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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/a1b4e53/operator_support_state.md
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€ ONNX © PyTorch  “F TensorFlow
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...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).
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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/a1b4e53/examples
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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 W ffi ] L HH450 espdl BATRALIEE . X2 P bBAURE X, SOy 8bit Fil 16bit, EARHFE
W FRATTEFPA quantize_sin_model ], A-ZEanfafdi Bl ESP-PPQ &4kt . espdl #H, Bkl Post
Training Quantization (PTQ),

. /E%.T—'ﬁ;

o TR A2H

o« I FH espdl

— Ao A NS

- EAER L & 4T
o BT T K

- W B 21k (PTQ)

- 2B S| % (QAT)

11


https://github.com/espressif/esp-dl/tree/a1b4e53/examples/tutorial/how_to_quantize_model/quantize_sin_model
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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 £
HIF PyTorch #55% . HAMPREF2: S HESR . 11 TensorfFlow, PaddlePaddle 2555 #i /e AR 4 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
1. NEPEFEH) cespdl BIRURNRRIRA, MR SHIRE.
e ESP32 X Jfl Per-Tensor wAkKI%, ROUND 5K A ROUND_HALF_UP,

- fiiJ] ESP-PPQ hifk ESP32 ~F-E AN}, F54F target BB N ¢, PNAFE ESP-DL Hr, HAT 151
R CHEFHS -

- f§iH] ESP-DL #{3& ESP32 -SRI H Zwis target W E K esp32.
e ESP32S3 X Per-Tensor HikKEN&, ROUND &5 ROUND_HALF_UP,

e ESP32P4 [ff) Conv, GEMMZ TR Per-Channel gAbEME, HEE TR Per-Tensor ik
$Rm&, ROUND %% & ROUND_HALF_EVEN.,

2. HHil ESP-DL fifi F () 24k W& A& X Fx &k, + POWER OF TWO.,

12 Chapter 3. Tutorials
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AN

U6 JIF AL E A i 0 HE PR 45 R OB N IE R, EOC A Tl Sk PC um Ay — 4K A A/s . FF S apit Y
export_test_values #Ui, wtHERF— LMK A/ ELTE . espdl B, input_shape &%
Ml inputs ZECLAHE & H A B —4, input_shape Z¥l H FEHLE MM A, inputs WA PAFE &
—MNEREMMHE A . . info SCAF AT DA F M A/ IME. % test inputs value fll test
outputs value BHEL].

BLERIMIE & HEITR

espdl_quantize_onnx fll espdl_quantize_torch API £k [i] BaseGraph. {#iJfl BaseGraph 4
FHR Y TorchExecutor #iA] PATE PC (AU B EA THERE T o

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

AT BT 2 1 i T DRI A AR EE TR . T esp-dl BumffEBER &5 R 2 REAI esp-ppg X5
f, T DA B bR PP B A S L Y TR RE

ik
1. 2477 esp-dl ¥ 37 #F batch_size Sy 1, A HFZL batch 5 FH 37 batch,

2. .info RIS A/ PARCRAL SRR AR 16 FTHYXISTRY, AR ULARAR 16 75
T, SAESHIETE 0.

3.1.4 SRERFE

AERARBOBEL A BRI R 8bit dt (LI IR TR R B RS R . FATHARAL TN A7 ikl DAt — 2 i
PR T RS 2K -

NgEEL (PTQ)

 Sbit FEAL

E{LRAIZR (QAT)

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

3.2 HEIE

3.2. BHEHR 13



ESP-DL i FiEM, R1ThR# latest

3.2.1 {#H AutoQuant B E{LER

o RETAF
o B 248 A AutoQuant
o LERRIN

o 1)

FETH [ ESP32 58 il E AR AL, FATE B 2 espdl_quantize_onnx JXAHE M5 AR AL, R
I ONNX B2 | ACHERE LA S — AR AL B, A n] AR T . espdl A,
(ESTF s BT, B WRER M EAAE T BARAEA S, e T Ui S iR i & . Bl
wn, RALCLTER ANAT IR, WP R, R ER AUBUNK LA SR, DA S AL e i) 28k
I AZAMAHE S o XS RS N A 2, TRt —2 A AL 5 R LR B DA A ESP32 05 Y
TERRAER

Wik, FERbIT e, SR AaaNENiEER L - EanPRMRE LY. TTREEEFEA
Wi B S H, TP RA SN, FARES R IE T — 2R 20 . AutoQuant ARAFIE), IE2IX
REL, EHHMRBARHSER, HH AL,

NHEFARE AT A AutoQuant S [ SR EI GG R RACICE, TR LSRR

BEETE

1. %% ESP_PPQ

E 4 {EH AutoQuant

AutoQuant [l ] 77 espdl_quantize_onnx FUl, [AlEMELLH LA 58 AL R, R i L6
/2 espdl_auto_quantize_onnx HJH3N A SRR I NMEIAT & ONNX B, A ERE
PAR S A shape &5

BEMNEBXAET: espdl_quantize_onnx HFHIT - KEEREN R, HILTFEZEHPAMRES T E
X E; T espdl_auto_quantize_onnx I FHELZAEABE T HATER. TN S50k, HPRE
PR R A S B E AT,

NI PAK B AR Bl A T U R -

from esp_ppg.api import AutoQuantSearchSetting, espdl_auto_quantize_onnx

def evaluate_fn (graph) :
# Replace this with your validation logic.
topl, top5 = ...
return topl, {"topl": topl, "topb": topb5}

setting = AutoQuantSearchSetting(
search_mode="fast",
num_of_candidates=5,
score_direction="maximize",
run_dir="outputs/auto_gquant mobilenetv2",

)

&)

14 Chapter 3. Tutorials
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(#z E70)

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",

)

EiZRBilt, A4 espdl_auto_quantize_onnx AT 9 NS4

S 1A
onnx_import_file ONNX A H 42

espdl_export_file .espdl HAIS H &1
calib_dataloader TR HE R

calib_steps A VER FH 11 batch &

input_shape PRIy A shape, ANELE batch iR, fBildN [3, 224, 224]
evaluate_fn ] A P 2R %R

target WEFE

setting AutoQuant [ &RILE

device BT, Blun "cpu" 8¢ "cuda"

Hpr, FATE S X evaluate_fn fl setting, HABSERIHH B EHR espdl_quantize_onnx JEA

o

evaluate_fn
evaluate_fn J& AutoQuant [l A [ S AV AL E L5 R AW R EL, 22—k S 4.

o BEOEIZPABONE: AutoQuant £¥ [ evaluate_fn iR [EIAYTEFRHERE, BI04 28HAL Y topl / top5. EUKE:
AT Y mAP,

o AREEIZPREIRE: AutoQuant 2y fd 1R 75 ) BRINVEII XA THER -

BOAPEI 7 B U graphwise_error_analyse, YERUERE EITF B L H) graphwise SNR {3
22, RIEHURZER KK 3 2R, KRz EE 4

WRFEHE X evaluate_f£n, DAL DA FEK:
o IRPUEMNZ (score, extras) JGH.
e score WIMBAMRET, AEERE nan, inf B5{ bool,
e extras Wi dict,

o extras FUNEE( ] AutoQuant FIffHFE:: score, hash, index, folder, files, strategy,
params

setting

setting IR4% ] AutoQuant FHERITH . GBI R, REZDMEEREIR . LG RIER, AN
BEMNCOHGERILE RS, HH AutoQuantSearchSetting FilE,

AutoQuantSearchSetting W& A ESEUIT -

3.2. BHE 15
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SH ZINME 15t B

search _mode "exhaustive" W Z B, "exhaustive" £ % F A & ik it &
"fast" PEGE—, RSB EREA A ENE
Ho

num_of candidat 5 AR R R e R g, 2 Top-K ) K.

score_directior "maximize" score [HET 10, EREE. mAP Z 38 hrllok iy, i

il "maximize"; 2. loss ZF 45 bRk N,
"minimize"., FlUAIRIEA evaluate_fn B, [AE
"minimize"

candidate_filte low_latency_candide Top-K {EiEdJERS. BRI T 1] 4% B8 30 B A B8 AR Y 45
A A HAR kg e score HEJF, W DA ESH None

run_dir "outputs/ S ok BB H S
auto_quant"
resume False BEEMEAH run_dir k=

R " fast MEBK, n] PAE— A :

setting.top_strategy = 10

setting.early_stop_patience = 3

XoF I S P A -

B RINME WEhA

top_strategy 10 55—k S PR 2 DA R I R S R
early_stop_patience 3 MHIRIS TS 2 DR EA TR IR R

BHIFHE “E2 s B AL IS5 1, &2 setting.strategy_space fll setting.param_space:

FE A
strategy_space PR BRI R G2 SR, Bl 7551, mixed_precision
param_space 2 il AN SR B Y SR, PIANBHER IR et . P # ) R 4%

AT IR T B, WERIRA TR, W] DME s SRR Al 2 -

setting.strategy_space["mixed _precision"] = [True, False]
setting.param_space["calib_algorithm"] ["method"] = ["k1l", "mse"]

SERERINMHE AT PAE R esp_ppg/autoquant /setting.py.

ZERIKE
AutoQuant £ 52 il MEER L E B R, ASFERB A run_dir. HEEEHIT:

<run_dir>/
summary.json
candidates. json
0000/
config.json
model.espdl
(B )

16 Chapter 3. Tutorials
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(#z E70)
model.info
model. json
model.native
0001/

H, summary.json id®RrA B LT ML . candidates. json it 4 i Top-K k. F1 45 H
SEEPRAT— IR SEG A T AT S AR B SO

JFJE resume=True J5, AutoQuant 232 summary.json , BLICA5EMI (strategy, params) 4
o EANIREEEA T REPWIEHARLEIAT, AR,

r3t)
ESP-PPQ {1t T W11l DA B #1247 AutoQuant 7 il

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

3.2.2 {# M espdl-quantize Skill BzhiA{ ELIEE

o 4 5% espdl-quantize skill

o IRHIE R

o skill 43447

o ¥ espdl-quantize skill
- Fik—: 1A npx (IEH - mAE)
- Fik= FaRRE

o YofT1E B espdl-quantize skill
- ik I 4E )

o TET

.« BARATHER

- final_report.md
— best B 3
HEHE

A SR R ANAT i T espdl-quantize skill Y17 2% SRR AT H 2 AL VR . espdl-quantize 22—~ ** T%"al_
£ AT 1 Agent skill: T 235G baseline, FE5E M HT layerwise iR 25407, RN B Bk
[ esp-ppq FHL 7Yk (W1 TQT. TEAKEEE. BUEEIAR. IRTRES), R M A E TR llﬁ(ﬁﬁlﬁ‘*@]l:ﬁﬁo

R R T B At R HE K B o A AN RS 2 O il 2 4 skill 91 57 JK 3 QuantizationSettingFactory.
espdl_setting () HYEIMLER.

3.2. BHE 17
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24 & espdi-quantize skill
esp-ppq & 55 T TR AP AT H AL passes (FEHERYE . JZEAESM . WERIE . ACPAETRS . IRARE . TQT,
LSQ. HREHL), HMFH 2-6 MEF. FohZf AN GER, 855 H S50 28 32 silent degradation.

espdl-quantize skill " FHiRZEMRE > FHMSLE - BH” 19N TIGFRLGEN ** 25010, AR A Zh# R
L BDEE A

1. iR references/ppq_methods.md H44fd T4&F esp-ppq HEWEM., 5. S5
SR
2. JURFEM references/decision_playbook.md fR#E Top-K fx 2= )2 i A E/ S 01, ¥

WLEE B AR AR I 1 5 95 -

3. [fl % harness scripts/run_iteration.py FHWRWBELAEH (user_quant.py) Fl—4
JSON setting, #iH 454494k =4 (metrics. layerwise error, per-layer stats), Agent HZ2352H JSON HJ [ fig
Bk,

4. FREML
ft4.

5. Hbsa 2 m—— A 35 HARE AR AL h 58 1) passes:

o 5% POWER_OF_2 H¥si (esp32p4 / esp32s3 / c), skill & BH 3Bkt LSQ: LSQ 23 {F&
scale, 5 POWER_OF_2 [#) 2 (R Zyaiohss, UL TQT (BHEENZ: log2_scale, KA
& it POWER_OF_2),

o esp32p4 | Z MG (Layerwise Equalization) K, skill £ % #8645 %ML H 5 Conv/Gemm
) per-channel & LSS {E DI AE L HEF, esp-ppq H 5 ARiC A “Not recommend” , {HSCH; R HIHL />
MobileNet &/ T B T 43 B 85 ] A 324, PRI skill 73 e pEsia

scripts/compare_iterations.py & 2= WELE, &iF Agent N —51% M

{RERER
1. 2% ESP_PPQ
2. 2z skill A AMH :
TE skill H3% (7 SKILL.md W HR) FHfT:

[pip install -r assets/extra_requirements.txt ]

SAME T, pandas., scipy. tgdm,

ik skill HEHETTTE X4 HIIY Python fFRERR T, JCili Docker .,

skill B E&E

espdl-quantize skill ¥£ esp-dl 0/ FP ) 842 h -

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

I SR45H

esp-dl/tools/agents/skills/espdl-quantize/
F— SKILL.md # skill N H 56 A 3 %
— assets/

(ZF 30
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(% 50

| F47 extra_requirements.txt # %ﬁﬁb Python 1R #
| — user_quant_torch_example.py # Torch # %4 #
| — user_quant_onnx_example.py # ONNX 3 4 # K
| FA* example_quantize_mobilenetv2/ # MobileNet-V2 =R
| L— example_quantize_yololln/ # YOLOlln 52 % 7 f
— references/
| — contract.md t AP EATEMNE
| — decision_playbook.md $ M-k kR R FM
| '— ppg_methods.md # esp-ppa & 7 ¥ # f
L— scripts/
F— run_iteration.py # ¥ # % X harness
L— compare_iterations.py # R EEE RSN

%24 espdl-quantize skill

espdl-quantize skill /& Agent H3gTL R0, W PAZCHAEAT i Agent [ skills SCPFIER o 8 W2 BRAR AT

FHit—: € npx (% - KiEH)

>4 OpenCode. Cursor, Claude Code I HAh 78 T EL22 %5 skill % &) B 7 V52 T npx:

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

#rik: npx /& Node.js (ifiid npm) HAAIEHATE . WERIRH AR LR Node.js, 2% Node.js 205/ #EAT

L

WATar ), skill K497 H 328 H AR Coding Agent T H AR,

BEZ: FHRE

AR T30 2%, BH HUIAR 202 Node.js, SRS VR G A FL AR TR 4% JE AR B I #8AF: -

Cursor fiP

Rt skill H 5% %] Cursor 11 skills SC{Ie (DA P4 skills H 5% ki) :

# 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

3.2. HaNE
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OpenCode P

it skill H 552 #1%3] OpenCode HY skills 3L :

# 4 BB W skills H %
cp -r esp-dl/tools/agents/skills/espdl-quantize \
.opencode/skills/espdl-quantize

# RAF B AP K skills B %
cp -r esp-dl/tools/agents/skills/espdl-quantize \
~/.agents/skills/espdl-quantize

04 {& A espdi-quantize skill

SEAS skill 5, ARFFEMES—0 M BRLCE GEH 440 user_quant .py), Hp&:
« QUANT_CONFIG: fAkflE 7 (BiBIEAL, M AR, HFRGH . primary_metric 5§ ).,
e create_calib_dataloader () : i&[A] PyTorch Dataloader, FfTIKHUE.
e get_torch_model () B{#Efit onnx_path: &[0 eval Bi=[1 nn.Module (torch %) B ONNX ¥

%o
« evaluate (quant_graph) -> dict: %I PPQ &4k j5 09 B, & [l 38 4% 7 #t (b 20 1 &%
QUANT_CONFIG["primary_metric"] X} key).
o (W[3k) “evaluate_fast(quant_graph) -> dict*: FJ Tk i [A]3EACTEAY .
SR AN IE TS 7% skill H3 R references/contract .md,

&

R FF 5 B

PAFfir s T ML . AT DA RS2 i 3] Agent X%

w1 JEAR EAR I R

// & H mobilenet_v2 # &

# % JH espdl-quantize skill & ft, example_quantize_mobilenetv2/user_quant.py iX 4.

—mobilenet_v2 MM , 4 % baseline, R JE M layerwise B Z# K 13 %, HAF topl.
MR 71.878 MM, BEEM, AREFT .

// EM yololin H# A

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

Bl 2 EMEAR

// E W/ mobilenet_v2 ## &

# % H espdl-quantize skill & ft example_quantize_mobilenetv2/user_quant.py X 4.
—mobilenet v2 B M, W ELAXARTIZR, RTLEE L RI0%, HAF topl M 71.878
S, BEEM, BAREFT.

// &AM yololin A

& M F espdl-quantize skill & ff, example_quantize_yololln/user_quant.py iX /> yololln.
SHA, ZHEEARTI3R, RLBFXLRI0R, HRF nap5095 M B AL 39.0.

B, R, BREHFT.
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skill Bl 2 H59J5 2 H B AT AT i

1. Phase 0 —JE2RVEAL : i HERIA QuantizationSettingFactory.espdl_setting () fi—ikK &AL,
5% baseline $5¥75 .

2.Phase 1 — % % 4y Mr: ¢ Bl layerwise_error.json, layer_stats.json,
non_computing_hot_ops.json. graphwise_jumps.json, iH%] Top-K fxZZ.

3. Phase 2 —y 3 STcE K . AR decision playbook 1L T, AWM F—% setting. json,
4. Phase 3 —:{CH4T: 1247 scripts/run_iteration.py #f7EAk, TEALTENR.

5. Phase 4 — L& S5 S HIM: (] scripts/compare_iterations.py W& EMA, &HikF
target_metric BEEM FRRMIEIL, 750 [HF] Phase 1.

TR S5 FRARIFAE outputs/iter_<N>/ HE N, B
ENEIRE AN DN AR L
BRI IRZE -

e layer_stats.]json/layer_stats_full.json
AR e BRI E.

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

e metrics.json

e layerwise_error.json

H R KR ARG

e setting.json

AL R RS

o Agent §84- ) HARTEAR (40 topl, map5095) 7 [m] i i fE A~ — 2tk 5 QUANT_CONFIG[ “pri-
mary_metric” ] —%{, H.-5 user_quant.py H' evaluate() pREIR Bl 3545 key —FX.

o Agent 5 3 Ff BT SURGAEH S EIRE: BT SCH 1 RRBAARE A, B4 deepseek_v4_pro.

o E B R R, skill SARACHOIIN (IESE 3 5025 SUAHRE best (LN T 0.1%) FEAINTIA R
A4 (AT Agent FTREP L I 30 el AT A I P42 5 (A IR Ll ML ¢ 3
RS (7 TSR N R), skill 2) outputs/ FEAFMKERE, Tl EHIH.

SEERHI

skill H S0t TP T ERGE AT SEBOR B, BERS 25 322 S BRI H 454 -
1. MobileNet-V2 P{% 433k (Torch)
FXTEEIE: assets/example_quantize_mobilenetv2/
(U
e user_quant.py —5E%& ] Torch FiBF L5 H (ImageNet £S5 )
17 evaluate BB .
2. YOLO11n HEsKM (ONNX)
FAXTEEAE: assets/example_quantize_yololln/
W
+ user_quant.py — SBR[ ONNX BB SLH (COCO i 514l .
e yololln_eval.py —KM{F4 evaluate % B I 4 .
M esp-dl G FEAR H 5 K B AR B8 AR 7 B -

e datasets/

3.2. BHE 21



ESP-DL i FiEM, R1ThR# latest

# MobileNet-V2 7
cd esp-dl/tools/agents/skills/espdl-quantize/assets/example_quantize_mobilenetv2

# YOLOl1n 7~
cd esp-dl/tools/agents/skills/espdl-quantize/assets/example_quantize_yololln

EERUATHER

2 skill SEUITA R (BOERISEME) TG, &1 outputs/ Hat FAMPAR =1, 8T VR2 F A5
F i B

final_report.md

outputs/final_report.md @&FUREACTHITAY ** FZ g **, Uf:
RUCENR IR, REERIE. 5 HRRZER.
« Iteration history —— T IA UK SE BT 0 3, WARAERR Bl ik . $8A52EML (delta) FIBCRIT

fii (improvement / regression / new best)
REEAR FE R L ICE (JSON #%:0), TEHEE M.

« Python snippet oHBEE R B MRE P EH M QuantizationSettingFactory.
espdl_setting () FECEACH B,

« Key findings ——Skill XHE IR E4LE: BARUNTE. IHMTE . FRRED A
« Remaining gap — 3 KRB F| ARIRAR, 5 SRR 220 e e Setfe sl (g R it . TR

£rk5 3 . blockwise reconstruction £5)

AR 2 —1% MobileNet-V2 on ESP32-S3 /R fflH1 [} final_report .md JyEk:

o Summary

« Best setting

## 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 |
[—— ===

| 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** |_
—No |

## Best setting
" Json
{
"iteration_id": 8,
"rationale": "Phase 3 lever 3c: Fusion alignment for elementwise ops...",
"calib_algorithm": "k1",

(BT )
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"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)

(% L350

best H#

outputs/best/ HFE FRAET ** RILEA ** M8y, T HRREsit—2 04
RIS, ATEAE T esp-dl B3
B R o

e model.espdl

e metrics.json

e setting. json
o iteration_index.json — g FHEILIER I TTEHE.
PAF it i) metrics. Json /Rl

B e ARELE (5 final_report.md Hif) Best setting —%§) .

{

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

"topl": 71.5,
"top5": 89.45

PAM setting. json /Rfil:

{

"iteration_id": 8,

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

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

Yy ARATDAE#%A ] final_report.md 1) Python snippet £ A4 7= fUfY A Bl ILBCEL, Tomf F3hPf

ESHL

3.2. HaNE
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WP HEE

ModuleNotFoundError: No module named 'pandas' (3§ pandas/scipy/tqdm)
A2 skill HHMIL. FE skill H > R igf7:

[pip install -r assets/extra_requirements.txt ]
KeyError: 'primary metric' o} AssertionError: primary_metric=... not in
metrics=...

QUANT_CONFIG["primary_metric"] i1 key 5 evaluate () SLPrik[H [ dict key A—F, 7
XTI G EHTELT

OSError: [Errno 2] No such file or directory: '.../user_quant.py'
skill FRAFNFLLYTCME . Ik - R4 BTH TAEH R user_quant .py; 3 - 7E4E4H BAIEE T1E
B ERIAR X4 6 B A

I BACEERH K (TQT /LSQ / blockwise reconstruction)
AT FR S, PCHIAA R . 7 AT 4h A, W ATESS & h 20K skill Bki TQT/LSQ % = #EHT passes,
it 42218, layerwise equalization, bias correction 25 25 HEFR 45 1 5 1% .

LSQ pass was skipped because target policy is POWER_OF_2
IEHBS . esp-ppq 7E POWER_OF_2 Hip (B esp-dliti i) £ LSQ &ifBiR ik, skill B sh#kid I A
TQT B, THEAIL.

Layer—-wise equalization is not recommended for per—-channel weight targets
warn-only . esp-ppq (i H % )25 AL i & & S, X EIEFHL.

SKILL A7 R / BEAT AT 58 BiAT S 1R
A RER Agent BT IR & skill, mrpug it AR URIECR IE R S5t 250t

o A W A& i espdl-quantize skill -,

o TfIA skill HoRgit e, HE 2R BAMIH .

o AR IR RE ) BRI AL

o U ETRSCHE DRI, TS Agent 1 TR SCH4E/ H S EIIEE
EARZ BRITRIEA BT

KA outputs/iter_<N>/layer_stats.json, & /ZH Noise:Signal Power Ratio
KT 0.05 (5%), VLEHELIRZECHIEMES TR, SEHSWa AR, trn 2% E:

o WO HESERE (calib_steps).
SR EMIE (mixed precision) S HURIE BT IR (156
o K ArE AT PR SR 5E 2 — K.

3.3 tnfamnd;. AXFHEEED HTREY

TEAFAET, FATREAEMAINE. WA AT —A espdl B2, 225074

o EELHTIE

e M rodata W hezk 2

e M partition YR
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o M sdcard P e 4EA

o MEXARR AR % IETL 52 & IE A
o HHTARRL g AR R I L

o OHTAEA IEID LR

o LA MEAR ST profile() 7y ik

3.3.1 #&TIIE

1. 2% ESP_IDF
2. wLF it espdl FER

3.3.2 M rodata fhinEEEY
W AR S B i A B I FE )Y FLASH 1) . rodata Bete /@@ a7k, (HEUS R RR Y R
J7 AT B R BT RH  pl FTRSR

1. £ CMakeLists.txt rPEMIEIRI S

PR . espdl AR AR . rodata B, HfE CMakeLists.txt PEMMA TS . FiJUATIBE
idf_component_register () ZHI, &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 ${espdl_dir}/fbs_loader/cmake)
include (${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. AR R
CEEB TR

[#include "dl_model_base.hpp" J

RIS 2 -

/) BEAEEMZHAA K WR "_binary ", X4 "model_espdl", J& % "_start"”
extern const uint8_t model_espdl[] asm("_binary model espdl_ start");

/O BEARBE - ER RIS S BEE
dl::Model *model = new dl::Model ((const char *)model_espdl, fbs::MODEL_LOCATION_
< IN_FLASH_RODATA) ;

/) RBERE - BEXER:

T
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(% E30)
/) - S BREAE FLASE F (¥ 4 PSRAM/W ¥ RAM, {E M g B A1K)
// - BEIAE RAM R A 0 FH (b A PSraM)

/- ERARENTEERE

// - ?Ej]ﬂ m 7u4 ‘ttﬂ

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

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

// fbs: :MODEIL_LOCATION_IN_FLASH_RODATA,
// 0, // max_internal_size
// dl: :MEMORY_ MANAGER_GREEDY,
// nullptr, // key
// false); // param_copy
i PERE Y AU :

BRI : (AN rodata o 72 3542720 W, BRSO ATER AR 0B ISP, 3 0B s R g
DEPHER . X RBBAR, X SIGIBESRIN ] B &M AN partition /e S AZA BN sdeard e 3k,
HEA SRk I R

MAF vs PEfE: param_copy SEFEHIRASHUE S M FLASH & il 1] 5 H%E’JV\]Z?(PSRAM/I’\PBRAM)
PEE param_copy=false A PA{74 RAM, {HiF FLASH j i) s 18, SPFRMERIERE. UE
RAM i HB 5K B A 25 F 28008

PR XK/ RATE - rodata R R BB ] REHR 2% N partition. csv FAHY RN AR P70
PRI

3.3.3 M partition hiNFEEE
BT IR AR B FLASH 2 X o SR ot Sr 1 R A P AU SR

1.

{f partition.csv WHEMEEE R

B SN partition. csv SUUFPAMUSREALN X . A 40 KEMTEGE ., #5257 ESP-IDF /)
EE S CER

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

Name: {4 B WA (RFESLIFFRE 16 MF4F)
o Type: data
o SubType: spiffs (FEAILEMENGE)
Offset: &7 PAH3ITH
o Size: WK TSR
1 CMakeLists.txt PEMBIRIPERESE

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 PHFE NSNS partition. csv P Name FE T
Bt .
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3. ACRRF I R
R

[#include "dl_model_base.hpp"

BRI S -

-

/) EARRE - ERARINS S R AR

dl::Model *model = new dl::Model ("model", fbs::MODEL_LOCATION_IN_FLASH_PARTITION);
/S BRI E - bS5 EKRY E FLASH ¥ U F 4 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

.

B—ABE (HRARE) W5 partition. csv 1) Name “FB L.

ik BekiiAk: (i idf.py app-flash f# idf.py flash, HJRUUEESN HIREF 4 XM EHTbE
SRR X, X B T R I B RS ]

3.3.4 M\ sdcard hinEEE

BTN SD RNz, 24 FLASH 7 8] A FR ol 75 2505 S5 SO A il o i BB be sk i AR A A -
1. #E#5 SD |k

o B SD R FAT32, fIPRARAgAML, HEmP A (BdRaER).
« #hy: fEfiH ESP-DL 21, WHihZ& 41y SD R

2. ®H#& SD £

o {H BSP (B Hifu):
7 menuconfig H1 = il CONFIG_BSP_SD_FORMAT_ON_MOUNT_FAIL DA H shig=1k.

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

« ASffiJi] BSP:
BoEH kT, X B format_if mount_failed = true,

#include "esp_vfs_fat.h"
#include "sdmmc_cmd.h"

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

bi

// #E#H s £ (B AREZIB R TG EML)
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3. SHERLE] SD |

FHER . espdl BB B SD K (BN, ZHFIMRHEFREH model.espdl).

4. AERY TR
CEESTR

[#include "dl_model_base.hpp"

o IR ] 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) ;

Frllis BN sdeard Ao F AR I, BIRUIMBGERRREAE DR AN E], PO R T 2 sdeard 52 4l 3]

PSRAM il # internal RAM., U[ISRVRA) FLASH =S[AI 55K, XA ARA -

3.3.5 MR R RinHIEE T IETH

test () JPREDRHER AR SR PR AR EME BT LAY, e AR 7 R IE W RO HEBR S5 2R

Hi B A :

o .espdl HALNIFE ESP-PPQ H 5 Hi B et il AR i % (] export_test_values &

).

o XFFERE, GRS — B IR 4 AR AR MR o

API: esp_err_t dl::Model::test()
BRI AR W CE A R [ ESP_OK, R[] ESP_FAIL,
Mik:

#include "dl_model_base.hpp"

/Rl RAERE ...
esp_err_t ret = model->test();

if (ret == ESP_OK) {

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

ESP_LOGE (TAG, "# A il & & %! ");

}

/7 BE R AE R
ESP_ERROR_CHECK (model->test () ) ;

A
LA i AR i A KB, T DA testO) A TG EESMIRETA
2. A PrA AR T R
3. R SRR T IR (BB IRZEM A 2E)
4. AR BRI R BRI
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INT16 BERITERCH M TR ARE, INTI6 B RFLL A £1 (2R

3.3.6 FTERAFERARR

profile_memory () JIEFTEIEAIF MAFZEAL (A RAM, PSRAM. FLASH) 1476 401140 .
API: void dl::Model::profile_memory ()

ik

#include "dl_model_base.hpp"

/7 BlEFMAEA ...
model->profile_memory () ;

ROk U
B RS
flatbuffers #& & f & — 4> 1 i, B8 S
fbs_model parameter, flatbuffers FZ 55 AT S H > 4, B
parameter BFEE AS i, BRSEARRRITEAR, AL
EREISH
parameter_copy EHIMEIALSE, 24 flatbuffers B4 T FLASH [1)
Hf i, BRIAE 0L T <2 & il 8] PSRAM 5 # internal
RAM DA$R = HEREE BE -
variable WS TSI R R N, 5S84 A/ s DA B i)
T B EE AR 2 RX A 25 )
others X o R O E O F OE MO N,
heap_caps_aligned_alloc /

heap_caps_aligned_calloc H if i &

XEFFR NS (R)

R PAF BRI AT RAM. PSRAM FlI FLASH i i 1§40 -

3.3.7 STEREHIRIER

profile module () J¥AFTHEA g A (J2) AUTEAIEIRTE B .
API: void dl::Model::profile_module (bool sort_module_by_latency = false)

B¥;: - sort_module_by_latency : QK true , BIHFIERAT (HEd). RN false (ER
N, B MUY SR .

Hlik:

// BN AR F

model->profile_module();

/S BEREF (RE®RE)
model->profile_module (true);

Wi ARG - R - ARSI (R - EBRAEAR (fRP, WSS DL_LOG_LATENCY_UNIT WA
JEE) - KRR SR

% API:

3.3. tnfamngs. MiAFoiEEes HTRE 29



ESP-DL i FiEM, R1ThR# latest

e std::map<std::string, module_info> get_module_info () - PAZife 7 =ik [mdEHE &

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

3.3.8 AEMERESHT: profile() 75i&

profile () H¥E45E T profile_memory () Ml profile_module (), #HITZEEDT-
API: void dl::Model::profile(bool sort_module_by_latency = false)
Wik

VAR R W s
model->profile();

/) HEREERF N GE KRN
model->profile (true);

RORARIUN AT AL RE AT 1) foe S B 5

3.4 n{aBE{TIREY HETE

TEAZAET, FATHFN RN . 2501

« EETIE
o MHARR
o RIVRE T NAR
o AN
- THEAE
- ®ft dl::TensorBase

o REALifr

- REILEAA
- R¥{t dl::TensorBase
o WRAEFE
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341 #E&TIE

5% ESP_IDF

3.4.2 mEF{EE

G foT o R AR A

3.4.3 FREMEEERA/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;

AL get_inputs () #l get_outputs () api FRAH A/ #9484 FHIN V) d1: : TensorBase, B
25 8., S Wdl:TensorBase 3 4% .

Fik: ESP-DL ) N 7745 BILAS 2 S AL 14 i A/ [ 8 2R 0 e — R BRI A7 i T e3>
WAF, FrUAYBR AT B R A, S TR IS R S BRI A4S R . Wat@dl, model _input Y%,
FEPATSE B 5, FTREME &1 mode 1 _output s HoAl RIS R B A it -

3.4.4 B{LHWIA

8bit il 16bit S AL AR, 4 B HE3Z ints_t Ml intl6_t FHM M A, float KA [ A LA SEARYE
exponent FALBN W A EEBRI Y J5 A RER AR, 1A
Q = Clip (Round <R> _MIN, MAX>
Scale

Scale = 2F%p

*

o R ZZEAMTESEL.

o QREALEMEEME, FEAE MIN, MAX] JEH N T35 .

« MIN ¥/ ME , 8bit if, MIN =-128, 16bit fif, MIN = -32768.
o MAX BHE IO, Sbit I}, MAX = 127, 16bit i}, MAX = 32767,

BityaME

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) ) ;
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£1t 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 A1 16bit FALAREAL, 4351753 int8_t Ml intl6_t RKAMHH . WIS exponent R ZJEA
REfS R s . ITEARK:

R = Q x Scale

Scale = 25
Hrr:
o R’ @R JE IR I AL R e .
« Q BEAEEEUE.

REMLENME

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

RE{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) ;

3.4.6 =RV

ek
. %P
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)
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3.5 I gI@EFHER (EF)

REREAFEFEAE AL : :module fip 4 250 AN — BB, Module S FTABIRAYEEIE, LR X
AEERBIE A F 5 SR

#ili: ESP-DL Hffyidedss 1 .5 ONNX X5 .

3.5.1 HfEEI Module

B TV AHEIR A R I R TTE -
o Jjiki:
- dl::module: :Module: :Module (): FJ¥ERE, HTHIIHMELL,
- dl::module::Module::~Module (): MHIE%L, FITREMAE.
- dl::module::Module: :get_output_shape (): iR AT E & IRk,

—

- dl::module::Module::forward(): i, EH%IED,

N g

- dl::module::Module: :forward_args (): BITHER, RFHED,
- dl::module::Module: :deserialize (): MWFIAE B AR LH] .
— dl::module: :Module: :print (): TTE[]E'Q@E%‘EN

W5 H,, 75 % Module Class Reference

3.5.2 BIERHFRRAk
BN — AP, T Module MR — AT EELE I

~fl: B3 MyCustomModule %

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

#include "module.h" // @ 4 & X Module 2 # 3k X #f

namespace dl ({
namespace module {

class MyCustomModule : public Module {
public:
kXL
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 B
virtual ~MyCustomModule () {}

&)
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(2 E70)
// ® B get_output_shape ¥ &
std::vector<std::vector<int>> get_output_shape (std::vector<std::vector<int>> &
—input_shapes) override {

/O ERARFERATRITE R L PRGEH

std: :vector<std::vector<int>> output_shapes;

/0 aBl BRERERRERAFRME

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 {
/7 LA EATHE R 0 F AR
/7 Bl K E AT E B
for (auto &tensor : tensors) |

/R EANKERATE LR E
}

// BB forward args F &

void forward_args (void *args) override {
/) ERAR RO E
/Bl RES R PATE B BRE

I3

/7 WF B R B R T B A SR S B

static Module *deserialize (fbs::FbsModel *fbs_model, std::string node_name) {
/7 ERR T A A B 2Bl E
// E U M5 ONNX Xt FF

I3

// EF print J ¥
void print () override ({
/) THERE R
ESP_LOGI ("MyCustomModule", "Module Name: %s, Quant type: %d", name.c_str(),-_
—quant_type) ;
}
bi

} // namespace module
} // namespace dl

M MyCustomModule 3

WMARSEI T MyCustomModule 2KJ5, iH4E dl_module_creator FPyFIMAMAELEL, ([FiH 4R/ H.

void register_dl_modules ()

{

if (creators.empty()) {

this->register_module ("MyCustomModule", MyCustomModule::deserialize);
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3.6 £/ Al Agent BEILIHEF

AR SRS A AT AE & Fh Coding Agent T H. (#11 Claude . Cursor, OpenCode 45 ) 223 A1{# [l espdl-operator
skill, DAfF{E ESP-DL HEZE i 5% s 28 M 45 19 H 3k S2 8. BAF ieWILA Linux SR8z 4Bl

o 4% espdl-operator skill
o IRBEK

o SR /AH Skill

o [Ri% T 45T 1)

o Skill fiz & 1% )8

o T RIRIAAL

o M HEIR

o RTIR

3.6.1 {t4 % espdl-operator skill

espdl-operator j&—/Mit Coding Agent i F 1) B 214k T % skill, HT4E ESP-DL REZ e g, A1
At 2 258, 244k (A Coding Agent (1] Claude, Cursor. OpenCode ) FRHETAH R B, 1% skill &
155 AL H3h58 AT TAE:

Coding Agent f 13} {5 :
L BB 1K - AT ONNX S57 IV, i B - R BB R A S
2. MK esp-dl C++ R4 - H 2318 Module ZF1 Base 293k SC{A4/ 55 88 314
3. 2K esp-ppq HALALY - 7E AL TR AN E 728, ' layout pattern
G DA - A A PyTorch/ONNX AR, iC &Il 4k
5. PATHEE I - 1217 Docker A4, Az R, AT 0
6. USRS RXLSY - Bt esp-dl Al esp-ppq UFEPRLE R —EL
Skill [ry %O pr i :
o S sl A At - MTFHKEI 21740, Coding Agent H 21 5¢ Wi A 20 98
o EEPE - FRMEE esp-dl (C++) Ml esp-ppq (Python) B~
o WY - HENY ] ESP-DL RS HITE . H SabH A i i
o WERIFR - THEOA T, BdERAY RS 2 Mg

&

W st
b7 RER
S AT “5zj HardSwish 27, %4 int8 Fl float32”
BB A S “#& Tanh BFIRN intl6 SZEE”
ST “7%1 Mod 7R InE AL 45
ERXT 57 “BiiE LogSoftmax 7 esp-dl Fll esp-ppq 1455 2 — 2"
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3.6.2 {kEiER

T espdl-operator skill Z i, (R BEHE T4 AN i

AR IR A= Z B k5
R iz BRGEY
Docker T T AR R B RSARH
uv Python 15 4% curl -LsSf https://astral.sh/
uv/install.sh | sh
Git A s il apt install git (Ubuntu/Debian)

8 Skill B ah4h3RaY i

PAT R ** Tofs T84 **, espdl-operator skill AT T H ShAb B -
« esp-ppq: Python fi{b T H A1 - skill £ H 37t Docker 24 H DAY Y L 2%
o SCRERRIAA: gen_ops_markdown.py 5T H. - skill & B 3lis1T
« Docker Bif%: espdl/idf-ppq #if% - skill & H it (WIARTELE)
o ESP-IDF: H- & AEZE - &5 4E Docker 455 th

TESEINE , TERUEPAN fir - n] PAIEH AT :

# ¥ & Docker
docker —--version

# & uv

uv —--version

# A& Git
git —--version

AR DA LA SARREIE F A AR R, UEWIPRIEE g, T RATFRR I skill.

3.6.3 /K E Skill
T E %4

B, BAMRRITE H RGN (esp_dl_project_1 @B HMRH S, WRHZXHRAFATLMER) . PA
opencode i, H LM TN :

esp_dl_project_1/ <—- BEMRE X (FrA&42ERLIAT)

F— esp-d1/ # ESP-DL * R # J&

| F— esp-dl/ # B0 ERKRE (d1/, vision/, audio/ %)
| — examples/ 1

| F— test_apps/ RN A

(& F i)
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(B L)

| — tools/ # THBHA
[ — ...
— esp-ppa/ #+ BN ITE (5 esp-dl H4%)
|  F— esp_ppa/ # TRERD
| — pyproject.toml + FEHEEXH
[ — ...
L— .opencode/ # OpenCode H & (FE 4 &)

L— skills/espdl-operator/ # skill Z ¥ B (4 esp-dl/tools/agents/

—skills/espdl-operator/)

TER: skill PEAAS{IT esp-dl/tools/agents/skills/espdl-operator/, RFRENGHE ok ihis
3| .opencode/skills/espdl-operator/ (BiHAth Agent XM HF). skill 3A4FFE SKILL.md (F
SCfF) Fl references/ (SHEBURME AT ).

BEE: fITHLHUE

BT EL T i A Al U D H AR I 5% “esp_dl_project_1/ F4AAT.
UERARAN G E AR08, 35T

# EFYEHX
pwd

Sk

# Mz H £l : /home/username/workspace/esp_dl_project_1
# B /path/to/esp_dl_project_1

# W RAATREARE R, FEHkE
cd /path/to/esp_dl_project_1

FHik—: (€ npx (% - KiEH)

4 OpenCode., Cursor, Claude Code }z HAhAfZs T H- 2245 skill fz & BLI%) Jy ¥4 2 ] npx:

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

#rili: npx /2 Node.js (ifd npm) HIAFHIEHAATHE . WRIRF A LR Node.js, 1557 Node.js LA ST PEAT
Lo

PATanS e, skill 54 A 3 2R IHAEIRAY Coding Agent THHH[ .

BEZ: FHRE
WRAR T30 22, BB AR TR SRS npx, SEIRIG VRO 9 B TR I PAT U A :

Frik: A Agent TELAY skill 222 FSRn] BEA B ANIE] , 35 MR 52 P o T 1) T L R4 o B2 ) 2% A o
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OpenCode

Jithi—+ SIS

# BRI ETH R B X esp_dl_project_1/
cd /path/to/esp_dl_project_1

# 4| # .opencode/skills H %k
mkdir -p .opencode/skills/espdl-operator

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

Jitk s MRS REE (M TIPR, PREFIFIE9EH)

# HRRAETRERE R esp_dl_project_1/
cd /path/to/esp_dl_project_1

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

# Al EFEEE (EAMYBR)

# EE: 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

# RIEEERESKY
1ls —-la .opencode/skills/espdl-operator
# N iZ B &~ SKILL.md #1 references/ H %k

Ja3l OpenCode J5, FGiex Halmzkix skill.

Cursor

Jithi—+ SEHISCAE

# WMRNFAET EAR E X esp_dl_project_1/
cd /path/to/esp_dl_project_1

# A # Cursor skills H Xk
mkdir -p .cursor/skills/espdl-operator

# B4 skill X
cp —-r esp-dl/tools/agents/skills/espdl-operator/* .cursor/skills/espdl-operator/

Jitk s MRS Rk

# BB IREREMRE X esp_dl_project_1/
cd /path/to/esp_dl_project_1

# G|l # .cursor/skills H X%
mkdir -p .cursor/skills

LT e T
In -s ../../esp-dl/tools/agents/skills/espdl-operator .cursor/skills/espdl-operator
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Claude Desktop (Claude Code)

Jithi—+ SIS

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

# €l # Cclaude skills H %
mkdir -p .claude/skills/espdl-operator

# B Hl skill X #f
cp —-r esp-dl/tools/agents/skills/espdl-operator/* .claude/skills/espdl-operator/

Jith s MRS e

# BRI EREARE X esp_dl_project_1/
cd /path/to/esp_dl_project_1

# @l # .claude/skills H %
mkdir -p .claude/skills

EET ST T
In -s ../../esp-dl/tools/agents/skills/espdl-operator .claude/skills/espdl-operator

3.6.4 BREFERBI

RBEAREESEBL—N H HF MyOp:
1. WAl skill ©2e3k

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

2. £ Agent i ]

["ﬁ;ﬁi})ﬂbﬁﬁ\ MyOp & ¥, ¥ # int8. intl6 F# float32"

3. Agent X3
o J#L skill
o 1M 9 AN BLiE T Coding Agent TAf
o R B RS SO
« 51T Docker i

3.6.5 Skill st A {5

AT, VRATLAEE DA i % espdl-operator skill:
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BAESHMA
AR TE AR DA 5 A -
H SRR 4 1] F AR
“STPl A “implement operator”
U “add operator”
“RASCRR “quantization support”
EFXIFE “operator alignment”
USRS “add a new op”
mBIE

AP "HERLIH— A Mod HF"
Agent: [H 3 f1 & espdl-operator skill I FF# 45 5]

B F: "% LogSoftmax & F F| esp-dl"
Agent: [H 37 fm# skill R LI ¥ K]

EXiAH
ans | shfl kAR AR, AT PAR SRR Agent (i i skill:

" F| espdl-operator skill # # £ # Softmax & F"
" ## espdl-operator skill B35 &, % LogSoftmax % fr intl6 X H"

3.6.6 EEIJHERIE

1% skill 55 Coding Agent 5 il DA N 3= ZL [ B -

Phase 1: #fist 5493

o Ff ONNX 57 AL
o WiERA 725 (Elementwise. Convolution. Pooling %)

o WfE R ERZEAL (int8. intl6. float32)

Phase 2: 323 esp-dl Module &

o QEEE AL U4 (d1_module_<op>.hpp)
o S get_output_shape () fll forward () F¥

e £ d1_module_creator.hpp FIFME T
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Phase 3: 323l esp-dl Base &

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

Phase 4: esp-ppq 5

o {f£ EspdlQuantizer.py FHEMEL L

o ¥ espdl_typedef.py P E layout pattern
Phase 5: EC &z A HI

o Y5/ PyTorch/ONNX il {5 U A4 2 2%

» 1£ op_cfqg.toml HELEMXSEL
Phase 6: Docker #33 5l

o ARG B (int8, intl6, float32)
o I
o FEREPE Eist T

Phase 7: SIMD #ft{t (T[%k)

o XMRR SR, RgEaEAIL

Phase 8: H-¥ 3455581
o TfifF esp-dl 1 esp-ppq FHEFHLE R —F

Phase 9: B3 304

* 1547 gen_ops_markdown . py HUFIHE T SCRPRA SRS

3.6.7 rFEHERR
SKill s fil %

o HiiA skill H s FIERA H % (LA opencode 2fi]: .opencode/skills/espdl-operator)

o 2 Bk A& iR " {3 ] espdl-operator skill -+ ”

o HiiA Agent T H 4% skill

3.6. f£/H Al Agent Bt EF
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Skill FERLEBMIT
o WG HRAERIIT, B espdl-operator skill $if7, #il4n:

# R MAT docker A HTHE M RE/MAK, WAEXNEFR T & ab:
# T espdl-operator skill WWH ¥, XE4FH TR EZNR, EHLEE

B UHRTER

% skill ITER 2455 AL AhE BRI ME . AR RCR &2 3R 2 500 -
1. Pefii g AT T_H (40 OpenCode. Cursor, Claude %)
2. Al BORUAR RIS HE ) ORI S AR K-, PRAERE T, A tool BB 1A Z£57)

ffﬁfﬁﬁﬂ]ﬂﬁiﬂlﬂiﬁé@ﬁ, PATAHEAESEE C I FH A MSE T, SORESr (HBIRAR, W2 Aaia RS,
CREERES -k

Coding Agent TR 1 FARYAREY
Cursor Claude Opus 4.6
OpenCode Kimi 2.5 + GLM 5 &}, Claude Opus 4.6

MR BB A AR AN, P25
o PR ALAEAL (41 Claude Opus., GPT-4 45)
o S NACR LT Coding Agent T A
« 2% SKILL.md H 45 2 T3 S8

Docker |o]gE

# f& & Docker & & iBAT
docker ps

tEHMERR
cd esp-dl/tools/agents/skills/espdl-operator/assets/docker
docker build -t espdl/idf-ppg:latest .

A PR o) &

# HARR AR R (Linux)
sudo usermod —-a -G dialout SUSER

# EHERUAEK
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3.6.8 HXHEIR

e SKILL.md: esp-dl/tools/agents/skills/espdl-operator/SKILL.md - 5ZE KT LT85

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

K & W M esp-dl/tools/agents/skills/espdl-operator/references/
esp-ppg-checklist.md

o esp-dl: esp-dl/ - esp-dl AL
* esp-ppq: esp-ppq/ - esp-ppq L TH (5 esp-dl [{Z H %)

3.7 1n{aZpZ=E MobileNetV2

TEARZRES, AT {4 ] ESP-PPQ X #1251 MobileNetV2 #2154k, I{# ] ESP-DL ¥ &1k
J5 Y MobileNetV2 F57

o BHTIE
o WAFI
- T AAR R
- KEHIEE
- 8bit ZKINFL E = 1L
- REHEE
- ER ¥
o R IREF
- W AR
- ArA®

- EaIE

3.71 #&TIE

1. 4% ESP_IDF
2. 2% ESP_PPQ
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3.7.2 REIEft

ik

« ESP32P4: % Conv fil Gemm .7 B % [ per-channel AL 5E0& , H A4 7{3{ii ] per-tensor.

o« ESP32S3 Je JLAlth )y - AR 4RBR T, Fra B 74— R i per-tensor Hb 50 .
i T per-channel &b7E4H T O/ 7 _FiE 5 LT per-tensor, [ HAH[RIALAYAE ESP32P4 EiyRAIE A A A T
ESP32S3,
AR F AT, 0G24 ESP32S3 S H ARG 3 Tul . [AEE, 7E 8bit BRIANRE &
T PR L T ESP32P4 [ EA LSS, DA R EXT S % .

LA

Tl kR By

M torchvision Jil1zk MobileNet_v2 [FIIZAETL, 458 A] PAA ONNX models B TensorFlow models %% :

import torchvision
from torchvision.models.mobilenetv2 import MobileNet_V2_Weights

model = torchvision.models.mobilenet.mobilenet_v2 (weights=MobileNet_ V2_Weights.
< IMAGENET1K_V1)

BRAERES

RCHERHR AR TR EAIRAY R g ARG — B8, AERn AR o 2O T RE A S VR B2 A AT B A T BB 0, DA
HhF AR . X HLPA TmageNet Bl R Bl , SR U HE s ALHERUR 48 -

fii FfJ torchvision fl1 %% ImageNet Z(#E4E :

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),
transforms.ToTensor (),
transforms.Normalize (
mean=[0.485, 0.456, 0.406], std=[0.229, 0.224, 0.225]
)I

) 14
)
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,

ST )
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(# E30)

collate_fn=collate_fn1,
)
8bit BINBCEE 1t
ESP32P4 £1t
LR
import torch.nn as nn
def convert_relu6_to_relu(model):

for child name, child in model.named_children () :

if isinstance(child, nn.ReLU6) :
setattr (model, child_name, nn.ReLU())
else:
convert_relu6_to_relu(child)

return model
target="esp32p4"
num_of_bits=8
batch_size=32
quant_setting = QuantizationSettingFactory.espdl_setting() # default setting
# Replace ReLU6 with ReLU. When testing per-channel,
# using ReLU results in higher precision after quantization.
model = convert_relu6_to_relu (model)
SR
Analysing Graphwise Quantization Error::
Layer | NOISE:SIGNAL POWER RATIO
/features/features.16/conv/conv.2/Conv: | I | 05 4553
/features/features.15/conv/conv.2/Conv: ] T | 24.981%
/features/features.17/conv/conv.0/conv.0.0/Conv: | | IEGIENGTGNG | 21.120%
/features/features.14/conv/conv.2/Conv: | I | 20.162%
/features/features.17/conv/conv.2/Conv: | T | 18.303%
/features/features.18/features.18.0/Conv: | I | 17.422%
/features/features.13/conv/conv.2/Conv: . @ | | 16.590%
/features/features.16/conv/conv.0/conv.0.0/Conv: | [5G | 15.886%
/features/features.16/conv/conv.1/conv.1.0/Conv: | | 5IINGNG | 15.033%
/features/features.12/conv/conv.2/Conv: I I | 13.968%
/features/features.15/conv/conv.0/conv.0.0/Conv: | [ 5IIGIGzEG | 12.973%
/features/features.6/conv/conv.2/Conv: | I | 12.624%
/features/features.15/conv/conv.1/conv.1.0/Conv: | |G | 12.366%
/features/features.10/conv/conv.2/Conv: I | 12.207%
/features/features.14/conv/conv.1/conv.1.0/Conv: | | IGzGN | 10.319%
/features/features.11/conv/conv.2/Conv: | I | 10.139%
/features/features.5/conv/conv.2/Conv: | | 9.430%
/features/features.9/conv/conv.2/Conv: | I | 9.324%
/features/features.3/conv/conv.2/Conv: | I | 9.298%
/features/features.14/conv/conv.0/conv.0.0/Conv: | | NN | 8.819%
/features/features.7/conv/conv.2/Conv: | T | 8.649%
/features/features.1l/conv/conv.1/Conv: | T | 8.423%
/features/features.4/conv/conv.2/Conv: I | 7.972%

SR
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/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.
Analysing Layerwise quantization error::

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

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

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

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

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

3/conv/conv.1/conv.1.0/Conv:
2/conv/conv.2/Conv:

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

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

.0/Conv:
.0/Conv:

6/conv/conv.0/conv.0

9/conv/conv.0/conv.0

4/conv/conv.1l/conv.1.0/Conv:
2/conv/conv.1l/conv.1.0/Conv:
8/conv/conv.0/conv.0.0/Conv:
7/conv/conv.1l/conv.1.0/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:

—~<00:00, 10.81s/it]

Layer

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

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

4/conv/conv.2/Conv:
3/conv/conv.2/Conv:
3/conv/conv.1/conv.1.0/Conv:
11/conv/conv.2/Conv:
17/conv/conv.2/Conv:
2/conv/conv.2/Conv:
7/conv/conv.2/Conv:
2/conv/conv.1l/conv.1.0/Conv:
13/conv/conv.2/Conv:
5/conv/conv.1/conv.1.0/Conv:

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

12/conv/conv.2/Conv:
5/conv/conv.2/Conv:
6/conv/conv.2/Conv:
8/conv/conv.2/Conv:
10/conv/conv.2/Conv:

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

(% 50
.204%
.975%
.867%
.626%
.296%
.113%
.068%
.044%
.839%
.814%
.790%
.580%
.575%
.476%
.182%
.157%
.115%
.003%
.470%
.412%
.133%
.012%
.524%
.370%
.004%
.680%
.617%
.962%
L4T77%
.114%
3/53 [09:33

O O O FP NN WWWD D B 0101 OOl O U1 01 U1 U1 6y O O O O O OO I
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)
o
>
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=
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.879%
.526%
.215%
.165%
L127%
.110%
.061%
.055%
.048%
.043%
.039%
.037%
.035%
.034%
.033%
.027%
.020%
.017%
.015%
.013%
.012%
.012%
.011%
.011%

O O O O O O O OO OO OO0 OO OoOoOooo oo o
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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.

9/conv/conv
8/conv/conv
4/conv/conv
9/conv/conv

.2/Conv:

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

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

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

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

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

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

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

11/conv/conv.0/conv.0.0/Conv:
10/conv/conv.1/conv.1.0/Conv:
13/conv/conv.1/conv.1.0/Conv:
15/conv/conv.0/conv.0.0/Conv:

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

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

7/conv/conv.1l/conv.1.0/Conv:
18/features.18.0/Conv:
5/conv/conv.0/conv.0.0/Conv:

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

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

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

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

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

* Prec@l 71.150 Prec@5 89.350

(% 50
.010%
.007%
.007%
.006%
.006%
.006%
.006%
.005%
.005%
.005%
.004%
.004%
.004%
.003%
.003%
.003%
.003%
.002%
.002%
.002%
.002%
.002%
.001%
.001%
.001%
.001%
.001%
.001%
.000%

O O O O O O O O OO OO OO OO OO0 O0OOoOoOoLoOo oo o

ESP32S3 £1t

HALBE

target="esp32s3"
num_of_bits=8
batch_size=32

quant_setting = QuantizationSettingFactory.espdl_setting()

# default setting

HfbE R

Analysing Graphwise Quantization Error::

Layer

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

16/conv/conv.2/Conv:
17/conv/conv.2/Conv:
15/conv/conv.2/Conv:
18/features.18.0/Conv:
14/conv/conv.2/Conv:
13/conv/conv.2/Conv:

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

12/conv/conv.2/Conv:

16/conv/conv.0/conv.0.0/Conv:
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.069%
.605%
.446%
.709%
.199%
.330%
.151%
.433%
.049%
.952%
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/features/features.

7/conv/conv.2/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.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.
/features/features.

11/conv/conv.2/Conv:
10/conv/conv.2/Conv:
15/conv/conv.0/conv.
6/conv/conv.2/Conv:
4/conv/conv.2/Conv:
15/conv/conv.1/conv.
14/conv/conv.1/conv.
9/conv/conv.2/Conv:
14/conv/conv.0/conv.
5/conv/conv.2/Conv:
12/conv/conv.1/conv.
13/conv/conv.1/conv.
11/conv/conv.1/conv.
2/conv/conv.2/Conv:
13/conv/conv.0/conv.
3/conv/conv.2/Conv:
10/conv/conv.1/conv.
11/conv/conv.0/conv.

1.0/Conv:
.0/Conv:

i,

0

.0/Conv:

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

.0/Conv:

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

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

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

8/conv/conv.2/Conv:

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

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

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

1
0
1
0
0
1

O O O, Bk OO

.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:

Analysing Layerwise quantization error::
—~<00:00, 38.53s/it]

Layer

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

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

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

0/Conv:

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

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

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

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

4/conv/conv.l/conv.1.0/Conv:

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

0/Conv:
.0/Conv:

O O O O O O o o o

(% 50
| 27.420%
| 27.097%
| 26.299%
| 26.026%
| 25.428%
| 25.363%
| 24.751%
| 24.485%
| 20.296%
| 19.854%
| 18.552%
| 17.704%
| 16.861%
| 16.398%
| 15.579%
| 15.369%
| 15.193%
| 14.844%
| 14.811%
| 14.660%
| 13.995%
| 13.825%
| 13.750%
| 13.557%
| 12.814%
| 12.610%
| 12.173%
| 11.607%
| 11.136%
| 10.368%
| 10.333%
| 10.038%
[ 9.632%
[ 9.282%

| 8.970%

| 8.947%

| 8.389%

| 8.067%

| 7.462%

| 6.513%

| 5.537%

| 0.875%

[ 0.119%

| 53/53 [34:02

NOISE:SIGNAL POWER RATIO

14.306%
0.843%
.667%
.574%
.425%
L271%
.237%
.214%
.180%
.151%
.148%
&)
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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.

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

14/conv/conv.2/Conv:

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

6/conv/conv.1/conv.1.0/Conv:
8/conv/conv.1/conv.1.0/Conv:
7/conv/conv.2/Conv:
5/conv/conv.1/conv.1.0/Conv:
3/conv/conv.2/Conv:
16/conv/conv.2/Conv:

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

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

/classifier/classifier.1l/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.

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

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

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

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

10/conv/conv.2/Conv:

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

9/conv/conv.2/Conv:

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

7/conv/conv.1l/conv.1.0/Conv:
5/conv/conv.2/Conv:
8/conv/conv.2/Conv:
12/conv/conv.2/Conv:
6/conv/conv.2/Conv:
7/conv/conv.0/conv.0.0/Conv:
3/conv/conv.0/conv.0.0/Conv:

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

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

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

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

* Prec@l 60.325 Prec@5 83.100

(% 50
.146%
.136%
.105%
.104%
.083%
.076%
.076%
.075%
.073%
.072%
.066%
.064%
.063%
.063%
.054%
.050%
.042%
.040%
.039%
.034%
.030%
.025%
.024%
.022%
.021%
.021%
.020%
.020%
.019%
.018%
.017%
.014%
.014%
.013%
.009%
.008%
.006%
.005%
.003%
.002%
.002%
.002%

O O O O O O O O OO OO OO OO0 OO OO OO0 O0O0O 00O 0O0OO0OOLOoOLOLOOLOOoOoOo

AL E BT

Su ek L] - fF ESP32P4 R Jf] per-channel ki, S4bEi% Prec@1 3k 71.150%, 5% SifsiAl (71.878%)
il AE ESP32S3 2R per-tensor £k}, Prec@1 {°h 60.5%, AHXF[Rl—F S EZ I, MK
BK, AUBEESHAMEAT B2 uit. PUF M EL R A X ESP32S3 VR 24047

o Hilik7 (Graphwise Error)
M) i )5 — 2 [classifier/classifier.1/Gemm, %2 Z11RZE R 27.097%. S5 RiliE—)Z1 R

THiRZE/NT 10%,

AR R BN

o B)Z1R 7% (Layerwise error)
WEE Layerwise error, K BURHRMZATIRZEEARAE 1% LAY, BB 2R ELIRER/D, R 080L
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JRRZEERR, AT AR IR Z KA Z ] int16 B

WAL UE

3

frigfe. BAEHERGHERL.

from esp_ppg.api import get_target_platform

target="esp32s3"
num_of bits=8
batch_size=32

quant_setting =

flint163 47 & H.
QuantizationSettingFactory.espdl_setting()

quant_setting.dispatching_table.append ("/features/features.1/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

="y

", get_target_platform(TARGET,

16))

HALER

Analysing Graphwise Quantization Error::

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.

16/conv/conv.2/Conv:
15/conv/conv.2/Conv:
17/conv/conv.0/conv.
14/conv/conv.2/Conv:
17/conv/conv.2/Conv:

18/features.18.0/Conv:

13/conv/conv.2/Conv:
16/conv/conv.0/conv.
16/conv/conv.1/conv.
15/conv/conv.0/conv.
15/conv/conv.1/conv.
12/conv/conv.2/Conv:
14/conv/conv.1/conv.
6/conv/conv.2/Conv:

10/conv/conv.2/Conv:
14/conv/conv.0/conv.
11/conv/conv.2/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.

2/Conv:
2/Conv:
2/Conv:

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

4/conv/conv.2/Conv:

13/conv/conv.1/conv.
12/conv/conv.1/conv.
13/conv/conv.0/conv.
8/conv/conv.2/Conv:

10/conv/conv.1/conv.
11/conv/conv.1/conv.

= O P O

1o
i

.0/Conv:

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

.0/Conv:

.0/Conv:

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

0/Conv:
0/Conv:

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

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

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

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

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

=2
(@]
=
n
(]
n
=
[0
Z
e
=
o]
o
=
[l
o
o
g
=]
=
(@)

NN DN W
o U1 O -

e
SO U1 0 0 0 O

e
o0 o N W

NeJ

or 01 01 001 OOy O O O 1 1 ] 00O O 0

.995%
.554%
.400%
.125%
.358%
177%
.204%
.988%
.846%
.831%
.938%
.918%
.865%
.909%
.843%
.648%
.391%
.289%

.940%
.902%
.745%
.614%
.645%
.501%
.428%
.915%
.488%
.148%
.042%
> 9555
.904%
.894%
.847%
.793%
.737%

&)
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(B LET10)
/features/features.17/conv/conv.1l/conv.1.0/Conv: | - | 5.293%
/features/features.5/conv/conv.1l/conv.1.0/Conv: | - | 5.022%
/features/features.10/conv/conv.0/conv.0.0/Conv: | |l | 5.004%
/features/features.2/conv/conv.2/Conv: | - | 4.670%
/features/features.3/conv/conv.1l/conv.1.0/Conv: | - | 4.662%
/features/features.4/conv/conv.0/conv.0.0/Conv: | |l | 4.643%
/features/features.l/conv/conv.1l/Conv: | - | 4.320%
/features/features.9/conv/conv.0/conv.0.0/Conv: | [} | 3.878%
/features/features.6/conv/conv.0/conv.0.0/Conv: | [l} | 3.740%
/features/features.4/conv/conv.1l/conv.1.0/Conv: | - | 3.420%
/features/features.8/conv/conv.0/conv.0.0/Conv: | [} | 3.306%
/features/features.7/conv/conv.1l/conv.1.0/Conv: | - | 2.734%
/features/features.2/conv/conv.1l/conv.1.0/Conv: | - | 2.639%
/features/features.2/conv/conv.0/conv.0.0/Conv: | [} | 2.603%
/features/features.5/conv/conv.0/conv.0.0/Conv: | l | 2.404%
/features/features.3/conv/conv.0/conv.0.0/Conv: | l | 1.765%
/features/features.1/conv/conv.0/conv.0.0/Conv: \ | 0.433%
/features/features.0/features.0.0/Conv: | | 0.119%
Analysing Layerwise quantization error:: 100% || IIINIIIIIEEEEEEEEEEEEEEEE -:/53 [09:29
—<00:00, 10.74s/it]
Layer | NOISE:SIGNAL POWER RATIO
/features/features.1l/conv/conv.1/Conv: | T | 099
/features/features.0/features.0.0/Conv: | I | 0.843%
/features/features.2/conv/conv.1/conv.1.0/Conv: | [N NEEENEEEEN | 0.574%
/features/features.3/conv/conv.1/conv.1.0/Conv: | | HEIGIGNGzGN:G | 0.425%
/features/features.15/conv/conv.1/conv.1.0/Conv: | | IR | 0.271%
/features/features.9/conv/conv.1/conv.1.0/Conv: | | | 0.237%
/features/features.17/conv/conv.1/conv.1.0/Conv: | R | 0.214%
/features/features.4/conv/conv.1/conv.1.0/Conv: | |} | 0.180%
/features/features.11/conv/conv.1l/conv.1.0/Conv: | |} | 0.151%
/features/features.12/conv/conv.1l/conv.1.0/Conv: | - | 0.148%
/features/features.16/conv/conv.1/conv.1.0/Conv: | - | 0.146%
/features/features.14/conv/conv.2/Conv: N | | 0.136%
/features/features.13/conv/conv.1l/conv.1.0/Conv: | - | 0.105%
/features/features.6/conv/conv.1l/conv.1.0/Conv: | - | 0.104%
/features/features.8/conv/conv.1l/conv.1.0/Conv: N | | 0.083%
/features/features.5/conv/conv.1/conv.1.0/Conv: | l | 0.076%
/features/features.3/conv/conv.2/Conv: | l | 0.075%
/features/features.16/conv/conv.2/Conv: i | | 0.073%
/features/features.13/conv/conv.0/conv.0.0/Conv: | l | 0.072%
/features/features.7/conv/conv.2/Conv: | l | 0.071%
/features/features.15/conv/conv.2/Conv: i | | 0.066%
/features/features.4/conv/conv.2/Conv: | l | 0.064%
/features/features.11/conv/conv.2/Conv: i | | 0.063%
/classifier/classifier.1l/Gemm: N | | 0.063%
/features/features.2/conv/conv.0/conv.0.0/Conv: | l | 0.054%
/features/features.13/conv/conv.2/Conv: i | | 0.050%
/features/features.10/conv/conv.1/conv.1.0/Conv: | || | 0.042%
/features/features.17/conv/conv.0/conv.0.0/Conv: | [ | 0.040%
/features/features.2/conv/conv.2/Conv: i | | 0.039%
/features/features.4/conv/conv.0/conv.0.0/Conv: | l | 0.034%
/features/features.17/conv/conv.2/Conv: N | | 0.030%
/features/features.14/conv/conv.0/conv.0.0/Conv: | | 0.025%
/features/features.16/conv/conv.0/conv.0.0/Conv: | | 0.024%
/features/features.10/conv/conv.2/Conv: | | 0.022%
/features/features.11/conv/conv.0/conv.0.0/Conv: | | 0.021%
/features/features.9/conv/conv.2/Conv: | | 0.021%

(BEF D)
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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.

(B LE10)
14/conv/conv.1l/conv.1.0/Conv: | | 0.020%
7/conv/conv.1l/conv.1.0/Conv: | | 0.020%
5/conv/conv.2/Conv: | | 0.019%
1/conv/conv.0/conv.0.0/Conv: | | 0.017%
12/conv/conv.2/Conv: | | 0.017%
6/conv/conv.2/Conv: | | 0.014%
7/conv/conv.0/conv.0.0/Conv: | | 0.014%
3/conv/conv.0/conv.0.0/Conv: | | 0.013%
8/conv/conv.2/Conv: | | 0.012%
12/conv/conv.0/conv.0.0/Conv: | | 0.009%
15/conv/conv.0/conv.0.0/Conv: | | 0.008%
5/conv/conv.0/conv.0.0/Conv: | | 0.006%
6/conv/conv.0/conv.0.0/Conv: | | 0.005%
9/conv/conv.0/conv.0.0/Conv: \ | 0.003%
18/features.18.0/Conv: \ | 0.002%
10/conv/conv.0/conv.0.0/Conv: | | 0.002%
8/conv/conv.0/conv.0.0/Conv: | | 0.002%

* Prec@l 69.225 Prec@5 88.700

AR ZE

P B ZE R R E R R 16 fiiib)g , AT DA BB MER BE ] 248 T, Sk )5/ topl HERAH A 69.225%,
1 float AT Y HERR R (71.878%) HiiEE . A &G —)2 /classifier/classifier.1/Gemm [ &

5% 10.289%.

BESEEt

%7 VEAES X Data-Free Quantization Through Weight Equalization and Bias Correction F42 H . {# AR, &
FL¥ MobilenetV2 #5715 3 11 ReLU6 #id >k ReLU.,

HALBE

import torch.nn as nn

target="esp32s3"
num_of bits=8
batch_size=32

def convert_relu6_to_relu(model):

for child_name,

if isinstance(child,
setattr (model,

else:

child in model.named_children() :
nn.RelLUG) :

child_name, nn.ReLU())

convert_relu6_to_relu(child)
return model
# Replace ReLU6 with ReLU
model = convert_relu6_to_relu(model)
# Use layerwise equalization
quant_setting = QuantizationSettingFactory.espdl_setting()

quant_setting.equalization = True
quant_setting.equalization_setting.iterations = 6
quant_setting.equalization_setting.value_threshold = 0.5
quant_setting.equalization_setting.opt_level = 2

quant_setting.equalization_setting.interested_layers = None
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ESP-DL FHFiER, A1ThRA latest

HALSR

Analysing Graphwise Quantization Error

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.

16/conv/conv.2/Conv:
15/conv/conv.2/Conv:
14/conv/conv.2/Conv:
17/conv/conv.0/conv.
16/conv/conv.0/conv.
17/conv/conv.2/Conv:

18/features.18.0/Conv:
16/conv/conv.1/conv.1.

13/conv/conv.2/Conv:
15/conv/conv.0/conv.
15/conv/conv.1/conv.
12/conv/conv.2/Conv:
14/conv/conv.1/conv.
10/conv/conv.2/Conv:
6/conv/conv.2/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.
/features/features.
/features/features.
Analysing Layerwise quantization error::

11/conv/conv.2/Conv:
14/conv/conv.0/conv.
9/conv/conv.2/Conv:
3/conv/conv.2/Conv:
5/conv/conv.2/Conv:
7/conv/conv.2/Conv:
4/conv/conv.2/Conv:
12/conv/conv.1/conv.
13/conv/conv.1/conv.
13/conv/conv.0/conv.
8/conv/conv.2/Conv:
1/conv/conv.1/Conv:

10/conv/conv.1/conv.1.0/Conv:
9/conv/conv.1l/conv.1.0/Conv:
11/conv/conv.1/conv.1.0/Conv:
17/conv/conv.1l/conv.1.0/Conv:
8/conv/conv.1l/conv.1.0/Conv:
12/conv/conv.0/conv.0.0/Conv:

2/conv/conv.2/Conv:

6/conv/conv.l/conv.1.0/Conv:
5/conv/conv.1/conv.1.0/Conv:
10/conv/conv.0/conv.0.0/Conv:
3/conv/conv.1l/conv.1.0/Conv:
11/conv/conv.0/conv.0.0/Conv:

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

7/conv/conv.
4/conv/conv.
4/conv/conv.
9/conv/conv.
7/conv/conv.
8/conv/conv.
6/conv/conv.
2/conv/conv.
5/conv/conv.
2/conv/conv.
3/conv/conv.0/conv.

1/conv/conv.0/conv.

0/features.0.0/Conv:

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

0.0/Conv:

0.0/Conv:
1.0/Conv:
0.0/Conv:
0.0/Conv:
1.0/Conv:
0.0/Conv:
0/conv.0.
1.0/Conv:
0.0/Conv:
0.0/Conv:
0.0/Conv:
0.0/Conv:

.0/Conv:
.0/Conv:

0/Conv:

.0/Conv:

.0/Conv:

.0/Conv:

\
\
\
\
\
\
\
\
\
\
\
\
|
\
\
\
\
\
|
\
\
\
\
\
.0/Conv: |
.0/Conv: |
.0/Conv: |
\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

|

\

\

\

\

\

\

0/Conv:
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.197%
.936%
.411%
.235%
.350%
.880%
.900%
.559%
.325%
.006%
.475%
.920%
.397%
.634%
LT711%
.808%
.234%
.109%
.563%
.448%
.716%
.040%
.647%
.205%
.021%
.244%
.205%
.036%
.824%
.452%
.408%
.324%
.187%
.646%
.576%
.493%
.364%
.305%
.160%
.031%
.667%
.905%
.730%
.202%
.170%
.150%
L117%
.101%
.506%
.238%
.965%
.357%
.025%
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—<00:00,
Layer

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

10.61s/1it]

1/conv/conv.0/conv.0.0/Conv:
0/features.0.0/Conv:
16/conv/conv.2/Conv:
14/conv/conv.2/Conv:
1/conv/conv.1/Conv:
15/conv/conv.2/Conv:
2/conv/conv.2/Conv:
4/conv/conv.2/Conv:
3/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.
/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.

11/conv/conv.1/conv.1.0/Conv:
12/conv/conv.2/Conv:
13/conv/conv.2/Conv:
17/conv/conv.2/Conv:
7/conv/conv.2/Conv:
8/conv/conv.1l/conv.1.0/Conv:
5/conv/conv.1/conv.1.0/Conv:
11/conv/conv.2/Conv:
6/conv/conv.2/Conv:
2/conv/conv.1l/conv.1.0/Conv:
3/conv/conv.2/Conv:
5/conv/conv.2/Conv:
6/conv/conv.1/conv.1.0/Conv:
4/conv/conv.0/conv.0.0/Conv:
15/conv/conv.1/conv.1.0/Conv:
10/conv/conv.2/Conv:
14/conv/conv.0/conv.0.0/Conv:
16/conv/conv.1/conv.1.0/Conv:
4/conv/conv.1l/conv.1.0/Conv:

13/conv/conv.1/conv.1.0/Conv:
13/conv/conv.0/conv.0.0/Conv:
16/conv/conv.0/conv.0.0/Conv:
17/conv/conv.0/conv.0.0/Conv:
12/conv/conv.0/conv.0.0/Conv:
12/conv/conv.1/conv.1.0/Conv:

9/conv/conv.2/Conv:
8/conv/conv.2/Conv:
2/conv/conv.0/conv.0.0/Conv:
7/conv/conv.0/conv.0.0/Conv:
10/conv/conv.1/conv.1.0/Conv:
10/conv/conv.0/conv.0.0/Conv:
15/conv/conv.0/conv.0.0/Conv:
3/conv/conv.0/conv.0.0/Conv:
6/conv/conv.0/conv.0.0/Conv:
11/conv/conv.0/conv.0.0/Conv:
5/conv/conv.0/conv.0.0/Conv:
9/conv/conv.1/conv.1.0/Conv:
14/conv/conv.1/conv.1.0/Conv:
7/conv/conv.1l/conv.1.0/Conv:
17/conv/conv.1/conv.1.0/Conv:
8/conv/conv.0/conv.0.0/Conv:
9/conv/conv.0/conv.0.0/Conv:
18/features.18.0/Conv:

* Prec@l 69.800 Prec@5 88.400

(% L350

NOISE:SIGNAL POWER RATIO

el eolNeoNeolNeoNeoloNeololeololNeololoNoBoNeoBolhooNoloBoNeoBoNoNoloNeoNoNeoBoNeooNoNoNoNeo oo o oo oo BoNoBo oo No ol 5

.770%
.844%
.180%
.176%
.153%
.109%
.101%
.092%
.081%
.062%
.061%
.050%
.048%
.043%
.041%
.038%
.035%
.033%
.032%
.030%
.029%
.028%
.026%
.026%
.025%
.022%
.020%
.019%
.018%
.014%
.014%
.012%
.012%
.011%
.011%
.009%
.009%
.008%
.007%
.006%
.006%
.006%
.004%
.004%
.003%
.003%
.003%
.002%
.002%
.002%
.001%
.001%
.001%
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AL ZE B

TERLEIXT 8bit FALIY ] B B TR Rk, RSy topl HERHARY 69.80%, Fl float FZ fr) HEHf
R (T1.878%) B, HR A B B AR .

i RSB RE IR, A2 T QAT (Auantization Aware Training), E{& V5 S2% PPQ
QAT example.

3.7.3 BEEBE

225

BG5S 2Rk

o dl_cls_base.hpp
« dl_cls_base.cpp

BIAME
ImagePreprocessor K TH AR EGE L RAE, 1935 color conversion, crop, resize,
normalization, quantize,

« dl_image_preprocessor.hpp

« dl_image_preprocessor.cpp

fE4hiE

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

» imagenet_cls_postprocessor.cpp

3.8 infg&pE YOLO11n

AR, AN ESP-PPQ XJ il 51 YOLO1In #8784k, I il ESP-DL ¥ &4k )5
#J YOLO1 In #%4,

o« &R

- R E

- FAD| AR

- BURSRIE &
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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/a1b4e53/examples/mobilenetv2_cls
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/classification/dl_cls_base.hpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/classification/dl_cls_base.cpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/image/dl_image_preprocessor.hpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/image/dl_image_preprocessor.cpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/classification/dl_cls_postprocessor.hpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/classification/dl_cls_postprocessor.cpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/classification/imagenet_cls_postprocessor.hpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/classification/imagenet_cls_postprocessor.cpp

ESP-DL i FiEM, R1ThR# latest

- 8bit E= 1k

- BARim AR
- ATALFE
- Bak2

3.8.1 #&TIIE

1. %4 ESP_IDF
2. %% ESP_PPQ

38.2 EESt
Tl SRRy

PR AT PAM Ultralytics release "N #2514 yolol 1n #5%

H Fii ESP-PPQ 4% ONNX. PyTorch, TensorFlow %%, YE B ki IFE 1, PyTorch £ TensorFlow £ 5E564k A
ONNX ## [’ 5457 yolol In 54k i, ONNX A#A

BARSEVE, S MIAS: export_onnx.py FFFAYIZEH] yolol1n BiZ 4k ONNX AFLZY
EixA, FRATER T Detect 217 forward 773, HA PR

o SHHREHEIEEE . 5ELRAY yolol In BIAUAH LY, - HEHLT 2 b Detect HL 5 fifid i FAEAH X O #ER 2 )5
AFE A 5E A, MOTT SR R0 THEREAEIR . — 51, Conv, Transpose, Slice, Split fil Concat #¢
VEAEHE PR AR Pz TR AR F AR . D0 — 71, FEJGACPERY B, BIBUHEEA  th  S i T EE R
XSG TG I AAE , O TR, AT T B R PR

o« BARAYELIRZE. ESP-PPQ i Concat Ml Add #ER M TG &AL, b T EARE, T box
I score PFE R ZE RN, ENTEARN D SR, mARPHEE &, RKPH, bT Add il sub
A RTE B 225K, M RTS8 T /S A B AT, oAk,

BRAEHESR

PR AT ZEAN Ry A — B, [RINPRA] R s Bk AR B il RENG D0, DA ST 4 At . AR
B, AT AR AESEA calib_yololIn .

8bit FE1t

N R EE T AutoQuant RG] FHH AutoQuant, T esp-ppq AEGHIIRANI S% Hf .
ESP32-P4 ki

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

&)
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https://github.com/ultralytics/assets/releases/download/v8.3.0/yolo11n.pt
https://github.com/espressif/esp-dl/blob/a1b4e53/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 FHFiER, A1ThRA latest

(% L350

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 wifbik7:

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

—1/1 [00:00<00:00, 4.59it/s]

Layer | NOISE:SIGNAL POWER RATIO
/model.3/conv/Conv: | Il | - 2z03
/model.2/cv2/conv/Conv: ' | 035
/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: N | [ ] | 5.175%
/model.23/cv2.0/cv2.0.1/conv/Conv: W ] | 4.425%
/model.4/m.0/cvl/conv/Conv: . @@ | | 4.371%
/model.10/m/m.0/ffn/ffn.1/conv/Conv: . @ @ | | 4.270%
/model.4/cv2/conv/Conv: I I | 4.266%
/model.6/cvl/conv/Conv: | | 4.050%
/model.8/m.0/cv2/conv/Conv: I I | 3.640%
/model.6/m.0/cv3/conv/Conv: . @@ | | 3.530%
/model.5/conv/Conv: . @@ | | 3.420%
/model.4/cvl/conv/Conv: | I | 3.341%
/model.6/cv2/conv/Conv: . @ ] | 3.242%
/model.6/m.0/m/m.0/cvl/conv/Conv: I | 3.111%
/model.23/cv2.1/cv2.1.1/conv/Conv: W @ 0 | 3.045%
/model.2/cvl/conv/Conv: I N | 2.928%
/model.23/cv3.0/cv3.0.1/cv3.0.1.1/conv/Conv: | |HIEGzGINEG | 2.712%
/model.8/cvl/conv/Conv: I I | 2.700%
/model.2/m.0/cvl/conv/Conv: | | 2.677%
/model.1/conv/Conv: | | 2.523%
/model.23/cv2.1/cv2.1.0/conv/Conv: I I | 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: . | | 2.323%
/model.7/conv/Conv: . | | 2.322%
/model.23/cv3.1/cv3.1.1/cv3.1.1.1/conv/Conv: | | | 2.317%
/model.6/m.0/cvl/conv/Conv: . @ | | 2.279%
/model.4/m.0/cv2/conv/Conv: I | 2.273%
/model.19/m.0/cv2/conv/Conv: o @ | | 2.273%
/model.16/m.0/cv2/conv/Conv: I | 2.259%
/model.16/m.0/cvl/conv/Conv: | I | 2.122%
/model.8/m.0/cvl/conv/Conv: . ] | 2.061%
/model.23/cv3.0/cv3.0.0/cv3.0.0.1/conv/Conv: | |HIEIEGIN | 2.031%
/model.13/m.0/cv2/conv/Conv: | I | 1.982%
/model.10/m/m.0/attn/gkv/conv/Conv: | | 1.969%
/model.10/cvl/conv/Conv: I | 1.939%

&)

3.8. in{g&p=E YOLO11n 57



ESP-DL

R P8R, ZITHEZ latest

/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 .
Analysi

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

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

8/cv2/conv/Conv:
17/conv/Conv:
19/cvl/conv/Conv:
16/cv2/conv/Conv:

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

22/m.0/cv2/conv/Conv:
19/m.0/cvl/conv/Conv:
23/cv2.0/cv2.0.2/Conv:
13/cvl/conv/Conv:
20/conv/Conv:
13/m.0/cvl/conv/Conv:
13/cv2/conv/Conv:
23/cv2.2/cv2.2.0/conv/Conv:

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

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:

ng Layerwise quantization error:: 100

(% 50
.879%
.868%
.861%
.835%
.819%
.773%
.750%
.740%
.730%
.706%
.661%
.635%
.635%
.613%
.594%
.560%
.538%
.513%
.511%
.456%
.453%
.384%
.345%
.336%
.329%
.288%
.260%
117%
.094%
.045%
.025%
.999%
.984%
.889%
.864%
.839%
.800%
.761%
.759%
.750%
.705%
.677%
.669%
.434%
.390%
.341%
.157%
.079%
.068%
.038%

OO0 0000000 OODODODODOOOO0OOORrRPRRELPEPEPREPREPRERPEREPRLERRPRELPREERPEPRLERERERRERRERERRERERE

S
5

—89/89
Layer

/model .
/model .
/model.

[00:12<00:00, 7.30it/s]

1/conv/Conv:
0/conv/Conv:
3/conv/Conv:

| NOISE:SIGNAL POWER RATIO

| IR | 0. 712%
N ] | 0.521%
| I

| 0.369%

&)
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(B LET10)
/model.2/cv2/conv/Conv: N ] | 0.181%
/model.4/m.0/cvl/conv/Conv: | | 0.120%
/model.2/cvl/conv/Conv: | - | 0.101%
/model.4/m.0/cv2/conv/Conv: | - | 0.095%
/model.2/m.0/cvl/conv/Conv: | | 0.071%
/model.4/cvl/conv/Conv: | - | 0.069%
/model.5/conv/Conv: | l | 0.052%
/model.4/cv2/conv/Conv: | l | 0.045%
/model.7/conv/Conv: | l | 0.036%
/model.10/cv2/conv/Conv: | l | 0.029%
/model.9/cv2/conv/Conv: N | | 0.029%
/model.6/cvl/conv/Conv: | l | 0.027%
/model.2/m.0/cv2/conv/Conv: | l | 0.026%
/model.13/cvl/conv/Conv: N | | 0.024%
/model.6/cv2/conv/Conv: | l | 0.022%
/model.10/cvl/conv/Conv: | l | 0.021%
/model.10/m/m.0/attn/pe/conv/Conv: | | 0.017%
/model.8/cv2/conv/Conv: | | 0.017%
/model.16/cvl/conv/Conv: | | 0.016%
/model.13/cv2/conv/Conv: | | 0.015%
/model.23/cv2.2/cv2.2.0/conv/Conv: | | 0.015%
/model.19/m.0/cvl/conv/Conv: | | 0.012%
/model.23/cv2.0/cv2.0.0/conv/Conv: | | 0.012%
/model.9/cvl/conv/Conv: | | 0.011%
/model.16/cv2/conv/Conv: | | 0.011%
/model.13/m.0/cvl/conv/Conv: | | 0.010%
/model.19/cv2/conv/Conv: | | 0.010%
/model.23/cv2.1/cv2.1.0/conv/Conv: | | 0.010%
/model.22/m.0/m/m.1/cvl/conv/Conv: | | 0.009%
/model.10/m/m.0/attn/proj/conv/Conv: | | 0.009%
/model.10/m/m.0/ffn/ffn.0/conv/Conv: | | 0.008%
/model.23/cv2.2/cv2.2.1/conv/Conv: | | 0.008%
/model.8/cvl/conv/Conv: | | 0.008%
/model.22/m.0/cvl/conv/Conv: | | 0.007%
/model.19/m.0/cv2/conv/Conv: | | 0.007%
/model.19/cvl/conv/Conv: | | 0.007%
/model.16/m.0/cvl/conv/Conv: | | 0.006%
/model.16/m.0/cv2/conv/Conv: | | 0.006%
/model.10/m/m.0/attn/gkv/conv/Conv: | | 0.006%
/model.13/m.0/cv2/conv/Conv: | | 0.006%
/model.22/cvl/conv/Conv: | | 0.006%
/model.23/cv2.2/cv2.2.2/Conv: | | 0.006%
/model.23/cv2.0/cv2.0.2/Conv: | | 0.005%
/model.22/m.0/m/m.0/cv2/conv/Conv: | | 0.005%
/model.8/m.0/cvl/conv/Conv: | | 0.005%
/model.23/cv2.1/cv2.1.2/Conv: | | 0.005%
/model.6/m.0/m/m.0/cvl/conv/Conv: | | 0.005%
/model.6/m.0/m/m.1/cvl/conv/Conv: | | 0.005%
/model.8/m.0/m/m.1/cvl/conv/Conv: | | 0.004%
/model.8/m.0/m/m.0/cvl/conv/Conv: | | 0.004%
/model.6/m.0/m/m.0/cv2/conv/Conv: | | 0.004%
/model.20/conv/Conv: | | 0.004%
/model.10/m/m.0/ffn/ffn.1/conv/Conv: | | 0.004%
/model.22/cv2/conv/Conv: | | 0.004%
/model.23/cv2.1/cv2.1.1/conv/Conv: | | 0.004%
/model.23/cv2.0/cv2.0.1/conv/Conv: | | 0.004%
/model.17/conv/Conv: | | 0.004%

(BEF D)
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/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.
/model .22 /m.

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

/model.23/cv3.1/cv3.
/model.23/cv3.1/cv3.
/model.23/cv3.0/cv3.
/model.23/cv3.2/cv3.
/model.23/cv3.0/cv3.
/model.23/cv3.2/cv3.
/model.23/cv3.2/cv3.
/model.23/cv3.0/cv3.

.1/cv3.1.1.0/conv/Conv:

.1/cv3.0.1.0/conv/Conv:
.2/Conv:
.0/cv3.0.0.1/conv/Conv:
.1/cv3.2.1.1/conv/Conv:
.0/cv3.2.0.0/conv/Conv:
.2/Conv:

O NDNDODNO - -

/model.23/cv3.1/cv3.1.0/cv3.1.0.1/conv/Conv:
/model.10/m/m.0/attn/MatMul:
/model.23/cv3.1/cv3.1.0/cv3.1.0.0/conv/Conv:
/model.8/m.0/cv2/conv/Conv:
/model.23/cv3.0/cv3.0.0/cv3.0.0.0/conv/Conv:
/model.6/m.0/cv2/conv/Conv:
/model.23/cv3.0/cv3.0.1/cv3.0.1.1/conv/Conv:

/model.22/m.

|
|
|
|
|
|
|
|
|
|
|
|
|
|
.2/Conv: |
|
|
|
|
|
|
|
|
|
|
|
|
|
0/cv2/conv/Conv: |

(% 50
.004%
.003%
.003%
.003%
.003%
.003%
.002%
.002%
.002%
.002%
.002%
.002%
.001%
.001%
.001%
.001%
.001%
.001%
.001%
.001%
.001%
.000%
.000%
.000%
.000%
.000%
.000%
.000%
.000%

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

ESP32-P4 Hfb&5 L
TEFRH AT, BAEIBIEFZE COCO val2017 | f#) mAPS0-95 24 0.373, WAL T 17 B RORS B
ESP32-S3 ki

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

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'

= 'percentile'

ESP32-S3 Hifbin

Analysing Graphwise Quantization Error (Phrase 2)::

=% |

—~1/1 [00:00<00:00,

Layer

/model.3/conv/Conv:
/model.2/cv2/conv/Conv:

4.25it/s]

100

| NOISE:SIGNAL POWER RATIO

| IR | 7. 039%
. ] | 5.965%

&)
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(# E50)
/model.10/m/m.0/attn/proj/conv/Conv: ] | 5.887%
/model.2/m.0/cv2/conv/Conv: . I | 5.726%
/model.6/m.0/cv2/conv/Conv: N | [ ] | 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: I I | 4.048%
/model.6/m.0/cv3/conv/Conv: I I | 3.755%
/model.8/m.0/cv2/conv/Conv: . @ ] | 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: | | HIEGzNNEG | 3.472%
/model.23/cv3.1/cv3.1.1/cv3.1.1.1/conv/Conv: | | HNENNENNEER | 3.460%
/model.6/cv2/conv/Conv: | I | 3.369%
/model.23/cv2.1/cv2.1.1/conv/Conv: | N | 3.262%
/model.6/m.0/m/m.0/cvl/conv/Conv: I I | 3.243%
/model.2/cvl/conv/Conv: I I | 2.904%
/model.23/cv2.1/cv2.1.0/conv/Conv: I | 2.770%
/model.8/cvl/conv/Conv: | I | 2.730%
/model.23/cv3.0/cv3.0.0/cv3.0.0.1/conv/Conv: | | | 2.706%
/model.10/m/m.0/attn/pe/conv/Conv: | | 2.671%
/model.23/cv2.0/cv2.0.0/conv/Conv: o @ | | 2.626%
/model.6/m.0/m/m.0/cv2/conv/Conv: o | | 2.595%
/model.7/conv/Conv: I | 2.547%
/model.1l/conv/Conv: o @ | | 2.519%
/model.19/m.0/cv2/conv/Conv: | | 2.476%
/model.6/m.0/m/m.1/cvl/conv/Conv: I | 2.471%
/model.4/m.0/cv2/conv/Conv: . @ | | 2.422%
/model.16/m.0/cv2/conv/Conv: . @ | | 2.412%
/model.6/m.0/cvl/conv/Conv: I | 2.371%
/model.16/m.0/cvl/conv/Conv: . @ | | 2.334%
/model.10/m/m.0/attn/gkv/conv/Conv: . | | 2.159%
/model.23/cv3.1/cv3.1.0/cv3.1.0.1/conv/Conv: | | IR | 2.150%
/model.10/cvl/conv/Conv: I I | 2.135%
/model.23/cv2.2/cv2.2.0/conv/Conv: . ] | 2.123%
/model.13/m.0/cv2/conv/Conv: I | 2.073%
/model.22/m.0/cv2/conv/Conv: I I | 2.059%
/model.8/m.0/cvl/conv/Conv: I | 2.053%
/model.19/cv2/conv/Conv: | I | 2.049%
/model.23/cv3.2/cv3.2.1/cv3.2.1.1/conv/Conv: | [N | 2.041%
/model.13/cv2/conv/Conv: | I | 2.027%
/model.17/conv/Conv: | I | 2.001%
/model.1l6/cv2/conv/Conv: I | 1.968%
/model.8/m.0/m/m.0/cvl/conv/Conv: ] [ 1.916%
/model.8/cv2/conv/Conv: | | 1.888%
/model.23/cv2.0/cv2.0.2/Conv: ] | 1.870%
/model.19/m.0/cvl/conv/Conv: o ] | 1.847%
/model.19/cvl/conv/Conv: ] | 1.846%
/model.22/cvl/conv/Conv: ] | 1.725%
/model.23/cv3.2/cv3.2.0/cv3.2.0.1/conv/Conv: | [N | 1.716%
/model.20/conv/Conv: N | | 1.710%
/model.23/cv3.2/cv3.2.0/cv3.2.0.0/conv/Conv: | | | 1.681%
/model.13/cvl/conv/Conv: N | | 1.669%
/model.2/m.0/cvl/conv/Conv: | | 1.646%
/model.13/m.0/cvl/conv/Conv: ] | 1.641%
/model.6/m.0/m/m.1/cv2/conv/Conv: N ] | 1.639%
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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 .
Analysing Layerwise

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

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

23/cv3.1/cv3.1.1/cv3.1.1.0/conv/Conv:
23/cv3.0/cv3.0.1/cv3.0.1.0/conv/Conv:
22/m.0/m/m.1/cvl/conv/Conv:
10/m/m.0/ffn/ffn.0/conv/Conv:
23/cv3.2/cv3.2.1/cv3.2.1.0/conv/Conv:

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

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

9/cvl/conv/Conv:
23/cv2.2/cv2.2.2/Conv:
0/conv/Conv:
23/cv3.1/cv3.1.2/Conv:
23/cv3.2/cv3.2.2/Conv:
23/cv3.0/cv3.0.2/Conv:

[eNeolNeolNeolNeolNeololNeolNolNolNoNoNo oo oo o N el el el e i e T e T i

quantization error::

(% L30)

N A N N AR

—89/89

Layer

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

[00:12<00:00, 7.40it/s]

0/conv/Conv:
1/conv/Conv:
3/conv/Conv:
2/cv2/conv/Conv:
9/cv2/conv/Conv:
4/cv2/conv/Conv:
10/cvl/conv/Conv:
2/cvl/conv/Conv:
4/m.0/cvl/conv/Conv:
4/cvl/conv/Conv:
22/cvl/conv/Conv:
5/conv/Conv:
16/cvl/conv/Conv:
4/m.0/cv2/conv/Conv:
22/m.0/cvl/conv/Conv:
2/m.0/cvl/conv/Conv:
7/conv/Conv:
13/cv2/conv/Conv:
13/cvl/conv/Conv:
16/cv2/conv/Conv:
10/cv2/conv/Conv:
6/cv2/conv/Conv:
19/cv2/conv/Conv:

Z
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(B LET10)
/model.6/cvl/conv/Conv: | - | 0.039%
/model.6/m.0/m/m.1/cvl/conv/Conv: | l | 0.030%
/model.2/m.0/cv2/conv/Conv: N | | 0.029%
/model.10/m/m.0/attn/gkv/conv/Conv: | l | 0.029%
/model.10/m/m.0/attn/pe/conv/Conv: | l | 0.027%
/model.8/cv2/conv/Conv: | l | 0.027%
/model.19/cvl/conv/Conv: | l | 0.026%
/model.19/m.0/cvl/conv/Conv: | l | 0.025%
/model.22/m.0/m/m.1/cvl/conv/Conv: | l | 0.025%
/model.10/m/m.0/ffn/ffn.0/conv/Conv: | l | 0.024%
/model.23/cv2.1/cv2.1.0/conv/Conv: N | | 0.023%
/model.16/m.0/cvl/conv/Conv: N | | 0.021%
/model.23/cv2.0/cv2.0.0/conv/Conv: | l | 0.021%
/model.13/m.0/cv2/conv/Conv: | l | 0.020%
/model.9/cvl/conv/Conv: | l | 0.020%
/model.23/cv2.2/cv2.2.0/conv/Conv: | l | 0.019%
/model.10/m/m.0/attn/proj/conv/Conv: N | | 0.018%
/model.8/cvl/conv/Conv: N | | 0.017%
/model.16/m.0/cv2/conv/Conv: | l | 0.017%
/model.22/cv2/conv/Conv: | l | 0.015%
/model.13/m.0/cvl/conv/Conv: N | | 0.014%
/model.6/m.0/cv3/conv/Conv: | l | 0.013%
/model.20/conv/Conv: N | | 0.012%
/model.22/m.0/cv3/conv/Conv: | | 0.011%
/model.23/cv2.2/cv2.2.1/conv/Conv: | | 0.011%
/model.17/conv/Conv: | | 0.011%
/model.19/m.0/cv2/conv/Conv: | | 0.010%
/model.23/cv2.2/cv2.2.2/Conv: | | 0.010%
/model.23/cv2.1/cv2.1.2/Conv: | | 0.009%
/model.8/m.0/cv3/conv/Conv: | | 0.009%
/model.8/m.0/cvl/conv/Conv: | | 0.009%
/model.23/cv2.0/cv2.0.2/Conv: | | 0.009%
/model.22/m.0/m/m.0/cv2/conv/Conv: | | 0.008%
/model.10/m/m.0/ffn/ffn.1/conv/Conv: | | 0.008%
/model.6/m.0/m/m.0/cv2/conv/Conv: | | 0.008%
/model.23/cv2.1/cv2.1.1/conv/Conv: | | 0.007%
/model.8/m.0/m/m.0/cvl/conv/Conv: | | 0.007%
/model.6/m.0/m/m.0/cvl/conv/Conv: | | 0.006%
/model.8/m.0/m/m.1/cvl/conv/Conv: | | 0.006%
/model.23/cv2.0/cv2.0.1/conv/Conv: | | 0.006%
/model.8/m.0/m/m.0/cv2/conv/Conv: | | 0.006%
/model.22/m.0/m/m.0/cvl/conv/Conv: | | 0.006%
/model.23/cv3.1/cv3.1.1/cv3.1.1.0/conv/Conv: | | 0.005%
/model.23/cv3.1/cv3.1.2/Conv: | | 0.004%
/model.6/m.0/m/m.1/cv2/conv/Conv: | | 0.004%
/model.6/m.0/cvl/conv/Conv: | | 0.004%
/model.23/cv3.0/cv3.0.0/cv3.0.0.1/conv/Conv: | | 0.004%
/model.23/cv3.2/cv3.2.0/cv3.2.0.1/conv/Conv: | | 0.004%
/model.23/cv3.1/cv3.1.0/cv3.1.0.1/conv/Conv: | | 0.004%
/model.8/m.0/m/m.1/cv2/conv/Conv: | | 0.003%
/model.23/cv3.1/cv3.1.1/cv3.1.1.1/conv/Conv: | | 0.003%
/model.22/m.0/m/m.1/cv2/conv/Conv: | | 0.003%
/model.23/cv3.2/cv3.2.1/cv3.2.1.0/conv/Conv: | | 0.003%
/model.23/cv3.0/cv3.0.0/cv3.0.0.0/conv/Conv: | | 0.002%
/model.10/m/m.0/attn/MatMul_1: | | 0.002%
/model.23/cv3.2/cv3.2.1/cv3.2.1.1/conv/Conv: | | 0.001%
/model.23/cv3.2/cv3.2.2/Conv: | | 0.001%
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/model .
/model .
/model.
/model .
/model .
/model.
/model .
/model .
/model.

23/cv3.0/cv3.0.1/cv3.0.

23/cv3.0/cv3.0.2/Conv:

23/cv3.0/cv3.0.1/cv3.
23/cv3.2/cv3.2.0/cv3.

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

0.
20

1,

0/conv/Conv:

.1/conv/Conv:
.0/conv/Conv:

.0/conv/Conv:

(% L350
.001%
.001%
.001%
.001%
.001%
.000%
.000%
.000%
.000%

O O O O O O o o o

ESP32-S3 #: b4 3t
FEAR AT, AL S COCO val2017 |- mAP50-95 2 0.37, W& (& - ESP32-P4 [ Rk 454 ,

ik WIS PR AR B, IF BT DA — @ BRI AORE I O . W DA FEAE BE{E YOLOLIN fif i
ke AR/ INEE A 320x320. AS[A] 43 FER T AOASARL HE B 3 B R AYE README.md k3,

3.8.3 HEIRE

22 7l

B RS2

o dI_detect_base.hpp

o dl_detect_base.cpp

AI4hE

ImagePreprocessor K3 T AR EG H AL B FE, %5 color conversion, crop, resize,
normalization, quantize,

« dl_image_preprocessor.hpp

« dl_image_preprocessor.cpp

E4biE

« dl_detect_postprocessor.hpp

o dI_detect_postprocessor.cpp

o dl_detect_yolol1_postprocessor.hpp

o dl_detect_yolol1_postprocessor.cpp
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https://github.com/espressif/esp-dl/blob/a1b4e53/models/coco_detect/README.md
https://github.com/espressif/esp-dl/tree/a1b4e53/examples/yolo11_detect
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/detect/dl_detect_base.hpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/detect/dl_detect_base.cpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/image/dl_image_preprocessor.hpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/image/dl_image_preprocessor.cpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/detect/dl_detect_postprocessor.hpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/detect/dl_detect_postprocessor.cpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/detect/dl_detect_yolo11_postprocessor.hpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/detect/dl_detect_yolo11_postprocessor.cpp
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3.9 IN{TER=E YOLO11n-pose

TEARZRET, FAINE U ESP-PPQ X1l Z:% YOLO! In-pose BiZ BEA7 &k, F-{#i i ESP-DL 8 &
1L J5 1Y YOLO1 1n-pose #5244,

« & TIE
o HAFI
- I AR
- BURHIE R
~ 8bit BiNALE &1L
- SRS 24
o BARF
- BARKEIM A X
- ATALIE

- EaE

39.1 #&TE

1. %% ESP_IDF
2. 2% ESP_PPQ

3.9.2 HEE(t
TilrRR

RA] PAM Ultralytics release "R # Tl Z:H yolol1n-pose 5%,

H Hi ESP-PPQ 3 ONNX. PyTorch, TensorFlow %%, YE & ki IfE 1, PyTorch A TensorFlow £ 5E544k A
ONNX #5745l 251 yolol In-pose 44k il ONNX 57,

BRI, %A export_onnx.py KFFIYIZEN yolol In-pose iU 5EH ) ONNX A# 7
EiZMAS, FRATEE T Pose 211 forward J53k, HAPAFHLF:
o EPRMIEREHEE . 51T yolol In-pose BiZUAH LL, K fE LS Pose HL 5ttt FLHEAH X R ERE &2
e AL PR A 52 A, AT e D T HEBRAEIR . — 51, Conv, Transpose, Slice, Split fl Concat
PAEEE R R s A T B AR SRR Y . S0 — 0 TH, FEJE PR B, BIAUHERE B e T A R
B, RE I AAE, ORI TR, AT TR R R
o HARAEAIRZE . ESP-PPQ H1f#) Concat fll Add #:/E R TH AR, BT EMIRZE, BT box
Hl score FE I 22 80K, BEATEE ARl , MASPHEE—E. KM, iT Add fil sub
HHARVE B ZE B, MR R3] T M b 3k, dE sl
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BRERIESR

WMERIHE A 5 EEAB A A2, [RIERTREE S B2 A TG T RE I O, DA ff b Al Bizy . A
B, FRATIE FH AR HESE A calib_yolol In-pose o

8bit BLNECEE L
AL

target="esp32p4"
num_of_ bits=8
batch_size=32

quant_setting = QuantizationSettingFactory.espdl_setting() # default setting
HEGER

Layer | NOISE:SIGNAL POWER RATIO
/model.22/m.0/cv2/conv/Conv: I | 20 305
/model.23/cv3.2/cv3.2.0/cv3.2.0.1/conv/Conv: | | HNNENENGEGGGEGEEEEEE | 26.959%
/model.23/cv4.1/cv4.1.0/conv/Conv: m | 26.555%
/model.23/cv3.2/cv3.2.1/cv3.2.1.0/conv/Conv: | [ HENENNININNEEEEEEE | 25.611%
/model.20/conv/Conv: . [ ] | 24.738%
/model.23/cv3.2/cv3.2.0/cv3.2.0.0/conv/Conv: | |HIINIINIINEEEEEER | 24.122%
/model.23/cv4.1/cv4.1.1/conv/Conv: | ] ] | 22.512%
/model.19/m.0/cv2/conv/Conv: . ] ] | 22.397%
/model.23/cv2.0/cv2.0.1/conv/Conv: m ] | 22.174%
/model.23/cv4.0/cv4.0.0/conv/Conv: | ] ] | 21.621%
/model.23/cv2.1/cv2.1.1/conv/Conv: N ] ] | 21.489%
/model.23/cv4.0/cv4.0.1/conv/Conv: . | | 21.445%
/model.23/cv3.1/cv3.1.0/cv3.1.0.1/conv/conv: | | EENNENINIGEGEE | 20.528%
/model.23/cv3.1/cv3.1.1/cv3.1.1.0/conv/Conv: | | INENGNGNGINGNGNE | 20.083%
/model.23/cv3.1/cv3.1.0/cv3.1.0.0/conv/Conv: | [ NNENEEEEEER | 20.066%
/model.13/m.0/cv2/conv/Conv: | ] ] ] | 20.042%
/model.22/m.0/cv3/conv/Conv: I I | 19.737%
/model.10/m/m.0/ffn/ffn.1/conv/Conv: . @ | | 19.585%
/model.23/cv3.1/cv3.1.1/cv3.1.1.1/conv/Conv: | | ENNEEEEEEEE | 19.392%
/model.23/cv3.0/cv3.0.1/cv3.0.1.0/conv/Conv: | | HIININEEEEEE | 18.773%
/model.23/cv3.2/cv3.2.1/cv3.2.1.1/conv/Conv: | | HIINIINIIIIIEE | 18.688%
/model.22/cvl/conv/Conv: I I | 18.579%
/model.19/cv2/conv/Conv: I | 18.494%
/model.22/m.0/m/m.1/cv2/conv/Conv: . @ ] | 17.576%
/model.17/conv/Conv: . @ 0 ] | 17.224%
/model.19/cvl/conv/Conv: . @@ ] | 17.140%
/model.22/cv2/conv/Conv: . @@ | | 16.785%
/model.23/cv4.2/cv4.2.1/conv/Conv: . @ 0 ] | 16.375%
/model.23/cv4.2/cv4.2.0/conv/Conv: . @@ | | 16.167%
/model.23/cv2.1/cv2.1.0/conv/Conv: . @ ] | 15.655%
/model.23/cv3.0/cv3.0.1/cv3.0.1.1/conv/Conv: | | IENNEEEER | 15.504%
/model.23/cv2.2/cv2.2.0/conv/Conv: . @@ | | 15.431%
/model.10/m/m.0/attn/proj/conv/Conv: | IR | 15.251%
/model.23/cv3.0/cv3.0.0/cv3.0.0.1/conv/Conv: | [ EEEEEER | 15.171%
/model.22/m.0/m/m.0/cv2/conv/Conv: . @ ] | 15.006%
/model.19/m.0/cvl/conv/Conv: | IR | 14.692%
/model.23/cv2.2/cv2.2.1/conv/Conv: | | 14.548%
/model.22/m.0/m/m.0/cvl/conv/Conv: I N | 13.065%
/model.16/m.0/cv2/conv/Conv: | I | 12.980%
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(# E50)
/model.22/m.0/m/m.1/cvl/conv/Conv: I | 12.921%
/model.10/m/m.0/attn/pe/conv/Conv: W @ 0 | 12.745%
/model.23/cv4.1/cv4.1.2/Conv: | | 12.498%
/model.13/cv2/conv/Conv: I | 11.932%
/model.23/cv4.2/cv4.2.2/Conv: I I | 11.797%
/model.13/m.0/cvl/conv/Conv: | I | 11.777%
/model.16/cv2/conv/Conv: I | 10.892%
/model.13/cvl/conv/Conv: | @ ] | 10.760%
/model.23/cv2.0/cv2.0.0/conv/Conv: | @ ] | 10.352%
/model.23/cv4.0/cv4.0.2/Conv: I | 10.325%
/model.22/m.0/cvl/conv/Conv: | @ ] | 10.257%
/model.8/m.0/cv2/conv/Conv: | @ ] | 9.687%
/model.10/m/m.0/ffn/ffn.0/conv/Conv: I | 8.997%
/model.10/cvl/conv/Conv: I I | 8.787%
/model.16/m.0/cvl/conv/Conv: I | 8.629%
/model.10/m/m.0/attn/gkv/conv/Conv: I | 8.600%
/model.8/m.0/cv3/conv/Conv: I I | 8.328%
/model.10/m/m.0/attn/MatMul_1: . ] | 8.293%
/model.16/cvl/conv/Conv: N ] | 7.947%
/model.10/cv2/conv/Conv: | | 7.824%
/model.8/cv2/conv/Conv: ] | 7.696%
/model.23/cv3.0/cv3.0.0/cv3.0.0.0/conv/Conv: | | | 7.615%
/model.8/m.0/m/m.1/cv2/conv/Conv: I | 7.145%
/model.8/m.0/m/m.0/cv2/conv/Conv: ] | 7.033%
/model.10/m/m.0/attn/MatMul : N ] | 6.707%
/model.8/m.0/m/m.1/cvl/conv/Conv: I R | 6.376%
/model.23/cv2.1/cv2.1.2/Conv: | | 6.321%
/model.8/cvl/conv/Conv: N | 6.296%
/model.6/m.0/cv2/conv/Conv: I R | 5.605%
/model.23/cv3.2/cv3.2.2/Conv: N | | 5.599%
/model.6/m.0/m/m.0/cv2/conv/Conv: N | | 5.559%
/model.23/cv2.0/cv2.0.2/Conv: I R | 5.262%
/model.23/cv2.2/cv2.2.2/Conv: N | | 5.207%
/model.6/m.0/cv3/conv/Conv: | R | 4.840%
/model.8/m.0/cvl/conv/Conv: | R | 4.667%
/model.6/cvl/conv/Conv: | R | 4.523%
/model.9/cvl/conv/Conv: | R | 4.038%
/model.9/cv2/conv/Conv: | - | 3.733%
/model.7/conv/Conv: | | 3.605%
/model.6/cv2/conv/Conv: | | 3.478%
/model.3/conv/Conv: | | 3.352%
/model.2/cv2/conv/Conv: | - | 3.230%
/model.8/m.0/m/m.0/cvl/conv/Conv: | | 3.136%
/model.4/cvl/conv/Conv: | - | 2.913%
/model.6/m.0/m/m.1/cvl/conv/Conv: | - | 2.830%
/model.6/m.0/m/m.1/cv2/conv/Conv: | | 2.692%
/model.6/m.0/m/m.0/cvl/conv/Conv: | | 2.557%
/model.6/m.0/cvl/conv/Conv: | - | 2.475%
/model.5/conv/Conv: | | 2.413%
/model.2/cvl/conv/Conv: | l | 2.267%
/model.4/cv2/conv/Conv: | l | 2.135%
/model.2/m.0/cv2/conv/Conv: N | | 2.104%
/model.4/m.0/cvl/conv/Conv: N | | 1.910%
/model.1/conv/Conv: | l | 1.708%
/model.2/m.0/cvl/conv/Conv: N | | 1.658%
/model.23/cv3.1/cv3.1.2/Conv: N | | 1.455%
/model.4/m.0/cv2/conv/Conv: | l | 1.056%
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(B LET10)
/model.23/cv3.0/cv3.0.2/Conv: | | 0.364%
/model.0/conv/Conv: | | 0.087%
Analysing Layerwise quantization error:: 100% | NI ©°8/98 [16:09<00:00, 9.89s/
<—>lt]
Layer | NOISE:SIGNAL POWER RATIO
/model.0/conv/Conv: I | 017
/model.9/cv2/conv/Conv: I | 0.493%
/model.8/cvl/conv/Conv: . @ | | 0.410%
/model.2/cv2/conv/Conv: | | 0.287%
/model.1/conv/Conv: | - | 0.228%
/model.2/cvl/conv/Conv: | - | 0.163%
/model.1l6/cv2/conv/Conv: | | 0.130%
/model.4/cv2/conv/Conv: | - | 0.096%
/model.3/conv/Conv: N | | 0.070%
/model.4/cvl/conv/Conv: I | | 0.068%
/model.10/cvl/conv/Conv: | l | 0.049%
/model.2/m.0/cv2/conv/Conv: N | | 0.047%
/model.2/m.0/cvl/conv/Conv: N | | 0.043%
/model.4/m.0/cv2/conv/Conv: | l | 0.041%
/model.13/cv2/conv/Conv: N | | 0.037%
/model.16/cvl/conv/Conv: N | | 0.030%
/model.22/cv2/conv/Conv: | l | 0.027%
/model.8/cv2/conv/Conv: N | | 0.027%
/model.13/cvl/conv/Conv: | | 0.025%
/model.5/conv/Conv: | | 0.025%
/model.19/m.0/cv2/conv/Conv: | | 0.025%
/model.6/cv2/conv/Conv: | | 0.024%
/model.4/m.0/cvl/conv/Conv: | | 0.022%
/model.6/cvl/conv/Conv: | | 0.021%
/model.19/cvl/conv/Conv: | | 0.020%
/model.23/cv2.1/cv2.1.1/conv/Conv: | | 0.018%
/model.23/cv4.1/cv4.1.0/conv/Conv: | | 0.017%
/model.9/cvl/conv/Conv: | | 0.015%
/model.23/cv4.2/cv4.2.1/conv/Conv: | | 0.014%
/model.10/m/m.0/attn/gkv/conv/Conv: | | 0.014%
/model.19/cv2/conv/Conv: | | 0.014%
/model.16/m.0/cv2/conv/Conv: | | 0.014%
/model.23/cv4.2/cvd.2.0/conv/Conv: | | 0.014%
/model.6/m.0/m/m.0/cvl/conv/Conv: | | 0.013%
/model.22/m.0/cv3/conv/Conv: | | 0.013%
/model.23/cv3.2/cv3.2.0/cv3.2.0.1/conv/Conv: | | 0.013%
/model.23/cv4.0/cv4.0.0/conv/Conv: | | 0.013%
/model.23/cv3.1/cv3.1.1/cv3.1.1.1/conv/Conv: | | 0.013%
/model.22/m.0/m/m.1/cvl/conv/Conv: | | 0.012%
/model.6/m.0/cv3/conv/Conv: | | 0.012%
/model.10/m/m.0/attn/pe/conv/Conv: | | 0.012%
/model.23/cv4.1/cvd.1.1/conv/Conv: | | 0.011%
/model.8/m.0/m/m.1/cvl/conv/Conv: | | 0.011%
/model.13/m.0/cvl/conv/Conv: | | 0.011%
/model.22/m.0/m/m.0/cvl/conv/Conv: | | 0.011%
/model.6/m.0/m/m.1/cvl/conv/Conv: | | 0.011%
/model.23/cv3.2/cv3.2.1/cv3.2.1.1/conv/Conv: | | 0.011%
/model.8/m.0/cv3/conv/Conv: | | 0.010%
/model.7/conv/Conv: | | 0.010%
/model.17/conv/Conv: | | 0.009%
/model.8/m.0/m/m.0/cvl/conv/Conv: | | 0.009%
/model.13/m.0/cv2/conv/Conv: | | 0.009%
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(B LE10)
/model.10/m/m.0/attn/MatMul: | | 0.009%
/model.19/m.0/cvl/conv/Conv: | | 0.008%
/model.16/m.0/cvl/conv/Conv: | | 0.008%
/model.23/cv2.2/cv2.2.1/conv/Conv: | | 0.008%
/model.8/m.0/m/m.1/cv2/conv/Conv: | | 0.008%
/model.8/m.0/cvl/conv/Conv: | | 0.008%
/model.10/cv2/conv/Conv: | | 0.007%
/model.23/cv2.0/cv2.0.2/Conv: | | 0.007%
/model.22/m.0/cvl/conv/Conv: | | 0.007%
/model.6/m.0/cvl/conv/Conv: | | 0.007%
/model.23/cv2.0/cv2.0.0/conv/Conv: | | 0.006%
/model.23/cv2.1/cv2.1.0/conv/Conv: | | 0.006%
/model.22/m.0/m/m.1/cv2/conv/Conv: | | 0.006%
/model.23/cv3.2/cv3.2.1/cv3.2.1.0/conv/Conv: | | 0.005%
/model.8/m.0/m/m.0/cv2/conv/Conv: | | 0.005%
/model.23/cv2.1/cv2.1.2/Conv: | | 0.005%
/model.23/cv3.2/cv3.2.0/cv3.2.0.0/conv/Conv: | | 0.005%
/model.23/cv2.2/cv2.2.2/Conv: | | 0.005%
/model.22/cvl/conv/Conv: | | 0.004%
/model.10/m/m.0/attn/proj/conv/Conv: | | 0.004%
/model.23/cv4.2/cvd.2.2/Conv: | | 0.004%
/model.23/cv4.1/cv4.1.2/Conv: | | 0.004%
/model.22/m.0/m/m.0/cv2/conv/Conv: | | 0.004%
/model.23/cv2.2/cv2.2.0/conv/Conv: | | 0.003%
/model.6/m.0/m/m.1/cv2/conv/Conv: | | 0.003%
/model.23/cv4.0/cv4.0.1/conv/Conv: | | 0.003%
/model.6/m.0/m/m.0/cv2/conv/Conv: | | 0.003%
/model.10/m/m.0/attn/MatMul_1: | | 0.002%
/model.23/cv4.0/cv4.0.2/Conv: | | 0.002%
/model.10/m/m.0/ffn/ffn.1/conv/Conv: | | 0.002%
/model.20/conv/Conv: | | 0.002%
/model.23/cv2.0/cv2.0.1/conv/Conv: | | 0.002%
/model.10/m/m.0/f£fn/ffn.0/conv/Conv: | | 0.001%
/model.23/cv3.1/cv3.1.0/cv3.1.0.1/conv/Conv: | | 0.001%
/model.23/cv3.1/cv3.1.1/cv3.1.1.0/conv/Conv: | | 0.001%
/model.23/cv3.2/cv3.2.2/Conv: | | 0.001%
/model.23/cv3.0/cv3.0.1/cv3.0.1.0/conv/Conv: | | 0.001%
/model.23/cv3.1/cv3.1.0/cv3.1.0.0/conv/Conv: | | 0.001%
/model.23/cv3.1/cv3.1.2/Conv: | | 0.000%
/model.23/cv3.0/cv3.0.2/Conv: | | 0.000%
/model.23/cv3.0/cv3.0.0/cv3.0.0.1/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.23/cv3.0/cv3.0.0/cv3.0.0.0/conv/Conv: | | 0.000%
/model.8/m.0/cv2/conv/Conv: | | 0.000%
/model.22/m.0/cv2/conv/Conv: | | 0.000%
wALR 220 by
AT, BEAEREETE COCO LK Pose mAP50:95 {4 43.1%, LT % MAA (50.0%), fFAE—E
ARG BE R 2K
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BILRAIIZR

HT AR
AL
 yolol 1n-pose_gat.py

=
==X

RIS RE , FTDOR SRR GR . AR BT 8-bit B Ak T b T & AL 25

e trainer.py

HEGER

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: | HINNININEEEEEEEE | 26.872
/model.23/cv4.1/cv4.1.0/conv/Conv: | IR | 06.2209%
/model.23/cv2.1/cv2.1.1/conv/Conv: N ] [ ] | 25.300%
/model.23/cv3.2/cv3.2.1/cv3.2.1.0/conv/Conv: | [ NNENENGINGGEGEGEEEEEE | 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: | | HIIINININEDEEEEE | 22.901%
/model.23/cv4.1/cv4.1.1/conv/Conv: . | [ ] | 22.516%
/model.10/m/m.0/ffn/ffn.1/conv/Conv: N | [ ] | 22.035%
/model.19/m.0/cv2/conv/Conv: ] | 21.569%
/model.23/cv4.0/cv4.0.0/conv/Conv: . | | 21.199%
/model.23/cv3.1/cv3.1.0/cv3.1.0.1/conv/Conv: | | HEENENEEEEEEEE | 20.785%
/model.23/cv3.1/cv3.1.1/cv3.1.1.0/conv/Conv: | |HIININENEEEEEE | 20.597%
/model.23/cv3.1/cv3.1.1/cv3.1.1.1/conv/Conv: | | IIINININEEEEEE | 20.329%
/model.23/cv4.0/cv4.0.1/conv/Conv: . | ] ] | 20.179%
/model.23/cv3.1/cv3.1.0/cv3.1.0.0/conv/Conv: | |HIENINEEEEEEE | 19.983%
/model.22/m.0/cv3/conv/Conv: | IR | 19.919%
/model.13/m.0/cv2/conv/Conv: | NN EEEEE | 19.424%
/model.23/cv3.0/cv3.0.1/cv3.0.1.0/conv/Conv: | |HIENIINIIIIIEE | 18.893%
/model.19/cv2/conv/Conv: | IR | 18.055%
/model.23/cv3.2/cv3.2.1/cv3.2.1.1/conv/Conv: | | NN | 17.915%
/model.22/m.0/m/m.1/cv2/conv/Conv: | | 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: . @@ ] | 17.116%
/model.17/conv/Conv: N @ ] | 16.869%
/model.22/cv2/conv/Conv: . @ 0 ] | 16.750%
/model.23/cv2.2/cv2.2.1/conv/Conv: . @@ ] | 16.540%
/model.10/m/m.0/attn/proj/conv/Conv: . @ 0 ] | 16.491%
/model.23/cv2.2/cv2.2.0/conv/Conv: N @ ] | 16.421%
/model.23/cv2.1/cv2.1.0/conv/Conv: . @@ ] | 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: | | HINNNEEEEER | 15.400%
/model.22/m.0/m/m.0/cv2/conv/Conv: . @@ | | 15.251%
/model.23/cv3.0/cv3.0.0/cv3.0.0.1/conv/Conv: | | HIIENNEEEEER | 14.851%
/model.10/m/m.0/attn/pe/conv/Conv: . @ 0 ] | 14.659%
/model.19/m.0/cvl/conv/Conv: . @ ] | 14.289%
/model.22/m.0/m/m.1/cvl/conv/Conv: I I | 13.038%
/model.16/m.0/cv2/conv/Conv: I | 12.941%
/model.22/m.0/m/m.0/cv1l/conv/Conv: | N | 12.791%
/model.23/cv4.2/cv4.2.2/Conv: I I | 12.508%
/model.23/cv4.1/cv4.1.2/Conv: | I | 12.226%
/model.13/cvl/conv/Conv: I | 11.821%
/model.13/cv2/conv/Conv: I I | 11.612%
/model.13/m.0/cvl/conv/Conv: | I | 11.515%
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https://github.com/espressif/esp-dl/blob/a1b4e53/examples/tutorial/how_to_quantize_model/quantize_yolo11n-pose/yolo11n_pose_qat.py
https://github.com/espressif/esp-dl/blob/a1b4e53/examples/tutorial/how_to_quantize_model/quantize_yolo11n-pose/trainer.py
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(# E50)
/model.10/m/m.0/attn/MatMul_1: I | 11.303%
/model.16/cv2/conv/Conv: . @ | | 11.028%
/model.10/m/m.0/attn/gkv/conv/Conv: | I | 10.951%
/model.10/cvl/conv/Conv: I | 10.755%
/model.23/cv2.0/cv2.0.0/conv/Conv: . @ | | 10.684%
/model.22/m.0/cvl/conv/Conv: | @ ] | 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: | @ ] | 9.566%
/model.8/m.0/cv2/conv/Conv: I | 9.521%
/model.10/cv2/conv/Conv: . @ ] | 8.068%
/model.1l6/cvl/conv/Conv: I | 7.989%
/model.23/cv2.1/cv2.1.2/Conv: I | 7.969%
/model.8/m.0/cv3/conv/Conv: I 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: | | 7.283%
/model.8/cv2/conv/Conv: ] | 7.092%
/model.10/m/m.0/attn/MatMul : N ] | 6.654%
/model.8/cvl/conv/Conv: | | 6.492%
/model.8/m.0/m/m.1/cvl/conv/Conv: ] | 6.451%
/model.23/cv2.0/cv2.0.2/Conv: I R | 5.990%
/model.23/cv2.2/cv2.2.2/Conv: I 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: I R | 5.402%
/model.8/m.0/cvl/conv/Conv: I | 5.210%
/model.23/cv3.2/cv3.2.2/Conv: N | 5.126%
/model.6/cvl/conv/Conv: I R | 4.983%
/model.9/cv2/conv/Conv: | R | 4.616%
/model.9/cvl/conv/Conv: | R | 3.934%
/model.7/conv/Conv: | - | 3.906%
/model.3/conv/Conv: | R | 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: | l | 2.095%
/model.4/m.0/cvl/conv/Conv: N | | 2.069%
/model.23/cv3.1/cv3.1.2/Conv: I | | 1.744%
/model.1/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:: 100% | NN ©°8/98 [10:49<00:00, 6.63s/
]
Layer | NOISE:SIGNAL POWER RATIO
/model.9/cv2/conv/Conv: I | 2 o5
/model.2/cv2/conv/Conv: . @@ | | 1.610%

(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 .
/model .
/model .
/model.
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model .
/model.
/model .
/model .
/model.
/model .
/model .
/model.
/model .
/model .
/model.

3/conv/Conv:
2/cvl/conv/Conv:
1/conv/Conv:
8/cvl/conv/Conv:
4/cv2/conv/Conv:
0/conv/Conv:
6/m.0/cv3/conv/Conv:
5/conv/Conv:
2/m.0/cv2/conv/Conv:
13/cv2/conv/Conv:
2/m.0/cvl/conv/Conv:
4/cvl/conv/Conv:
16/cv2/conv/Conv:

23/cv4.2/cv4.2.0/conv/Conv:

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

23/cv4.1/cvd.1.0/conv/Conv:

19/cv2/conv/Conv:
23/cv2.2/cv2.2.2/Conv:
4/m.0/cv2/conv/Conv:
8/m.0/m/m.1/cvl/conv/Conv:
6/cv2/conv/Conv:
6/cvl/conv/Conv:
17/conv/Conv:

23/cv4.2/cv4.2.1/conv/Conv:
22/m.0/m/m.1/cvl/conv/Conv:

16/cvl/conv/Conv:
10/cvl/conv/Conv:
23/cv4.2/cv4d.2.2/Conv:
22/cv2/conv/Conv:
7/conv/Conv:

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

10/cv2/conv/Conv:
19/cvl/conv/Conv:
8/cv2/conv/Conv:
13/cvl/conv/Conv:
6/m.0/m/m.1/cvl/conv/Conv:
22/m.0/cv3/conv/Conv:
19/m.0/cvl/conv/Conv:

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

8/m.0/cvl/conv/Conv:
19/m.0/cv2/conv/Conv:
8/m.0/cv3/conv/Conv:

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

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

23/cv2.0/cv2.0.0/conv/Conv:

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

23/cv4.0/cvd.0.0/conv/Conv:

9/cvl/conv/Conv:
23/cvd.1/cvd.1.2/Conv:

23/cv2.1/cv2.1.1/conv/Conv:

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

23/cv2.1/cv2.1.0/conv/Conv:
23/cv4.1/cvd.1.1/conv/Conv:

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

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

(% 50
.854%
.543%
.487%
.414%
.397%
.364%
.230%
.181%
.144%
.140%
.138%
.129%
.122%
.120%
.107%
.096%
.078%
.076%
.071%
.071%
.067%
.066%
.060%
.057%
.056%
.051%
.050%
.046%
.044%
.043%
.043%
.037%
.037%
.036%
.036%
.033%
.031%
.027%
.026%
.025%
.025%
.024%
.023%
.023%
.021%
.021%
.020%
.020%
.019%
.018%
.018%
.018%
.016%
.016%
.016%
.015%
.013%

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/cv3.1/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%
/model.23/cv3.2/cv3.2.0/cv3.2.0.0/conv/Conv: | | 0.005%
/model.23/cv4.0/cv4.0.2/Conv: | | 0.004%
/model.6/m.0/m/m.1/cv2/conv/Conv: | | 0.004%
/model.23/cv3.0/cv3.0.0/cv3.0.0.1/conv/Conv: | | 0.004%
/model.10/m/m.0/ffn/ffn.1/conv/Conv: | | 0.003%
/model.23/cv3.2/cv3.2.2/Conv: | | 0.003%
/model.10/m/m.0/attn/MatMul_1: | | 0.002%
/model.10/m/m.0/f£fn/ffn.0/conv/Conv: | | 0.002%
/model.23/cv3.1/cv3.1.0/cv3.1.0.1/conv/Conv: | | 0.002%
/model.23/cv2.0/cv2.0.1/conv/Conv: | | 0.002%
/model.23/cv3.1/cv3.1.1/cv3.1.1.0/conv/Conv: | | 0.001%
/model.23/cv3.0/cv3.0.2/Conv: | | 0.001%
/model.23/cv3.1/cv3.1.2/Conv: | | 0.001%
/model.23/cv3.0/cv3.0.1/cv3.0.1.0/conv/Conv: | | 0.001%
/model.23/cv3.1/cv3.1.0/cv3.1.0.0/conv/Conv: | | 0.001%
/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.8/m.0/cv2/conv/Conv: | | 0.000%
/model.22/m.0/cv2/conv/Conv: | | 0.000%

AR
FEXT 8-bit FALY I RACRININGR IS, EMFS AT, =G MEZ2AE COCO E) Pose mAP50:95 27} %

44.9%; [ 2 SRR 2RI . LG 8-bit fE A =X, EALEAIIZRIS R 8-bit F LAY AT DATERH
] 4 PO B8 0k ) e e 4 ARG E
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3.9.3 EEE

example

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

SR 1L

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

 dl_pose_yolol1_postprocessor.cpp

3.10 #nfaEpE Az EE

I ) P AL AN A RO N AEVE 2400, BN, SR T A ZR A S 2 Il o A T A
« Offline B85 MIAFE B — MR SRR BRI (BRSBTS SCR) . RGBT R R AL B
o Streaming Fi: AR, BALEMT (BHR) SNCE LR, SCmHEEEH-f g .
TEAFAET, FADRAZ MG ESP-PPQ AL AL, I 1] ESP-DL Fi35 Ak 5 i Ji UL .

o BETIE
o A EAL
- BEARIER
- BEAXEE ey T R3E
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https://github.com/espressif/esp-dl/tree/a1b4e53/examples/yolo11_pose
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/detect/dl_detect_base.hpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/detect/dl_detect_base.cpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/image/dl_image_preprocessor.hpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/image/dl_image_preprocessor.cpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/detect/dl_detect_postprocessor.hpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/detect/dl_detect_postprocessor.cpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/detect/dl_pose_yolo11_postprocessor.hpp
https://github.com/espressif/esp-dl/blob/a1b4e53/esp-dl/vision/detect/dl_pose_yolo11_postprocessor.cpp

ESP-DL FHFiER, A1ThRA latest

3.10.1 HEZT1E

1. 4% ESP_IDF
2. 2% ESP_PPQ

3.10.2 EERE{t

225 )

I R P SRR E 22, X B DA Temporal Convolutional Network(TCN) Sy, AZAZERY A AATAHEOR T
i, XEALZAGHAN . HERMGRYEH S, SRR,

R B AR T4 TCN A2 models.py (BZUAESERE, U THEIR).

ESP-PPQ #24t " F ghif s e, W] DAL B ER U R i #E . il auto_streaming=True Z4{,
ESP-PPQ [ gl b Bl i A B iy 75 AR e 48

ik
o Offline #ix, A AJE—BSE3 M, input shape 75 R [A) 4E 1Y) size — LR (Bilgn (1, 16,
151).
o Streaming X, ARAYE AR IELEE IR, TERFIAZERE AY size /0N, VURCSEBFARERERIN (Bl 11,
16, 31)s
BahiiR i

ESP-PPQ i &g FE 1 auto_streaming=True ¥ H A Ge e . | H AR E 5, ESP-PPQ
2 H BhFE AR DA S R R -

L AR A PATE 31 224 1) 73 A
2. A AR A B ATE B2 ] R F R 3
3. EGE AR A SRS

BatR e TIERE

ESP-PPQ Py F B i s e AT I, FFAE KB B A St reamingCache 5 i PASE U [A]_E R SR
Fo S RERIA AT 0] -

L 5ok
o XRRAMT T FFEEE BB W EEEAE (14 Conv, AveragePool,

MaxPool, ConvTranspose),

o BT RTREIN ] BT OCHIBEE R Beris L BT A A (B0 Relu, Add,
MatMul., LayerNorm),

2. E R/
ST R T, ESP-PPQ RIEDL N R E A B0 22777 11 K/ : - Kernel size and dilation rates -

Padding configuration - Stride values

T HOR/NRGE T 7 BT 22 /0 7 S A REIE B 1 3324w
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https://github.com/espressif/esp-dl/tree/a1b4e53/examples/tutorial/how_to_deploy_streaming_model
https://github.com/espressif/esp-dl/blob/a1b4e53/examples/tutorial/how_to_deploy_streaming_model/quantize_streaming_model/models.py

ESP-DL i FiEM, R1ThR# latest

3. StreamingCache 1j \5 i A
ESP-PPQ £ Z A A T Z A A StreamingCache F5 . X8 & - 43 Iy s mif i 3l 11 5%
X - PR E TR AN AT 11 - PR B R G R A C - A5 PR 55 AEA T 16 ) B[R] A 2R

4. Btk
XA, ESP-PPQ iRBEIEFEACE : - RERRIGIIE FE LA 1 BT E S AR AT - CREFXIFR L TIHRR IR 7
PASEERIA R4 2E

LRSI EIbE e

o EEEARTTAR B SRR R I 1] 4

o HE ARAEEU IR IS TR ORE O 28 ] BE 5 25 S B (3R

o AR M 4ERER R 1 (WSS streaming_table i)
PATR 2 el ) B s N RE A s 11 -

# SHERAER

quant_ppqg_graph = espdl_qgquantize_torch (
model=model,
espdl_export_file=ESPDL_MODEL_PATH,
calib_dataloader=dataloader,
calib_steps=32, # REF K
input_shape=INPUT_SHAPE, # & % # & & A\ ¥k
inputs=None,
target=TARGET, # = B 4z % &
num_of_bits=NUM_OF_BITS, # & {L I %
dispatching_override=None,
device=DEVICE,
error_report=True,
skip_export=False,
export_test_values=True,
verbose=1, # WHFEHMH X

s

)

# A Hﬁ]%#&%lﬁwuifﬂfl

quant_ppg_graph = espdl_guantize_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, # E Jf B 3 i & % #
streaming_input_shape=[1, 16, 31, # 7 = /& & &8 % A\ F R
streaming_table=None,
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FHRXEFEE

T ESP-PPQ i 5 # #e B B R 1 B RO SE T (40 Transpose, Reshape. Slice %) , £l A f i
insert streamlng_cache on_var HEFshid A StreamingCache 7 5. Z RGN TLE H B
A streamingCache 1725 B8 & BB

insert_streaming_cache_on_var EREMELUT:

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

) —> Dictl[str, Any]

SR - var_name: FTEABARNXEAAM LA - window_size: ZfFHE NN (FEGAFHIWED
-op_name: (") FAREKKMF T A - frame_axis: (W[3k) FoRmia4EERH, BIACH 1

BRI BB [ — A B B A B, R RN B streaming table 41 3 L 8 45
espdl_quantize_torch 3.

(TN

streaming_table = []
# h T H o4 N\ streamingCache WX BEF It 2 & 7 B M
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 W K A X
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3.10.3 EXIERE
Z2 0 s OV S5 A R AT S IR

Frik: ERHAEIUMBAER Tk, WS HHESH, XEAHIE:
o Jof ho 2k Fol X AL A
o dolTHATARR Her2

FER AT, BRI, A 2R —IRPESRFF R A A RSB AL PRI 2B, [ i)
TEBZ T PRFF TR . B8 A T STRF A A A 18 24 B BT A5 BB BB . L app_main.cpp T AQ

fy

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 =
dl::TensorBase *model_output = model_outputs.begin () ->second;

if (!test_input) {
ESP_LOGE (TAG,

"Model input doesn't have a corresponding test input. Please

—export_test_values option "
"in esp-ppg when export espdl model.");
return nullptr;

}

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

model->get_outputs () ;

enable.

memcpy (model_input_ptr, test_input_ptr + i * model_input_size, model_input_

—size);
model->run (model_input) ;

}

return model_output;

}

KPRV R R F I SN G BRI HOR R B . AR Bs SRR, eIk

A H B GES AR PRES BN SRS

e
o By R R AR 52 i AN S i U A iy AN EE SRR
o ESP-DL Jii xUHEAY F B AL N FOIRAAT 3, (B A0 151 B
o RIS IR AR T ey ) i Je s 40 DR
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3.11 (& TQT E{LiER

A% ORI 4T A K 1A 4 ESP-PPQ 1 il Trained Quantization Thresholds (TQT) Utk WA 8 i1 it
{UREfE . TERE ESP-PPQ IR 1.2.7 RUASE AL A

AT R TOT
- BE (PTQ) 84kt
- BB % (QAT) w98 2okt
- TOT #&4 R A 4
T4 A TOT
- Meig b
- TOQTSetting & A %%
TOT & ¢ 1)
- YOLO26n &1t
— MobileNetV2 & 1¢,

F L) AR
— dofTAvik TOT?
— VA TGP scale R A5 AL E v 2
- TOT =] vA %= Weight Equalization —#& 4% i g ¢

3.11.1 AfafEH TQT

TQT (Trained Quantization Thresholds) H} [ £ 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 £7%1:0s i H Al {Y £ #F Per-Tensor + Symmetric + Power-of-2 H4b 55 0% 4L Y .
espdl fAY, FKATFE ESP-PPQ W5 | AT TQT MAZ.L AR, @ at brdfie B A% % S B EE T BRI A& ULtk Ak 50
fE (scale) FIFEAUANE, DAERCHE{FZIH .

1£ ESP-PPQ #, TQT PA TrainedQuantizationThresholdPass [ T2 H, FoATTHE log 386X} scale #4704k, IF
445 ESP-DL 1) Power-of -2 2y 3G (41 int_lambda , STE 4§),

EEft (PTQ) BFFRHE

N s EBR

PTQ SRR, ToFE IR scale TSR], R XHEUREGH (41 YOLO26n head)
RERK

TQT Tl scale/ AU T EAERRE 55
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BitBalg (QAT) MEZRM

HAEAIZ (QAT) MWHTESTRINGBROMN BAm A AL, REPISRIFRE, (AR

o SEREBRTER B UIZR . IR RS G T A AR BRI T I SRR, QAT WA EAE S K1Y
g BORRRR;

o BRI HWHBIRA;
o SR PTQ/RuHE TR ERM AR AL TR 2SN TAE

TQT W Joilabn % K s th AN g MSE, B HHESERI T, A5, FELREF Power-of-2 £
N ER AR 5 log2(scale) , 38 ¥ DRI AT W S B A -

TQT geHFRM+ 4
o W[40 scale (P5k 2 1 k R J5): #E log 3 flifk alpha = log2(scale) , #U{EHFE H B R L
POWER_OF_2., {HUNRA LA gt , WA,

« STE Y range-precision §i+p: X BIE RS L6 A STE IS EL VTR S AT R, AI7E RS ks
2 RS E 47 ; ESP-PPQ il alpha_ste SR

o M[ESPRUE: BCGERYIZR, W5 scale —ERMUIRGRIH, RN RELIRE.

« 15 ESP-DL %5 (/TIIRIAR alpha_ste A1, 1SR B exponents K25 it _Lanbda WL
511ty alpha WEATECH, 1T Sk 5085 .

o oA HFEAHESE RN AT scale/ALE R .
3.11.2 fnfa{E A TQT
BRIEFFIA

1. f#i ] ESP-DL 2kil\ setting J1:JF 3 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 # H % ! b exponent.
quant_setting.tqgt_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 fif 51t

from esp_ppg.api import ENABLE_CUDA_KERNEL
with ENABLE_CUDA_KERNEL() :
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,

(ZF 50
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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,

)

(% L350

3. il B

« &Il quant_ppq_graph ! scale >y TQT f ity 2 Bk s, I THAURG LI .
* Filiff.espdl SCPF: exponent A H int(log2(config.scale)), -5tk i i & LA TQT fiAkJ5 1Y scale.

TQTSetting S

S E: il KiME P

interested_layers List[str] [ FEEERM op &K 25 NIKF; B 4541 Conv/Gemm %
oo |

steps int 500 B> block FTHIR A%

Ir float le-5 23R

block_size int 4 E %1143 block FF/IN, ESmmia &5

is_scale_trainable bool True 751408 scale (52 POWER_OF_2 + LINEAR + SYMMET-
RICAL) . True: [@H}il|Z5 scale &5 weights; False: {%3)l|Zk
weights

gamma float 0.0 IEN]: MSEGH s i, Sfbkith)

int_lambda float 0.0 1M . iE alpha #E3T round(alpha), HUETEFE A [0.0, 1.0]

collecting_device str cpu ZERMERIRR %4, A GPU 1[4 cuda

3.11.3 TQT E4tRHI

PAF /R B /R Anfar % YOLO26n (£6:1l) F1 MobileNetV2 (73-3%) #1845 ] TQT Ak H-5:1 ESP-DL. RHEE
R AR T S PRI E

YOLO26n £t
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&
Y= AR
AR YOLO26n (one2one 4337 end2end #EFH)
155 SRzl
y ANTEAR [1, 3, 640, 640] (NCHW)
ONNX yo0lo26n_o020.onnx
REHELE calib_yolo26n.zip
T 7] PAif 3 one2many 73 37 3F end2end #ERE, ONNX A yolo26n_o2m.onnx , HALTT
%5 end2end AEZ—F]
E{tHAE

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

&)
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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

yolo26n_onnx_url = "https://dl.espressif.com/public/yolo26n_o2o0.onnx"
ONNX_PATH = "yolo26n_o2o0.onnx"
urllib.request.urlretrieve (

yolo26n_onnx_url, "yolo26n_o2o0.onnx", reporthook=report_hook

ESPDL_MODLE_PATH = "yolo26n_o2o_ptqg 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

# o2o

quant_setting.quant_config modify_setting.custom_config = {
(N30
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(B LE10)
"/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,
I3

# 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.tgt_optimization_setting.collecting_device = "cpu"

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_ppg_graph

if name == "_ main_":
quant_yolo26n (imgsz=640)

Focused Logits Quantization

FIARGAE AL, 5 backbone/neck A [il, Kl (head) fi i XS AL IRZEARHHUR. FIWE, %FJ(Ll YOLO26n
KRR, classification 73 32 )i i logits /g Sigmoid M5 A, 283 Sigmoid ] DAFGE! 251 7 B 5
A LU, R logits 5 VB R Al —EALHERG 2 AY scale, 25155 i K scale Gk b KidHl), S5
FHIEIE, mAP T,
« Sigmoid MA7 A ATEHIATHR: o(x) = 1/(1+exp(-x)) #£ x HYZEXHERA AR PRARAL. x AR it Bk
0, RIEWHEALL 1, AR —B CRETE -4 5 4 7) AR, tgtiedi, X EIEA X
logits H M AERX B ATPRIGHE Y, 8 st AMRIIX . LA FAZAL
o WEAAEATHIAX, KRB SEOGTEEREA 7R AR B, FRATHE O IEFEA CF AR, @B, X
J¥ logits {1 . Sigmoid % thHeir 1 f9—M. (EICIBIEGPIM, H2E logits B ALFF M (scale ik, A
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KKK, ZARFE logits x4 A B[] AWEY 7 FEVART DB 22 B0 i A 0 51 1, 7 (R4
RO ERAARLEER 5y, SEOMEURE, mAP 555,
H I, Xt 2% A Sigmoid 1] logits (HJ 7~ 5 1 one2one_cv3.0/1/2.2 3X =~ head 4} 37 i &% J5— 2 Conv & ) i
Focused logits quantization: 43X )12 Ml W40 scale (411 0.0625 =2 1 -4 K1), {E/FH; Power-of-2 1
R NN ERAE K, 7E Sigmoid AR AE Bl N CREE S 2R 07, i foadt FLFE AGRFD . FF R B IERE A Y
KArBE, M Ae e BT+ mAP . 508 A FL At B BY O ) St 2544, mTARYE Sigmoid [ A K E AL I 2

A% custom_config.

ESP32-P4 HERIEIBEENRER

F£ COCO val2017 $4i yolo26n(size=640 pixels) AV J5 HIAE -

L& mAP50-95(02m) mAP50-95(e2¢e) £
PTQ (J¢ TQT) 0.342 0.332 AN HE
PTQ + TQT 0.371 0.363 EHE + TQT 1% scale/fL EE

MEREE R EH, TCie /2 Xt end2end #ERIARAY , 624k end2end HEFIRIAL, TQT ] DA EFH TR AL AL
mAP.,

Ptk WE SR P AR AR, T ASE ] size=512 pixels, SEEGZER LM, 7E size=512 pixels il end2end
HEFALR, 8-bit PTQ SFALBIALA mAPS50-95 4 0.315, 25 TQT J5 mAP50-95 Al# % 0.341, K5 HE7t
T 26 NHET

MobileNetV2 £4t

BitHE

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,
(530
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(% 50
) —> 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.
—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 MobilenetVZ2,.
—convert ReLU6 to ReLU for better precision.

Returns:
[tuple]: [QuantizationSetting, str]
quant_setting = QuantizationSettingFactory.espdl_setting()
if optim_guant_method is not None:
if "MixedPrecision_quantization" 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.1/conv/conv.0/conv.0.0/Conv",
get_target_platform (TARGET, 16),
)
quant_setting.dispatching_table.append (
"/features/features.1/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_quantization'"

)

return quant_setting, onnx_path

def collate_fnl(x: Tuple) -> torch.Tensor:
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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
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_v2.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")

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]
) ’

) 4
)
dataset = Subset (dataset, indices=[_ for _ in range (0, 1024)])
dataloader = DataLoader (
dataset=dataset,
(BEF D)
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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")

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.tqgt_optimization_setting.collecting_device = "cpu"

(% 50

quant_setting.
quant_setting.
quant_setting.

tgt_optimization_setting.steps = 500
tgt_optimization_setting.block_size = 4
tgt_optimization_setting.lr = le-4

quant_ppg_graph = espdl_gquantize_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,

&)
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(#z E70)
device=DEVICE,
verbose=1,

BRAERROH

TER M TQT SEME X} 8-bit BB T EALALIIIE LT, BB Top-1 HERHE N T1.775%, FH L ESP32P4 A &
I%) per-channel [ & {LELAL (Top-1 #ER{Z K 70.850% ), TQT 7E Top-1 ¥5F _FHETF T 1.306 AN EH 43 i, 5 float32
PRI ARG B (71.878% ) TN, FWIRIEAE ™45 1 8-bit EALZR T, (G X Ak B E I T4 2 4k,
TQT tHEEWS A SR MR AL IR R TERE T, (R AT RS B B 77 K

3.11.4 HE o)

tnfammiE TQT ?

£ GPU B, fuAsHEE i #] GPU L] bt &
S collecting_device 14 cuda:

[quantfsetting.tqtfoptimizationfsetting.collectingfdevice = "cuda"

i1 ENABLE_CUDA_KERNEL H#if7=1k:

with ENABLE_CUDA_KERNEL() :
quant_ppg_graph = espdl_qguantize_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=False,
verbose=0,
inputs=None,

)
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A LA gD scale RIGERRNESL ?

B PA. ¥ is_scale_trainable 15 ¥ & False Bl ],

[quant_setting.tqt_optimization_setting.is_scale_trainable = False

TQT TJLAF0 Weight Equalization —i2{# AL ?

TP AR XT T espdet_pico AR, W] DARE I AT ARE— 2B THEAGRCR -

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.
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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 int channel_size () const
Get the number of channels.
Rl
Number of channels for per-channel mode, or 1 for per-tensor mode.
inline const int *data () const
Get pointer to exponent data.
Bl
Pointer to per-channel exponents array if available, otherwise pointer to per-tensor exponent.
inline bool operator== (const Exponentinfo &other) const
Compare two Exponentinfo objects for equality.
BH
other ~The Exponentinfo object to compare with.
&l
true if both have the same exponent values, false otherwise.
inline bool operatoxr ! = (const Exponentinfo &other) const
Compare two Exponentlnfo objects for inequality.
BH
other —The Exponentinfo object to compare with.

B

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.
B8
« shape —Shape of tensor
« element —Pointer of data
» exponent —Exponent of tensor, default is 0
o 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

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.
B8
« 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.

bool assign (TensorBase *tensor)

Assign tensor to this tensor.

B
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.
S8
 shape -
e element —
e exponent —
e dtype -
Bl

true if assign successfully, otherwise false.
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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.
B
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.
&Il
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.

inline virtual void *get_element_ptr ()

Get data pointer. If cache(preload data pointer) is not null, return cache pointer, otherwise return data pointer.

Bl
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.
data —point to data memory
]
TensorBase& self

4.1.

Tensor API Reference
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inline std::vector<int> get_shape ()
Get the shape of Tensor.
Bl
std::vector<int> the shape of Tensor
TensorBase &set_shape (const std::vector<int> shape)
Set the shape of Tensor.
shape —the shape of Tensor.
Bl
Tensor.
inline int get__exponent ()
Get the exponent of Tensor.
PEE]
int the exponent of Tensor
inline dtype_t get_dtype ()
Get the data type of Tensor.
Bl
dtype_t the data type of Tensor
inline uint32_t get_caps ()
Get the memory flags of Tensor.
PEE]
uint32_t the memory flags of Tensor
TensorBase *reshape (std::vector<int> shape)
Change a new shape to the Tensor without changing its data.
ZH
shape —the target shape
PEE]
TensorBase *self
template<typename T>
TensorBase *£1ip (const std::vector<int> &axes)
Flip the input Tensor along the specified axes.
ZH
axes —the specified axes
&I
TensorBase& self
TensorBase *transpose (TensorBase *input, std::vector<int> perm = {})

Reverse or permute the axes of the input Tensor.
BH
» input -the input Tensor

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

TensorBase *self

template<typename T>
TensorBase *transpose (7T *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.
S8
e input_element —the input data pointer
e 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.

R
TensorBase *self
bool is_same_shape (TensorBase *tensor)

Check the shape is the same as the shape of input.

S
tensor —Input tensor pointer

B
o true: same shape
« false: not

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

Compare the shape and data of two Tensor.
S
» tensor —Input tensor
¢ epsilon —The max error of two element
« 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.

“Befie: 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
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Bl
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

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

Output tensor pointer

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

Pad input tensor.
B
» 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

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

Output tensor pointer

template<typename T>
bool compare_elements (const 7 *gt_elements, float epsilon = le-6, bool verbose = false)

Compare the elements of two Tensor.

e
e gt_elements —The ground truth elements
e epsilon —The max error of two element
« verbose —If true, print the detail of results

&I
true if all elements are equal otherwise false

int get_element_index (const std::vector<int> &axis_index)

Get the index of element.

S8

axis_index —The coordinates of element
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B m]
int the index of element
std::vector<int> get_element_coordinates (int index)
Get the coordinates of element.
S
index —The index of element
pA |
The coordinates of element
template<typename T>
T get_element (int index)
Get a element of Tensor by index.
index —The index of element
pA |
The element of tensor
template<typename T>
T get_element (const std::vector<int> &axis_index)
Get a element of Tensor.
S
axis_index —The index of element
AT
The element of tensor
void memset (int value)
Set a element of Tensor by index.
ZH
value —The value of element
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. Requires ESP-IDF
(esp_random.h).
size_t set_preload_addr (void *addr, size_t size)
Set preload address of Tensor.

B8
o addr —The address of preload data
o 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.
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e fte: Only available for Convolution. Don’ t use it unless you know exactly what it does.

SH

« 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

» dim —Specify the dimension on which to perform streaming stack pushes

virtual void print (bool print_data = false)

print the information of 7ensorBase

S8
print_data —Whether print the data

Public Members

int size

size of element including padding

std::vector<int> shape

shape of Tensor

dtype_t dtype

data type of element

ExponentInfo 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
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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.

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

e input —Input Tensor

« 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

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.
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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.
B8
» name —Name of module.
« inplace —Inplace operation mode
e quant_type —Quantization type
virtual ~Module ()
Destroy the Module object. Return resource.

inline virtual std::vector<int> get_outputs_index ()
Get the tensor index of this module’ s outputs.

B

Tensor index of model’ s tensors

virtual std::vector<std::vector<int» get_output_shape (std::vector<std::vector<int» &input_shapes) =0
Calculate output shape by input shape.

S8
input_shapes —Input shapes

B
outputs shapes
virtual void forward (ModelContext *context, runtime_mode_t mode = RUNTIME_MODE_AUTO) =0
Build the module, high-level interface for Module layer.
S8
o 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.

S8
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
« 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.
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#xfe: 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.
S
e input —Input tensor
« output —Output tensor

« 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.
BH
e 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.

4.2

Module API Reference
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Public Static Functions

static inline Module *deserialize (fbs::FbsModel *fbs_model, std::string node_name)

create module instance by node serialization information
BH
o fbs_model —Flatbuffer’ s model
« node_name —The node name in model’ s graph

B
The pointer of module instance

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
e 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

Bl

Module instance pointer
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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.

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.

Bl

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)
DL_LOG_INFER_LATENCY INIT ()
DL_LOG_INFER_LATENCY START ()
DL_LOG_INFER_LATENCY END ()
DL_LOG_INFER_LATENCY PRINT (prefix, key)
DL_LOG_INFER_LATENCY END_PRINT (prefix, key)
DL_LOG_INFER_LATENCY ARRAY INIT WITH_SIZE (n, size)
DL_LOG_INFER_LATENCY ARRAY INIT (n)
DL_LOG_INFER_LATENCY ARRAY START (i)
DI_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.

106 Chapter 4. API Reference



ESP-DL FHFiER, A1ThRA latest

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.

B

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.
L
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
int get_variable_index (const std::string &name)
Gets the variable tensor index by its name.
S8
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.
B
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.
B8
» 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.
B
Bool Return true if the allocation is successful, false otherwise.
inline void *get_psram_root ()
Gets the pointer to the PSRAM root.
Bl
Void* Returns the pointer to the PSRAM root.
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inline void *get_internal_root ()
Gets the pointer to the internal root.
A
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.
« 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.
B
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.

S8

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 clear ()

Clears all resources and tensors in the context. This includes clearing variables, parameters, name-to-index
map, and freeing memory.

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
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4.3.7 Header File

o esp-dl/dl/model/include/dl_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 di::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.
B8
« fbs_model —FlatBuffer’ s Model
« 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.

B m]
Bool Return true if the allocation is successful, false otherwise.

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.
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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.
B8
« name —Tensor name
e time_begin —Tensor lifetime begin
o time_end —Tensor lifetime end
» shape —Tensor shape
« 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.

tensor —Inplace leader tensor

inline void set_inplace_follower_dirty_tensor (Tensorinfo *tensor)
Set the inplace follower dirty tensor object.

S8

tensor —Inplace follower dirty tensor

inline void set_inplace_follower_clean_tensor (Tensorinfo *tensor)
Set the inplace follower clean tensor object.
e
tensor —Inplace follower clean tensor
inline std::pair<Tensorinfo*, Tensorinfo*> get _inplace_follower_tensor ()
Get the inplace follower tensor object.
Rl
std::pair<TensorInfo *, TensorInfo *>
void update_time (int new_time)
Update Tensor lifetime.
new_time —new tensor lifetime
TensorBase *create_tensor (void *internal_root, void *psram_root)

Create a TensorBase object according to Tensorinfo.
BH
e internal_root —Internal RAM root pointer

e psram_root —PSRAM root pointer
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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.
e
offset —
inline uint32_t get_internal_offset ()
Get the internal offset.
B
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.
S8
is_internal -
inline void set_internal_offset (uint32_t offset)
Set the internal offset.
S8
offset -
inline int get_time_end ()
Get the liftetime end.
i
nt
inline int get_time_begin ()
Get the liftetime begin.
i
nt
inline size_t get_size ()
Get the tensor size.
Bl

size t
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inline std::string get_name ()
Get the tensor name.
B
std::string
inline std::vector<int> get_shape ()
Get the tensor shape.
B
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
e alignment -Memory chunk alignment

MemoryChunk ( Tensorlnfo *tensor, int alignment = 16)

Construct a new Memory Chunk object.
BH
» tensor —Tensorlnfo
e alignment -Memory chunk alignment

inline ~MemoryChunk ()
Destroy the Memory Chunk object.

MemoryChunk *merge_free_chunk (MemoryChunk *chunk)
Merge continuous free chunk.
BY
chunk —
Bl
MemoryChunk*
MemoryChunk *insert (TensorInfo *tensor)
Insert tensor into free chunk.
S8
tensor —
&l
MemoryChunk*
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MemoryChunk *extend ( Tensorinfo *tensor)

Extend free chunk and insert tensor.

S8

tensor —

B
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

4.3.9 Header File

o esp-dl/dl/model/include/dl_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.
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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 ~MemoryManagerGreedy ()

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.
B8
« fbs_model —FlatBuffer model containing network architecture
« 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
B
bool True if successful allocation, false if memory insufficient

void £ree ()

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
APIs to facilitate users in loading and parsing esp-dl models.

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.
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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.

28

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.
S
« 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}

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 FbsModel.
FbsModel *1oad (const int model_index, const uint8_t *key = nullptr, bool param_copy = true)

Load the model by model index.
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}.

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 FbsModel.
FbsModel *1oad (const char *model_name, const uint8_t *key = nullptr, bool param_copy = true)

Load the model by model name.

e model_name —The name of model.
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» 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}

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 FbsModel.

int get_model_num ()
Get the number of models.
Rl
The number of models

void 1ist_models ()

List all model’ s name.

const char *get_model_location_string()
Get the model location string.

B

The model location string.

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 FbhsModel object.
« data —The data of model flatbuffers.
« size —The size of model flatbuffers in bytes.
» location —The location of model flatbuffers.
o encrypt —Whether the model flatbuffers is encrypted or not.
« rodata_move —Whether the model flatbuffers is moved from FLASH rodata to PSRAM.

o auto_free —Whether to free the model flatbuffers data when destroy this class instance.
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o 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.

Bl
topological sort of node name.

esp_err_t get_operation_attribute (std:string node_name, std::string attribute_name, int &ret_value)

Get the attribute of node.
S
« node_name —The name of operation.
e attribute_name —The name of attribute.

o ret_value —The attribute value.

RA
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.
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, 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.
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::vector<int>
&ret_value)

Get the attribute of node.

» node_name —The name of operation.
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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,
std::vector<float> &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, dl::quant_type_t
&ret_value)

Get the attribute of node.
S
« 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,
dl::activation_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.
RA
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.
S48
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.
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esp_err_t get_operation_attribute (std:string node_name, std::string attribute_name, dl::7ensorBase
*&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_input_shape (std:string node_name, int index, std::vector<int> &ret_value)
Get operation input shape.

e
« node_name —The name of operation.
e index —The index of inputs
o ret_value —Return shape value.

Bl
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.
B8
» node_name —The name of operation.
« index —The index of outputs
o ret_value —Return shape value.
B
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
e node_name —The name of operation.
» inputs —The vector of operation inputs.
« outputs —The vector of operation outputs.
Rl
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
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B
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.
e
« node_name —The name of operation
o index —The index of the variable
» caps —Bitwise OR of MALLOC_CAP_* flags indicating the type of memory to be returned
Bl
dl::TensorBase*
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.

BH
» 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
PEE]
dl::TensorBase*
bool is_parameter (std:string name)
return true if the variable is a parameter
ZH
name —Variable name
Rnl
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.
ZH
tensor_name —The name of Tensor.
AT
uint8_t * The pointer of raw data.
dl::dtype_t get_tensor_dtype (std::string tensor_name)
Get the element type of tensor tensor.
S
tensor_name —The tensor name.
pA |
FlatBuffers::Dl::TensorDataType
std::vector<int> get_tensor_shape (std::string tensor_name)

Get the shape of tensor.
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S8

tensor_name —The name of tensor.
B
std::vector<int> The shape of tensor.

std::vector<int> get_tensor_exponents (std::string tensor_name)

Get the exponents of tensor.

g . When quantization is PER_CHANNEL, the size of exponents is same as out_channels. When
quantization is PER_TENSOR, the size of exponents is 1.

S
tensor_name —The name of tensor.
A
The exponents of tensor.
dl::dtype_t get_value_info_dtype (std:string var_name)
Get the element type of value_info.
S
var_name —The value_info name.
A
dl::dtype_t
std::vector<int> get_value_info_shape (std:string var_name)
Get the shape of value_info.
S48
var_name —The value_info name.
A
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.
S48
var_name —The value_info name.
Bl
the exponent of value_info
const void *get_test_input_tensor_ raw_data (std:string tensor_name)
Get the raw data of test input tensor.
S48
tensor_name —The name of test input tensor.
A
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.

ZH

tensor_name —The name of test output tensor.
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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.
Bl
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.
B
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 1load_map ()

Load all map.
std::string get_model_name ()
Get the model name.
&l
the name of model
int64_t get_model_version ()
Get the model version.
B
The version of model
std::string get_model_doc_string ()
Get the model doc string.
A
The doc string of model
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std::string get_model_metadata_prop (const std::string &key)
Get the model’ s metadata prop.

S8
key —The key of metadata prop

B
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.
BH
e 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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