0/cv3/conv/Conv:
10/cv2/conv/Conv:

23/cv2.1/cv2.1.2/Conv:

22/m.0/m/m.0/cvl/conv/Conv:
22/m.0/m/m.0/cv2/conv/Conv:

10/m/m.0/attn/MatMul_1:

22/m.0/m/m.1/cv2/conv/Conv:
23/cv3.1/cv3.1.0/cv3.1.0.0/conv/Conv:

8/m.0/m/m.1/cv2/conv/Conv:
9/cv2/conv/Conv:

23/cv3.2/cv3.2.1/cv3.2.1.0/conv/Conv:
23/cv3.1/cv3.1.1/cv3.1.1.0/conv/Conv:

22/m.0/cvl/conv/Conv:

22/m.0/m/m.1/cvl/conv/Conv:
23/cv3.0/cv3.0.1/cv3.0.1.0/conv/Conv:
10/m/m.0/ffn/£ffn.0/conv/Conv:

23/cv2.2/cv2.2.2/Conv:
9/cvl/conv/Conv:

23/¢cv3.0/cv3.0.0/cv3.0.0.0/conv/Conv:

0/conv/Conv:

23/cv3.2/cv3.2.2/Conv:
23/cv3.1/cv3.1.2/Conv:
23/cv3.0/cv3.0.2/Conv:

quantization error::

100

O O OO OO0 OO0 ooocoococookrrkr,rkFHrRPrPE,ERPRPrPRPRERPERPRERRERERRERE

.513%
.511%
.456%
.453%
.384%
.345%
.336%
.329%
.288%
.260%
L117%
.094%
.045%
.025%
.999%
.984%
.889%
.864%
.839%
.800%
.761%
.759%
.750%
.705%
.677%
.669%
.434%
.390%
.341%
.157%
.079%
.068%
.038%

(% L30)

B T T T T e T T T T

—~89/89

Layer

/model .
/model .
/model .
/model .
/model.
/model .
/model .
/model.
/model .
/model .
/model.
/model .
/model .
/model.
/model .
/model .
/model.
/model .
/model .
/model.

[00:12<00:00, 7.30it/s]
1/conv/Conv:
0/conv/Conv:
3/conv/Conv:
2/cv2/conv/Conv:
4/m.0/cvl/conv/Conv:
2/cvl/conv/Conv:
4/m.0/cv2/conv/Conv:
2/m.0/cvl/conv/Conv:
4/cvl/conv/Conv:
5/conv/Conv:
4/cv2/conv/Conv:
7/conv/Conv:
10/cv2/conv/Conv:
9/cv2/conv/Conv:
6/cvl/conv/Conv:
2/m.0/cv2/conv/Conv:
13/cvl/conv/Conv:
6/cv2/conv/Conv:
10/cvl/conv/Conv:

10/m/m.0/attn/pe/conv/Conv:

NOISE:SIGNAL POWER RATIO

O O O O O O O OO OO OO OO0 oo oo

.712%
.521%
.369%
.181%
.120%
.101%
.095%
.071%
.069%
.052%
.045%
.036%
.029%
.029%
.027%
.026%
.024%
.022%
.021%
.017%

&)
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/model.8/cv2/conv/Conv:
/model.16/cvl/conv/Conv:
/model.13/cv2/conv/Conv:
/model.23/cv2.2/cv2.2.0/conv/Conv:
/model.19/m.0/cvl/conv/Conv:
/model.23/cv2.0/cv2.0.0/conv/Conv:
/model.9/cvl/conv/Conv:
/model.16/cv2/conv/Conv:
/model.13/m.0/cvl/conv/Conv:
/model.19/cv2/conv/Conv:
/model.23/cv2.1/cv2.1.0/conv/Conv:
/model.22/m.0/m/m.1/cvl/conv/Conv:
/model.10/m/m.0/attn/proj/conv/Conv:
/model.10/m/m.0/ffn/ffn.0/conv/Conv:
/model.23/cv2.2/cv2.2.1/conv/Conv:
/model.8/cvl/conv/Conv:
/model.22/m.0/cvl/conv/Conv:
/model.19/m.0/cv2/conv/Conv:
/model.19/cvl/conv/Conv:
/model.16/m.0/cvl/conv/Conv:
/model.16/m.0/cv2/conv/Conv:
/model.10/m/m.0/attn/gkv/conv/Conv:
/model.13/m.0/cv2/conv/Conv:
/model.22/cvl/conv/Conv:
/model.23/cv2.2/cv2.2.2/Conv:
/model.23/cv2.0/cv2.0.2/Conv:
/model.22/m.0/m/m.0/cv2/conv/Conv:
/model.8/m.0/cvl/conv/Conv:
/model.23/cv2.1/cv2.1.2/Conv:
/model.6/m.0/m/m.0/cvl/conv/Conv:
/model.6/m.0/m/m.1/cvl/conv/Conv:
/model.8/m.0/m/m.1/cvl/conv/Conv:
/model.8/m.0/m/m.0/cvl/conv/Conv:
/model.6/m.0/m/m.0/cv2/conv/Conv:
/model.20/conv/Conv:
/model.10/m/m.0/ffn/ffn.1/conv/Conv:
/model.22/cv2/conv/Conv:
/model.23/cv2.1/cv2.1.1/conv/Conv:
/model.23/cv2.0/cv2.0.1/conv/Conv:
/model.17/conv/Conv:
/model.8/m.0/m/m.0/cv2/conv/Conv:
/model.6/m.0/cv3/conv/Conv:
/model.6/m.0/cvl/conv/Conv:

/model.23/cv3.1/cv3.1.1/cv3.1.1.1/conv/Conv:

/model.22/m.0/m/m.0/cvl/conv/Conv:
/model.6/m.0/m/m.1/cv2/conv/Conv:
/model.22/m.0/m/m.1/cv2/conv/Conv:
/model.22/m.0/cv3/conv/Conv:

/model.23/cv3.2/cv3.2.0/cv3.2.0.1/conv/Conv:

/model.8/m.0/m/m.1/cv2/conv/Conv:
/model.8/m.0/cv3/conv/Conv:
/model.10/m/m.0/attn/MatMul_1:

/model.23/cv3.2/cv3.2.1/cv3.2.1.0/conv/Conv:
.1/cv3.1.1.0/conv/Conv:

/model.23/cv3.1/cv3.

/model.23/cv3.1/cv3.1.2/Conv:

1

1
/model.23/cv3.0/cv3.0.1/cv3.0.1.0/conv/Conv:

2

/model.23/cv3.2/cv3.2.2/Conv:

(% 50
.017%
.016%
.015%
.015%
.012%
.012%
.011%
.011%
.010%
.010%
.010%
.009%
.009%
.008%
.008%
.008%
.007%
.007%
.007%
.006%
.006%
.006%
.006%
.006%
.006%
.005%
.005%
.005%
.005%
.005%
.005%
.004%
.004%
.004%
.004%
.004%
.004%
.004%
.004%
.004%
.004%
.003%
.003%
.003%
.003%
.003%
.002%
.002%
.002%
.002%
.002%
.002%
.001%
.001%
.001%
.001%
.001%

O O O O O O O O O OO OO OO OO OO OO OO OO OO OO OO O OO OO OO0 OO0 O0O0OOOOOLOOLOOOOLOOO O OO

&)
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(B LE10)
/model.23/cv3.0/cv3.0.0/cv3.0.0.1/conv/Conv: | | 0.001%
/model.23/cv3.2/cv3.2.1/cv3.2.1.1/conv/Conv: | | 0.001%
/model.23/cv3.2/cv3.2.0/cv3.2.0.0/conv/Conv: | | 0.001%
/model.23/cv3.0/cv3.0.2/Conv: | | 0.001%
/model.23/cv3.1/cv3.1.0/cv3.1.0.1/conv/Conv: | | 0.000%
/model.10/m/m.0/attn/MatMul: | | 0.000%
/model.23/cv3.1/cv3.1.0/cv3.1.0.0/conv/Conv: | | 0.000%
/model.8/m.0/cv2/conv/Conv: | | 0.000%
/model.23/cv3.0/cv3.0.0/cv3.0.0.0/conv/Conv: | | 0.000%
/model.6/m.0/cv2/conv/Conv: | | 0.000%
/model.23/cv3.0/cv3.0.1/cv3.0.1.1/conv/Conv: | | 0.000%
/model.22/m.0/cv2/conv/Conv: | | 0.000%

ESP32-P4 k4550
FEMEH AT, BEGERERZE COCO val2017 ) mAP50-95 Sk 0.373, WEAR T SRS .
ESP32-S3 Hifbis

quant_setting = QuantizationSettingFactory.espdl_setting()

quant_setting.quantize_activation_setting.calib_algorithm = 'percentile'

quant_setting.tgt_optimization = True

tgt_setting =
tgt_setting.
tgt_setting.
tgt_setting.
tgt_setting.
tgt_setting.
tgt_setting.
tgt_setting.

quant_setting.tgt_optimization_setting

lr = le-5

steps = 800

block_size = 4
is_scale_trainable = True
gamma = 0.0

int_lambda = 0.0
collecting_device = 'cuda'

ESP32-S3 Hifbin 2z

Analysing Graphwise Quantization Error (Phrase 2):: 100
q%—

—~1/1 [00:00<00:00, 4.25it/s]
Layer | NOISE:SIGNAL POWER RATIO
/model.3/conv/Conv: I | 039
/model.2/cv2/conv/Conv: . [ ] | 5.965%
/model.10/m/m.0/attn/proj/conv/Conv: ] | 5.887%
/model.2/m.0/cv2/conv/Conv: | [ ] | 5.726%
/model.6/m.0/cv2/conv/Conv: | [ ] | 5.483%
/model.4/m.0/cv1l/conv/Conv: . @@ | | 4.815%
/model.23/cv2.0/cv2.0.1/conv/Conv: | ] ] ] | 4.815%
/model.10/m/m.0/ffn/ffn.1/conv/Conv: I | 4.569%
/model.4/cv2/conv/Conv: . @@ ] | 4.377%
/model.6/cvl/conv/Conv: . @@ ] | 4.048%
/model.6/m.0/cv3/conv/Conv: . @ 0 ] | 3.755%
/model.8/m.0/cv2/conv/Conv: I | 3.517%
/model.4/cvl/conv/Conv: | I | 3.507%
/model.5/conv/Conv: . @ ] | 3.495%
/model.23/cv3.0/cv3.0.1/cv3.0.1.1/conv/Conv: | |HEEG<NGNGNNEG | 3.472%
/model.23/cv3.1/cv3.1.1/cv3.1.1.1/conv/Conv: | [ EENNENEER | 3.460%
/model.6/cv2/conv/Conv: . @ ] | 3.369%
/model.23/cv2.1/cv2.1.1/conv/Conv: | | 3.262%
/model.6/m.0/m/m.0/cvl/conv/Conv: I | 3.243%
SR
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/model

/model .
/model .
/model .
/model.
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model.
/model .
/model .
/model .
/model .
/model .
/model.
/model .
/model .
/model.
/model .
/model .
/model.
/model .
/model .
/model.
/model .
/model .
/model.
/model .
/model .

/model

.2/cvl/conv/Conv:
23/cv2.1/cv2.1.0/conv/Conv:
8/cvl/conv/Conv:

10/m/m.0/attn/pe/conv/Conv:
23/cv2.0/cv2.0.0/conv/Conv:
6/m.0/m/m.0/cv2/conv/Conv:
7/conv/Conv:

1/conv/Conv:
19/m.0/cv2/conv/Conv:
6/m.0/m/m.1/cvl/conv/Conv:
4/m.0/cv2/conv/Conv:
16/m.0/cv2/conv/Conv:
6/m.0/cvl/conv/Conv:
16/m.0/cvl/conv/Conv:
10/m/m.0/attn/gkv/conv/Conv:

10/cvl/conv/Conv:
23/cv2.2/cv2.2.0/conv/Conv:
13/m.0/cv2/conv/Conv:
22/m.0/cv2/conv/Conv:
8/m.0/cvl/conv/Conv:
19/cv2/conv/Conv:

13/cv2/conv/Conv:
17/conv/Conv:
16/cv2/conv/Conv:
8/m.0/m/m.0/cvl/conv/Conv:
8/cv2/conv/Conv:
23/cv2.0/cv2.0.2/Conv:
19/m.0/cvl/conv/Conv:
19/cvl/conv/Conv:
22/cvl/conv/Conv:

20/conv/Conv:

13/cvl/conv/Conv:
2/m.0/cvl/conv/Conv:
13/m.0/cvl/conv/Conv:
6/m.0/m/m.1/cv2/conv/Conv:
22/cv2/conv/Conv:
8/m.0/m/m.0/cv2/conv/Conv:
16/cvl/conv/Conv:
8/m.0/cv3/conv/Conv:
10/m/m.0/attn/MatMul :
8/m.0/m/m.1/cvl/conv/Conv:
23/cv2.2/cv2.2.1/conv/Conv:
22/m.0/cv3/conv/Conv:
10/m/m.0/attn/MatMul_1:
10/cv2/conv/Conv:
23/cv2.1/cv2.1.2/Conv:
9/cv2/conv/Conv:
22/m.0/m/m.1/cv2/conv/Conv:
22/m.0/m/m.0/cv2/conv/Conv:
22/m.0/m/m.0/cvl/conv/Conv:

.8/m.0/m/m.1/cv2/conv/Conv:

23/cv3.0/cv3.0.0/cv3.0.0.1/conv/Conv:

23/cv3.1/cv3.1.0/cv3.1.0.1/conv/Conv:

23/cv3.2/cv3.2.1/cv3.2.1.1/conv/Conv:

23/cv3.2/cv3.2.0/cv3.2.0.1/conv/Conv:

23/cv3.2/cv3.2.0/cv3.2.0.0/conv/Conv:

23/cv3.1/cv3.1.0/cv3.1.0.0/conv/Conv:

(% 50
.904%
.770%
.730%
.706%
.671%
.626%
.595%
.547%
.519%
.476%
L471%
.422%
.412%
.371%
.334%
.159%
.150%
.135%
.123%
.073%
.059%
.053%
.049%
.041%
.027%
.001%
.968%
.916%
.888%
.870%
.847%
.846%
.725%
.716%
.710%
.681%
.669%
.646%
.641%
.639%
.524%
.489%
.457%
L422%
.387%
.369%
.275%
.259%
.195%
.190%
.143%
.026%
.995%
.994%
.990%
.977%
.966%

coocoocoocookFr kPP PRPPRPERPPRPERPPRPEPERPEPEPEPEPEPEPRPPEPERPEPREPEPREDNDMNDDDNDMDNDDNDDNDNDDNDNDDNDMNDNDDNDNDDNDDNDDNDDNDNDDNDNDDNDDNDDNDNDIDN
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(# E50)
/model.23/cv3.1/cv3.1.1/cv3.1.1.0/conv/Conv: | - | 0.964%
/model.23/cv3.0/cv3.0.1/cv3.0.1.0/conv/Conv: | - | 0.910%
/model.22/m.0/m/m.1/cvl/conv/Conv: | - | 0.768%
/model.10/m/m.0/ffn/ffn.0/conv/Conv: | - | 0.763%
/model.23/cv3.2/cv3.2.1/cv3.2.1.0/conv/Conv: | [ | 0.752%
/model.22/m.0/cvl/conv/Conv: | - | 0.725%
/model.23/cv3.0/cv3.0.0/cv3.0.0.0/conv/Conv: | l | 0.564%
/model.9/cvl/conv/Conv: N | | 0.381%
/model.23/cv2.2/cv2.2.2/Conv: N | | 0.363%
/model.0/conv/Conv: | | 0.172%
/model.23/cv3.1/cv3.1.2/Conv: | | 0.083%
/model.23/cv3.2/cv3.2.2/Conv: | | 0.079%
/model.23/cv3.0/cv3.0.2/Conv: | | 0.047%
Analysing Layerwise quantization error:: 100
X R AR AR AR A
—~89/89 [00:12<00:00, 7.40it/s]
Layer | NOISE:SIGNAL POWER RATIO
/model.0/conv/Conv: I I | 0.:51%
/model.1l/conv/Conv: | Il | 0 .:450%
/model.3/conv/Conv: ] [ ] | 0.402%
/model.2/cv2/conv/Conv: | NN EEEEN | 0.312%
/model.9/cv2/conv/Conv: | | 0.222%
/model.4/cv2/conv/Conv: . @ | | 0.178%
/model.10/cvl/conv/Conv: | @ ] | 0.155%
/model.2/cvl/conv/Conv: I | 0.145%
/model.4/m.0/cvl/conv/Conv: I | 0.139%
/model.4/cvl/conv/Conv: | | 0.137%
/model.22/cvl/conv/Conv: N ] | 0.119%
/model.5/conv/Conv: ] | 0.118%
/model.16/cvl/conv/Conv: N ] | 0.118%
/model.4/m.0/cv2/conv/Conv: N ] | 0.117%
/model.22/m.0/cvl/conv/Conv: I | 0.104%
/model.2/m.0/cvl/conv/Conv: | R | 0.068%
/model.7/conv/Conv: | R | 0.057%
/model.13/cv2/conv/Conv: | | 0.053%
/model.13/cvl/conv/Conv: | | 0.047%
/model.16/cv2/conv/Conv: | | 0.044%
/model.10/cv2/conv/Conv: | | 0.043%
/model.6/cv2/conv/Conv: | | 0.042%
/model.19/cv2/conv/Conv: | | 0.041%
/model.6/cvl/conv/Conv: | | 0.039%
/model.6/m.0/m/m.1/cvl/conv/Conv: N | | 0.030%
/model.2/m.0/cv2/conv/Conv: N | | 0.029%
/model.10/m/m.0/attn/gkv/conv/Conv: N | | 0.029%
/model.10/m/m.0/attn/pe/conv/Conv: N | | 0.027%
/model.8/cv2/conv/Conv: N | | 0.027%
/model.19/cvl/conv/Conv: I | | 0.026%
/model.19/m.0/cvl/conv/Conv: | l | 0.025%
/model.22/m.0/m/m.1/cvl/conv/Conv: N | | 0.025%
/model.10/m/m.0/ffn/f£fn.0/conv/Conv: N | | 0.024%
/model.23/cv2.1/cv2.1.0/conv/Conv: | l | 0.023%
/model.16/m.0/cvl/conv/Conv: N | | 0.021%
/model.23/cv2.0/cv2.0.0/conv/Conv: N | | 0.021%
/model.13/m.0/cv2/conv/Conv: | l | 0.020%
/model.9/cvl/conv/Conv: N | | 0.020%
/model.23/cv2.2/cv2.2.0/conv/Conv: N | | 0.019%
/model.10/m/m.0/attn/proj/conv/Conv: N | | 0.018%
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/model.
/model .
/model .
/model.
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model.
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model.
/model .

8/cvl/conv/Conv:
16/m.0/cv2/conv/Conv:
22/cv2/conv/Conv:
13/m.0/cvl/conv/Conv:
6/m.0/cv3/conv/Conv:
20/conv/Conv:
22/m.0/cv3/conv/Conv:
23/cv2.2/cv2.2.1/conv/Conv:
17/conv/Conv:
19/m.0/cv2/conv/Conv:
23/cv2.2/cv2.2.2/Conv:
23/cv2.1/cv2.1.2/Conv:
8/m.0/cv3/conv/Conv:
8/m.0/cvl/conv/Conv:
23/cv2.0/cv2.0.2/Conv:
22/m.0/m/m.0/cv2/conv/Conv:
10/m/m.0/ffn/ffn.1/conv/Conv:
6/m.0/m/m.0/cv2/conv/Conv:
23/cv2.1/cv2.1.1/conv/Conv:
8/m.0/m/m.0/cvl/conv/Conv:
6/m.0/m/m.0/cvl/conv/Conv:
8/m.0/m/m.1/cvl/conv/Conv:
23/cv2.0/cv2.0.1/conv/Conv:
8/m.0/m/m.0/cv2/conv/Conv:
22/m.0/m/m.0/cvl/conv/Conv:

23/cv3.1/cv3.1.1/cv3.1.1.0/conv/Conv:

23/cv3.1/cv3.1.2/Conv:
6/m.0/m/m.1/cv2/conv/Conv:
6/m.0/cvl/conv/Conv:

23/cv3.0/cv3.0.0/cv3.0.0.1/conv/Conv:
23/cv3.2/cv3.2.0/cv3.2.0.1/conv/Conv:
23/cv3.1/cv3.1.0/cv3.1.0.1/conv/Conv:

8/m.0/m/m.1/cv2/conv/Conv:

23/cv3.1/cv3.1.1/cv3.1.1.1/conv/Conv:

22/m.0/m/m.1/cv2/conv/Conv:

23/cv3.2/cv3.2.1/cv3.2.1.0/conv/Conv:
23/cv3.0/cv3.0.0/cv3.0.0.0/conv/Conv:

10/m/m.0/attn/MatMul_1:

23/cv3.2/cv3.2.1/cv3.2.1.1/conv/Conv:

23/cv3.2/cv3.
23/cv3.0/cv3.
23/cv3.0/cv3.
23/cv3.0/cv3.

.2/Conv:

2
0
0.2/Conv:
0
6/m.0/cv2/conv/Conv:

22/m.0/cv2/conv/Conv:
8/m.0/cv2/conv/Conv:

23/cv3.1/cv3.1.0/cv3.1.0.0/conv/Conv:

10/m/m.0/attn/MatMul :

.1/cv3.0.1.0/conv/Conv:

.1/cv3.0.1.1/conv/Conv:
23/cv3.2/cv3.2.0/cv3.2.0.0/conv/Conv:

O O O O O O O OO OO OO O OO OO O OO OO OO OO OO0 OO OO0 O0OOOOOLOOLOOOLOOOLOOOoOOo

.017%
.017%
.015%
.014%
.013%
.012%
.011%
.011%
.011%
.010%
.010%
.009%
.009%
.009%
.009%
.008%
.008%
.008%
.007%
.007%
.006%
.006%
.006%
.006%
.006%
.005%
.004%
.004%
.004%
.004%
.004%
.004%
.003%
.003%
.003%
.003%
.002%
.002%
.001%
.001%
.001%
.001%
.001%
.001%
.001%
.000%
.000%
.000%
.000%

(% L350

ESP32-S3 b4t

AR, BAL S HZAE COCO val2017 B mAPS0-95 7y 0.37, BT ESP32-P4 fyEALE R .

ik WRARECE PR BRER RS, I ] PARE S — @ R AR AR R, T A% BAE R {4 YOLOLIN [}
(B4 AR/ INBE A 320x320. AN [a] 73 B T B A2 AfE B PE JE W] PAYE README.md Hr4& 21
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https://github.com/espressif/esp-dl/blob/62bab30/models/coco_detect/README.md

ESP-DL FHFiER, A1ThRA latest

3.8.3 EEERE

2%l

B RSB 2

o dl_detect_base.hpp
o dI_detect_base.cpp

AAbE
ImagePreprocessor K T8 A E B AP FE, 4$F color conversion, crop, resize,
normalization, quantize,

« dl_image_preprocessor.hpp

« dl_image_preprocessor.cpp

B

o dl_detect_postprocessor.hpp
o dI_detect_postprocessor.cpp
o dI_detect_yolo11_postprocessor.hpp

o dl_detect_yolol1_postprocessor.cpp

3.9 fn{agEp=E YOLO11n-pose

TEARZAE D, TAING AT {E ] ESP-PPQ X} HillZkiY) YOLO1 In-pose #4175k, Ffdi ] ESP-DL % &
k)51 YOLO1 In-pose f2

o BEIIE
o AT
- T HAR R
- REHKIER
- 8bit 5 &1L
- B RS 4
o HEARE
- BAFARm A K

- ATALFE

- BAE

3.9. infaEpE YOLO11n-pose 61


https://github.com/espressif/esp-dl/tree/62bab30/examples/yolo11_detect
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/detect/dl_detect_base.hpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/detect/dl_detect_base.cpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/image/dl_image_preprocessor.hpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/image/dl_image_preprocessor.cpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/detect/dl_detect_postprocessor.hpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/detect/dl_detect_postprocessor.cpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/detect/dl_detect_yolo11_postprocessor.hpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/detect/dl_detect_yolo11_postprocessor.cpp

ESP-DL i FiEM, R1ThR# latest

3.9.1 HE&TITIE

1. 4% ESP _IDF
2. 2% ESP_PPQ

3.9.2 HEE(t
ThilgrRn

PRE] PAM Ultralytics release T2 Y251 yolol 1n-pose 157,

H #if ESP-PPQ 37 FF ONNX. PyTorch, TensorFlow 1%, Fr g4kt A2, PyTorch 1 TensorFlow £ 56544k K
ONNX #2788, A 5 5 Y1125 yolol In-pose %4k i, ONNX 7,

Bk, 2% A export_onnx.py KFFYNZET yolol 1n-pose FiZU5Ed ) ONNX AH7
TEZMA Y, FRATEZL T Pose Z5f) forward 773k, HA LA NS

o PPRIEREE Y . SRR yolol In-pose FEAUAH LL, K HEHLL FE H Pose HL 5 fffith i FLHEAH X #RERE 2
JEALFR R 5E B, AT B0 THEFRSER . — 5, Conv, Transpose, Slice, Split ffl Concat
BRI R s TR AR R . S0 — T, TEJS AR By, BIAUEEE Y f D e Se kA T A R
Ve, ARG PRI AE , XM TR, AT IR T S A

o LA EALIRZE . ESP-PPQ 1) Concat Ml Add #/ERM TH AR, N T EIRZE, BT box
I score HIFE I ZEREEN, ENTEEAFEB D SR, MARPHEAE—&. KM, hT addfl sub
W ARSI Z BN, MR s 7R B AT, e pifl.
RAEHIESR
R A T ZE A A iy AR — B, [RIINROAT R s A2 A BT AT RES 0, DASE S b AR . AR
B, BN HELR A calib_yolol In-pose .

8bit FE 1t

AL RS T AutoQuant G E] . EME AutoQuant, T HHT esp-ppq NI HTA IS H AL
ESP32-P4 gifb i ®

quant_setting = QuantizationSettingFactory.espdl_setting/()
quant_setting.quantize_activation_setting.calib_algorithm = 'percentile'

quant_setting.bias_correct = True
quant_setting.bias_correct_setting.interested_layers = []
quant_setting.bias_correct_setting.block_size = 2
quant_setting.bias_correct_setting.steps = 32

ESP32-P4 wifbik7:

Analysing Graphwise Quantization Error (Phrase 1):: 100

:4‘%‘
—2/2 [00:01<00:00, 1.03it/s]
Analysing Graphwise Quantization Error (Phrase 2)::

100
=% |

—2/2

[00:06<00:00, 3.00s/it]
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https://github.com/ultralytics/assets/releases/download/v8.3.0/yolo11n-pose.pt
https://github.com/espressif/esp-dl/blob/62bab30/models/coco_pose/models/export_onnx.py
https://dl.espressif.com/public/calib_yolo11n-pose.zip
https://docs.espressif.com/projects/esp-dl/zh_CN/latest/tutorials/auto_quantization/how_to_use_AutoQuant.html

ESP-DL FHFiER, A1ThRA latest

(# E50)
Layer | NOISE:SIGNAL POWER RATIO
/model.22/m.0/cv2/conv/Conv: ' I | 0 0
/model.23/cv3.2/cv3.2.0/cv3.2.0.0/conv/Conv: | [ HINNNNENEEEEEE | o 2543
/model.23/cv4.1/cv4.1.0/conv/Conv: m | 9.145%
/model.23/cv3.2/cv3.2.0/cv3.2.0.1/conv/conv: | | HENENININIINNEEEEEEE | 8.567%
/model.23/cv3.2/cv3.2.1/cv3.2.1.0/conv/Conv: | [HNENENEEENEEENEEE | 8.372%
/model.20/conv/Conv: ] | 8.366%
/model.23/cv2.0/cv2.0.1/conv/Conv: | ] ] | 7.941%
/model.19/m.0/cv2/conv/Conv: o | ] ] | 7.861%
/model.23/cv4.1/cv4.1.1/conv/Conv: m ] | 7.778%
/model.23/cv3.1/cv3.1.1/cv3.1.1.1/conv/Conv: | | NNENEEEEEEEEE | 7.773%
/model.23/cv4.0/cv4.0.0/conv/Conv: | [ ] | 7.769%
/model.23/cv4.0/cv4.0.1/conv/Conv: m ] | 7.749%
/model.23/cv2.1/cv2.1.1/conv/Conv: . I | 7.704%
/model.10/m/m.0/ffn/ffn.1/conv/Conv: . | ] ] | 7.641%
/model.22/m.0/cv3/conv/Conv: m ] | 7.541%
/model.23/cv3.1/cv3.1.1/cv3.1.1.0/conv/conv: | |HENENININIIIIIIEE | 7.432%
/model.23/cv3.1/cv3.1.0/cv3.1.0.1/conv/Conv: | |HNEEEENEEEENN | 7.315%
/model.23/cv3.1/cv3.1.0/cv3.1.0.0/conv/Conv: | | HIENIINIIIIIEE | 7.086%
/model.23/cv3.2/cv3.2.1/cv3.2.1.1/conv/conv: | |HEENINIININGE | 7.036%
/model.22/cvl/conv/Conv: I I | 6.485%
/model.19/cv2/conv/Conv: | | 6.333%
/model.23/cv3.0/cv3.0.1/cv3.0.1.0/conv/Conv: | | NEENNEEENEEEEE | 6.296%
/model.22/m.0/m/m.1/cv2/conv/Conv: I I | 6.255%
/model.22/cv2/conv/Conv: . @@ ] | 6.196%
/model.17/conv/Conv: . @@ 0 ] | 6.110%
/model.23/cv2.2/cv2.2.0/conv/Conv: N @ ] | 5.841%
/model.23/cv4.2/cv4.2.1/conv/Conv: . @ ] | 5.763%
/model.23/cv4.2/cv4.2.0/conv/Conv: . @@ ] | 5.740%
/model.23/cv2.1/cv2.1.0/conv/Conv: . @@ | | 5.657%
/model.19/cvl/conv/Conv: . @@ | | 5.583%
/model.23/cv2.2/cv2.2.1/conv/Conv: . @@ ] | 5.552%
/model.23/cv3.0/cv3.0.1/cv3.0.1.1/conv/Conv: | | HINNNEEEEER | 5.254%
/model.6/m.0/cv2/conv/Conv: I N | 5.245%
/model.13/m.0/cv2/conv/Conv: I I | 5.172%
/model.19/m.0/cvl/conv/Conv: | | 5.166%
/model.22/m.0/m/m.0/cv2/conv/Conv: I | 5.136%
/model.23/cv3.0/cv3.0.0/cv3.0.0.1/conv/Conv: | [ EENENEEER | 5.061%
/model.8/m.0/cv2/conv/Conv: | I | 4.985%
/model.10/m/m.0/attn/proj/conv/Conv: | IR | 4.962%
/model.22/m.0/m/m.0/cvl/conv/Conv: I | 4.609%
/model.23/cv4.2/cv4.2.2/Conv: I I | 4.572%
/model.22/m.0/m/m.1/cvl/conv/Conv: I | 4.417%
/model.16/m.0/cv2/conv/Conv: I | 4.411%
/model.6/cvl/conv/Conv: I I | 4.264%
/model.23/cv4.1/cv4.1.2/Conv: | I | 4.264%
/model.10/m/m.0/attn/pe/conv/Conv: I I | 4.161%
/model.23/cv2.0/cv2.0.0/conv/Conv: I I | 4.063%
/model.3/conv/Conv: | | 3.764%
/model.16/cv2/conv/Conv: o @ | | 3.694%
/model.8/cvl/conv/Conv: . @ | | 3.689%
/model.13/cv2/conv/Conv: | I | 3.543%
/model.23/cv4.0/cv4.0.2/Conv: . @ | | 3.376%
/model.22/m.0/cvl/conv/Conv: . @ | | 3.363%
/model.10/cvl/conv/Conv: I | 3.357%
/model.8/cv2/conv/Conv: o @ | | 3.279%
/model.6/m.0/cv3/conv/Conv: I | 3.254%
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(# E50)
/model.8/m.0/cv3/conv/Conv: . | | 3.219%
/model.13/cvl/conv/Conv: I I | 3.180%
/model.10/m/m.0/ffn/ffn.0/conv/Conv: . @ ] | 3.142%
/model.13/m.0/cvl/conv/Conv: I | 3.129%
/model.10/m/m.0/attn/gkv/conv/Conv: | | 3.074%
/model.16/m.0/cvl/conv/Conv: . @ ] | 3.061%
/model.2/m.0/cv2/conv/Conv: I | 3.024%
/model.4/cvl/conv/Conv: o @ ] | 2.990%
/model.6/m.0/m/m.0/cv2/conv/Conv: | | 2.844%
/model.16/cvl/conv/Conv: I | 2.821%
/model.8/m.0/m/m.1/cv2/conv/Conv: I I | 2.807%
/model.4/cv2/conv/Conv: | | 2.781%
/model.4/m.0/cv1l/conv/Conv: I | 2.742%
/model.10/cv2/conv/Conv: I | 2.627%
/model.23/cv3.0/cv3.0.0/cv3.0.0.0/conv/Conv: | [N | 2.613%
/model.2/cv2/conv/Conv: N ] | 2.611%
/model.6/cv2/conv/Conv: | | 2.593%
/model.8/m.0/cvl/conv/Conv: ] | 2.553%
/model.10/m/m.0/attn/MatMul_1: N ] | 2.547%
/model.7/conv/Conv: | | 2.447%
/model.5/conv/Conv: ] | 2.433%
/model.10/m/m.0/attn/MatMul : I | 2.363%
/model.23/cv2.1/cv2.1.2/Conv: I | 2.344%
/model.6/m.0/m/m.0/cvl/conv/Conv: ] | 2.305%
/model.6/m.0/cvl/conv/Conv: | - | 2.250%
/model.8/m.0/m/m.0/cv2/conv/Conv: I R | 2.247%
/model.2/cvl/conv/Conv: I | 2.080%
/model.8/m.0/m/m.1/cvl/conv/Conv: N | 2.070%
/model.23/cv2.2/cv2.2.2/Conv: I R | 1.977%
/model.6/m.0/m/m.1/cvl/conv/Conv: N | | 1.927%
/model.9/cvl/conv/Conv: N | | 1.926%
/model.23/cv2.0/cv2.0.2/Conv: I R | 1.859%
/model.8/m.0/m/m.0/cvl/conv/Conv: | R | 1.694%
/model.9/cv2/conv/Conv: | R | 1.672%
/model.23/cv3.2/cv3.2.2/Conv: | R | 1.499%
/model.4/m.0/cv2/conv/Conv: | R | 1.491%
/model.6/m.0/m/m.1/cv2/conv/Conv: | R | 1.452%
/model.2/m.0/cvl/conv/Conv: | | 1.093%
/model.1/conv/Conv: | | 0.834%
/model.23/cv3.1/cv3.1.2/Conv: N | | 0.568%
/model.23/cv3.0/cv3.0.2/Conv: | | 0.128%
/model.0/conv/Conv: | | 0.046%
Analysing Layerwise quantization error:: 100
- IR AR RN NN NN NN AN AN AN NN AN N RN R NR RN
—98/98 [04:07<00:00, 2.53s/1t]
Layer | NOISE:SIGNAL POWER RATIO
/model.0/conv/Conv: | I | 0 .323%
/model.2/cvl/conv/Conv: | I | 0.155%
/model.1/conv/Conv: | I | 0.128%
/model.2/cv2/conv/Conv: . @ ] | 0.104%
/model.8/cvl/conv/Conv: | - | 0.070%
/model.9/cv2/conv/Conv: | R | 0.049%
/model.6/m.0/m/m.0/cv2/conv/Conv: N | | 0.016%
/model.3/conv/Conv: | l | 0.014%
/model.2/m.0/cvl/conv/Conv: N | | 0.014%
/model.2/m.0/cv2/conv/Conv: N | | 0.014%
/model.6/m.0/m/m.1/cv2/conv/Conv: | l | 0.012%
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/model.23/cv4.1/cv4.1.1/conv/Conv: | l | 0.011%
/model.5/conv/Conv: | l | 0.010%
/model.9/cvl/conv/Conv: N | | 0.010%
/model.6/cvl/conv/Conv: | l | 0.010%
/model.4/cv2/conv/Conv: | l | 0.009%
/model.4/cvl/conv/Conv: | l | 0.009%
/model.16/m.0/cv2/conv/Conv: | l | 0.009%
/model.19/m.0/cv2/conv/Conv: N | | 0.009%
/model.10/m/m.0/attn/gkv/conv/Conv: N | | 0.008%
/model.10/cvl/conv/Conv: | | 0.008%
/model.23/cv4.2/cvd.2.0/conv/Conv: | | 0.008%
/model.13/m.0/cvl/conv/Conv: | | 0.008%
/model.13/cvl/conv/Conv: | | 0.007%
/model.8/m.0/cv3/conv/Conv: | | 0.007%
/model.23/cv3.2/cv3.2.0/cv3.2.0.1/conv/Conv: | | 0.007%
/model.23/cv2.0/cv2.0.2/Conv: | | 0.007%
/model.8/m.0/m/m.1/cvl/conv/Conv: | | 0.007%
/model.22/cv2/conv/Conv: | | 0.007%
/model.6/cv2/conv/Conv: | | 0.006%
/model.23/cv4.2/cvd.2.2/Conv: | | 0.006%
/model.16/cv2/conv/Conv: | | 0.006%
/model.23/cv4.1/cv4.1.0/conv/Conv: | | 0.006%
/model.23/cv4.2/cvd.2.1/conv/Conv: | | 0.006%
/model.8/cv2/conv/Conv: | | 0.006%
/model.16/cvl/conv/Conv: | | 0.006%
/model.13/cv2/conv/Conv: | | 0.006%
/model.23/cv3.2/cv3.2.1/cv3.2.1.1/conv/Conv: | | 0.005%
/model.13/m.0/cv2/conv/Conv: | | 0.005%
/model.7/conv/Conv: | | 0.005%
/model.10/cv2/conv/Conv: | | 0.005%
/model.22/m.0/m/m.0/cv2/conv/Conv: | | 0.005%
/model.23/cv3.2/cv3.2.1/cv3.2.1.0/conv/Conv: | | 0.005%
/model.23/cv2.1/cv2.1.2/Conv: | | 0.005%
/model.8/m.0/m/m.1/cv2/conv/Conv: | | 0.005%
/model.23/cv3.2/cv3.2.0/cv3.2.0.0/conv/Conv: | | 0.005%
/model.19/cv2/conv/Conv: | | 0.004%
/model.4/m.0/cv2/conv/Conv: | | 0.004%
/model.8/m.0/cvl/conv/Conv: | | 0.004%
/model.23/cv2.2/cv2.2.1/conv/Conv: | | 0.004%
/model.19/cvl/conv/Conv: | | 0.004%
/model.23/cv2.0/cv2.0.1/conv/Conv: | | 0.004%
/model.10/m/m.0/attn/pe/conv/Conv: | | 0.004%
/model.23/cv2.2/cv2.2.2/Conv: | | 0.004%
/model.22/m.0/m/m.1/cv2/conv/Conv: | | 0.004%
/model.23/cv4.0/cv4.0.0/conv/Conv: | | 0.004%
/model.19/m.0/cvl/conv/Conv: | | 0.003%
/model.10/m/m.0/attn/proj/conv/Conv: | | 0.003%
/model.22/m.0/cv3/conv/Conv: | | 0.003%
/model.8/m.0/m/m.0/cvl/conv/Conv: | | 0.003%
/model.23/cv2.1/cv2.1.0/conv/Conv: | | 0.003%
/model.23/cv3.2/cv3.2.2/Conv: | | 0.002%
/model.10/m/m.0/attn/MatMul_1: | | 0.002%
/model.4/m.0/cvl/conv/Conv: | | 0.002%
/model.23/cv4.1/cv4.1.2/Conv: | | 0.002%
/model.22/m.0/cvl/conv/Conv: | | 0.002%
/model.8/m.0/m/m.0/cv2/conv/Conv: | | 0.002%
/model.22/cvl/conv/Conv: | | 0.002%
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23/cv4.0/cv4.0.2/Conv:
22/m.0/m/m.0/cvl/conv/Conv:
22/m.0/m/m.1/cvl/conv/Conv:
10/m/m.0/ffn/ffn.1/conv/Conv:
23/cv4.0/cvd.0.1/conv/Conv:
16/m.0/cvl/conv/Conv:
23/cv2.1/cv2.1.1/conv/Conv:
6/m.0/cvl/conv/Conv:
6/m.0/cv3/conv/Conv:
23/cv2.0/cv2.0.0/conv/Conv:
6/m.0/m/m.1/cvl/conv/Conv:
6/m.0/m/m.0/cvl/conv/Conv:
23/cv2.2/cv2.2.0/conv/Conv:
10/m/m.0/ffn/ffn.0/conv/Conv:
17/conv/Conv:

23/cv3.1/cv3.1.1/cv3.1.1.1/conv/Conv:
.1/cv3.1.1.0/conv/Conv:

23/cv3.1/cv3.
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6/m.0/cv2/conv/Conv:

23/cv3.0/cv3.0.0/cv3.0.0.0/conv/Conv:

8/m.0/cv2/conv/Conv:

23/cv3.0/cv3.0.0/cv3.0.0.1/conv/Conv:

10/m/m.0/attn/MatMul :
22/m.0/cv2/conv/Conv:

.0/cv3.1.0.1/conv/Conv:
.1/cv3.0.1.1/conv/Conv:

.0/cv3.1.0.0/conv/Conv:
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 yolol 1n-pose_qat.py

e trainer.py

ESP32-P4 wifbik 7

Layer | NOISE:SIGNAL POWER RATIO
/model.22/m.0/cv2/conv/Conv: I | 2 39
/model.23/cv3.2/cv3.2.0/cv3.2.0.1/conv/Conv: | IR @ 2¢.372°
/model.23/cv4.1/cv4.1.0/conv/Conv: | IR | 26.229%
/model.23/cv2.1/cv2.1.1/conv/Conv: o ] [ ] | 25.300%
/model.23/cv3.2/cv3.2.1/cv3.2.1.0/conv/Conv: | |HIEIEININIIIIIIIEEERR | 24.625%
/model.23/cv2.0/cv2.0.1/conv/Conv: ] | 23.751%
/model.20/conv/Conv: . | [ ] | 23.320%
/model.23/cv3.2/cv3.2.0/cv3.2.0.0/conv/Conv: | | HIIININENEDEEEEEE | 22.901%
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(B2 L0)
/model.23/cv4.1/cv4.1.1/conv/Conv: m ] | 22.516%
/model.10/m/m.0/ffn/ffn.1/conv/Conv: | ] ] | 22.035%
/model.19/m.0/cv2/conv/Conv: o | [ ] | 21.569%
/model.23/cv4.0/cv4.0.0/conv/Conv: m ] | 21.199%
/model.23/cv3.1/cv3.1.0/cv3.1.0.1/conv/conv: | | HEENNININEEEEEE | 20.785%
/model.23/cv3.1/cv3.1.1/cv3.1.1.0/conv/Conv: | |HNEEEEEEEEENN | 20.597%
/model.23/cv3.1/cv3.1.1/cv3.1.1.1/conv/Conv: | |HIININENEDEEEE | 20.329%
/model.23/cv4.0/cv4.0.1/conv/Conv: | I | 20.179%
/model.23/cv3.1/cv3.1.0/cv3.1.0.0/conv/Conv: | [ INENNENINGGE | 19.983%
/model.22/m.0/cv3/conv/Conv: . @@ | | 19.919%
/model.13/m.0/cv2/conv/Conv: . I | 19.424%
/model.23/cv3.0/cv3.0.1/cv3.0.1.0/conv/Conv: | | IENNENGNGGINGNGIGNGE | 18.893%
/model.19/cv2/conv/Conv: | | 18.055%
/model.23/cv3.2/cv3.2.1/cv3.2.1.1/conv/Conv: | |HENNENEEEEEE | 17.915%
/model.22/m.0/m/m.1/cv2/conv/Conv: I I | 17.796%
/model.22/cvl/conv/Conv: | | 17.777%
/model.23/cv4.2/cv4.2.1/conv/Conv: . @ | | 17.573%
/model.19/cvl/conv/Conv: N @ ] | 17.116%
/model.17/conv/Conv: . @@ ] | 16.869%
/model.22/cv2/conv/Conv: . @@ ] | 16.750%
/model.23/cv2.2/cv2.2.1/conv/Conv: N @ ] | 16.540%
/model.10/m/m.0/attn/proj/conv/Conv: . @@ ] | 16.491%
/model.23/cv2.2/cv2.2.0/conv/Conv: . @ ] | 16.421%
/model.23/cv2.1/cv2.1.0/conv/Conv: N @ ] | 16.205%
/model.23/cv4.2/cv4.2.0/conv/Conv: . @@ ] | 16.116%
/model.23/cv3.0/cv3.0.1/cv3.0.1.1/conv/Conv: | |HIENNEEEEER | 15.400%
/model.22/m.0/m/m.0/cv2/conv/Conv: . @ 0 ] | 15.251%
/model.23/cv3.0/cv3.0.0/cv3.0.0.1/conv/Conv: | | IIEINIINIIEE | 14.851%
/model.10/m/m.0/attn/pe/conv/Conv: . @@ ] | 14.659%
/model.19/m.0/cvl/conv/Conv: | | 14.289%
/model.22/m.0/m/m.1/cvl/conv/Conv: | | 13.038%
/model.16/m.0/cv2/conv/Conv: I | 12.941%
/model.22/m.0/m/m.0/cvl/conv/Conv: I I | 12.791%
/model.23/cv4.2/cv4.2.2/Conv: | | 12.508%
/model.23/cv4.1/cv4.1.2/Conv: I | 12.226%
/model.13/cvl/conv/Conv: | | 11.821%
/model.13/cv2/conv/Conv: | | 11.612%
/model.13/m.0/cvl/conv/Conv: I I | 11.515%
/model.10/m/m.0/attn/MatMul_1: I I | 11.303%
/model.16/cv2/conv/Conv: | I | 11.028%
/model.10/m/m.0/attn/gkv/conv/Conv: | I | 10.951%
/model.10/cvl/conv/Conv: . | | 10.755%
/model.23/cv2.0/cv2.0.0/conv/Conv: | I | 10.684%
/model.22/m.0/cvl/conv/Conv: o @ | | 10.164%
/model.10/m/m.0/ffn/ffn.0/conv/Conv: . | | 9.968%
/model.16/m.0/cvl/conv/Conv: . | | 9.656%
/model.23/cv4.0/cv4.0.2/Conv: o @ | | 9.566%
/model.8/m.0/cv2/conv/Conv: . | | 9.521%
/model.10/cv2/conv/Conv: | I | 8.068%
/model.1l6/cvl/conv/Conv: I I | 7.989%
/model.23/cv2.1/cv2.1.2/Conv: . ] | 7.969%
/model.8/m.0/cv3/conv/Conv: I | 7.725%
/model.23/cv3.0/cv3.0.0/cv3.0.0.0/conv/Conv: | [N | 7.570%
/model.8/m.0/m/m.0/cv2/conv/Conv: N ] | 7.339%
/model.8/m.0/m/m.1/cv2/conv/Conv: N ] | 7.283%
/model.8/cv2/conv/Conv: ] | 7.092%
/model.10/m/m.0/attn/MatMul : N ] | 6.654%
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/model.8/cvl/conv/Conv: N ] | 6.492%
/model.8/m.0/m/m.1/cvl/conv/Conv: I | 6.451%
/model.23/cv2.0/cv2.0.2/Conv: | R | 5.990%
/model.23/cv2.2/cv2.2.2/Conv: | R | 5.902%
/model.6/m.0/m/m.0/cv2/conv/Conv: | - | 5.898%
/model.6/m.0/cv2/conv/Conv: ] | 5.881%
/model.6/m.0/cv3/conv/Conv: | - | 5.402%
/model.8/m.0/cvl/conv/Conv: | - | 5.210%
/model.23/cv3.2/cv3.2.2/Conv: I | 5.126%
/model.6/cvl/conv/Conv: | - | 4.983%
/model.9/cv2/conv/Conv: | | 4.616%
/model.9/cvl/conv/Conv: | - | 3.934%
/model.7/conv/Conv: | - | 3.906%
/model.3/conv/Conv: | | 3.654%
/model.6/cv2/conv/Conv: | - | 3.429%
/model.8/m.0/m/m.0/cvl/conv/Conv: | - | 3.319%
/model.2/cv2/conv/Conv: | - | 3.220%
/model.6/m.0/m/m.1/cvl/conv/Conv: | | 3.191%
/model.6/m.0/m/m.0/cvl/conv/Conv: | - | 3.157%
/model.4/cvl/conv/Conv: | - | 2.893%
/model.6/m.0/m/m.1/cv2/conv/Conv: | | 2.792%
/model.6/m.0/cvl/conv/Conv: | - | 2.761%
/model.5/conv/Conv: | | 2.629%
/model.4/cv2/conv/Conv: | - | 2.298%
/model.2/cvl/conv/Conv: | l | 2.107%
/model.2/m.0/cv2/conv/Conv: N | | 2.095%
/model.4/m.0/cvl/conv/Conv: N | | 2.069%
/model.23/cv3.1/cv3.1.2/Conv: | l | 1.744%
/model.1l/conv/Conv: | l | 1.631%
/model.2/m.0/cvl/conv/Conv: N | | 1.583%
/model.4/m.0/cv2/conv/Conv: N | | 1.126%
/model.23/cv3.0/cv3.0.2/Conv: | | 0.535%
/model.0/conv/Conv: | | 0.067%
Analysing Layerwise quantization error:: /I ©°5/98 [10:49<00:00, 6.63s/
Sl
Layer | NOISE:SIGNAL POWER RATIO
/model.9/cv2/conv/Conv: ' T | 2 05
/model.2/cv2/conv/Conv: | | 1.610%
/model.3/conv/Conv: . | | 0.854%
/model.2/cvl/conv/Conv: I R | 0.543%
/model.1l/conv/Conv: | - | 0.487%
/model.8/cvl/conv/Conv: | R | 0.414%
/model.4/cv2/conv/Conv: | R | 0.397%
/model.0/conv/Conv: | | 0.364%
/model.6/m.0/cv3/conv/Conv: | - | 0.230%
/model.5/conv/Conv: N | | 0.181%
/model.2/m.0/cv2/conv/Conv: I | | 0.144%
/model.13/cv2/conv/Conv: | l | 0.140%
/model.2/m.0/cvl/conv/Conv: N | | 0.138%
/model.4/cvl/conv/Conv: | l | 0.129%
/model.16/cv2/conv/Conv: | l | 0.122%
/model.23/cv4.2/cv4.2.0/conv/Conv: N | | 0.120%
/model.4/m.0/cvl/conv/Conv: N | | 0.107%
/model.23/cv4.1/cv4.1.0/conv/Conv: | l | 0.096%
/model.19/cv2/conv/Conv: N | | 0.078%
/model.23/cv2.2/cv2.2.2/Conv: N | | 0.076%
/model.4/m.0/cv2/conv/Conv: | | 0.071%
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/model.8/m.0/m/m.1/cvl/conv/Conv: | | 0.071%
/model.6/cv2/conv/Conv: | | 0.067%
/model.6/cvl/conv/Conv: | | 0.066%
/model.17/conv/Conv: | | 0.060%
/model.23/cv4.2/cvd.2.1/conv/Conv: | | 0.057%
/model.22/m.0/m/m.1/cvl/conv/Conv: | | 0.056%
/model.16/cvl/conv/Conv: | | 0.051%
/model.10/cvl/conv/Conv: | | 0.050%
/model.23/cv4.2/cvd.2.2/Conv: | | 0.046%
/model.22/cv2/conv/Conv: | | 0.044%
/model.7/conv/Conv: | | 0.043%
/model.10/m/m.0/attn/pe/conv/Conv: | | 0.043%
/model.10/cv2/conv/Conv: | | 0.037%
/model.19/cvl/conv/Conv: | | 0.037%
/model.8/cv2/conv/Conv: | | 0.036%
/model.13/cvl/conv/Conv: | | 0.036%
/model.6/m.0/m/m.1/cvl/conv/Conv: | | 0.033%
/model.22/m.0/cv3/conv/Conv: | | 0.031%
/model.19/m.0/cvl/conv/Conv: | | 0.027%
/model.23/cv3.2/cv3.2.0/cv3.2.0.1/conv/Conv: | | 0.026%
/model.8/m.0/cvl/conv/Conv: | | 0.025%
/model.19/m.0/cv2/conv/Conv: | | 0.025%
/model.8/m.0/cv3/conv/Conv: | | 0.024%
/model.10/m/m.0/attn/gkv/conv/Conv: | | 0.023%
/model.8/m.0/m/m.0/cvl/conv/Conv: | | 0.023%
/model.22/m.0/cvl/conv/Conv: | | 0.021%
/model.6/m.0/m/m.0/cvl/conv/Conv: | | 0.021%
/model.23/cv2.0/cv2.0.0/conv/Conv: | | 0.020%
/model.6/m.0/cvl/conv/Conv: | | 0.020%
/model.23/cv4.0/cv4.0.0/conv/Conv: | | 0.019%
/model.9/cvl/conv/Conv: | | 0.018%
/model.23/cv4.1/cv4.1.2/Conv: | | 0.018%
/model.23/cv2.1/cv2.1.1/conv/Conv: | | 0.018%
/model.13/m.0/cvl/conv/Conv: | | 0.016%
/model.23/cv2.1/cv2.1.0/conv/Conv: | | 0.016%
/model.23/cv4.1/cvd.1.1/conv/Conv: | | 0.016%
/model.16/m.0/cv2/conv/Conv: | | 0.015%
/model.10/m/m.0/attn/proj/conv/Conv: | | 0.013%
/model.23/cv3.1/cv3.1.1/cv3.1.1.1/conv/Conv: | | 0.013%
/model.8/m.0/m/m.0/cv2/conv/Conv: | | 0.013%
/model.16/m.0/cvl/conv/Conv: | | 0.012%
/model.23/cv2.2/cv2.2.0/conv/Conv: | | 0.011%
/model.20/conv/Conv: | | 0.011%
/model.22/m.0/m/m.0/cvl/conv/Conv: | | 0.011%
/model.23/cv3.2/cv3.2.1/cv3.2.1.1/conv/Conv: | | 0.011%
/model.8/m.0/m/m.1/cv2/conv/Conv: | | 0.010%
/model.23/cv2.0/cv2.0.2/Conv: | | 0.009%
/model.10/m/m.0/attn/MatMul: | | 0.009%
/model.22/cvl/conv/Conv: | | 0.009%
/model.13/m.0/cv2/conv/Conv: | | 0.008%
/model.23/cv2.2/cv2.2.1/conv/Conv: | | 0.008%
/model.23/cv2.1/cv2.1.2/Conv: | | 0.007%
/model.23/cv3.2/cv3.2.1/cv3.2.1.0/conv/Conv: | | 0.007%
/model.22/m.0/m/m.1/cv2/conv/Conv: | | 0.007%
/model.6/m.0/m/m.0/cv2/conv/Conv: | | 0.006%
/model.22/m.0/m/m.0/cv2/conv/Conv: | | 0.006%
/model.23/cv4.0/cv4.0.1/conv/Conv: | | 0.005%
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/model .
/model .
/model .
/model.23/cv3.
/model.10/m/m.
/model.23/cv3.
/model.10/m/m.
/model.10/m/m.
/model.23/cv3.
/model.23/cv2.
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/model.23/cv3.
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/model.23/cv3.
/model.23/cv3.
/model .
/model .
/model .
/model .

23/cv3.
23/cvé.
6/m.0/m/m.1/cv2/conv/Conv:

0/cv3.0.0/cv3.0.0.1/conv/Conv:

23/cv3.

2/cv3.2.0/cv3.2.0.0/conv/Conv:

0/cv4.0.2/Conv:

0/ffn/ffn.1/conv/Conv:
2/cv3.2.2/Conv:
0/attn/MatMul_1:
0/ffn/ffn.0/conv/Conv:

1/cv3.1.0/cv3.1.0.1/conv/Conv:

0/cv2.0.1/conv/Conv:
1/cv3.1.1/cv3.1.1.0/conv/Conv:
0/cv3.0.2/Conv:
1/cv3.1.2/Conv:
0/cv3.0.1/cv3.0.1.0/conv/Conv:
1/cv3.1.0/cv3.1.0.0/conv/Conv:

0/cv3.0.0/cv3.0.0.0/conv/Conv:
6/m.0/cv2/conv/Conv:
0/cv3.0.1/cv3.0.1.1/conv/Conv:
8/m.0/cv2/conv/Conv:
22/m.0/cv2/conv/Conv:

(% L350
.005%
.004%
.004%
.004%
.003%
.003%
.002%
.002%
.002%
.002%
.001%
.001%
.001%
.001%
.001%
.000%
.000%
.000%
.000%
.000%

O O O O O OO OO OO0 OO OoOoo oo o

ESP32-P4 L&kt
TERH S-bit UL HALRATIZ IS, AERIAMAT, BLRIGRIEAE COCO L Pose mAPS0.95 §i7} %

44.2%; [l B2 B iR 2E KR > . M 8-bit J5 AL 2, ARG 8-bit Fr Az v PAZEA]
) A T N A B e i Y B RS

FiE: AR CRYR T A mAP 1RSSR 2 F T ultralytics version 8.4.50 f5:3AY .

3.9.3 HERE

example

BRI E 2

o dI_detect_base.hpp

o dl_detect_base.cpp

AI4hE

ImagePreprocessor K3 T AW EBR H LB FE, f0F5 color conversion, crop, resize,
normalization, quantize,

« dl_image_preprocessor.hpp

« dl_image_preprocessor.cpp
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fE4hiE

o dI_detect_postprocessor.hpp
o dl_detect_postprocessor.cpp
o dl_pose_yolo11_postprocessor.hpp

o dI_pose_yolo11_postprocessor.cpp

3.10 IN{TEpE R EE

I V) P SRR AN A 5 FIAE V22 00, BN, B ARAek e T A 2R S8 IR A R A X
« Offline #25: MAUTE B — ISR SRR (BIIEENEE SCE) . RE TR R AL T
o Streaming B0 AR, BALEWT (BH) o, SCmbab B ] 5 5R
TEARZRET, FARAG AT ESP-PPQ BHAL A, F(l ] ESP-DL A2 5 (b J5 i) i UL AL

o BHITE

o« AT
- AFHAXIER
- BAARSER TIFRIZ
- FHAXE Al E

o HEARE

3.10.1 #HEZTIT1E

1. %% ESP_IDF
2. %% ESP_PPQ

3.10.2 ERE{t
N

I [ P SR AR 25 %, X HL{L DA Temporal Convolutional Network(TCN) S|, AN#ZERI AT HATA R BOR T
fift, XHREZ AT . HESRHERE A S, BAERK.

BRI P T TON AL models.py (BELAESEHE, &Hﬁl??ﬁ?ﬁ)

ESP-PPQ #:4LT H 3 e thge, nIARAL O a8 i AL ) #E . 18T auto_streaming=True Z4{,
ESP-PPQ H 2fj 2k B CHE R il 75 OB A 46t

ke

« Offline A5, AL A& —Broc B4, input shape 7E W[ 2E B _F 1) size — LR (filan 11, 1e,
151),
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https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/detect/dl_detect_postprocessor.hpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/detect/dl_detect_postprocessor.cpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/detect/dl_pose_yolo11_postprocessor.hpp
https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/vision/detect/dl_pose_yolo11_postprocessor.cpp
https://github.com/espressif/esp-dl/tree/62bab30/examples/tutorial/how_to_deploy_streaming_model
https://github.com/espressif/esp-dl/blob/62bab30/examples/tutorial/how_to_deploy_streaming_model/quantize_streaming_model/models.py

ESP-DL i FiEM, R1ThR# latest

. Streamin% B, AL R IESERE , TERTRIZERE 1Y size B/0N, PERCSERPARBER BRI (Bild0 (1,
16, 31),

BRI
ESP-PPQ it S {Lid ) auto_streaming=True SHHRLH I FITAFEHIIIE . 1 ULHTE IR , ESP-PPQ
£ BB DA SRR A

L A HTBUAE HAIE S0 4} He

2. QUM E A ZE S IR 1

3. S et S AR

BahRA e TIERE

ESP-PPQ ity [ 3 U5 e 22 S BT, JAE S BEALBIALA StreamingCache 74 DASKBUTA 1T 3Cf
Fo el AR DA IR
L%

o SARRAMTT: FEA L F OB WA EEEWE (B4 Conv, AveragePool,

MaxPool, Coanranspose)o

o SO ONTRERTE ER SCRBE R s B SR ERE (140 Relu, Add,
MatMul, LayerNorm),
2. B0 RS
YT SRR B A 1, ESP-PPQ ARYEPA T BRI TR B2 /7% 11 K/N: - Kernel size and dilation rates -
Padding configuration - Stride values
T R/ NRE T 75 B A2 /0 I LA BB IE A TH 24w
3. StreamingCache j \5i i A
ESP-PPQ 7E 3 Fi i N T2 Hiffi A StreamingCache 5 o X LEHT (0 - 4E4P Iy s Miind) i 20 % 1 2%
X - PR TKETAR A N A2 B 1 - PR B IR A VR ) s A C B - /BRI o) 5 DAHEA T X A 1 s ] b 3L

4. Btk
XA, ESP-PPQ JABSIEENLE : - FERRIHE T AR LR AT E S AR AT - PR X AR ol S TS 72
PASE IR PR 2R AL 2

AT 2 <

o SR AR B b SR T S B s e B 1

o 8 SCERAE IR 2R I TR 0% 2 P BE R 2L T Bl B a3k

o AR 4ERE VTR 1 (W ilid streaming_table fil#)
DA 2 e A B shim X aE R R 11 -

# BHERAEAR

quant_ppg_graph = espdl_quantize_torch (
model=model,
espdl_export_file=ESPDL_MODEL_PATH,
calib_dataloader=dataloader,
calib_steps=32, # R¥E F ¥
input_shape=INPUT_SHAPE, # B & ¥ X W A\ R
inputs=None,

T )
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(B LE10)
target=TARGET, # & H iz (A
num_of bits=NUM OF BITS, # & {7 %
dispatching_override=None,
device=DEVICE,
error_report=True,
skip_export=False,
export_test_values=True,
verbose=1, # WMHFEHHLZEE
)

tERESERR R AEE

quant_ppg_graph = espdl_gquantize_torch (
model=model,
espdl_export_file=ESPDL_STEAMING_MODEL_PATH,
calib_dataloader=dataloader,
calib_steps=32,
input_shape=INPUT_SHAPE,
inputs=None,
target=TARGET,
num_of_bits=NUM_OF_BITS,
dispatching_override=None,
device=DEVICE,
error_report=True,
skip_export=False,
export_test_values=False,
verbose=1,
auto_streaming=True, # ) oA #
streaming_input_shape=[1, 16, 31, # Ut &= & W& A\ Bk
streaming_table=None,

i
P
puliyg
H
=

FHRARGEE

% T ESP-PPQ i3t £ 3 fE R [ 2 #5955 T (9001 Transpose. Reshape. Slice %) , £ b fi J
insert_streaming_cache_on_var ¥ F3h4H A StreamingCache 37 & . % RE ARG YL H B
A streamingCache HJ725 845 € Z i@t

insert_streaming_cache_on_var FREHZELUTT:

def insert_streaming_cache_on_var (
var_name: str,
window_size: int,
op_name: str = None,
frame_axis: int = 1

) —> Dict[str, Any]

SHM: - var_name: FEFHARRNEFHLRAF - window_size: ZAFH ORI/ (FFEEFHIMIEL)
-op_name: (A[¥E) H5AFEXEAE 74K - frame_axis: (A[3E) FoREFIAIZERE RS, BRAHK 1

R HOR ] — A E A R E T, VR H IR N E] streaming table 1) 3 I 1% i 45
espdl_quantize_torch R,

7 Bl

streaming_table = []
# A E % H 34N\ streamingCache % & F 345 % % B I
(BT )
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(B LE10)
streaming_table.append (
insert_streaming_cache_on_var ("/out_conv/Conv_output_ 0", output_frame_size - 1)
)
streaming_table.append (insert_streaming_cache_on_var ("PPQ_Variable 0", 1, "/Slice"))

quant_ppg_graph = espdl_gquantize_torch (
model=model,
espdl_export_file=ESPDL_STEAMING_MODEL_PATH,
calib_dataloader=dataloader,
calib_steps=32,
input_shape=INPUT_SHAPE,
inputs=None,
target=TARGET,
num_of_bits=NUM_OF_BITS,
dispatching_override=None,
device=DEVICE,
error_report=True,
skip_export=False,
export_test_values=False,
verbose=1,
auto_streaming=True,
streaming_input_shape=[1, 16, 3],
streaming_table=streaming_table, # f£# FHE F WK & X

3.10.3 {EXIERE
Z2 50 s OV S5 A R AT S IR R

i EEREPB BRI ER s, WIS T SO, X R
o dofoT o gk Fe il iX AR
o bofTHEATARA 2

LR T, BRI R B, TR R IR UL A . B KL B S, [l
LEP 2 TR PR . OB PR SO0 K A 24 I M 4 BUBRE BB . 0 app_main.cpp 01 F ¢
e

dl::TensorBase *run_streaming model (dl::Model *model, dl::TensorBase *test_input)

{

std: :map<std::string, dl::TensorBase *> model_inputs = model->get_inputs();
dl::TensorBase *model_input = model_inputs.begin()->second;

std: :map<std::string, dl::TensorBase *> model_outputs model—->get_outputs () ;
dl::TensorBase *model_output = model_outputs.begin()->second;

if (!test_input) {
ESP_LOGE (TAG,
"Model input doesn't have a corresponding test input. Please enable.
—export_test_values option "
"in esp-ppg when export espdl model.");
return nullptr;

&)
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(#z E70)

int test_input_size = test_input->get_bytes();
uint8_t *test_input_ptr = (uint8_t *)test_input->data;
int model_input_size = model_input->get_bytes();
uint8_t “*model_input_ptr = (uint8_t *)model_input->data;
int chunks = test_input_size / model_input_size;
for (int i = 0; i < chunks; i++) {

// assign chunk data to model input

memcpy (model_input_ptr, test_input_ptr + i * model_input_size, model_input_

—size);
model->run (model_input) ;

}

return model_output;

}

AR AV I LRI N SN SRR HOR R . A PR A BRI Y ERAR
A A Bh4E AR RIS B RS -

i
o BB R ARYE TS B S A KNG OB g A KN HE SRR
o ESP-DL Jii sUBEZ [ Bl AR N ACIR A AT L, (i B AR 15 frj B
o TR G iy Y SRR AR R e 1 B 20 DR

3.11 (& TQT E{LiER

A SCRY LA AT A K AT e ESP-PPQ i Jf] Trained Quantization Thresholds (TQT) fii Ak, DARA: B iy )
TRERE . TERL ESP-PPQ W2 1.2.7 WUA BB HT LA .

AT R TOT
- EE (PTQ) #4&Rit
- BB % (QAT) w98 2okt
- TOT feir kAt 4
et ] TOT
- Bk A s
- TQTSetting % A 54
TOT & 1t.7= 5
- YOLO26n & 1%

L]

- MobileNetV2 & 1%,

H LI AR

- JefT hoik TOT ¢
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— T VARG scale R AR A E G ©
— TOT T vk %= Weight Equalization —#24% F »i ¢

3.11.1 Afa{ER TAQT

TQT (Trained Quantization Thresholds) H} [ i8¢ Trained Quantization Thresholds for Accurate and Efficient Fixed-
Point Inference of Deep Neural Networks (Sambhav R. Jain, Albert Gural, Michael Wu, Chris H. Dick) , &% T
MLSys 2020, T ESP32 £&%1:th Ji H Fi{X 3% 7 Per-Tensor/Per-Channel + Symmetric + Power-of-2 &5 0%
A . espdl B, FRATTFE ESP-PPQ 5| AT TQT py4%.L AR, i badfE e %Rk SRRE F RIS Ii1k
HALBI(E (scale) FMRAUALE, PAGERECRE (LK.

1 ESP-PPQ ', TQT PA TrainedQuantizationThresholdPass fFE LI, FATLE log X} scale #E4744k, I
254 ESP-DL [t Power-of -2 i fi 7 i&E W (41 int_lambda , STE 4%),

EEft (PTQ) BEMRM

AR = kR

PTQ SEPFE . LRI scale FIZETHRE], R XHEUREEH (41 YOLO26n head)
RZER K

TQT folti] scale/F R R S H )

BBMIIZ (QAT) BEZM

AR (QAT) il HAESE BN M BAs A Db AL, REPASEUFAEE, (A%

o SERBRTEBO B KUNZE . BEREERE Cor T AR Bs AT VN ZR AR, QAT tfEAEFE BRI AY
gk AR ;

o BRI SHWEB A
o S PTQ/HE TR BRI AR AR 2mi0h TR

TQT W Jeilabn%E: 1K i st th AR i pg MSE, RIS EIT, Bafifay 80, AEfRFF Power-of-2 £4
WA MORALE 5 log2(scale), i # 1T RL R T W] BAR A -

TQT gEHRT 2
o W[2E3]1 scale (P5h 2 1) k K J5): 1E log Ii{ifk alpha = log2(scale) , H{HARE H H AL
POWER_OF_2, {HULRAGEAMF A, WA S,

« STE %j range-precision #+1*: Xt E{EAR (4] STE F- BB AT )/ S 470, IHE syl 5 R
Z [ BUSE L4 s ESP-PPQ A i alpha_ste 523

o MEESIRLE: ACE ISR, W5 scale —EMUIRGLHOR, HE— R/ MELDEE.

o 5 ESP-DL %}5%: {ii H1ERIA1Y alpha_ste Fi [ if, 11 k42 250 exponent; Filfy int_lambda AJik
%311 alpha TFEHGLEAL, TS0 58—

o Jotibed: HFRHELE R T scale/ AU AL -
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3.11.2 #n{a{E g TQT
RIEFFIG
1. {3ijfl ESP-DL Zki\ setting J§-3F k3 TQT

from esp_ppg import QuantizationSettingFactory
from esp_ppqg.api import espdl_quantize_onnx

quant_setting = QuantizationSettingFactory.espdl_setting/()
quant_setting.tgt_optimization = True
quant_setting.tgt_optimization_setting.int_lambda = 0.25 # T % : it exponent.
CEHEER

quant_setting.tgt_optimization_setting.steps = 500
quant_setting.tgt_optimization_setting.lr = le-5
quant_setting.tgt_optimization_setting.collecting _device = 'cuda' # or 'cpu'
quant_setting.tgt_optimization_setting.block_size = 2

2. f& A setting 1§ &1k

from esp_ppg.api import ENABLE_CUDA_KERNEL
with ENABLE_CUDA_KERNEL () :
quant_ppg_graph = espdl_gquantize_onnx (
onnx_import_file=0ONNX_PATH,
espdl_export_file=ESPDL_MODLE_PATH,
calib_dataloader=dataloader,
calib_steps=32,
input_shape=[1] + INPUT_SHAPE,
target=TARGET,
num_of_ bits=NUM_OF_BITS,
collate_fn=collate_fn,
setting=quant_setting,
device=DEVICE,
error_report=False,
skip_export=False,
export_test_values=True,
verbose=0,
inputs=None,

3. Sl S RN
o K[ quant_ppq_graph B scale Jf TQT S dJG 1% 2 Bk T, v FH TR B 7P4h
o i1 espdl SCPE: exponent > [ int(log2(config.scale)), :t 5ith FruntfE ¥R TQT fifbJ5 1) scale.
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TQTSetting EHS#

SH E: it ZNME  i%EA

interested_layers List[str] [ FEETRRN op 24 FK; 25 NIXF e 24541 Conv/Gemm £
e

steps int 500 3> block R E A%

Ir float le-5 2R3 &

block_size int 4 B %143 block BN, ke sE M 5

is_scale_trainable bool True AW scale (32 POWER_OF_2 + LINEAR + SYMMET-
RICAL). True: [FR}i)l|Z5 scale 5 weights; False: {Ul|Zk
weights

gamma float 0.0 1EN]: MSEQ# S, s4bi L)

int_lambda float 0.0 TEN]: ik alpha ££#T round(alpha), HUETEFE M [0.0, 1.0]

collecting_device str cpu ZERMERIRR R4, A GPU 8]~ cuda

3.11.3 TQT EfLRHl

PATR 7R Bl 7 ST % YOLO26n (#6:1) 11 MobileNetV2 (732) #1445 ] TQT &4k il ESP-DL. A HERE
R AR T S PRI B L

#51E: /~f9] YOLO26n £l MobileNetV2 Hr¥) P4 & AbNG EE & FE Per-Tensor ALK B N5y, I P4 £5%
¥t Conv/Gemm &1 Per-Channel &1t .

YOLO26n £t

EE
g 152 RR
TR T 42 R YOLO26n (one2one 4337 end2end #EHH)
5% H Arz i
B ATk [1, 3, 640, 640] (NCHW)
ONNX yo0lo26n_o20.onnx
T HESE calib_yolo26n.zip
£ W] DL one2many 43 44k end2end #EFH, ONNX 4 yolo26n_o2m.onnx , Ak

5 end2end FEH—E]
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BitHEE

import os

from esp_ppg import QuantizationSettingFactory
from esp_ppg.api import espdl_quantize_ onnx
from torch.utils.data import Dataloader
import torch

from torch.utils.data import Dataset

from torchvision import transforms

from PIL import Image

from onnxsim import simplify

import onnx

import zipfile

import urllib.request

from esp_ppqg.api import ENABLE_CUDA_KERNEL

class CaliDataset (Dataset) :
def _ init_ (self, path, img_shape=640) :
super () .__init__ ()
self.transform = transforms.Compose (
[

transforms.Resize ((img_shape, img_shape)),
transforms.ToTensor (),
transforms.Normalize (mean=[0, 0, 0], std=[(1, 1, 11),

self.imgs_path = []

self.path = path

for img_name in os.listdir(self.path):
img_path = os.path.join(self.path, img_name)
self.imgs_path.append (img_path)

def len_ (self):

return len(self.imgs_path)

def _ getitem__ (self, idx):
img = Image.open(self.imgs_path[idx])
if img.mode == 'L':
img = img.convert ('RGB'")
img = self.transform(img)
return img

def report_hook (blocknum, blocksize, total):
downloaded = blocknum * blocksize
percent = downloaded / total * 100
print (f"\rDownloading calibration dataset: {percent:.2f}%", end="")

def quant_yolo26n (imgsz) :
BATCH_SIZE = 32

INPUT_SHAPE = [3, imgsz, imgsz]
DEVICE = "cpu"
TARGET = "esp32p4" # or "esp32s3"

NUM_OF_BITS = 8

&)
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(#z_E70)
yolo26n_onnx_url = "https://dl.espressif.com/public/yolo26n_o20.onnx"
ONNX_PATH = "yolo26n_o2o0.onnx"
urllib.request.urlretrieve (

yolo26n_onnx_url, "yolo26n_o2o0.onnx", reporthook=report_hook
)
ESPDL_MODLE_PATH = "yolo26n_o2o0_ptg fqg tgt_p4 640.espdl”
yolo26n_caib_url = "https://dl.espressif.com/public/calib_yolo26n.zip"
CALIB_DIR = "calib_yolo26n"
urllib.request.urlretrieve (
yolo26n_caib_url, "calib_ yolo26n.zip", reporthook=report_hook
)
with zipfile.ZipFile("calib_yolo26n.zip", "r") as zip_file:
zip_file.extractall ("./")
model = onnx.load (ONNX_PATH)
sim = True
if sim:
model, check = simplify (model)
assert check, "Simplified ONNX model could not be validated"
onnx.save (onnx.shape_inference.infer_ shapes (model), ONNX_PATH)
calibration_dataset = CaliDataset (CALIB_DIR, img_shape=imgsz)
dataloader = Dataloader (
dataset=calibration_dataset, batch_size=BATCH_SIZE, shuffle=False, num_
—workers=8,
)
def collate_fn (batch: torch.Tensor) -> torch.Tensor:
return batch.to (DEVICE)
# default setting
quant_setting = QuantizationSettingFactory.espdl_setting/()
# activation calibration algo
quant_setting.quantize_activation_setting.calib_algorithm = "percentile" # k1 —-—>
— percentile to get better mAP
# focused logits quantization
quant_setting.quant_config_modify = True
# o020
quant_setting.quant_config _modify_setting.custom_config = {
"/model.23/one2one_cv3.0/one2one_cv3.0.2/Conv": 0.0625,
"/model.23/one2one_cv3.1/one2one_cv3.1.2/Conv": 0.0625,
"/model.23/one2one_cv3.2/one2one_cv3.2.2/Conv": 0.0625,
}
# o2m
# quant_setting.quant_config modify_setting.custom config = {
# "/model.23/cv3.0/cv3.0.2/Conv'": 0.0625,
# "/model.23/cv3.1/cv3.1.2/Conv": 0.0625,
# "/model.23/cv3.2/cv3.2.2/Conv": 0.0625,
# }
# TOT
quant_setting.tgt_optimization = True
quant_setting.tqgt_optimization_setting.collecting _device = "cpu"
(N30
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(# E30)
quant_setting.tqgt_optimization_setting.steps = 200 #300 for oZm
quant_setting.tgt_optimization_setting.block_size = 2
quant_setting.tgt_optimization_setting.lr = le-5

quant_ppg_graph = espdl_qgquantize_onnx (
onnx_import_file=ONNX_PATH,
espdl_export_file=ESPDL_MODLE_PATH,
calib_dataloader=dataloader,
calib_steps=32,
input_shape=[1] + INPUT_SHAPE,
target=TARGET,
num_of_ bits=NUM_OF_BITS,
collate_fn=collate_fn,
setting=quant_setting,
device=DEVICE,
error_report=True,
skip_export=False,
export_test_values=False,
verbose=0,
inputs=None,

)

return quant_ppqg_graph

if name == "__main_ ":
quant_yolo26n (imgsz=640)

Focused Logits Quantization

H ARG H 5 backbone/neck AN [A], Kxillsk (head) 4y Xt b iR 2= EH UK. TR, XFF 25l YOLO26n
EFERRIAEAL, H classification 43 3 ¥4t logits f Sigmoid ¥4 A, 24t Sigmoid R DTS2 25 A5 B 5l
HC BURF, AN logits 5 HVE 2 [ — B RS RI Y scale, 25153 i K scale G fbb Kb Hl), $3(
FASERE, mAP TP,

« Sigmoid BA7 A TG o(x) = 1/(1+exp(-x)) £ x HYZEXHERA AR PRABAL. x AR T2ty Bk
0, RIEWHEMT 1, HAHE-—B CREGE -4 5 4 ) AR, tgidil, X EIEA X
logits HAMAERX B APRIGHE Y, 8t AMRIIX . LA FAZAL

o WILAATHANDX, Kb ORI EREA: FEH SRR I, FATH L IEREA CA AR, MBS, X
J¥ logits fii 1 . Sigmoid % thHeir 1 i9—M. (EICIBIEGAPIM, HZE logits B ALiFd M (scale iEk. A
KKK, ZAAREN logits iy A2 [Al— AL FEMIAN P 22 iR g A O B 1, AR A
RIX W ZRARBE X ), FEOMERE, mAP 45,0,

F I, % %A Sigmoid (¥ logits (B 7~ H one2one_cv3.0/1/2.2 1% = head 43 2 55— 2 Conv i HY) ik
Focused logits quantization: 43X )L)Z SsSB40 scale (411 0.0625 =2 1) -4 K1), 1E4RF Power-of-2 ¥
HIfE N/ NEA K, TE Sigmoid B R AE Bl AR B BE 20407, ke Rk AMORN . I OREE IEREASIY
XRArEE, MR E SR TE mAP ., 5 ) HAbAG AR AL 58O [R5 H 4548, WARIE Sigmoid f s A K 5 (V6] B )2
HUH%EL custom_config.
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ESP32-P4 EREMLBEMIAER

F£ COCO val2017 #1415 yolo26n(size=640 pixels) A J5 HIAE -

(il mAP50-95(02m) mAP50-95(e2e) &iE
PTQ (7 TQT) 0.342 0.332 A
PTQ + TQT 0.371 0.363 FUE + TQT f#iF scale/FX E

MEREE R ER, JLie 2 Xt end2end #EBIARAY , i 2F end2end HEFEFAL, TQT 0] DA T+ b G ALY)
mAP,

FiE: WRIESR T P p A A P B, W] AR JT) size=512 pixels. SEIGEE N, ¥ size=512 pixels F end2end
PR, 8-bit PTQ H{bEi ) mAP50-95 4 0.315, %3 TQT J5§ mAP50-95 Al 32T+ % 0.341, k5Ar47t
T 26 NHEH M.

MobileNetV2 E1t

BitHEE

import os
import subprocess
from typing import Iterable, Tuple, List, Tuple

import torch

from datasets.imagenet_util import (
evaluate_ppg module_with_imagenet,
load_imagenet_from_ directory,

)

from esp_ppg import QuantizationSettingFactory, QuantizationSetting

from esp_ppg.api import espdl_quantize_onnx, get_target_platform

from torch.utils.data import Dataloader

import torchvision.datasets as datasets

import torchvision.transforms as transforms

from torch.utils.data.dataset import Subset

import urllib.request

import zipfile

def quant_setting_mobilenet_v2 (
onnx_path: str,
optim_quant_method: List[str] = None,
) —> Tuple[QuantizationSetting, str]:

rr

Quantize onnx model with optim_quant_method.

Args:
optim_quant_method (List([str]): support 'MixedPrecision_quantization'’,
— 'LayerwiseEqualization_quantization'
—-'MixedPrecision_quantization': if some layers in model have larger errors in.
—8-bit quantization, dispathching
the layers to 16-bit quantization. You can.

(£ F )
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(% E50)

—remove or add layers according to your
needs.
—-'LayerwiseEqualization_quantization': using weight equalization strategy,.
—which is proposed by Markus Nagel.

Refer to paper https://openaccess.
—thecvf.com/content_ICCV_2019/papers/Nagel_Data-Free_Quantization_Through_Weight_
—Equalization_and _Bias_Correction_ICCV_2019 paper.pdf for more information.

Since ReLU6 exists in MobilenetV2,.
—convert ReLU6 to ReLU for better precision.

Returns:
[tuple]: [QuantizationSetting, str]
rrr
quant_setting = QuantizationSettingFactory.espdl_setting()
if optim_gquant_method is not None:
if "MixedPrecision_qguantization" in optim_quant_method:
# These layers have larger errors in 8-bit quantization, dispatching to.
—16-bit quantization.
# You can remove or add layers according to your needs.
quant_setting.dispatching_table.append (
"/features/features.1l/conv/conv.0/conv.0.0/Conv",
get_target_platform(TARGET, 16),
)
quant_setting.dispatching_table.append (
"/features/features.1l/conv/conv.0/conv.0.2/Clip",
get_target_platform (TARGET, 16),
)
elif "LayerwiseEqualization_quantization" in optim_guant_method:
# layerwise equalization
quant_setting.equalization = True

quant_setting.equalization_setting.iterations = 4
quant_setting.equalization_setting.value_threshold = 0.4
quant_setting.equalization_setting.opt_level = 2

quant_setting.equalization_setting.interested_layers = None
# replace ReLU6 with ReLU
onnx_path = onnx_path.replace ("mobilenet_v2.onnx", "mobilenet_v2_relu.onnx

else:
raise ValueError (
"Please set optim_quant_method correctly. Support 'MixedPrecision_
—quantization', 'LayerwiseEqualization gquantization'"

)

return quant_setting, onnx_path

def collate_fnl(x: Tuple) -> torch.Tensor:
return torch.cat ([sample[0] .unsqueeze (0) for sample in x], dim=0)

def collate_fn2 (batch: torch.Tensor) -> torch.Tensor:
return batch.to (DEVICE)

def report_hook (blocknum, blocksize, total):
downloaded = blocknum * blocksize
percent = downloaded / total * 100
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(B 1)
print (f"\rDownloading calibration dataset: {percent:.2f}%", end="")
if name_ == "_ main_ ":
BATCH_SIZE = 32
INPUT_SHAPE = [3, 224, 224]
DEVICE = "cpu" # 'cuda' or 'cpu', if you use cuda, please make sure that cuda.
—1s available
TARGET = "esp32p4" # 'c', 'esp32s3' or 'esp32p4'
NUM_OF_BITS = 8
ONNX_PATH = "./models/torch/mobilenet_v2.onnx" #'models/onnx/mobilenet_vZ2.onnx'
ESPDL_MODEL_PATH = "models/onnx/mobilenet_v2.espdl"
CALIB_DIR = "./imagenet"
# Download mobilenet_v2 model from onnx models and dataset
imagenet_url = "https://dl.espressif.com/public/imagenet_calib.zip"
os.makedirs (CALIB_DIR, exist_ok=True)
if not os.path.exists ("imagenet_calib.zip"):
urllib.request.urlretrieve (
imagenet_url, "imagenet_calib.zip", reporthook=report_hook
)
if not os.path.exists(os.path.join (CALIB_DIR, "calib")):
with zipfile.ZipFile ("imagenet_calib.zip", "r") as zip_file:
zip_file.extractall (CALIB_DIR)
CALIB_DIR = os.path.join (CALIB_DIR, "calib")
# ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
# Prepare Calibration Dataset
# ____________________________________________
if os.path.exists (CALIB_DIR) :
print (f"load imagenet calibration dataset from directory: {CALIB_DIR}")
dataset = datasets.ImageFolder (
CALIB_DIR,
transforms.Compose (
[
transforms.Resize (256),
transforms.CenterCrop (224),
transforms.ToTensor (),
transforms.Normalize (
mean=[0.485, 0.456, 0.406], std=[0.229, 0.224, 0.225]
)I
]
)I
)
dataset = Subset (dataset, indices=[_ for _ in range (0, 1024)])
dataloader = Dataloader (
dataset=dataset,
batch_size=BATCH_SIZE,
shuffle=False,
num_workers=4,
pin_memory=False,
collate_fn=collate_fnl,
)
else:
# Random calibration dataset only for debug
print ("load random calibration dataset")
(2R 50)
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def load_random_calibration_dataset () —-> Iterable:
return [torch.rand(size=INPUT_SHAPE) for _ in range (BATCH_SIZE) ]

# Load training data for creating a calibration dataloader.

dataloader = Dataloader (

dataset=load_random_calibration_dataset (),

batch_size=BATCH_SIZE,
shuffle=False,

quant_setting = QuantizationSettingFactory.espdl_setting/()

# TOT
quant_setting.tgt_optimization = True

quant_setting.tgt_optimization_setting.
quant_setting.tqgt_optimization_setting.
quant_setting.tgt_optimization_setting.
quant_setting.tqgt_optimization_setting.

quant_ppg_graph = espdl_qgquantize_onnx (
onnx_import_file=0ONNX_PATH,
espdl_export_file=ESPDL_MODEL_PATH,
calib_dataloader=dataloader,
calib_steps=32,
input_shape=[1] + INPUT_SHAPE,
target=TARGET,
num_of_bits=NUM_OF_BITS,
collate_fn=collate_fn2,
setting=quant_setting,
device=DEVICE,
error_report=True,
skip_export=False,
export_test_values=False,
verbose=1,

evaluate_ppg module_with_imagenet (
model=quant_ppg_graph,
imagenet_validation_dir=CALIB_DIR,
batchsize=BATCH_SIZE,
device=DEVICE,
verbose=1,

collecting_device = "cpu"
steps = 500

block_size = 4

lr = le-4

(% 50
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BRERR O

TER M TQT ZEBE X} 8-bit BIALHA T RALABIIE LT, B Top-1 HERIZEN 71.775%, #H LG ESP32P4 A 5
H4) per-channel By EALRZ (Top-1 HERfZ K 70.850% ), TQT £& Top-1 ¥5 & _FTF T 1.306 A~ 4y £, 5 float32
PERLPAE R (71.878% ) TN, FWIRIMEAE 451 8-bit AL LR, (G X} Ak B E A T2 4k,
TQT WHEWS A M R AL RIS R I PERE N %, R BBY ARG B e 7 s ALK -

3.11.4 £ o&H

wn{aneE TQT ?

A GPU I}, fERHERHREE] GPU F RN

S collecting_device 14 cuda:

[quant_setting.tqt_optimization_setting.collecting_device = "cuda"

Fi7£ ENABLE_CUDA_KERNEL /7 &1k :

with ENABLE_CUDA_KERNEL () :
quant_ppg_graph = espdl_guantize_onnx(

onnx_import_file=ONNX_PATH,
espdl_export_file=ESPDL_MODLE_PATH,
calib_dataloader=dataloader,
calib_steps=32,
input_shape=[1] + INPUT_SHAPE,
target=TARGET,
num_of_bits=NUM_OF_BITS,
collate_fn=collate_fn,
setting=quant_setting,
device=DEVICE,
error_report=False,
skip_export=False,
export_test_values=False,
verbose=0,
inputs=None,

)

(7] N3 24 44K block _size (412~ 4) W/ HREL . iR E], HERTREATE , EBUEIR 4.

o[ LA f&eg scale RYIGIERNED ?

DA, ¥ is_scale_trainable % & & False B[ 7],

[quant_setting.tqt_optimization_setting.is_scale_trainable = False
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TQT TTLLF0 Weight Equalization —#2{% Fig, ?

FTPA. FEHIZRTT espdet_pico RERRRAY, 2 n] DAR R LARE— AR THR AR -

quant_setting.tgt_optimization_setting.equalization = True
quant_setting.tgt_optimization_setting.tgt_optimization = True
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CHAPTER 4

API| Reference

4.1 Tensor API Reference

Tensor is the fundamental data type in esp-dl, used for storing multi-type data such as int8, int16, float, etc., similar to
the tensor in PyTorch. We have implemented some common tensor operations. Please refer to the following APIs for
details.

4.1.1 Header File

« esp-dl/dl/tensor/include/dl_tensor_base.hpp

4.1.2 Classes

class ExponentInfo

Exponent info for per-tensor / per-channel quantization.

Per-tensor: m_exponent only, zero heap allocation. Per-channel: heap-allocated m_exponents array. Provides
operator int() so existing DL_SCALE (tensor->exponent) code works unchanged.

A failed per-channel allocation leaves the object in the invalid state reported by is_valid(); such an object describes
no scale at all and its tensor must be rejected by the caller.

89
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Public Functions

inline Exponent Info (int exponent = 0)
Construct a per-tensor Exponentinfo with a single exponent value.
SR8
exponent —The exponent value for per-tensor quantization. Default is 0.
inline Exponent Info (const std::vector<int> &exponents)
Construct an Exponentlnfo from a vector of exponents.
S8
exponents —Vector of exponent values. If size <= 1, uses per-tensor mode; otherwise uses
per-channel mode with heap allocation.
inline ~ExponentInfo ()
Destroy the Exponentinfo object and free heap-allocated memory.

inline Exponent Info (const Exponentlnfo &other)
Copy constructor.
e
other —The Exponentlnfo object to copy from.
inline Exponentinfo &operator= (const Exponentlnfo &other)
Copy assignment operator.
BH
other —The Exponentlnfo object to assign from.
Bl
Reference to this object.
inline Exponent Info (Exponentinfo &&other) noexcept
Move constructor.
SH
other —The Exponentlnfo object to move from.
inline Exponentlnfo &operator= (Exponentlnfo &&other) noexcept
Move assignment operator.
B8
other —The Exponentlnfo object to move from.
Bl
Reference to this object.
inline Exponentinfo &operator= (int value)
Assign a single integer value as per-tensor exponent.
B8
value —The exponent value to assign.
Bl
Reference to this object.
inline int get (intch =-1) const

Get exponent value.
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ZH
ch —Channel index. -1 (default) returns per-tensor value. ch >= 0 returns per-channel value if
available, otherwise per-tensor.

B
The exponent value for the specified channel or per-tensor exponent.
inline operator int () const
Implicit conversion to int, returns the per-tensor exponent value.
Bl
The per-tensor exponent value.
inline bool is_per_channel () const
Check if using per-channel quantization.
A |
true if per-channel exponents are stored, false otherwise.
inline bool is_wvalid () const
Check whether this object describes a usable scale.
Rl
false only when a per-channel exponent array could not be allocated. Quantized data governed
by such an object cannot be interpreted, so its tensor must be rejected.
inline int channel_size () const
Get the number of channels.
Bl
Number of channels for per-channel mode, 1 for per-tensor mode, or 0 when invalid.
inline const int *data () const
Get pointer to exponent data.
B
Pointer to per-channel exponents array if available, otherwise pointer to per-tensor exponent.
inline bool operator== (const Exponentinfo &other) const
Compare two Exponentlnfo objects for equality.
S8
other —The Exponentinfo object to compare with.
Bl
true if both are valid and have the same exponent values, false otherwise.
inline bool operator!= (const Exponentinfo &other) const
Compare two Exponentlnfo objects for inequality.
e
other —The Exponentinfo object to compare with.
Bl
true if exponent values differ, false if equal.

class TensorBase

This class is designed according to PyTorch Tensor. TensorBase is required to ensure that the first address are
aligned to 16 bytes and the memory size should be a multiple of 16 bytes.

TODO:: Implement more functions
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Public Functions

TensorBase (std::vector<int> shape, const void *element, int exponent = 0, dtype_t dtype =
DATA_TYPE_FLOAT, bool deep = true, uint32_t caps = MALLOC_CAP_DEFAULT)

Construct a TensorBase object.
BH
» shape —Shape of tensor
+ element —Pointer of data
« exponent —Exponent of tensor, default is 0
o dtype —Data type of element, default is float
o deep —True: malloc memory and copy data, false: use the pointer directly
« caps —Bitwise OR of MALLOC_CAP_* flags indicating the type of memory to be returned

TensorBase (std::vector<int> shape, const void *element, const std::vector<int> &exponents, dtype_t dtype =
DATA_TYPE_FLOAT, bool deep = true, uint32_t caps = MALLOC_CAP_DEFAULT)

Construct a TensorBase object with per-channel exponents.

g fie: If the per-channel exponents cannot be allocated, the tensor is left empty (data == nullptr, expo-
nent.is_valid() == false) and must not be used.

S8
« shape —Shape of tensor
+ element —Pointer of data
« exponents —Per-channel exponents
« dtype —Data type of element, default is float
« deep —True: malloc memory and copy data, false: use the pointer directly

» caps —Bitwise OR of MALLOC_CAP_* flags indicating the type of memory to be returned

inline virtual ~TensorBase ()
Destroy the TensorBase object.

inline void *operator new (size_t size)
Allocate the tensor object itself.

MALLOC_CAP_DEFAULT prefers PSRAM when one is present and falls back to internal RAM otherwise,
so a model holding many tensors does not spend internal RAM on the objects themselves.

size —Size of the object in bytes
Rl
Pointer to the allocated memory
inline void operator delete (void *ptr)
Deallocate the tensor object.

ZH

ptr —Pointer previously returned by operator new
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bool assign (TensorBase *tensor)
Assign tensor to this tensor.
BH
tensor —
B
true if assign successfully, otherwise false.
bool assign (std::vector<int> shape, const void *element, int exponent, dtype_t dtype)

Assign data to this tensor.
BH
+ shape —
¢ element -
¢ exponent —
o dtype -
B
true if assign successfully, otherwise false.
inline int get_size ()
Get the size of Tensor.
Bl
the size of Tensor.
inline int get_aligned_size ()
Get the aligned size of Tensor.
Bl
the aligned size of Tensor.
inline size_t get_dtype_bytes ()
Get the dtype size, in bytes.
Bl
the size of dtype.
inline const char *get_dtype_string ()
Get the dtype string of Tensor.
Bl
the string of Tensor’ s dtype.
inline int get_bytes ()
Get the bytes of Tensor.
Bl
the bytes of Tensor.
inline int get_aligned_bytes ()
Get the bytes of Tensor.

B
the bytes of Tensor.
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inline virtual void *get_element_ptr ()
Get data pointer. If cache(preload data pointer) is not null, return cache pointer, otherwise return data pointer.
B m
the pointer of Tensor’ s data
template<typename T>
inline 7 *get_element_ptr ()

Get data pointer by the specified template. If cache(preload data pointer) is not null, return cache pointer,
otherwise return data pointer.

B
the pointer of Tensor’ s data
TensorBase &set_element_ptr (void *data)
Set the data pointer of Tensor.
B8
data —point to data memory
Bl
TensorBase& self
inline std::vector<int> get_shape ()
Get the shape of Tensor.
B
std::vector<int> the shape of Tensor
TensorBase &set_shape (const std::vector<int> shape)
Set the shape of Tensor.

S8
shape —the shape of Tensor.

B
Tensor.
inline int get _exponent ()
Get the exponent of Tensor.
Bl
int the exponent of Tensor
inline dtype_t get_dtype ()
Get the data type of Tensor.
B
dtype_t the data type of Tensor
inline uint32_t get_caps ()
Get the memory flags of Tensor.
Bl
uint32_t the memory flags of Tensor
TensorBase *reshape (std::vector<int> shape)
Change a new shape to the Tensor without changing its data.

28
shape —the target shape
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B

TensorBase *self

template<typename T>
TensorBase *£1ip (const std::vector<int> &axes)

Flip the input Tensor along the specified axes.
B

axes —the specified axes
B
TensorBase& self
TensorBase *transpose (TensorBase *input, std::vector<int> perm = {})

Reverse or permute the axes of the input Tensor.
S8
o input —the input Tensor

e perm —the new arrangement of the dims. if perm == {}, the dims arrangement will be
reversed.

B

TensorBase *self

template<typename T>
TensorBase *transpose (T *input_element, std::vector<int> &input_shape, std::vector<int>
&input_axis_offset, std::vector<int> &perm )

Reverse or permute the axes of the input Tensor.
B8
« input_element -the input data pointer
« input_shape —the input data shape
e input_axis_offset —the input data axis offset

o perm -the new arrangement of the dims. if perm == {}, the dims arrangement will be
reversed.

B m]
TensorBase *self

bool is_same_shape (7ensorBase *tensor)
Check the shape is the same as the shape of input.

B8

tensor —Input tensor pointer
Bl

e true: same shape

« false: not

bool equal (TensorBase *tensor, float epsilon = 1e-6, bool verbose = false)

Compare the shape and data of two Tensor.
S8
» tensor —Input tensor

o epsilon —The max error of two element

4.1. Tensor API Reference
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« verbose —If true, print the detail of results
B
true if two tensor is equal otherwise false

TensorBase *s1lice (const std::vector<int> &start, const std::vector<int> &end, const std::vector<int> &axes =
{}, const std::vector<int> &step = {})

Produces a slice of the this tensor along multiple axes.

%t The length of start, end and step must be same as the shape of input tensor

o start —Starting indicesd

» end -Ending indices

» axes —Axes that starts and ends apply to.

« step —Slice step, step = 1 if step is not specified

Rl
TensorBase* Output tensor pointer, created by this slice function

template<typename T>
TensorBase *pad (T *input_element, const std::vector<int> &input_shape, const std::vector<int> &pads, const
padding_mode_t mode, TensorBase *const_value = nullptr)

Pad input tensor.
S8
e input_element —Data pointer of input tensor
e input_shape —Shape of input tensor

o pads —The number of padding elements to add, pads format should be: [x1_begin,
x2_begin, -+, x1_end, x2_end, "]

« mode —Supported modes: constant(default), reflect, edge

« const_value —(Optional) A scalar value to be used if the mode chosen is constant
B

Output tensor pointer

TensorBase *pad ( TensorBase *input, const std::vector<int> &pads, const padding_mode_t mode, TensorBase
*const_value = nullptr)

Pad input tensor.
B8
« input —Input tensor pointer

« pads —Padding elements to add, pads format should be: [x1_begin, x2_begin, -+, x1_end,
x2_end, ]

« mode —Supported modes: constant(default), reflect, edge
» const_value —(Optional) A scalar value to be used if the mode chosen is constant

Bl

Output tensor pointer
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template<typename T>
bool compare_elements (const 7 *gt_elements, float epsilon = 1e-6, bool verbose = false)

Compare the elements of two Tensor.
S8
o gt_elements —The ground truth elements
e epsilon —The max error of two element

« verbose —If true, print the detail of results
RIA
true if all elements are equal otherwise false
int get_element_index (const std::vector<int> &axis_index)
Get the index of element.
S5
axis_index —The coordinates of element
PA(E]
int the index of element
std::vector<int> get_element_coordinates (int index)
Get the coordinates of element.
S5
index —The index of element
AT
The coordinates of element
template<typename T>
T get_element (int index)
Get a element of Tensor by index.
ZH
index —The index of element
RA
The element of tensor
template<typename T>
T get_element (const std::vector<int> &axis_index)
Get a element of Tensor.
ZH
axis_index —The index of element
R
The element of tensor
void memset (int value)
Set a element of Tensor by index.

S8

value —The value of element
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void rand ()

Fill tensor data with random bytes from hardware RNG.

Uses esp_fill_random() to fill the tensor’ s internal buffer with random bytes.
(esp_random.h).

size_t set_preload_addr (void *addr, size_t size)
Set preload address of Tensor.

o addr —The address of preload data
» size —Size of preload data

B
The size of preload data

inline virtual void preload ()
Preload the data of Tensor.
void reset_bias_layout (quant_type_t op_quant_type, bool is_depthwise)

Reset the layout of Tensor.

Requires ESP-IDF

B fte: Only available for Convolution. Don’ t use it unless you know exactly what it does.

S
« op_quant_type —The quant type of operation

e is_depthwise —Whether is depthwise convolution

void push ( TensorBase *new_tensor, int dim)

Push new_tensor to current tensor. The time series dimension size of new tensor must is lesser or equal than

that of the current tensor.” .
S8
e new_tensor —The new tensor will be pushed
o dim —Specify the dimension on which to perform streaming stack pushes

virtual void print (bool print_data = false)

print the information of TensorBase

S8
print_data —Whether print the data

Public Members

int size

size of element including padding

std::vector<int> shape

shape of Tensor
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dtype_t dtype

data type of element

Exponentlnfo exponent

exponent of element (per-tensor or per-channel)

bool auto_free

free element when object destroy

std::vector<int> axis_offset

element offset of each axis

void *data

data pointer

void *cache

cache pointer, used for preload and do not need to free

uint32_t caps

flags indicating the type of memory

Public Static Functions

static void s1ice (7ensorBase *input, TensorBase *output, const std::vector<int> &start, const std::vector<int>
&end, const std::vector<int> &axes = {}, const std::vector<int> &step = {})

Produces a slice along multiple axes.

g ie: The length of start, end and step must be same as the shape of input tensor

e input —Input Tensor

e output —Output Tensor

e start —Starting indicesd

» end -Ending indices

« axes —Axes that starts and ends apply to.

o step —Slice step, step = 1 if step is not specified
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4.2 Module API Reference

The Module is the base class for operators in esp-dl, and all operators inherit from this base class. This base class
defines the basic interfaces for operators, enabling the model layer to automatically execute operators and manage memory
planning.

4.2.1 Header File

o esp-dl/dl/module/include/dl_module_base.hpp

4.2.2 Classes

class Module

Base class for module.

Public Functions

Module (const char *name = NULL, module_inplace_t inplace = MODULE_NON_INPLACE, quant_type_t
quant_type = QUANT_TYPE_NONE)

Construct a new Module object.
S8
» name —Name of module.
e inplace —Inplace operation mode
e quant_type —Quantization type
virtual ~Module ()
Destroy the Module object. Return resource.
inline void *operator new (size_t size)
Allocate the module object itself.
MALLOC_CAP_DEFAULT prefers PSRAM when one is present and falls back to internal RAM otherwise,

so amodel’ s modules do not spend internal RAM on the objects themselves.

S8
size —Size of the object in bytes
B
Pointer to the allocated memory
inline void operator delete (void *ptr)
Deallocate the module object.
S8
ptr —Pointer previously returned by operator new
inline virtual std::vector<int> get_outputs_index ()
Get the tensor index of this module’ s outputs.

B

Tensor index of model’ s tensors

100 Chapter 4. API Reference


https://github.com/espressif/esp-dl/blob/62bab30/esp-dl/dl/module/include/dl_module_base.hpp

ESP-DL FHFiER, A1ThRA latest

inline virtual bool is_lut_module () const
Whether this module uses a lookup table (LUT) as an extra input.

LUT modules load the table from the model initializer and append it tom_inputs_index.

B

true if the module is a LUT module, false otherwise

virtual std::vector<std::vector<int» get_output_shape (std::vector<std::vector<int» &input_shapes) =0

Calculate output shape by input shape.

S
input_shapes —Input shapes

Bl
outputs shapes

virtual void £orward (ModelContext *context, runtime_mode_t mode = RUNTIME_MODE_AUTO) =0
Build the module, high-level interface for Module layer.
S8
e context —Model context including all inputs and outputs and other runtime information
« mode —Runtime mode, default is RUNTIME_MODE_AUTO

inline virtual void forward_args (void *args)

Run the module, Low-level interface for base layer and multi-core processing.

args —ArgsType, arithArgsType, resizeArgsType and so on

inline virtual void print ()

print module information

inline virtual void set_preload_addr (void *addr, size_t size)

set preload RAM pointer
S8
o addr —Internal RAM address, should be aligned to 16 bytes
o size —The size of RAM address

inline virtual void preload ()

Perform a preload operation.

#xfie: Not implemented

inline virtual void reset ()

reset all state of module, include inputs, outputs and preload cache setting

virtual void run ( TensorBase *input, TensorBase *output, runtime_mode_t mode =
RUNTIME_MODE_SINGLE_CORE)

Run the module with single input and single output.
SH
e input —Input tensor

» output —Output tensor
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« mode —Runtime mode

virtual void run (std::vector<dl:: TensorBase*> inputs, std::vector<dl::TensorBase*> outputs, runtime_mode_t
mode = RUNTIME_MODE_SINGLE_CORE)

Run the module by inputs and outputs.
B8
« inputs —Input tensors
« outputs —Output tensors

« mode —Runtime mode

Public Members

char *name

Name of module.

module_inplace_t inplace

Inplace type.

quant_type_t quant_type

Quantization type.

std::vector<int>m_inputs_index

Tensor index of model’ s tensors that used for inputs.

std::vector<int>m_outputs_index

Tensor index of model’ s tensors that used for outputs.

Public Static Functions

static inline Module *deserialize (fbs::FbsModel *fbs_model, std::string node_name)

create module instance by node serialization information
e
e fbs_model —Flatbuffer’ s model
« node_name —The node name in model’ s graph
B

The pointer of module instance
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4.2.3 Header File

o esp-dl/dl/module/include/dl_module_creator.hpp

4.2.4 Classes

class ModuleCreator

Singleton class for registering modules.

Public Types

using Creator = std::function<Module*(fbs::FbsModel*, std::string)>

Module creator function type.

Public Functions

inline void register_module (const std::string &op_type, Creator creator)

Register a module creator to the module creator map This function allows for the dynamic registration of new
module types and their corresponding creator functions at runtime. By associating the module type name
with the creator function, the system can flexibly create instances of various modules.

B8
» op_type ~The module type name, used as the key in the map
« creator —The module creator function, used to create modules of a specific type

inline Module *create (fbs::FbsModel *fbs_model, const std::string &op_type, const std::string name)

Create module instance pointer.
BH
» fbs_model -Flatbuffer model pointer
» op_type ~-Module/Operator type
» name —Module name

B
Module instance pointer

inline void register_dl_modules ()
Pre-register the already implemented modules.
inline void print ()
Print all modules has been registered.

inline void clear ()

Clear all modules has been registered.
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Public Static Functions

static inline ModuleCreator *get_instance ()

Get instance of ModuleCreator by this function. It is only safe method to get instance of ModuleCreator

because ModuleCreator is a singleton class.

B

ModuleCreator instance pointer

4.3 Model API Reference

This section covers model loading and static memory planning, making it convenient for users to directly load and run

ESPDL models.

4.3.1 Header File

« esp-dl/dl/model/include/dl_model_base.hpp

4.3.2 Macros

DL_LOG_INFER_LATENCY INIT_WITH_SIZE (size)
DI_LOG_INFER_LATENCY INIT ()
DI_LOG_INFER_LATENCY_ START ()
DL_LOG_INFER_LATENCY END ()
DL_LOG_INFER_LATENCY PRINT (prefix, key)
DL_LOG_INFER_LATENCY END_PRINT (prefix, key)
DI_LOG_INFER_LATENCY ARRAY INIT WITH_SIZE (n, size)
DI_LOG_INFER_LATENCY ARRAY INIT (n)
DL_LOG_INFER_LATENCY ARRAY START (i)
DL_LOG_INFER_LATENCY ARRAY END (i)
DL_LOG_INFER_LATENCY ARRAY PRINT (i, prefix, key)

DL_LOG_INFER_LATENCY ARRAY END_PRINT (i, prefix, key)
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4.3.3 Classes

class Model
Neural Network Model.

Public Functions

Model (const char *rodata_address_or_partition_label_or_path, fbs::model_location_type_t location =
fbs::MODEL_LOCATION_IN_FLASH_RODATA, int max_internal_size = 0, memory_manager_t
mm_type = MEMORY_MANAGER_GREEDY, const uint8_t *key = nullptr, bool param_copy = true,
const std::map<std::string, std::vector<int» &input_shapes = {})

Create the Model object by rodata address or partition label.
o rodata_address_or_partition_label_or_ path —The address of model data
while location is MODEL_LOCATION_IN_FLASH_RODATA. The label of partition

while location is MODEL_LOCATION_IN_FLASH_PARTITION. The path of model
while location is MODEL_LOCATION_IN_SDCARD.

¢ location —The model location.

e max_internal_size —In bytes. Limit the max internal size usage. Only take effect
when there’ s a PSRAM, and you want to alloc memory on internal RAM first.

o mm_type —Type of memory manager
» key —The key of encrypted model.

o param_copy -Set to false to avoid copy model parameters from FLASH to
PSRAM. Only set this param to false when your PSRAM resource is very
tight. This saves PSRAM and sacrifices the performance of model inference be-
cause the frequency of PSRAM is higher than FLASH. Only takes effect when
MODEL_LOCATION_IN_FLASH_RODATA(CONFIG_SPIRAM_RODATA not
set) or MODEL_LOCATION_IN_FLASH_PARTITION.

« input_shapes —~Optional map to override graph input shapes. The key is the graph input
name and the value is the shape. If empty, the shapes stored in the model are used.

Model (const char *rodata_address_or_partition_label_or_path, int model_index, fbs::model_location_type_t
location = fbs::MODEL_LOCATION_IN_FLASH_RODATA, int max_internal_size = 0,
memory_manager_t mm_type = MEMORY_MANAGER_GREEDY, const uint8_t *key = nullptr, bool
param_copy = true, const std::map<std::string, std::vector<int» &input_shapes = {})

Create the Model object by rodata address or partition label.
S8

e rodata_address_or_partition_label_or_path —The address of model data
while location is MODEL_LOCATION_IN_FLASH_RODATA. The label of partition
while location is MODEL_LOCATION_IN_FLASH_PARTITION. The path of model
while location is MODEL_LOCATION_IN_SDCARD.

« model_index —The model index of packed models.
e location —The model location.

e max_internal_size -In bytes. Limit the max internal size usage. Only take effect
when there’ s a PSRAM, and you want to alloc memory on internal RAM first.
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o mm_type —Type of memory manager
» key —The key of encrypted model.

e param_copy -Set to false to avoid copy model parameters from FLASH to
PSRAM. Only set this param to false when your PSRAM resource is very
tight. This saves PSRAM and sacrifices the performance of model inference be-
cause the frequency of PSRAM is higher than FLASH. Only takes effect when
MODEL_LOCATION_IN_FLASH_RODATA(CONFIG_SPIRAM_RODATA not
set) or MODEL_LOCATION_IN_FLASH_PARTITION.

« input_shapes —~Optional map to override graph input shapes. The key is the graph input
name and the value is the shape. If empty, the shapes stored in the model are used.

Model (const char *rodata_address_or_partition_label_or_path, const char *model_name,
fbs::model_location_type_t location = fbs::MODEL_LOCATION_IN_FLASH_RODATA, int
max_internal_size = 0, memory_manager_t mm_type = MEMORY_MANAGER_GREEDY, const
uint8_t *key = nullptr, bool param_copy = true, const std::map<std::string, std::vector<int»
&input_shapes = {})

Create the Model object by rodata address or partition label.
S8

e rodata_address_or_partition_label_or_path —The address of model data
while location is MODEL_LOCATION_IN_FLASH_RODATA. The label of partition
while location is MODEL_LOCATION_IN_FLASH_PARTITION. The path of model
while location is MODEL_LOCATION_IN_SDCARD.

« model_name —The model name of packed models.
e location —The model location.

« max_internal_size In bytes. Limit the max internal size usage. Only take effect
when there’ s a PSRAM, and you want to alloc memory on internal RAM first.

o mm_type —Type of memory manager
» key —The key of encrypted model.

e param_copy -Set to false to avoid copy model parameters from FLASH to
PSRAM. Only set this param to false when your PSRAM resource is very
tight. This saves PSRAM and sacrifices the performance of model inference be-
cause the frequency of PSRAM is higher than FLASH. Only takes effect when
MODEL_LOCATION_IN_FLASH_RODATA(CONFIG_SPIRAM_RODATA not
set) or MODEL_LOCATION_IN_FLASH_PARTITION.

« input_shapes —~Optional map to override graph input shapes. The key is the graph input
name and the value is the shape. If empty, the shapes stored in the model are used.

Model (fbs::FbsModel *fbs_model, int internal_size = 0, memory_manager_t mm_type =
MEMORY_MANAGER_GREEDY, const std::map<std::string, std::vector<int» &input_shapes = {})

Create the Model object by fbs_model.
S8
e fbs_model —The fbs model.
e internal_size —Internal ram size, in bytes
o mm_type —Type of memory manager

e input_shapes —Optional map to override graph input shapes. The key is the graph input
name and the value is the shape. If empty, the shapes stored in the model are used.
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virtual ~Model ()
Destroy the Model object.

virtual esp_err_t load (const char *rodata_address_or_partition_label_or_path, fbs::model_location_type_t
location = fbs::MODEL_LOCATION_IN_FLASH_RODATA, const uint8_t *key =
nullptr, bool param_copy = true)

Load model graph and parameters from FLASH or sdcard.

o rodata_address_or_partition_label_or_ path —The address of model data
while location is MODEL_LOCATION_IN_FLASH_RODATA. The label of partition
while location is MODEL_LOCATION_IN_FLASH_PARTITION. The path of model
while location is MODEL_LOCATION_IN_SDCARD.

e location —The model location.
« key —The key of encrypted model.

e« param_copy -Set to false to avoid copy model parameters from FLASH to
PSRAM. Only set this param to false when your PSRAM resource is very
tight. This saves PSRAM and sacrifices the performance of model inference be-
cause the frequency of PSRAM is higher than FLASH. Only takes effect when
MODEL_LOCATION_IN_FLASH_RODATA(CONFIG_SPIRAM_RODATA not
set) or MODEL_LOCATION_IN_FLASH_PARTITION.

pq |
e ESP_OK Success
« ESP_FAIL Failed

virtual esp_err_t load (const char *rodata_address_or_partition_label_or_path, fbs::model_location_type_t
location = fbs::MODEL_LOCATION_IN_FLASH_RODATA, int model_index = 0,
const uint8_t *key = nullptr, bool param_copy = true)

Load model graph and parameters from FLASH or sdcard.

o rodata_address_or_partition_label_or_ path —The address of model data
while location is MODEL_LOCATION_IN_FLASH_RODATA. The label of partition
while location is MODEL_LOCATION_IN_FLASH_PARTITION. The path of model
while location is MODEL_LOCATION_IN_SDCARD.

e location —The model location.
» model_index -The model index of packed models.
o key —The key of encrypted model.

e param_copy -Set to false to avoid copy model parameters from FLASH to
PSRAM. Only set this param to false when your PSRAM resource is very
tight. This saves PSRAM and sacrifices the performance of model inference be-
cause the frequency of PSRAM is higher than FLASH. Only takes effect when
MODEL_LOCATION_IN_FLASH_RODATA(CONFIG_SPIRAM_RODATA not
set) or MODEL_LOCATION_IN_FLASH_PARTITION.

RA
« ESP OK Success
o ESP_FAIL Failed
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virtual esp_err_t load (const char *rodata_address_or_partition_label_or_path, fbs::model_location_type_t
location = fbs::MODEL_LOCATION_IN_FLLASH_RODATA, const char
*model_name = nullptr, const uint8_t *key = nullptr, bool param_copy = true)

Load model graph and parameters from FLASH or sdcard.

o rodata_address_or_partition_label_or_ path —The address of model data
while location is MODEL_LOCATION_IN_FLASH_RODATA. The label of partition
while location is MODEL_LOCATION_IN_FLASH_PARTITION. The path of model
while location is MODEL_LOCATION_IN_SDCARD.

e location —The model location.
» model_name -The model name of packed models.
« key —The key of encrypted model.

e param_copy -Set to false to avoid copy model parameters from FLASH to
PSRAM. Only set this param to false when your PSRAM resource is very
tight. This saves PSRAM and sacrifices the performance of model inference be-
cause the frequency of PSRAM is higher than FLASH. Only takes effect when
MODEL_LOCATION_IN_FLASH_RODATA(CONFIG_SPIRAM_RODATA not
set) or MODEL_LOCATION_IN_FLASH_PARTITION.

B
« ESP_OK Success
o ESP_FAIL Failed
virtual esp_err_t load (fbs::FbsModel *fbs_model)

Load model graph and parameters from Flatbuffers model.

S8
fbs_model —The FlatBuffers model

R
e ESP_OK Success
« ESP_FAIL Failed

virtual void build (size_t max_internal_size, memory_manager_t mm_type =
MEMORY_MANAGER_GREEDY, bool preload = false, const std::map<std::string,
std::vector<int» &input_shapes = {})

Allocate memory for the model.
S8

e max_internal_size —In bytes. Limit the max internal size usage. Only take effect
when there’ s a PSRAM, and you want to alloc memory on internal RAM first.

o mm_type —Type of memory manager

« preload —Whether to preload the model’ s parameters to internal ram (not implemented
yet)

e input_shapes —Optional map to override graph input shapes. The key is the graph input
name and the value is the shape. If empty, the shapes stored in the model are used.
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virtual void run (runtime_mode_t mode = RUNTIME_MODE_SINGLE_CORE)

Run the model module by module.

S8

mode —Runtime mode.
virtual void run ( TensorBase *input, runtime_mode_t mode = RUNTIME_MODE_SINGLE_CORE)
Run the model module by module.
o input —The model input.
« mode —Runtime mode.

virtual void run (std::map<std::string, TensorBase*> &user_inputs, runtime_mode_t mode =
RUNTIME_MODE_SINGLE_CORE, std::map<std::string, 7ensorBase*> user_outputs = {})

Run the model module by module.
B8
» user_inputs —The model inputs.
« mode —Runtime mode.

e user_outputs —It’ s for debug to specify the output of the intermediate layer; Under
normal use, there is no need to pass a value to this parameter. If no parameter is passed, the
default is the graphical output, which can be obtained through Model::get_outputs().

virtual void run (int stage_num, int stage_index, runtime_mode_t mode =
RUNTIME_MODE_SINGLE_CORE)

Run a single stage of the model.

The execution plan is split into stage_num near-equal segments and only the segment indexed by
stage_index is executed. The stage progress is managed by the caller (no state is kept inside the model),
so a full inference is done by calling this for stage_index from O to stage_num - 1. Inputs/outputs are handled

the same way as the other run() overloads (assign inputs before running stage 0, read outputs after running
the last stage).

S
o stage_num —Total number of stages to split the execution plan into (>= 1).
» stage_index —Index of the stage to execute, in range [0, stage_num).
« mode —Runtime mode.
void minimize ()
Minimize the model.

esp_err_ttest ()

Test whether the model inference result is correct. The model should contain test_inputs and test_outputs.
Enable export_test_values option in esp-ppq to use this api.

R
esp_err_t
std::map<std::string, mem_info_t> get_memory_info ()
Get memory info.
RH

Memory usage statistics on internal and PSRAM.
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std::map<std::string, module_info> get_module_info ()
Get module info.
B m
return Type and latency of each module.
void print_module_info (const std::map<std::string, module_info> &info, bool sort_module_by_latency =
false)

Print the module info obtained by get_module_info function.
e
e info -
e sort_module_by_latency —

void profile_memory ()

Print model memory summary.

void profile_module (bool sort_module_by_latency = false)
Print module info summary. (Name, Type, Latency)
S
sort_module_by_ latency —True The module is printed in latency decreasing sort. False
The module is printed in ONNX topological sort.
void profile (bool sort_module_by_latency = false)
Combination of profile_memory & profile_module.
ZH
sort_module_by_ latency —True The module is printed in latency decreasing sort. False
The module is printed in ONNX topological sort.
virtual std::map<std::string, TensorBase*> &get_inputs ()
Get inputs of model.
P
The map of model input’ s name and TensorBase*
virtual TensorBase *get_input ()
Get the only input of model.
AT
TensorBase*
virtual TensorBase *get_input (const std::string &name)
Get input of model by name.
ZH
name —input name
AT
TensorBase*
virtual TensorBase *get_intermediate (const std::string &name)

Get intermediate 7ensorBase of model.

411:: When using memory manager, the content of TensorBase’ s data may be overwritten by the outputs
of other
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S8
name —The name of intermediate Tensor. operators.
A

The intermediate TensorBase*.

virtual std::map<std::string, TensorBase*> &get_outputs ()
Get outputs of model.
|
The map of model output’ s name and TensorBase*
virtual TensorBase *get_output ()
Get the only output of model.
B
TensorBase*
virtual TensorBase *get_output (const std::string &name)
Get output of model by name.

S8

name —output name
B
TensorBase*
std::string get_metadata_prop (const std::string &key)
Get the model’ s metadata prop.
BH
key —The key of metadata prop
B
The value of metadata prop
virtual void print ()
Print the model.

virtual void reset ()

Reset the model. This function resets the model context and all modules, but does not reload the model or

rebuild the execution plan.
inline virtual fbs::FbsModel *get_fbs_model ()
Get the fbs model instance.

Bl
Jfbs::FbsModel *

4.3.4 Header File

« esp-dl/dl/model/include/dl_model_context.hpp
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4.3.5 Macros

CONTEXT_ PARAMETER_OFFSET

Offset for parameter tensors

4.3.6 Classes

class ModelContext

Model Context class including variable tensors and parameters.

Public Functions

inline ModelContext ()
Constructor for ModelContext. Initializes the PSRAM and internal root pointers to nullptr.

inline ~ModelContext ()

Destructor for ModelContext. Clears all resources and tensors.

int add_tensor (const std::string name, bool is_paramter = false, TensorBase *tensor = nullptr)

Adds a tensor to the parameter or variable list.
S8
» name —The name of the tensor.
e is_paramter —~Whether the tensor is a parameter (default: false).
« tensor —Pointer to the 7TensorBase object (default: nullptr).
Bl
int Returns the index of the added tensor.

int push_back_tensor (TensorBase *tensor, bool is_paramter = false)
Push back a tensor.
SH
« tensor —Pointer to the 7TensorBase object.
e is_paramter —Whether the tensor is a parameter (default: false).
B
int Returns the index of the added tensor.

void update_tensor (int index, TensorBase *tensor)

Updates the tensor at the specified index.
S8
o index —The index of the tensor to update.
» tensor —Pointer to the new TensorBase object.
TensorBase *get_tensor (int index)
Gets the tensor by its index.

S
index —The index of the tensor.
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A
TensorBase* Returns the pointer to the TensorBase object, or nullptr if the index is invalid.
TensorBase *get_tensor (const std::string &name)
Gets the tensor by its name.
SH
name —The name of the tensor.
A
TensorBase* Returns the pointer to the TensorBase object, or nullptr if the name is not found.
int get_tensor_index (const std::string &name)
Gets the tensor index by its name.
S
name —The name of the tensor.
A
int Returns index if the name is found, else -1
bool has_tensor (const std::string &name) const
Checks if a tensor exists by its name.
e
name —The name of the tensor.
A
bool Returns true if the tensor exists, false otherwise.
int get_variable_index (const std::string &name)
Gets the variable tensor index by its name.
e
name —The name of the tensor.
A
int Returns index if the name is found and is variable tensor, else -1
inline int get _variable_count ()
Gets the count of variable tensors.
Bl
int Returns the number of variable tensors.
inline int get_parameter_count ()
Gets the count of parameter tensors.
A
int Returns the number of parameter tensors.
bool root_alloc (size_t internal_size, size_t psram_size, int alignment = 16)

Allocates memory for PSRAM and internal roots.
» internal_size —The size of the internal memory in bytes.
o psram_size —The size of the PSRAM memory in bytes.

o alignment —The alignment of the memory in bytes.
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A
Bool Return true if the allocation is successful, false otherwise.
inline void *get_psram_root ()
Gets the pointer to the PSRAM root.
A
Void* Returns the pointer to the PSRAM root.
inline void *get_internal_root ()
Gets the pointer to the internal root.
B
Void* Returns the pointer to the internal root.
size_t get_parameter_memory_ size (mem_info_t &mem_info, bool copy)
Gets the size of the parameters in bytes.

B8
« mem_info —The size of the memory used by the parameters in bytes, filtered by copy
option.
o copy —Filter the parameters by auto_free.
&I
size_t Returns the total size of the parameters memory in bytes.
size_t get_variable_memory_size (mem_info_t &mem_info)
Get the variable memory size object.
BH
mem_info —The size of the memory used by the variables in bytes.
B

size_t Returns the total size of the variables memory in bytes.

inline void root_free ()

Frees the memory allocated for PSRAM and internal roots. This function ensures proper cleanup of allocated

memory.

inline void root_reset ()

Resets the context by clearing variables, parameters, and name-to-index map. This is used to reset the state

of the context for a new inference or after an inference.

inline void minimize ()

Minimizes the context by clearing the name-to-index map. This is used to free unnecessary intermediate

variables during the inference.

inline void release_tensors ()

Drops all tensor references without deleting the tensors. Used by contexts that only borrow tensors owned by

the caller.

inline void clear ()

Clears all resources and tensors in the context. This includes clearing variables, parameters, name-to-index

map, and freeing memory.
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Public Members

std::vector<TensorBase*>m_variables

Variable tensors of model, the first one is nullptr

std::vector<TensorBase*> m_parameters

Parameters of model, the first one is nullptr

4.3.7 Header File

o esp-dl/dl/model/include/d]_memory_manager.hpp

4.3.8 Classes

class MemoryManagerBase

Memory manager base class, each model has its own memory manager TODO: share memory manager with dif-
ferent models.

Subclassed by dl::MemoryManagerGreedy

Public Functions

inline MemoryManagerBase (int alignment = 16)

Construct a new Memory Manager Base object.

S8

alignment —-Memory address alignment

inline virtual ~MemoryManagerBase ()

Destroy the MemoryManager object. Return resource.

virtual bool alloc (fbs::FbsModel *fbs_model, std::vector<dl::module::Module*> &execution_plan,
ModelContext *context, const std::map<std::string, std::vector<int» &input_shapes ={}) =0

Allocate memory for each tensor, include all input and output tensors.
e fbs_model —FlatBuffer’ s Model
o execution_plan —Topological sorted module list
o context —Model context

« input_shapes —Optional map to override graph input shapes. The key is the graph input
name and the value is the shape. If empty, the shapes stored in fbs_model are used.
&

Bool Return true if the allocation is successful, false otherwise.
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Public Members

int alignment

The root pointer needs to be aligned must be a power of two

class TensorInfo

Tensor info, include tensor name, shape, dtype, size, time range and call times, which is used to plan model memory.

Public Functions

TensorInfo (std:string &name, int time_begin, int time_end, std::vector<int> shape, dtype_t dtype, int
exponent, bool is_internal = false)

Construct a new Tensor Info object.
SH
« name —Tensor name
o time_begin —Tensor lifetime begin
e time_end —Tensor lifetime end
« shape —Tensor shape
o dtype —Tensor dtype
« exponent —Tensor exponent
e is_internal —Is tensor in internal RAM or not

inline ~TensorInfo ()

Destroy the Tensor Info object.

void set_inplace_leader_tensor (Tensorinfo *tensor)
Set the inplace leader tensor object.
S8
tensor —Inplace leader tensor
inline void set_inplace_follower_dirty_tensor (Tensorinfo *tensor)
Set the inplace follower dirty tensor object.
tensor —Inplace follower dirty tensor
inline void set_inplace_follower_clean_tensor (Tensorinfo *tensor)
Set the inplace follower clean tensor object.

S8

tensor —Inplace follower clean tensor
inline std::pair<7ensorinfo*, TensorInfo*> get_inplace_follower_tensor ()
Get the inplace follower tensor object.
A

std::pair<TensorInfo *, TensorInfo *>
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void update_time (int new_time)
Update Tensor lifetime.
2
new_time —new tensor lifetime
TensorBase *create_tensor (void *internal_root, void *psram_root)

Create a TensorBase object according to TensorInfo.
e internal_root —Internal RAM root pointer

e psram_root —PSRAM root pointer
Bl
TensorBase*
inline bool is_inplaced ()
Is inplaced or not.
Bl
true if inplaced else false
inline uint32_t get_offset ()
Get the tensor offset.
Bl
uint32_t
inline void set_offset (uint32_t offset)
Set the tensor offset.
S8
offset —
inline uint32_t get_internal_offset ()
Get the internal offset.
Bl
uint32_t
inline bool get_internal_state ()
Get the internal state.
Bl
true if is internal else false
inline void set_internal_state (bool is_internal)
Set the internal state.
is_internal -
inline void set_internal_ offset (uint32_t offset)
Set the internal offset.

ZH
offset —
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inline int get_time_end ()
Get the liftetime end.
P
int
inline int get_time_begin ()
Get the liftetime begin.
Bl
int
inline size_t get_size ()
Get the tensor size.
Bl
size_t
inline std::string get_name ()
Get the tensor name.
PEE]
std::string
inline std::vector<int> get_shape ()
Get the tensor shape.
PEA L]
std::vector<int>
inline void print ()

print tensor info

class MemoryChunk

Memory chunk, include size, is free, offset, alignment and tensor, which is used to simulate memory allocation.

Public Functions

MemoryChunk (size_t size, int is_free, int alignment = 16)

Construct a new Memory Chunk object.
B8
» size ~Memory chunk size
e is_free —Whether free or not
+ alignment -Memory chunk alignment

MemoryChunk ( Tensorlnfo *tensor, int alignment = 16)
Construct a new Memory Chunk object.

S
o tensor —Tensorlnfo
¢ alignment —-Memory chunk alignment

inline ~MemoryChunk ()
Destroy the Memory Chunk object.
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MemoryChunk *merge_free_chunk (MemoryChunk *chunk)
Merge continuous free chunk.

S8

chunk —
R
MemoryChunk*
MemoryChunk *insert (Tensorinfo *tensor)
Insert tensor into free chunk.
S
tensor —
RA
MemoryChunk*
MemoryChunk *extend ( TensorInfo *tensor)
Extend free chunk and insert tensor.
S
tensor —
S|
MemoryChunk*
inline void £ree ()

Free memory chunk, set is_free to true and set tensor to nullptr.

Public Members

size_t size

Memory chunk size

bool is_free

Whether memory chunk is free or not

int of£set

Offset relative to root pointer

int alignment

Memory address alignment

Tensorlnfo *tensor

Info of the tensor which occupies the memory
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4.3.9 Header File

o esp-dl/dl/model/include/d]l_memory_manager_greedy.hpp

4.3.10 Classes

class MemoryManagerGreedy : public dl::MemoryManagerBase

Greedy memory manager that allocates memory for tensors in execution order, prioritizing internal RAM allocation
first.

Public Functions

inline MemoryManagerGreedy (int max_internal_size, int alignment = 16)

Constructs a greedy memory manager with specified constraints.
B8
e max_internal_size -Maximum allowed internal RAM usage in bytes
« alignment —-Memory address alignment requirement (default: 16 bytes)

inline ~vMemoryManagerGreedy ()
Destructor that releases all managed memory resources.

virtual bool alloc (fbs::FbsModel *fbs_model, std::vector<dl::module::Module*> &execution_plan,
ModelContext *context, const std::map<std::string, std::vector<int» &input_shapes = {})
override

Allocates memory for all network tensors following greedy strategy.
e
« fbs_model -FlatBuffer model containing network architecture
o execution_plan —Execution graph ordered by computation dependencies
» context —Device-specific runtime configuration
« input_shapes —Optional map to override shapes of graph inputs for allocation
Rl
bool True if successful allocation, false if memory insufficient

void free ()
Releases all allocated memory including tensor buffers and memory pools.

4.4 Fbs API Reference

The esp-dl model utilizes FlatBuffers to store information about parameters and the computation graph. Taking into
account the encryption requirements of some models, this part has not been open-sourced. However, we provide a set of
APISs to facilitate users in loading and parsing esp-dl models.
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4.4.1 Header File

o esp-dl/fbs_loader/include/fbs_loader.hpp

4.4.2 Classes

class FbsLoader

Class for parser the flatbuffers.

Public Functions

FbsLoader (const char *rodata_address_or_partition_label_or_path = nullptr, model_location_type_t location
= MODEL_LOCATION_IN_FLASH_RODATA)

Construct a new FbsLoader object.

ZH

e« rodata_address_or_partition_label_or_ path —The address of model data
while location is MODEL_LOCATION_IN_FLASH_RODATA. The label of partition
while location is MODEL_LOCATION_IN_FLASH_PARTITION. The path of model
while location is MODEL_LOCATION_IN_SDCARD.

¢ location —The model location.

~FbsLoader ()
Destroy the FbsLoader object.

FbsModel *1oad (const uint8_t *key = nullptr, bool param_copy = true)
Load the model. If there are multiple sub-models, the first sub-model will be loaded.

S5
o key -NULL or a 128-bit AES key, like {0x00, 0x01, 0x02, 0x03, 0x04, 0x05, 0x06, 0x07,
0x08, 0x09, 0x0a, 0xOb, 0x0c, 0x0d, 0x0e, 0xO0f}

e param_copy -Set to false to avoid copy model parameters from FLASH to
PSRAM. Only set this param to false when your PSRAM resource is very
tight. This saves PSRAM and sacrifices the performance of model inference be-
cause the frequency of PSRAM is higher than FLASH. Only takes effect when
MODEL_LOCATION_IN_FLASH_RODATA(CONFIG_SPIRAM_RODATA not
set) or MODEL_LOCATION_IN_FLASH_PARTITION.

A
Return nullptr if loading fails. Otherwise return the pointer of FbsModel.
FbsModel *1oad (const int model_index, const uint8_t *key = nullptr, bool param_copy = true)
Load the model by model index.

S8
e model_index —The index of model.

« key -NULL or a 128-bit AES key, like {0x00, 0x01, 0x02, 0x03, 0x04, 0x05, 0x06, 0x07,
0x08, 0x09, 0x0a, 0x0b, 0x0c, 0x0d, 0x0e, 0xOf}.
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e param_copy -Set to false to avoid copy model parameters from FLASH to
PSRAM. Only set this param to false when your PSRAM resource is very
tight. This saves PSRAM and sacrifices the performance of model inference be-
cause the frequency of PSRAM is higher than FLASH. Only takes effect when
MODEL_LOCATION_IN_FLASH_RODATA(CONFIG_SPIRAM_RODATA not
set) or MODEL_LOCATION_IN_FLASH_PARTITION.

B
Return nullptr if loading fails. Otherwise return the pointer of FhsModel.
FbsModel *1oad (const char *model_name, const uint8_t *key = nullptr, bool param_copy = true)

Load the model by model name.
SH
e« model_name —The name of model.

o key -NULL or a 128-bit AES key, like {0x00, 0x01, 0x02, 0x03, 0x04, 0x05, 0x06, 0x07,
0x08, 0x09, 0x0a, 0xOb, 0x0c, 0x0d, 0x0e, 0xO0f}

e param_copy -Set to false to avoid copy model parameters from FLASH to
PSRAM. Only set this param to false when your PSRAM resource is very
tight.  This saves PSRAM and sacrifices the performance of model inference be-
cause the frequency of PSRAM is higher than FLASH. Only takes effect when
MODEL_LOCATION_IN_FLASH_RODATA(CONFIG_SPIRAM_RODATA not
set) or MODEL_LOCATION_IN_FLASH_PARTITION.
Bl
Return nullptr if loading fails. Otherwise return the pointer of FbsModel.
int get_model_num ()
Get the number of models.
B
The number of models
void 1ist_models ()

List all model’ s name.

std::string get_model_name (int model_index)

Get the name of a packed model by its index.

4512 Only valid for packed multi-model formats (PDL1/PDL2/PDL3).

B8
model_index —The index of the model in the packed package.

Bl
The model entry name, or an empty string when the flatbuffers is empty, the index is out of
range, or the loaded file is not a packed multi-model format.

const char *get_model_location_string()
Get the model location string.
Bl

The model location string.
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fbs_file_format_t get_model_format ()
Get the format of the loaded model/package.
Bl
The format of the model, or FBS_FILE_FORMAT_UNK if the flatbuffers is empty or the
format is unrecognized.
esp_err_t get_package_version (char *out_version, size_t out_size)

Get the package version string of a PDL3 package.

411 Only valid for the PDL3 format.

B8
« out_version —Output buffer that receives the ‘\0’ terminated version string.

e out_size —Size of the output buffer in bytes. Must be at least 16 bytes to hold the full
field.
A
ESP_OK on success. ESP_ERR_NOT_SUPPORTED if the package is not PDL3.
ESP_ERR_INVALID_ARG / ESP_ERR_INVALID_SIZE on bad arguments.

uint32_t get_package_size ()
Get the package_size field of a PDL3 package.

112 Only valid for the PDL3 format.

Bl
The valid byte count of the PDL3 package, or O if the package is not PDL3.

esp_err_t get_package_sha256 (uint8_t out_sha256[32])
Get the package_sha256 field stored in a PDL3 package header.

4112 Only valid for the PDL3 format. This returns the digest stored in the package, it does not recompute
it.

out_sha256 —Output buffer that receives the 32-byte digest.

Bl
ESP_OK on success. ESP_ERR_NOT_SUPPORTED if the package is not PDLS3.
ESP_ERR_INVALID_ARG on bad arguments.

esp_err_t calc_package_sha256 (uint8_t out_sha256[32])
Recompute the SHA256 digest of a PDL3 package.

The digest is computed over the package bytes [0, package_size), where the 32 bytes of the package_sha256
field are treated as all zeros. Only the PDL3 header and the data within package_size are read.

28
out_sha256 —Output buffer that receives the recomputed 32-byte digest.
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Bl
ESP_OK on success. ESP_ERR_NOT_SUPPORTED if the package is not PDL3.
ESP_ERR_INVALID_ARG on bad arguments.

bool verify_ package_sha256 ()
Verify the integrity of a PDL3 package.

Recomputes the SHA256 digest (see calc_package_sha256) and compares it with the package_sha256 field
stored in the header.

A
true if the package is PDL3 and the recomputed digest matches the stored digest, false other-
wise.

4.4.3 Header File

o esp-dl/fbs_loader/include/fbs_model.hpp

4.4.4 Classes

class FbsModel
Flatbuffer model object.

Public Functions

FbsModel (const void *data, size_t size, model_location_type_t location, bool encrypt, bool rodata_move, bool
auto_free, bool param_copy)

Construct a new FbsModel object.
B8
» data —The data of model flatbuffers.
« size —The size of model flatbuffers in bytes.
e location —The location of model flatbuffers.
» encrypt —~Whether the model flatbuffers is encrypted or not.
o rodata_move —Whether the model flatbuffers is moved from FLASH rodata to PSRAM.
« auto_free —~Whether to free the model flatbuffers data when destroy this class instance.
e param_copy —Whether to copy the parameter in flatbuffers.
~FbsModel ()
Destroy the FbsModel object.
void print ()
Print the model information.
std::vector<std::string> topological_sort ()
Return vector of node name in the order of execution.
B

topological sort of node name.
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esp_err_t get_operation_attribute (std:string node_name, std::string attribute_name, int &ret_value)
Get the attribute of node.

S8
e node_name —The name of operation.
e attribute_name —The name of attribute.
e ret_value —The attribute value.
Bl
esp_err_t Return ESP_OK if get successfully. Otherwise return ESP_FAIL.

esp_err_t get_operation_attribute (std:string node_name, std::string attribute_name, float
&ret_value)

Get the attribute of node.
B8
« node_name —The name of operation.
e attribute_name —The name of attribute.
o ret_value —The attribute value.
Bl
esp_err_t Return ESP_OK if get successfully. Otherwise return ESP_FAIL.

esp_err_t get_operation_attribute (std:string node_name, std::string attribute_name, std::string
&ret_value)

Get the attribute of node.
S8
» node_name —The name of operation.
e attribute_name —The name of attribute.
o ret_value —The attribute value.
B
esp_err_t Return ESP_OK if get successfully. Otherwise return ESP_FAIL.

esp_err_t get_operation_attribute (std:string node_name, std::string attribute_name, std::vector<int>
&ret_value)

Get the attribute of node.
S8
e node_name —The name of operation.
e attribute_name —The name of attribute.
e ret_value —The attribute value.
Rl
esp_err_t Return ESP_OK if get successfully. Otherwise return ESP_FAIL.

esp_err_t get_operation_attribute (std:string node_name, std::string attribute_name,
std::vector<float> &ret_value)

Get the attribute of node.
S
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« node_name —The name of operation.
e attribute_name —The name of attribute.
o ret_value —The attribute value.
Bl
esp_err_t Return ESP_OK if get successfully. Otherwise return ESP_FAIL.

esp_err_t get_operation_attribute (std:string node_name, std::string attribute_name, dl::quant_type_t
&ret_value)

Get the attribute of node.
B8
« node_name —The name of operation.
e attribute_name —The name of attribute.

o ret_value —The attribute value.

RIA
esp_err_t Return ESP_OK if get successfully. Otherwise return ESP_FAIL.

esp_err_t get_operation_attribute (std:string node_name, std::string attribute_name,
dl::activation_type_t &ret_value)

Get the attribute of node.
S8
» node_name —The name of operation.
e attribute_name —The name of attribute.
o ret_value —The attribute value.
Bl
esp_err_t Return ESP_OK if get successfully. Otherwise return ESP_FAIL.

esp_err_t get_operation_attribute (std:string node_name, std::string attribute_name,
dl::resize_mode_t &ret_value)

Get the attribute of node.
« node_name —The name of operation.
e attribute_name —The name of attribute.
e ret_value —The attribute value.
B
esp_err_t Return ESP_OK if get successfully. Otherwise return ESP_FAIL.

esp_err_t get_operation_attribute (std:string node_name, std::string attribute_name, dl:: 7ensorBase
*&ret_value)

Get the attribute of node.
e
» node_name —The name of operation.
e attribute_name —The name of attribute.

e ret_value —The attribute value.
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Bl
esp_err_t Return ESP_OK if get successfully. Otherwise return ESP_FAIL.

esp_err_t get_operation_input_shape (std::string node_name, int index, std::vector<int> &ret_value)
Get operation input shape.

S
« node_name —The name of operation.
o index —The index of inputs
o ret_value —Return shape value.

RA
esp_err_t Return ESP_OK if get successfully. Otherwise return ESP_FAIL.

esp_err_t get_operation_output_shape (std:string node_name, int index, std::vector<int>
&ret_value)

Get operation output shape.
BH
o node_name —The name of operation.
« index —The index of outputs
e ret_value —Return shape value.

Bl
esp_err_t Return ESP_OK if get successfully. Otherwise return ESP_FAIL.

esp_err_t get_operation_inputs_and_outputs (std::string node_name, std::vector<std::string>
&inputs, std::vector<std::string> &outputs)

Get the attribute of node.
S8
« node_name —The name of operation.
o inputs —The vector of operation inputs.
» outputs —The vector of operation outputs.
B
esp_err_t Return ESP_OK if get successfully. Otherwise return ESP_FAIL.

std::string get _operation_type (std::string node_name)

Get operation type, “Conv” , “Linear” etc.
B8
node_name —The name of operation
Bl
The type of operation.

dl::TensorBase *get _operation_parameter (std:string node_name, int index = 1, uint32_t caps =
MALLOC_CAP_DEFAULT)

Return if the variable is a parameter.
B8
» node_name —The name of operation

¢ index —The index of the variable

4.4.

Fbs API Reference 127



ESP-DL i FiEM, R1ThR# latest

« caps —Bitwise OR of MALLOC_CAP_* flags indicating the type of memory to be returned
B
dl::TensorBase*
dl::TensorBase *get_parameter (std::string tensor_name, uint32_t caps = MALLOC_CAP_DEFAULT)
Get a parameter tensor by initializer name.

e tensor_name —The initializer name.

« caps —Bitwise OR of MALLOC_CAP_* flags indicating the type of memory to be re-
turned.

B

dl::TensorBase*

esp_err_t get_operation_lut_name (std:string node_name, std::string &lut_name, std::string
attribute_name = "lut”)

Resolve and validate the initializer name referenced by a LUT attribute.
S8
» node_name -The name of operation.
e lut_name —The resolved LUT initializer name.

e« attribute_name —The name of LUT attribute.

pEA |
esp_err_t ESP_OK when the attribute references an existing initializer.

dl::TensorBase *get_operation_lut (std:string node_name, uint32_t caps =
MALLOC_CAP_DEFAULT, std::string attribute_name = "lut”)

Get LUT(Look Up Table) if the operation has LUT.
S

« node_name —The name of operation
« caps —Bitwise OR of MALLOC_CAP_* flags indicating the type of memory to be returned

e attribute_name —The name of LUT attribute
AT
dl::TensorBase*
bool is_parameter (std:string name)
return true if the variable is a parameter
S
name —Variable name
A [E]
true if the variable is a parameter else false
const void *get_tensor_raw_data (std::string tensor_name)
Get the raw data of FlatBuffers::Dl::Tensor.
SH
tensor_name —The name of Tensor.
A

uint8_t * The pointer of raw data.
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dl::dtype_t get_tensor_dtype (std::string tensor_name)
Get the element type of tensor tensor.
BH
tensor_name —The tensor name.
B
FlatBuffers::Dl::TensorDataType
std::vector<int> get_tensor_shape (std::string tensor_name)
Get the shape of tensor.
BH
tensor_name —The name of tensor.
Bl
std::vector<int> The shape of tensor.
std::vector<int> get_tensor_exponents (std::string tensor_name)

Get the exponents of tensor.

quantization is PER_TENSOR, the size of exponents is 1.

g . When quantization is PER_CHANNEL, the size of exponents is same as out_channels. When

S8

tensor_name —The name of tensor.
B
The exponents of tensor.
dl::dtype_t get_value_info_dtype (std:string var_name)
Get the element type of value_info.
BH
var_name —The value_info name.
B
dl::dtype_t
std::vector<int> get_value_info_shape (std::string var_name)
Get the shape of value_info.

S8

var_name —The value_info name.

B

the shape of value_info.

int get_value_info_exponent (std:string var_name)

Get the exponent of value_info. Only support PER_TENSOR quantization.

S8
var_name —The value_info name.
A

the exponent of value_info
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const void *get_test_input_tensor_ raw_data (std:string tensor_name)
Get the raw data of test input tensor.
S8
tensor_name —The name of test input tensor.
B
uint8_t * The pointer of raw data.
const void *get_test_output_tensor_raw_data (std::string tensor_name)
Get the raw data of test output tensor.
S8
tensor_name —The name of test output tensor.
Bl
uint8_t * The pointer of raw data.
dl::TensorBase *get_test_input_tensor (std::string tensor_name)
Get the test input tensor.
S8
tensor_name —The name of test input tensor.
B
The pointer of tensor.
dl::TensorBase *get _test_output_tensor (std:string tensor_name)
Get the test output tensor.
S8
tensor_name —The name of test output tensor.
Bl
The pointer of tensor.
std::vector<std::string> get _test_outputs_name ()
Get the name of test outputs.
Bl
the name of test outputs
std::vector<std::string> get_graph_inputs ()
Get the graph inputs.
Bl
the name of inputs
std::vector<std::string> get _graph_outputs ()
Get the graph outputs.
Bl
the name of ounputs
void clear_map ()

Clear all map.

void load_map ()
Load all map.
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std::string get_model_name ()
Get the model name.
A
the name of model
int64_t get_model_version ()
Get the model version.
Bl
The version of model
std::string get_model_doc_string ()
Get the model doc string.
A
The doc string of model
std::string get_model_metadata_prop (const std::string &key)
Get the model’ s metadata prop.
SH
key —The key of metadata prop
A
The value of metadata prop

void get_model_size (size_t *internal_size, size_t *psram_size, size_t *psram_rodata_size, size_t
*flash_size)

Get the model size.
B8
« internal_size —Flatbuffers model internal RAM usage
o psram_size —Flatbuffers model PSRAM usage

e psram_rodata_size -—Flatbuffers model PSRAM rodate usage. If CON-
FIG_SPIRAM_RODATA option is on, \ Flatbuffers model in FLASH rodata will be
copied to PSRAM

o flash_size —Flatbuffers model FLASH usage

Public Members

bool m_param_copy

copy flatbuffers param or not.
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