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Chapter 1

Irén

ESP-DL & H R 855 7 £ %) 5k 85 2510t - ESP32, ESP32-S2., ESP32-S3 il ESP32-C3 i fk iy &t fe IR
JEE S FE R
1.1 HEk
ESP-DL Jy fh&R ARl . BURALPE . BoFid 5y ** U ek ** PRI SISOt APT, JEiid ESP-DL

G PO EFE A AR R4S RPN A7 i T N TR RER o

ESP-DL JEFs i BT Sh i, DAL ] /100 — L2 I H (9 410, BIann] £ HAF 2 ESP-WHO fy— A1,
I H A SR H PG L. RIS T ESP-DL AL R A A IR H A7

1.2 ATl'HRH

4236 AITESPDL, B4 kit AT
i ] ESP-IDF 5.0 5 PA_EHRAS i A .
1.3 B A B

ESP-DL 1 B e fit 77— 26 g APL, AARIN . AJROR B ieAeN 45, T34 ESP-DL fiy
PO, SCRPITAERIA .

iG] APT 526
A human_face_detect
N face_recognition
AN cat_face_detect

14 EE
WRAEREIL, WS RTRD 0 FRA B, KPS = DTSSR
1,
e A SR, FTREL B DA T ek
* DL API
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Chapter 1. 144

- T by HpRitmE e adE:
« AR KA
« HEE APESR. M. EIE R
- A E A E HZ .
- APL R © XTF2. WML, $esf TR APLISE .
XF APL UL, 8N EE LU R
o FEHAR
- TVM (Hf#2): [ AL 4kt TVM ORFEAAL, TVM XN S % TVM
- S T H: RREARIF ST, 170 E AR B ESP SoCs Ry
« B TH: 55T Lamy
« WL TH APL: &% s T L& APl
- H T H: WX} coefficient . npy #EATVF A A THFIELE SCHE.
x+ config.json: S config.json Mt HHL e,
x convert.py: 15 convert.py 1% 8 LA
convert .py FAF Python 3.7 B{ ¥ 5 A 547 .
o R
- AL TR RALEI

1.5 Fin

URAEGE ] A B T IR EE R EOH IR, TR PRSI K issue, AT UL BRZITFIIIIGE
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Chapter 2

P AT']

ASCHA T QA5 ESP-DL 3G, SCRpT ARaE sl R B IAERE ESP JF A

2.1 3kHL ESP-IDF

ESP-DL iz 77 24Kt ESP-IDF. 45 ¢ ESP-IDF WA 228 PR, i &% ESP-IDF 4fififr .

2.2 3R ESP-DL jfigfsnpi

L. 40~ w4 N2k ESP-DL:

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

2. FTH L, #EA tutorial/convert_tool_example 343 :

’cd ~/esp-dl/tutorial/convert_tool_example

& A examples SO R g HABR GBI H .
3. DA R A H AR

idf.py set-target [SoC]

- [SoC) itk H Anits Jr, U esp32., esp32s2. esp32s3.
YEE BSP32-C3 {3E H T I535 PSRAM 11 .
4. PESERfE, FTEIZER:

idf.py flash monitor

WRAE S 3 AR 42 tutorial/convert_tool_example {43k
« Himd & ESP32, N

MNIST::forward: 37294 us
Prediction Result: 9

H #ioth A2 ESP32-S3, Il

MNIST::forward: 6103 us
Prediction Result: 9
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2.3 ESP-DL W41t

ESP-DL 2t &% Z AR E -] APT Q5. FAHERFF ESP-DL JI/EHAWI H A9 20
teqn, ESP-DL [ PAESh ESP-WHO i) 74k, H 5K ESP-DL Jil A £ esp-who/components/ H sk R A] .
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Chapter 3

R

3.1 {0 TVM A8k Bt g i H

AREBINET A TVM FRE R ) 52 B R A -

3.1.1  fEfs

ESP-DL J2i& it ESP AR5 g MTR LA I HERIHE SR . AR TR sE U Il 2%, 1 n] il fi] TensorFlow,
PyTorch S| 255 R YNZRAEAY SR )5 i ESP-DL FREFERLA

N T B AR r O S, BIUER HOT RGE AT T A

* ESP-DL J%: {:4f f# ESP-DL, WF AL, Bk, SaRnhndz .
© ONNX: —Fp ] FFm A I B TR 5
o TVM: i8] R T g iFAE N, & T CPU. GPU RIAS Al Las=~ T InEih -

%% Python {5 {4

PRIFEEER :

Python == 3.7 or 3.8
ONNX ==1.12.0

ONNX Runtime == 1.14.0
ONNX Optimizer == 0.2.6
ONNX Simplifier == 0.4.17
numpy

decorator

attrs

typing-extensions

psutil

scipy

] DA tools/tvm/requirements. txt 3272354 41 5¢ Python 4K £, :

pip install -r requirements.txt
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BEE TVM 43
ZEA] DA tools/tvm/download.sh S F 2 FA1E B4R 111 TVM £ :

’. ./download.sh

|

TVM 58 R3] esp-dl/tvm/python/tvm 1. FHE M5, FEEEHEZ H PYTHONPATH,
f8E TVM FERINE . AT DAFEA s A TA T ain %, WRIPATE ~/ .bashre XIFHEINPA AT,

’export PYTHONPATH="'S$PYTHONPATH: /path-to-esp-dl/esp-dl/tvm/python'

3.1.2 U1 BiOREAL

N TR IR i EREPGHGEAT, R GR b B RS AR E A
UL AL T B APl

1. IIZE)5 54t (post-training quantization) : R C AT RALELAL N E SEEIR . IXRO MR, A
TGRS, EAEA LI 2 — R K .

2. B AbiI%k (quantization-aware training ) : 75 [ 245 Il Zkict A 5 peb AL SR A BT DR R AN ALY . X
FOT BN B, (BRCR AT

ESP-DL w H jif SRR — Ry ik & Joikl sz A G ORG EEBR , 55 B G20 — Aoyt

LR 11 Fefft oy ONNX f Xt
HALEIASL T I IR AL ONNX G247, HAb-F- G I 645 2 ORI TR 2 5E 645l ONNX A% 304 fiE
iz T A,

PA TensorFlow ~-& A6, ZEATAE A H tf2onnx FFl| ZR4T ) TensorFlow FBiAYFE4 i ONNX HiIA4
SRS AT :

model_proto, _ = tf2onnx.convert.from_keras (tf_model, input_signature=spec, .
—opset=13, output_path="mnist_model.onnx™)

B2 VS5 S0 7] 228 xXx_to_onnx ,

LUk 1.2: FALPE
TEFAL BRI AR, RF X float32 MU HEAT— RBHAE, DATE R & ALl 4

python -m onnxruntime.quantization.preprocess ——-input model.onnx --output model_
—opt.onnx

SR -

o input: FEEHIANFEALH float32 WAL LA EKAT .
* output: 5 i H AP )5 float32 ARZL SO AR

P PRALTE AR AT B -

o FFSIEARIERT (Symbolic Shape Inference) @ 3X AN PR 2 Xl i AFNf H 1 K TR IEATHEWT . FF 52
PRIEWT AT DA B A BUAE L mi i K TR, DATESE Lr it A T )5 2L UL AL AR 2

» ONNX Runtime #i%!{f{k. (ONNX Runtime Model Optimization ) : X5 i ONNX Runtime 3 3fF
TR L . ONNX Runtime j&— >R PEBEHERES |28, AT DAEFX R @ Wi AR & TR L, DA
RS HEFE EARCE.. BRI O iE R . WERE . EERAR, DR AT .

* ONNX JEARMEWT (ONNX Shape Inference) : X5 BEARHl ONNX A5 sCBLAUHE T K B TEAR, AT B
?é—ﬂﬁfﬂﬁ@%ﬂ AR, ONNX JEARHE W o] ARS8 o g 5K A BE IR AR TR, 35 Bl R 22 A fe A

EH,
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Lk 1.3: ik
AL T HAEZ WAL P S ) float32 BN Rt A, A —A> int8 LA,

python esp_quantize_onnx.py --input_model model_opt.onnx --output_model model_
—quant.onnx —-calibrate_dataset calib_img.npy

SR :

* input_model: &R AR FARTISCIRA , W N AL EEIE Y float32 A28, DA ONNX 4%3{ (.onnx)
PRAF

* output_model: FFEH LB BT SCIFA, F2 BTSRRI, DL ONNX %5 (.onnx) f4
Ao

* calibrate_dataset: 45 5& H] T BCHE A B8 S B AR A SO 44, 1 0 4 35 R HE KA 19 NumPy %21 Sc
(.npy), JHT AR AL g A AHESE T

tools/tvm/esp_quantize_onnx.py A T — AN TR B AR EIGE (X Sk A B RIS A TR,
PAMCHERAN KB RS R, IR BRI T :

o Qg ABIR G EOE, QU ARG, TN U s e A AR TE R .
TRUER BRI AT NumPy F0d1 e, H & AR R &S . B4 model.onnx [ A K
JINH 132,32, 3], calibe_images.npy £7fi# 4 TlJ2 500 3kAsHE & A%, TEARM [500, 32, 32, 3],

o IBATHRBIHF AR HE : B TR, AUIE S A B L AR R A I B R B A TR . AR s A
RIB AL AL THERT (inference), Az ifif b2 . FEXAS AR F, D MR HE L by 1 245
RN, RGN KENREASE AR B E K &M 8L IE R . g+
EZH, DAMBTE G2y B A et rh e b 2= 558

o EREAEETY: RESE SRS, IR X S S RO R A T A i . XA R SR
P 37 SSEOR EE F  25 e B B R, BT BRI S BEOR R nEIUE . 2B i B A 7
Bk S8, PAEAE G S R v IR i s . iR, AN EAEXAS R s i
&, RS SR EEITERA 2, BERREEREE S % ST .

3.1.3 JpUE2: EHEOY

PR ONNX FEATRE 2 ESP 25 H . HATE ESP32-S3 iz TigHR/a 8 F 3 #F ISA k.
SR E TS A A include/layer. HHZZ ISA f X NEHIEER (ESP32-S3 FEARSE T .
2.1 fERHIA

HE— ok AR, AR B KW 1% 515 21 1) ONNX AR A # A K/ h—3. A8 5 A K/ Al 1 5
Netron T E#&E.

LU 2.2: B WH 4K
i TVM AR —IH , HRBIT4 & i AR

python export_onnx_model.py --target_chip esp32s3 —--model_path model_guant.onnx —-
—img_path input_sample.npy --template_path "esp_dl/tools/tvm/template_project_for_
—model" —--out_path "esp_dl/example"

BRI

o target_chip: HARE 4 FR. ikdr S H ARG RJe esp32s3, Ron A s B9 H ##41xf ESP32-S3
B BT IA .

* model_path: Z8idFALIY) ONNX B AR . T4 HEAS AL i) 58 B BRAR AT SCIE 44

» img_path: i A RBRAYERAE. TR BEH A BRI 52 BEERAR A SCIT 44 o

e template_path: [l T 5 B W OH Ay B M B . BN R R B R OF A
tools/tvm/template_project_for_model,

» out_path: BRI H i A Sisde fi F AR H SR B AR
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tools/tvm/export_onnx_model.py K4k ONNX BBk 2] TVM dr, FH BB 3770 Bl ik, &
3 E P FIAL B G e 29 BGE C ESP G um A AS . HARRAR T :

e T tvm.relay.frontend. from_onnx pREUKE ONNX fAIEE > TVM #yHE] 575 (Relay
IR).

o i ONNX ERA ) NCHW i J5 %4455 ESP-DL B2 445 i) NHWC, £ Y desired_layouts F4lL,
i e BT SR e A E R B 1T = o X BLRFRHBIAL Y “gnn.conv2d” FI “nn.avg_pool2d” F
i JRy i TG . $5400E T TVM () transform AL 52 5.

o HUTEXTERE E ESP it b, WIEEFES. Ma. R

* il TVM ) BYOC (Bring Your Own Codegen) ALl 412k B AL C AURY, A48 SCReR N1
BYOC J& TVM AL, seifH P B @ ARHSAE . BYOC W] RRHSEAY (1) 45 & #4343 A ESP-DL
FIME T, PAGEFE H AR LA m. f#H TVM ) tvm.build B%L, ¥ Relay IR 4i¥h H
B AT A T AT
o R4 BB RGER A () AC RS B B SRR A A Al AR S

304 B3 B
e 3.1 BfrHER
A B TR S new_project G :

— CMakeLists.txt

— components

| F—— esp—-dl

| L— tvm_model

| — CMakeLists.txt
| %—— crt_config
| L— model

F— main

| F— app_main.c

| — input_data.h

| F—— output_data.h
| L— CMakeLists.txt
FA* partitions.csv

F—— sdkconfig.defaults
— sdkconfig.defaults.esp32
— sdkconfig.defaults.esp32s2
— sdkconfig.defaults.esp32s3

Wi -4 4¢3 ESP-IDF (3% % ESP-IDF {MA) 3F45)5, BITiE470H :

idf.py set-target esp32s3
idf.py flash monitor

e 32 Pk

oA OB #E P o 2 AF components/tvm_model/model/codegen/host/src/default_libl.c B [
tvmgen_default_ tvm main__ P E L. WHREERENR T LK H H 255
WIAHAF, nTPAZEDUT A EE.

BRI 88— 28 conv2d BT, MEREUA T HTPLE S| tvmgen_default_esp_main_0 i H T ESP-DL
AL conv2d BB R SLHLEE — ZGEFEAE. IR ARG ] DURIZ 24558, eI A
TR 16 MR

int8_t *out = (int8_t *)sid_4_let;
for (int i=0; i<16; i++)
printf("&d, ", out[i]);

printf ("\n");
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export_onnx_model.py H) debug_onnx_model B TR _HZF TSR, BIEREAF
HI . EIOR AL SE S . IFER LI T, PR debug_onnx_model PR,

debug_onnx_model (args.target_chip, args.model_path, args.img_path)

debug_onnx_model PR H ] “evaluate_onnx_for_esp* pRAALHE Relay i S5 FiTHE b E—8, i
R XA R BAGE TR EL .

mod = evaluate_onnx_for_esp(mod, params)

m = GraphModuleDebug (
lib["debug_create"] ("default", dev),
[dev],
lib.graph_json,
dump_root = os.path.dirname (os.path.abspath (model_path))+"/tvmdbg",
)

i 1k TVM ) GraphModuleDebug f i1 5 [ 19 4 ¥ {5 & # th 3] tvmdbg H T, % ih 1)
tvmdbg_graph_dump. json IX{FHME T PR MR GNFER . BV &H TVM Debugger
SR i SPGB 2 A FR N tvmgen_default_fused_nn_relu, AR/ (1,
32,32, 16], HiHZEAk int8,

tvm_out = tvm.nd.empty((1,32,32,16),dtype="1int8")
m.debug_get_output ("tvmgen_default_fused_nn_relu", tvm_out)
print (tvm_out .numpy () .flatten () [0:16])

I LA (5 BRI VR RX —FZ R, PTARBC— R ST LB Bl 4R — 5L
3.2 TFahiEE

AREGIAZE T WAL 1 T B & RS R T
VERE, ISR EE A A A
o P AL 7T 5 ESP-DL {99 L5 Al (40 TFLite int8 B) , MIJEWE( I ESP-DL 47
=

o FHRATTE—EL WA Z% 808 2 0! RO TS .
e T IIZk A AL (post-training quantization) HHT AT .

321 fEfS

LR 1 BORLER

h T EBERA, AR SR 0 AR e ol ESP-DL & BC B AU AR 2. A AL
KMSHHSN I G — -G AR, WEHHRAFLH T RS (e T 2 & Rsg il

AR 11 Bk ONNX B XEOR B T HAUETIFERAY AL ONNX G517, HAbL-F-GIZ5
PRI TG BT ONNX AR A BB i T A AL,

PA TensorFlow V-4 A5, £Sn] e A i ] f2onnx FF)l| 25419 TensorFlow FEA1 L6 i, ONNX AR,
SEEACAG AN -

model_proto, _ = tf2onnx.convert.from_keras (tf_model, input_signature=spec,.
—opset=13, output_path="mnist_ _model.onnx")

W2 PS5 5L ] 2% xxx_to_onnx

Espressif Systems 13 Release master
Submit Document Feedback



https://tvm.apache.org/docs/arch/debugger.html
https://tvm.apache.org/docs/arch/debugger.html
https://github.com/onnx/onnx
https://github.com/onnx/tensorflow-onnx
https://github.com/espressif/esp-dl/tree/ca99d1c/tools/quantization_tool/examples
https://www.espressif.com/en/company/documents/documentation_feedback?docId=4287&sections=&version=Release master

Chapter 3. #(#%

AR 120 §eifi’ly ESP-DLGGRCER! 447 ONNX BIAY S, RIR] i 4 Ak TR R sg AL .

A /NTY PA tools/quantization_tool/examples/mnist_model_example.onnx £/ tools/quantization_tool/examples/example.py

HBl

IR 1.2.1: BEYESY HBEEDK:

e Python ==3.7

e Numba == 0.53.1

¢ ONNX==1.9.0

¢ ONNX Runtime == 1.7.0
¢ ONNX Optimizer ==0.2.6

TEATPAE I tools/quantization_tool/requirements. txt SEZ73E4H 3¢ Python /K4 :

pip install -r requirements.txt

LU 1.2.2: BORLE B TREHPRMALasnl itk ONNX B 454 :

# Optimize the onnx model
model_path = 'mnist_model_example.onnx'
optimized_model_path = optimize_fp_model (model_path)

U 1.2.3: BOM LRGSR Q)7 Python AR example . py H5EBUEEH

ST R P AR HE AR PTRFIF SR R AT G ESP-DL (B RUEAL . Sh TSI E Ak, 5%
PATTSE B A ESE, iARiESE T DR ISR b 4R 1Y T4 -

# Prepare the calibration dataset
# 'mnist_test_data.pickle': this pickle file stores test images from keras.
—datasets.mnist
with open('mnist_test_data.pickle', 'rb') as f:
(test_images, test_labels) = pickle.load(f)

# Normalize the calibration dataset in the same way as for training
test_images = test_images / 255.0

# Prepare the calibration dataset
calib_dataset = test_images[0:5000:50]

# Calibration
model_proto = onnx.load (optimized_model_path)
print ('Generating the quantization table:')

# Initialize an calibrator to quantize the optimized MNIST model to an intl6 model.
—using per-tensor minmax quantization method

calib = Calibrator('intl6', 'per-tensor', 'minmax')

calib.set_providers (['CPUExecutionProvider'])

# Obtain the quantization parameter
calib.generate_quantization_table (model_proto, calib_dataset, 'mnist_calib.pickle')

# Generate the coefficient files for esp32s3
calib.export_coefficient_to_cpp (model_proto, pickle_file_path, 'esp32s3', '.',
—'mnist_coefficient', True)

B PATT fir AT T 45 e A e A A -

python example.py
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L/F ;ﬁ?ﬂﬁn?ﬂ’ﬁﬁﬂﬁlu, AP TS A A AR 2 i ) AR RO, 2 TR T R SR
P

Generating the quantization table:

Converting coefficient to intl6 per-tensor quantization for esp32s3
Exporting finish, the output files are: ./mnist_coefficient.cpp, ./mnist_
—coefficient.hpp

Quantized model info:

model input name: input, exponent: -15

Reshape layer name: sequential/flatten/Reshape, output_exponent: -15
Gemm layer name: fused_gemm_0, output_exponent: -11

Gemm layer name: fused_gemm_1, output_exponent: -11

Gemm layer name: fused_gemm_2, output_exponent: -9

X T LHAEPHEZL AP NG HEE 10 T B & API <.././tools/quantization-toolkit/quantization-toolkit-api>

322 HFHER
Lk 2: FygBon

348 2.1: W include/layer/d_layer_model.hpp IBIRIIR/: ~AHi% B LIALERY W inl6 BH1L, #
BRI 2 1 46 <intl6_t> R,

class MNIST : public Model<intl6_t>
{
bi

LR 2.2: FIZEWI K B

class MNIST : public Model<intl6_t>
{
private:
// Declare layers as member variables
Reshape<intl6_t> 11;
Conv2D<intl6_t> 12;
Conv2D<intl6_t> 13;

public:

Conv2D<intl6_t> 14; // Make the 14 public, as the 1l4.get_output() will be.
—fetched outside the class.
bi

LR 2.3 w2 RIEAEEE = 10 15 23 B SCHERFT B H BRI ZE . B EIEL S
B RETE tutorial/quantization_tool_example/model/mnist_coeflicient.cpp W, 3REUSE0AY R 53k S04k tuto-
rial/quantization_tool_example/model/mnist_coefficient.hpp.

BN SCERUE 127, ARPESTENFS A H 50 “-117 ) RJZZAFRN “fused_gemm_07, H5H]
H get_fused_gemm_0_filter () SREMEFFRZNE, HH get_fused_gemm_0_bias () REZ
GBREMmZ, W get_fused_gemm_0_activation () FKEGXGRZMIESE. FH, fEHMS
B, WAL RE S MINIST AU S5 40

class MNIST : public Model<intlé6_t>
{

// ellipsis member variables

MNIST() : 11 (Reshape<intle6_t>({1,1,784})),
12 (Conv2D<intl6_t>(-11, get_fused_gemm_0_filter (), get_fused_gemm_0_
—~bias (), get_fused_gemm_0_activation(), PADDING_SAME_END, {}, 1, 1, "11")),
(N oiakzn)
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(£ L£50)

13 (Conv2D<intl6_t>(-11, get_fused_gemm_1_filter (), get_fused_gemm_1_
—bias (), get_fused_gemm_1_activation(), PADDING_SAME_END, {}, 1, 1, "12")),

14 (Conv2D<intl6_t> (-9, get_fused_gemm_ 2_filter(), get_fused_gemm_ 2_
_Dbias (), NULL, PADDING_SAME_END, {}, 1, 1, "13")){}

bi

A RAPIHIIRCAFLE R )Z, iHAE esp-dl/include/layer/ SCA:J& v AR ).hpp S04

bR 2.4: 2B void build(Tensor<input_t> &input) N TEFX /4 #HA build() fil B
build (), Bl X:

o A build () N Model.build();
e Ebuild() 2§ Layer.build().

Model.build () & rA Layer.build (), Model.build () {AE# ATEARZALBI AR, FA
TEREAAEA, W Model . build () REWIHA, MITTTETHEEHE.

A ¥ Model .build () fAIREMN, EEET K 3: ST,
AU —ER Layer.build (), 58 esp-dl/include/layer/ L4435 FpAH N ). hpp S0

class MNIST : public Model<intle_t>
{

// ellipsis member variables

// ellipsis constructor function

void build(Tensor<intl6_t> &input)
{
this->11.build
this->12.build
this->13.build
this->14.build

input) ;

this->11.get_output());
this->12.get_output());
this->13.get_output());

bi

U 2.5: P void call (Tensor<input_t> &input) Model.call() & A Layer.
call (). A XUMTIE M —)ZM Layer.call (), 58 & esp-dl/include/layer/ {43 14 B (1. hpp
S

class MNIST : public Model<intl6_t>
{

// ellipsis member variables
// ellipsis constructor function
// ellipsis build(...)

void call (Tensor<intl6_t> &input)

{
this->11.call (input);
input.free_element ();

this->12.call (this->11.get_output());
this->11.get_output () .free_element ();

this->13.call (this->12.get_output());
this->12.get_output () .free_element ();

this->14.call (this->13.get_output());
this->13.get_output () .free_element ();

Q)
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(& b))
}
bi
LR 3 s Ty
o BIABIRINT S
o ESEA
—%ﬁ%@@ﬁ¢i5@@%Aﬁ¢—ﬁ(ﬁﬁ%@@m IR IREUY, P RE R EEREE R
7N

- g A HUIGRAR 7 2o A AT IR —AL, RO IR 9) 1.2.3: 1A S fodtdn
fith H 5 R input_exponent X IH— {05 977 s EVEATE sl , BCE R ARIFEEL

int input_height = 28;
int input_width = 28;

int input_channel = 1;
int input_exponent = -15;
intl6_t *model_input = (intl6_t *)dl::tool::malloc_aligned_prefer (input_

—height*input_width*input_channel, sizeof (intl6_t *));
for (int i=0 ;i<input_height*input_width*input_channel; i++){

float normalized_input = example_element[i] / 255.0; //normalization
model_input[i] = (intl16_t)DL_CLIP (normalized_input * (1 << —-input_
—exponent), -32768, 32767);
}
— UK

Tensor<intl6_t> input;
input.set_element ((intl6_t *)model_input) .set_exponent (input_exponent) .set_
—shape ({28, 28, 1}).set_auto_free(false);

e izf7 Model. forward () FHfTMHEAMZHEI, Model. forward () BRI :

forward ()
{
if (input_shape is changed)
{
Model.build () ;
}
Model.call();
}

73 : tutorial/quantization_tool_example/main/app_main.cpp 34 H ) MNIST %41 forward () R4

// model forward
MNIST model;
model. forward (input) ;

3.3 FARfE sk s bk

AR T AT TR AR BE0 45 0 A SRSt MBI TR . HOR R OV ATEATHY MNIST 4926
SiH , DA fiFk MNIST.

o QiR C A AL SR T A, A 00 4k ¥ A ESP-DL = /L HLE ANE], TG
i F|§ ESP-DL #4758 (41 TFLite int8 #557Y);
o FARI TR, Jﬂuﬁf@%%iﬁél‘%ﬁﬁ ZMIR 5E RS
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A e 34k G4k (post-training quantization) A 5 13H .
HRUMTERZ, EEE 2 ET K.
ABRE ST FrR

tutorial/

— CMakelLists.txt

F— main

| F—— app_main.cpp

| L— CMakeLists.txt

F— model
F—— mnist_coefficient.cpp (generated in Step 3)
F—— mnist_coefficient.hpp (generated in Step 3)
F— mnist_model.hpp
— npy

12_compress_bias.npy
12_compress_filter.npy
12_depth_filter.npy
13_a_compress_bias.npy
13_a_compress_filter.npy
13_a_depth_filter.npy
13_b_compress_bias.npy
13_b_compress_filter.npy
13_b_depth_filter.npy
13_c_compress_bias.npy
13_c_compress_filter.npy
13_c_depth_filter.npy
13_d_compress_bias.npy
13_d_compress_£filter.npy
13_d_depth_filter.npy
13_e_compress_bias.npy
13_e_compress_filter.npy
13_e_depth_filter.npy
14_compress_bias.npy
14_compress_filter.npy
14_depth_activation.npy
14_depth_filter.npy
15_compress_bias.npy
15_compress_filter.npy
15_depth_activation.npy
15_depth_filter.npy

L— README.md

[TTTTTTTTTITITITTITITTITITITTT

330 GBER 1 PRAFE R B
i ] numpy.save () BREL, FRAF npy #&2CHATIE S R 50

’numpy.save(filer' filename /', arr=coefficient)

M A B — R 2

o WIERS: RfEN '{layer_name}_filter.npy'

o M {RfFN '{layer_name}_bias.npy'

o WL R B 2BUNBOE KRB, W LeakyReLU | PReLU | {317} ' {layer_name}_activation.
npy'

78 : tutorial/convert_tool_example/model/npy/ {432 Hh npy S04 B MNIST 5 H 2%k
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332 JpEE2: RV

W config.json Bt E M58, AF config.json U4 FP L B ZL,
73 : tutorial/convert_tool_example/model/npy/config.json 34 MNIST i H 1B &

3.3.3 BUR3: SEHBIR R

#4 coefficient.npy SCFF config. json & 4 HARAFLE [ —CFJe )5, ] convert.py (1155 convert.py 1% 7]
B ) HERBESN C/IC+H+ {URY

il

AT fir

’python ../convert.py —-i ./model/npy/ -n mnist_coefficient -o ./model/

#R J5 tutorial/convert_tool_example/model 3¢ {4 3¢ W & A= i W A~ L mnist_coefficient.cpp
mnist_coefficient.hpp.

ZJi, WM get_{layer_name}_**=* () RIn]3REUE)ZH RS LSRR “117 poatygss, nIE A
get_11_filter() ,

334 B4 KBy

% 4.1: W\ dl_layer_model.hpp " BERIRIR A — AN Bk

class MNIST : public Model<intlé6_t>
{
bi

W 420 REI2 R B

class MNIST : public Model<intl6_t>
{
private:

Conv2D<intl6_t> 11; // a layer named 11

DepthwiseConv2D<intl16_t> 12_depth; // a layer named 12_depth

Conv2D<intl6_t> 12_compress; // a layer named 12_compress

DepthwiseConv2D<intl6_t> 13_a_depth; // a layer named 13_a_depth

Conv2D<intl16_t> 13_a_compress; // a layer named 13_a_compress

DepthwiseConv2D<intl16_t> 13_b_depth; // a layer named 13_b_depth

Conv2D<intl6_t> 13_b_compress; // a layer named 13_b_compress

DepthwiseConv2D<intl16_t> 13_c_depth; // a layer named 13_c_depth

Conv2D<intl6_t> 13_c_compress; // a layer named 13_c_compress

DepthwiseConv2D<intl16_t> 13_d_depth; // a layer named 13_d_depth

Conv2D<intl16_t> 13_d_compress; // a layer named 13_d_compress

DepthwiseConv2D<intl16_t> 13_e_depth; // a layer named 13_e_depth

Conv2D<intl6_t> 13_e_compress; // a layer named 13_e_compress

Concat2D<intl6_t> 13_concat; // a layer named 13_concat

DepthwiseConv2D<intl16_t> 14_depth; // a layer named 14_depth

Conv2D<intl6_t> 14_compress; // a layer named 14_compress

DepthwiseConv2D<intl16_t> 15_depth; // a layer named 15_depth
public:

Conv2D<intl6_t> 15_compress; // a layer named 15_compress. Make the 15_
—compress public, as the 15_compress.get_output () will be fetched outside the.
—class.
bi
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LUk 4.3 S RBRIG T2

W 3 HARAEA 248 A "mnist_coefficient.hpp" HFHHZHRE, HZRZBVIGHILE.
H XA tE—)2, W5 AF include/layer/ SCIFIEHAH B ) .hpp SC:

class MNIST : public Model<intle_t>
{

// ellipsis member variables

MNIST () : 11(Conv2D<intl6_t> (-2, get_11_filter (), get_11 _bias(), get_11_

—activation (), PADDING_VALID, {}, 2, 2, "11")),

12_depth (DepthwiseConv2D<intl6_t> (-1, get_12_depth_filter (), NULL,.
—get_12_depth_activation (), PADDING_SAME_END, {}, 2, 2, "12_depth")),

12_compress (Conv2D<intl6_t> (-3, get_12_ compress_filter (), get_12_
—compress_bias (), NULL, PADDING_SAME_END, {}, 1, 1, "12_compress")),

13_a_depth (DepthwiseConv2D<intl6_t> (-1, get_13_a_depth_filter(),.
—NULL, get_13_a_depth_activation(), PADDING_VALID, {}, 1, 1, "13_a_depth")),

13_a_compress (Conv2D<intl6_t>(-12, get_13_a_compress_filter (), get_
—13_a_compress_bias (), NULL, PADDING_VALID, {}, 1, 1, "13_a_compress")),

13_b_depth (DepthwiseConv2D<intl6_t> (-2, get_13_b_depth_filter (), .
—NULL, get_13_b_depth_activation(), PADDING_VALID, {}, 1, 1, "13_b_depth")),

13_b_compress (Conv2D<intl6_t>(-12, get_13_b_compress_filter (), get_
—~13_b_compress_bias (), NULL, PADDING_VALID, {}, 1, 1, "13_b_compress")),

13_c_depth (DepthwiseConv2D<intl6_t>(-12, get_13_c_depth_filter (),
—NULL, get_13_c_depth_activation(), PADDING_SAME_END, {}, 1, 1, "13_c_depth")),

13_c_compress (Conv2D<intl6_t>(-12, get_13_c_compress_filter(), get_
—~13_c_compress_bias (), NULL, PADDING_SAME_END, {}, 1, 1, "13_c_compress")),

13_d_depth (DepthwiseConv2D<intl6_t>(-12, get_13_d_depth_filter (),
—NULL, get_13_d_depth_activation(), PADDING_SAME_END, {}, 1, 1, "13_d_depth")),

13_d_compress (Conv2D<intl6_t>(-11, get_13_d_compress_filter (), get_
—~13_d_compress_bias (), NULL, PADDING_SAME_END, {}, 1, 1, "13_d_compress")),

13_e_depth (DepthwiseConv2D<intl6_t>(-11, get_13_e_depth_filter(),—
—NULL, get_13_e_depth_activation(), PADDING_SAME_END, {}, 1, 1, "13_e_depth")),

13_e_compress (Conv2D<intl6_t>(-12, get_13_e_compress_filter (), get_
—~13_e_compress_bias (), NULL, PADDING_SAME_END, {}, 1, 1, "1l3_e_compress")),

13_concat (-1, "13_concat"),

14_depth (DepthwiseConv2D<intl6_t>(-12, get_14_depth_filter (), NULL,.
—~get_14_depth_activation(), PADDING_VALID, {}, 1, 1, "14_depth")),

14_compress (Conv2D<intl16_t>(-11, get_14_compress_filter (), get_14_
—compress_bias (), NULL, PADDING_VALID, {}, 1, 1, "14_compress")),

15_depth (DepthwiseConv2D<intl6_t>(-10, get_15_depth_filter(), NULL,.
,get_15_depth_activation(), PADDING_VALID, {}, 1, 1, "15_depth")),

15_compress (Conv2D<intl6_t> (-9, get_15_compress_filter(), get_15_
—compress_bias (), NULL, PADDING_VALID, {}, 1, 1, "15_compress")) {}

bi

% 4.4: 928 void build (Tensor<input_t> &input)

AT X4 # A build () #1 B build() , EX:

o #A build () j Model.build() ;
e Ebuild() JH Layer.build() .

Model.build () &FAHA Layer.build () . Model.build () {NHEEN ATEARZALITERL . A
TEARBEA A, T Model.build () AW, M &THERH .

H K Model.build () {HIGEIAN], WHERFIRS: SATHA,
A KA A — 2R Layer.build () , A F include/layer/ SC HrAR IV ). hpp SC
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class MNIST : public Model<intl6_t>
{

// ellipsis member variables

// ellipsis constructor function

void build(Tensor<intl6_t> &input)
{
this->11.build (input);
this->12_depth.build(this->11.get_output());
this->12_compress.build(this->12_depth.get_output());
this->13_a_depth.build(this->12_compress.get_output ());
this->13_a_compress.build(this->13_a_depth.get_output());
this->13_b_depth.build(this->12_compress.get_output ())
this->13_b_compress.build(this->13_b_depth.get_output (
this->13_c_depth.build(this->13_b_compress.get_output (
this->13_c_compress.build(this->13_c_depth.get_output (
this->13_d_depth.build(this->13_b_compress.get_output (
this->13_d_compress.build(this—->13_d_depth.get_output (
(
(
t

’

’

))
))
))
)) i
)) i
))
))

this->13_e_depth.build(this->13_d_compress.get_output ;
this->13_e_compress.build(this->13_e_depth.get_output
this->13_concat.build({&this—->13_a_compress.get_outpu

—compress.get_output (), &this->13_e_compress.get_output () });
this->14_depth.build(this->13_concat.get_output());
this->14_compress.build(this->14_depth.get_output());
this->15_depth.build(this->14_compress.get_output());
this->15_compress.build(this->15_depth.get_output());

’

(), sthis—>13_c_

bi

IR 4.5: 9P void call (Tensor<input_t> &input)

Model.call () &M A Layer.call () . A XU HE—)ZH) Layer.call () , A in-
clude/layer/ L4 AR ). .hpp SC4 .

class MNIST : public Model<intl6_t>
{

// ellipsis member variables
// ellipsis constructor function
// ellipsis build(...)

void call (Tensor<intl6_t> &input)

{
this->11.call (input);
input.free_element ();

this->12_depth.call (this->11.get_output());
this->11.get_output () .free_element ();

this->12_compress.call (this->12_depth.get_output());
this->12_depth.get_output () .free_element () ;

this->13_a_depth.call (this->12_compress.get_output());
// this->12_compress.get_output () .free_element () ;

this->13_a_compress.call (this->13_a_depth.get_output());
this->13_a_depth.get_output () .free_element () ;

this->13_b_depth.call (this->12_compress.get_output());
this->12_compress.get_output () .free_element ();

Q)
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(& b))
this->13_b_compress.call (this->13_b_depth.get_output());
this->13_b_depth.get_output () .free_element ();
this->13_c_depth.call (this->13_b_compress.get_output());

// this->13_b_compress.get_output () .free_element ();
this->13_c_compress.call (this->13_c_depth.get_output());
this->13_c_depth.get_output () .free_element ();
this->13_d_depth.call (this->13_b_compress.get_output());
this->13_b_compress.get_output () .free_element () ;
this->13_d_compress.call (this->13_d_depth.get_output());
this->13_d_depth.get_output () .free_element ();
this->13_e_depth.call (this->13_d_compress.get_output());
this->13_d_compress.get_output () .free_element ();
this->13_e_compress.call (this->13_e_depth.get_output());
this->13_e_depth.get_output () .free_element ();
this->13_concat.call ({&this->13_a_compress.get_output (), &this->13_c_
—compress.get_output (), &this->13_e_compress.get_output ()}, true);
this->14_depth.call (this—->13_concat.get_output());
this->13_concat.get_output () .free_element ();
this->14_compress.call (this->14_depth.get_output());
this->14_depth.get_output () .free_element ();
this->15_depth.call (this->14_compress.get_output());
this->14_compress.get_output () .free_element ();
this->15_compress.call (this->15_depth.get_output());
this->15_depth.get_output () .free_element ();
3
bi
335 DUES: jafriid
. QEERBIR G
e izfT Model . forward () HFTHAEMLEIEI ., Model . forward () AISFRMIT:
forward ()
{
if (input_shape is changed)
{
Model .build() ;
}
Model.call();
3
73 : tutorial/convert_tool_example/main/app_main.cpp (A4 H ) MNIST XF 441 forward () K%L
// model forward
MNIST model;
model. forward (input) ;
Espressif Systems 22 Release master

Submit Document Feedback



https://github.com/espressif/esp-dl/blob/ca99d1c/tutorial/convert_tool_example/main/app_main.cpp
https://www.espressif.com/en/company/documents/documentation_feedback?docId=4287&sections=&version=Release master

Chapter 3. #(#%

34 whZ2b5%

Conv2D. DepthwiseConv2D % ESP-DL sZ B /2 i include/layer/dl_layer_base.hpp A7 f{ 5Ll )2 Layer R4
M. Layer 8 A — A&, BIZFR name. WIAEA M| name, W RAADARE il Layer JEIRA: 2
EA TR —2, FRAOTHERRIRA .

ARG PRBIA T IBET, AUES% . T AEtTHR B, 2% include/layer U sk 0, Hr
fF5 Conv2D, DepthwiseConv2D, Concat2D &,

HI TR AR A KA, W95 BBk &, VIR IR N ZE .
Mg E = !

341 pug1: M\ Layer JRjr‘t)2

M Layer ZRA: A= ORGP ar# 0 MyLayer), FARSEEORE OSSR 3 ok BRI B 40
NERCHIIR A B 2R 3 B 4

class MyLayer : public Layer
{
private:
/* private member variables */
public:
/* public member variables */
Tensor<intl6_t> output; /*<! output of this layer */

MyLayer (/* arguments */) : Layer (name)
{
// initialize anything frozen

}

~MyLayer ()
{
// destroy
}
bi

342 ZBUE2: 2Pl build()

HE—E2A AR — . build () BAAWREN:

o S EIR:
AR i AR E , AR RRORARI 0. Hn, Conv2D [y i AR AR, 1
AR SRR K, (Ha AR TRES AR . — HARATARECEE i Hh IR A A R 2k
AFo build () BYEE—MERRARSE i AT B AR .

o B A B
Conv2D, DepthwiseConv2D 25 “AEEAZH, f ASKETREFG SR TS, IR A% IR —HE, f AJH
s ATERYE , AR RBOLIRENT. i, Conv2D JZiH ASEEd ATEAR . 1 iE&IE
i@_ﬁﬁfﬁﬁ\ PERAHFERBPE . build () KIS AE AR AR FHE T A SK B B AR B A

build () AMURTLALEPEM o DA A B0 S 9 vl th build() S8

class MylLayer : public Layer
{
// ellipsis member variables
// ellipsis constructor and destructor

Q)
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void build(Tensor<intl6_t> &input)
{

/* get output_shape according to input shape and other configuration */
this—>output.set_shape (output_shape); // update output_shape

/* get padding according to input shape and other configuration */
input.set_padding (this->padding) ;

bi

343 2BUE3: SEH call()

TE call () HPSLP 2R, EHE:

e JE include/typedef/dl_variable.hpp H1, Tensor.apply_element (). Tensor.
malloc_element () 3 °  Tensor.calloc_element () ¥ A] N output.element 4 At
{23 ] 5

k2 AR SRR, R % AR i #9°8 include/typedef/d]_variable.hpp.

class MylLayer : public Layer
{

// ellipsis member variables
// ellipsis constructor and destructor
// ellipsis build(...)

Tensor<feature_t> &call (Tensor<intlé6_t> &input, /* other arguments */)
{
this->output.calloc_element (); // calloc memory for output.element
/* implement operation */

return this->output;

bi
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TH

41 T HA

411 s T HAY

BT AARESH DR, (U REE T TR . i T R A LAJT IR ALBERAR S ONNX 277
BT HA AR =A S T A

. AL, AT
- WO B, TG, REEEI%
B, TR R T A

IR T HA LR . APL N GESHE T A6 APL .
EH AR TRAET, SORPBAHEACN ONNX A, MXFRIES % TR .

EAEss
TR EIAL S optimizer.py WTVAEROBRZ R0, ARRIRLES A . BB EE & 2507 SR AU ERE . 1%
DUt T ONNX ikt i) JLfbfli® (pass), DAMFRATHSME IR i .

ERALHIT R R R AR EL, JCHE W & IT—4k (batch normalization) FYRLE . [ FATTHERE (TE
S AHE S AIPERL B 2 1, SEM LA DL, E5nT DA Netron £ A2 E5HY

Python API 7534

// load your ONNX model from given path
model_proto = onnx.load('mnsit.onnx')

// fuse batch normalization layers and convolution layers, and fuse biases and.
—convolution layers

model_proto = onnxoptimizer.optimize (model_proto, ['fuse_bn_into_conv', 'fuse_add_
—bias_into_conv'])

// set input batch size as dynamic
optimized_model = convert_model_batch_to_dynamic (model_proto)

Q)
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(£ L£50)

// save optimized model to given path
optimized_model_path = 'mnist_optimized.onnx'
onnx.save (new_model, optimized_model_path)

BeHiEds
RS A AR R, (2 AP ORI A AT HE B 2K A KA HE SR SCRF R RIS, A
B2 AT,
R~ 32 (P L (FP32) BBy — A~ 8 A1REAK (int®) = 16 (74K (int16) A2, TAERARLNT -
o g% FP32 54
o HERRMER AR
s MLEEA
« REESEL

FP32 BiRl  fEfH) FP32 BIALAZ 5 ESP-DL PEIE L. R A P rp R SCRp A, RLTERS AN
SEFFH A A

B E R L AR SR R e, ol S Al 1] check_model 52t .

By AR 22— — LSS R . A RV — A R ST ER AT IR R, S PRIE R AR RE,
i A 3 P e R R O AR LU — 1

BRI e Y R BB AR X B AR R E 2., — MR RUE R AR Y B AR ]2l
AR EHERRSE , OB R S8R AL S HO B L R fE

ARG RHERS SZHY int8 Al int16 Hfk. int8 Fl int16 4% H FECE U :
int8:

e granularity: ‘per-tensor’. °‘per-channel’
e calibration_method: ‘entropy’. ‘minmax’

intl6:

e granularity: ‘per-tensor’
¢ calibration_method: ‘minmax’

LB S eASE Bk, ESP-DL A 8 {iuk 16 f AL PATT AT PR 7 s

real_value = int_value * 2”%exponent

A 27exponent R,

IRl AR @A TR B AL R, X R A - e B, RZEFITE KA -
At oka, hE)E (BOEERE) B AR
Python API 734

// load your ONNX model from given path
model_proto = onnx.load(optimized_model_path)

// initialize an calibrator to quantize the optimized MNIST model to an int8 model.
—per channel using entropy method

calib = Calibrator ('int8', 'per-channel', 'entropy')
(FoTgker)
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// set ONNX Runtime execution provider to CPU
calib.set_providers (['CPUExecutionProvider'])

// use calib_dataset as the calibration dataset, and save quantization parameters.
—to the pickle file

pickle_file_path = 'mnist_calib.pickle'

calib.generate_quantization_table (model_proto, calib_dataset, pickle_file_path)

// export to quantized coefficient to cpp/hpp file for deploying on ESP SoCs

calib.export_coefficient_to_cpp (model_proto, pickle_file_path, 'esp32s3', '.',
—'mnist_coefficient', True)
VAL

A TREURES R i AR 28, T IITAL RAL SRR M B
WRB A A SR BT, BOESR AT AR R G

AR AL SR R PERE TCIA I A 7oK, AT [ LB I 2

Python API 734

// initialize an evaluator to generate an MNIST using int8 per-channel.
—quantization model running on ESP32-S3 SoC
eva = Evaluator ('int8', 'per-channel', 'esp32s3')

// use quantization parameters in the pickle file to generate the int8 model
eva.generate_quantized_model (model_proto, pickle_file_path)

// return results in floating-point values

outputs = eva.evaluate_quantized_model (test_images, to_float = True)
res = np.argmax (outputs[0])
ZN ]

AL, PPAG MNIST B 52 8RR B, 15 2% example.py .

- TensorFlow MNIST #5764k ONNX AR LS /R, 355% mnist_tf.py .
#f MXNet MNIST A1 4528 ONNX #2841 76, #27% mnist_mxnet.py .
*f PyTorch MNIST #8446 58 ONNX A1) A% <191, 4275 mnist_pytorch.py .

AT AR B RS A AL ONNX A5,

 TensorFlow, Keras fil TFLite 345 ONNX: tf2onnx
« MXNet #£3% ONNX: MXNet-ONNX
» PyTorch #4f>5) ONNX: torch.onnx

FRAEEER

e Python ==3.7

e Numba == 0.53.1

* ONNX==1.9.0

e ONNX Runtime == 1.7.0
* ONNX Optimizer ==0.2.6

Hasn] DA ] requirement. txt 362225 4H 3¢ Python 484, :
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pip install -r requirement.txt

4.1.2 HALHLE

IR A R B i R o KRB AR AT DA I /S, [ A1 CPU IR (4 ek 5 4
B, IR SRR

W ESP32-S3 58y, ARAi#AS[HAHXT AR, 7E 240 MHz (Y15 0L R 403 fin 32 72 58 (MACs) (ks 75 12
Wo TERRFERIE L3 F AL JE P BB R . ST AR A 2 e A & BRI7 Ria, Bk
fR¥Econvert.py 4% ) 5LAA B A BB E R AR

€% iaid

B2 v Y I A R R A 8 (7 16 AR, Il Bt 0 - ke AR, (i 22 A0 R A - 28 h
W, WHRE (BOR ) B AR

8 el 16 A ALl DA R 2 e DR i s fE

real\_value = int\_value * 27{\ exponent}

A BE 8 i bl int_value fFE—A int8 14 £75 %%, HGHEZ [-128, 127]. 16 i &Eibmy
int_value f0FE—A> intl6 B)H £S5k, HiLE 2 [-32768, 32767].

Ng P BAL S BB A @R, AR B (22), PIRT AT K528 0 5 LA A 5 )
1B SN TE]

B dskit (XAL)E) Aer i B se Bk A — R EL, K A B0 B A B £ I i A
BprgAl.

el AR R G B X Y AN (] R R

SRR RACTEL, e Rl N T AR ORI S S, H S HREIN A AT =
T A& R E SEAULEN A BT R AERA AR, I T E R A AL

16 (r AL NI OR B IRAIE RO, H ORISRk B . 8 LB SR sk ANl E A e, AT
eV RERE R Z [ 3T e

AL TR
DA 2 APT f bl 35K :
Add2D
Input O:
data_type : int8 / intl6
range : [-128, 1271 / [-32768, 32767]
granularity: per-tensor
Input 1:
data_type : int8 / intl6
range : [-128, 1271 / [-32768, 32767]
granularity: per-tensor
Output O:
data_type : int8 / intl6
range : [-128, 1271 / [-32768, 32767]
granularity: per-tensor
(N oiakzn)
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(22 B30
AvgPool2D
Input O:
data_type int8 / int1lé6
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
Output O:
data_type int8 / intlé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
Concat
Input
data_type int8 / intlé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
Output O:
data_type int8 / intlé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
restriction: Inputs and output must have the same exponent
Conv2D
Input O:
data_type int8 / int1é6
range [-128, 127] / [-32768, 32767]
granularity: per-tensor
Input 1 (Weight):
data_type int8 / intlé
range [-127, 1271 / [-32767, 32767]
granularity: {per-channel / per-tensor for int8} / {per-tensor for intl6}
Input 2 (Bias):
data_type int8 / intleé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
restriction: exponent = output_exponent
Output O:
data_type int8 / intlé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
DepthwiseConv2D
Input O:
data_type int8 / intl6
range [-128, 127] / [-32768, 32767]
granularity: per-tensor
Input 1 (Weight):
data_type int8 / intleé
range [-127, 1271 / [-32767, 32767]
granularity: {per-channel / per-tensor for int8} / {per-tensor for intl6}
Input 2 (Bias):
data_type int8 / intle6
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
restriction: exponent = output_exponent
Output O:
data_type int8 / intleé
range [-128, 127] / [-32768, 32767]
granularity: per-tensor
ExpandDims
Q)
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Input O:
data_type
range
granularity:

Output O:
data_type
range
granularity:

restriction:

Flatten

Input O:
data_type
range
granularity:

Output O:
data_type
range
granularity:

restriction:

FullyConnected

Input O:
data_type
range
granularity:

Input 1
data_type
range
granularity:

Input 2
data_type
range

—tensor} / {[-32768,

granularity:
restriction:
— exponent =

(Bias) :

int8 / intl6

[-128, 127] / [-32768, 32767]
per-tensor

int8 / intlé

[-128, 1271 / [-32768, 32767]

per—-tensor

Input and output must have the same exponent

int8 / intile6

[-128, 1271 / [-32768, 32767]
per—-tensor

int8 / intlé

[-128, 127] / [-32768, 32767]

per-tensor

Input and output must have the same exponent

int8 / intlé6

(Weight) :

[-128, 127] / [-32768, 32767]
per—-tensor

int8 / int1é6

[-127, 127] / [-32767, 32767]

{per—-channel / per-tensor for int8} / {per-tensor for intlé6}

int8 / intlé

{[-32768, 32767] for int8 per-channel /
32767] for intl6}

{per-channel / per-tensor for int8} / {per-tensor for intl6}
{exponent = input_exponent + weight_exponent + 4 for per-channel /

[-128, 127] for int8 per-

output_exponent for per-tensor}

Output O:
data_type int8 / intleé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
GlobalAveragePool2D
Input O:
data_type int8 / intleé
range [-128, 127] / [-32768, 32767]
granularity: per-tensor
Output O:
data_type int8 / intle6
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
GlobalMaxPool2D
Input O:
data_type int8 / intlé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
Output O:
data_type int8 / intlé
range [-128, 127] / [-32768, 32767]
granularity: per-tensor
Q)
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(22 B30
restriction: Input and output must have the same exponent
LeakyReLU
Input O:
data_type int8 / intlé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
Input 1 (Alpha):
data_type int8 / intleé
range [-128, 1271 / [-32768, 32767]
Output O:
data_type int8 / intlé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
restriction: Input and output must have the same exponent
Max2D
Input O:
data_type int8 / int1lé6
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
Output O:
data_type int8 / intlé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
restriction: Input and output must have the same exponent
MaxPool2D
Input O:
data_type int8 / intlé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
Output O:
data_type int8 / int1é6
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
restriction: Input and output must have the same exponent
Min2D
Input O:
data_type int8 / intlé
range [-128, 127] / [-32768, 32767]
granularity: per-tensor
Output O:
data_type int8 / intleé
range [-128, 127] / [-32768, 32767]
granularity: per-tensor
restriction: Input and output must have the same exponent
Mul2D
Input O:
data_type int8 / intle6
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
Input 1:
data_type int8 / intlé
range [-128, 127] / [-32768, 32767]
granularity: per-tensor
Output O:
data_type int8 / intlé
range [-128, 127] / [-32768, 32767]
Q)
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(22 B30
granularity: per-tensor
PReLU
Input O:
data_type int8 / intlé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
Input 1 (Alpha):
data_type int8 / intleé
range [-128, 1271 / [-32768, 32767]
Output O:
data_type int8 / intlé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
restriction: Input and output must have the same exponent
RelLU
Input O:
data_type int8 / int1lé6
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
Output O:
data_type int8 / intlé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
restriction: Input and output must have the same exponent
Reshape
Input O:
data_type int8 / intlé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
Output O:
data_type int8 / int1é6
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
restriction: Input and output must have the same exponent
Squeeze
Input O:
data_type int8 / intlé
range [-128, 127] / [-32768, 32767]
granularity: per-tensor
Output O:
data_type int8 / intleé
range [-128, 127] / [-32768, 32767]
granularity: per-tensor
restriction: Input and output must have the same exponent
Sub2D
Input O:
data_type int8 / intle6
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor
Input 1:
data_type int8 / intlé
range [-128, 127] / [-32768, 32767]
granularity: per-tensor
Output O:
data_type int8 / intlé
range [-128, 127] / [-32768, 32767]
Q)
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granularity: per-tensor
Transpose

Input O:
data_type int8 / intlé
range [-128, 1271 / [-32768, 32767]
granularity: per-tensor

Output O:
data_type int8 / intleé
range [-128, 127] / [-32768, 32767]
granularity: per-tensor

restriction: Input and output must have the same exponent

4.1.3 LT HAL API

Lkl

Calibrator (quantization_bit, granularity='per-tensor', calib_method='minmax")

%5

¢ quantization_bit (string):
- ‘int8” LKA 8 EEEAL.
- ‘intl6’ A 16 AR L.
e granularity (string):
— # granularity = ‘per-tensor’ (ERIN), JHEAGKE A — L

— # granularity = ‘per-channel’ , WA 2 )R EEAA —MEEL

* calib_method (string):

— %7 calib_method = ‘minmax’ (ERIA), WIBIEAS A BHELCE AT 24 th ) f ME A ROR(H

— # calib_method = ‘entropy’, NH{EMH KL §UE.

check_model 753

Calibrator.check_model (model_proto)

o A B SE L -
%5

* model_proto (ModelProto): —> FP32 ONNX &7l
RIFHE
o -1 BRAURIERL.

set_method Jj{J:

Calibrator.set_method(granularity, calib_method)

AL
9%

e granularity (string):
— # granularity = ‘per-tensor’, NEASEKE HA— 5%,
- # granularity = ‘per-channel” , T4 FZ A HIEENE — R
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* calib_method (string):
— 7 calib_method = ‘minmax’, W E{FE A5 AL A4 2 8 Hh ) dme/ IMECRTEROR AL
— # calib_method = ‘entropy’, W|EJ{ESH KL §UZ.

set_providers J5 i}

Calibrator.set_providers (providers)

fi & ONNX Runtime HJizf I EEFRMALTT .
95

« providers (list of strings): %3 PIIEFTHEERRAL ), 40 CPUExecutionProvider’, ¢ CUDAExecution-

Provider’ .,

generate_quantization_table J51}:

Calibrator.generate_guantization_table (model_proto, calib_dataset, pickle_file_

A AR
%5

* model_proto (ModelProto): —> FP32 ONNX &7l
* calib_dataset (ndarray): F T8 BEAIRMERHRE . BIREBOC, EREARIEEBHS .
» pickle_file_path (string): {7fit &AL S EH pickle SCIF#E4E.

export_coefficient_to_cpp J5 i}

Calibrator.export_coefficient_to_cpp (model_proto, pickle_file_path, target_chip, .
—output_path, file_name, print_model_info=False)

T A B S RO A 2 R BOA I T R A T L
Arguments

» model_proto (ModelProto): —~ FP32 ONNX %!,
* pickle_file_path (smring): f7fiti & L. S 41 pickle SCIFFE1E
« target_chip (string): HEI X ‘esp32’. ‘esp32s2’. ‘esp32c¢3’. ‘esp32s3’.
* output_path (string): {7fiftfi t SCIFRBRAE .
« file_name (string): % i U A FR
¢ print_model_info_(bool)_:
— False (default): AT EME]{E ..
— True: ¥TEIEBYAAH AB E o

ARGFAES
it

Evaluator (quantization_bit, granularity, target_chip)

%5

e quantization_bit (string):

- int8 R4 8 (R

- ‘intl6’ R4 16 (R EAL.
¢ granularity (string):

— # granularity = ‘per-tensor’, NEATKE HE—MNEHL

- % granularity = ‘per-channel’ , S ER)Z 1A EEAA — 4L
« target_chip (string): BRIAE ‘esp32s3’,
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check_model 753

Evaluator.check_model (model_proto)

T AR )3
%5
« model_proto (ModelProto): —> FP32 ONNX &7l

Return

o -1 BIAUATEIL

set_target_chip 751

Evaluator.set_target_chip (target_chip)

e ERLE B .
%5
« target_chip (string): HEIY S ‘esp32s37.

set_providers Jj 1)

Evaluator.set_providers (providers)

fii # ONNX Runtime iz TER5EHEHE T
5

o providers (list of strings): %3 P FTHERHE )y, 0 ‘ CPUExecutionProvider’, ¢ CUDAExecution-

Provider’ .

generate_quantized_model Jji)

Evaluator.generate_qgquantized_model (model_proto, pickle_file_path)

A AR S R
%5
» model_proto (ModelProto): —> FP32 ONNX &7l
« pickle_file_path (string): 17-fiff FP32 ONXX {57 i B4k 2501 pickle U4 B642 . 1% pickle L4

JFA S AT B B A S AR Y R R S A

evaluate_quantized_model J5}:

Evaluator.evaluate_quantized_model (batch_fp_input, to_float=False)

BB .
%5
* batch_fp_input (ndarray): ftE3F 55 A
¢ to_float (bool):
— False (BRIN): EHIEREIHH .
— True: fi AT S E.

B
outputs #{ output_names ZH i TG :

« outputs (list of ndarray): EAEEIRHH .
« output_names (list of strings): &R .
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42 FmITH

4.2.1 convert.py {i } e

tools/convert_tool/convert.py A npy U AT S R B R AL C/C++ UHY, 7 F].cpp Fil.hpp SC4:H
AR AR R R TCR T, AT .

convert.py Hi#& config.json SCIAFZEAT. % UL B E X A KA config.json file 3L,
2% config. json B HHLE, .

V&, convert.py F4F Python 3.7 B{ B 5 iR A s 47

51T convert.py By G AR L2

x5 [E
-t | —target_chip esp32 | esp32s2 lesp32s3 | esp32c3

-i | -input_root npy LT json SCEFFRAEH &
-j 1 —json_file_name | json {44 (BRi\: config.json)

-n | —-name g B U4

-0 | —output_root B SO e H

-q | —quant AR R OCERIA) U342 51k, 1| SR HGEIE =1k
il
ik :

« convert.py [FEXT 124 Jeonvert.py

« HERt o esp32s3

* npy 3C{4F config.json 3 {4-FF /my_input_directory [ 5%
o S04 45 4 my_coefficient

o W SCEESAERAE Jmy_output_directory H 3

BTN i d:

python ./convert.py -t esp32s3 -1 ./my_input_directory -n my_coefficient -o ./my_
—output_directory

Z i B A i my_coefficient.cpp Ml my_coefficient.hpp X 4, f W #E ./
my_output_directory HEH.

4.2.2 config.json fit ¥ MG

config.json AT HRIF coefficient . npy U A KA R LELE
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Fic ¥4

config.json FHE—IINER—ZMIE. AR AHB:

{

"11": {"/* the configuration of layer 11 */"},
"12": {"/* the configuration of layer 12 */"},
"13": {"/* the configuration of layer 13 */"},

}

BRI (key) J2 JA . Fefe TH

convert .py MRIEE LRI

.npy XfF. E, E4N 117,

e TR AR “1_filter.npy” SCHFHEER 11 (19888 R4, config.json iy )2 #idi Hl.npy SCIEHbi

AR
T (e JAMECE . HIHSE 1 hI 2 E LS
1R ERESS
7 £ &
operation string . “convad”
e ‘“depthwise_conv2d”
e “fully_connected”
feature_type string . 516”7 [RE 16 FIESEEL, element width % 16
o “s8" fUFE 8 fEE =4k, element_width 28 8
“filter_exponent” | integer .
o FIHE, N ESSRIE AR EAL: value_float = value_int * 2/
8
Fozs B2 N 38 % oh log2(max(abs(value_float)) /
2"(e1ement_w1dth - 1), WdEssaREA=E{: value_float
= value_int * 2" 8%
“bias” string .
o “True” RIS ZE
*  “False” Fl7z5 BACFAH HmZE
“output_exponent” | integer
B w2 iR A R4k value_float = value_int * 27 3535,
HHi,” output_exponent” {UTEFEINZE BRI AR 20l 42
iﬂﬁﬁf WAHREBE” output_exponent” . AR E R A i 22 BUE
JHFiE Bl ,” output_exponent” W 4SHE,
“input_exponent” | integer
2 fuf P 4% T A, 2 I TR R S i AR DR A8 i T B A
Ko
WA (i 22 RHA R AL “input_exponent” FI T4 22 4L 4
T 2 WA 25 0 4% )2 84,7 input_exponent” W% E,
“activation” dict

s HIHE, ELFK2
A, AN s R AR

VHRBC RACRREUHTRIO R S RESE AR AR, IF TS e

2 RHSHESS,
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2R PR E S

# KA =
LLt 9 t .
ype S rlng ° LéReLU’7

« “LeakyReLU”
¢ “PRelLU”

“exponent” integer

P . o PG, NG R BRYE AR value_float = value_int * 27 $5%k
o FaSE, MIFEHCH log2(max(abs(value_float)) / 2”(element_width - 1))
il

B — R

1. i1 int16 $2 )2 i fk:

e 244 “mylayer”

 operation: Conv2D(input, filter) + bias
* output_exponent: -10

« feature_type: s16, B[ 16 (73 %&E1k
WG ERAZEAL: PReLU

config.json [ B :

{
"mylayer": {
"operation": "conv2d",
"feature_type": "slo6",
"bias": "True",
"output_exponent": -10,
"activation": {
"type": "PReLU"
}

“filter_exponent” F “activation” ff] “exponent” %5, WAL “output_exponent” FTFH44k,
1%JZ 1) bias

2. i H] int8 $)2 HH4k:

o E4: “mylayer”

* operation: Conv2D(input, filter) + bias

* output_exponent: -7, %A FZ LR HIFEEL
o feature_type: s8

o WG RACERAY: PReLU

config.json [ E1F :

{
"mylayer": {
"operation": "conv2d",
"feature_type": "s8",
"bias": "True",
"output_exponent": -7,
"activation": {

(P oTgkzk)
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(£ L£50)

"type": "PReLU"

WM “output_exponent” JI LAY bias

3. fi 1 int8 f2 il i Ak

e 24 “mylayer”

* operation: Conv2D(input, filter) + bias

* input_exponent: -7, ZHE 2 ARITEEL
o feature_type: s8

* WOERERAL: PReLU

config.json [V G :

{
"mylayer": {
"operation": "conv2d",
"feature_type": "s8",
"bias": "True",
"input_exponent": -7,
"activation": {
"type": "PReLU"
}

}

WAL “input_exponent” FiFHEALELIZ Y bias
Fft, mylayer filter.npy. mylayer_bias.npy flmylayer_activation.npy FEEAHF.

43 KEHTH

ESP-DL 2 A & SMEEKEN Y 2, TEA G RZUPERY =Bl Il 1) T B R EDRFR B Fr 184745
BB RRTEZ P, Rl 4 MR TS ESP-DL, FRAJ4RME T AR TR T B A 4 A B .

431 PN T H convert_to_u8.py

A TR AR e B il C/C+ AR . e BB

S8 ESTHEE
-i | -input | string | iy A KRR E
-0 | —output | string | % tH SCHFRT S

7N
ik,
o HE X E %2k my_album/my_image.png
o W SO E N ARG I I H S e esp-dl/examples/human_face_detect/main H

o,

Espressif Systems 39 Release master
Submit Document Feedback



https://github.com/espressif/esp-dl/tree/ca99d1c/examples
https://www.espressif.com/en/company/documents/documentation_feedback?docId=4287&sections=&version=Release master

Chapter 4. T E.

python convert_to_u8.py -i my_album/my_image.png —-o ESP-DL/examples/human_face_
—detect/main/image.hpp

Py S SRV st AW E DS (N IhP 0 I o | SRV A E

432 @1 H display_image.py
R TRAER 5 B il TR I A HER . FCE DR T -

28 e &
-i | -image string g AR
-b | -box string

KIS (xL, y1, x2,y2), Hor (x1, y1) FR e 2 EAARER, (2, y2)
FORER AT A ARAR
ZE REHIE

-k | —key- | string

points N . - .
AR (xL, yL, X2, y2, -, xn, yn), HAPEERT (X, y) B
E R R

il

R,

o E F %4 A my_album/my_image.jpg
o HEMIZE AR (137,75)

« REMH N AR (246, 215)

o M1 ARFR: (157, 131)

o L2 HMRR: (158, 177)

« 253 ARRR: (170, 163)

R

python display_image.py -i my_album/my_image.jpg -b " (137, 75, 246, 215)" -k " (157,
— 131, 158, 177, 170, 163)"

R PAEAUE R, ARG,

Do RHEGHESS.

Espressif Systems 40 Release master
Submit Document Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=4287&sections=&version=Release master

Chapter 5

5.1 JeR R R

52 ANKKEIGE R

SoC Latency
ESP32 149,765 us
ESP32-S2 | 416,590 us
ESP32-S3 | 18,909 us

SoC TWO_STAGE =1 | TWO_STAGE =0
ESP32 415,246 us 154,687 us
ESP32-S2 | 1,052,363 us 309,159 us
ESP32-S3 | 56,303 us 16,614 us
53 AKHRINEER
SoC 8-bit 16-bit
ESP32 13,301 ms | 5,041 ms
ESP32-S3 | 287 ms 554 ms

41
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LA

gk SRR R ) S 4Rz A . W, RET DA
04, FR M
148, FoR Ay
24, TR A

o MECAARRAY 2 4EEEH
HEROREEAYE BE R/ N ED R 5K TEAR . ESP-DL i 2 ZE R 45t @ ik it . — AN 2T S AR
3y k.
AR, R0 AR K R = SR YRS I, R (R, SERE, JEE]
M HE Y -
BRBCK BRI ARE [5, 3,41, WSKEHRICRY AN HES -
N
hej. . i | 8
__]:Z

_______

Viewer does n W@#‘%m—h—
K 1: 3D K&
RIS MRS R gk SIKECRIE], GBS MMZERIBOERETCTR . X2 TR WINT R R T

(1), TR A R
WEZMY, B]2% include/typedef/dl_constant.hpp 5§ API 3C£Y,
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