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1 FafrdEa

NTEGE (AD FUAZGARDE R — N F Nk, s 7RG . Tk, &
BRI N2 IR . 5 R I Edge Vision SoC HEZE{# A RISC-V SoC ¥ 1%
AR AH B4 A 00 7 sURSEE, B8 T4 e RN UK Thae . A4 s 25 5%
B AN BRI S . AEAEAN 1/0 Ao O . AR A AR HIZ ., H Edge
Vision SoC HEZE LN T o

TEUCHESL P, 5 R IR RN Rk 2 TR PR 4L T o se it Bl ansissiit
HL AT L) 2HAGHEEZE. KA LLE A Edge Vision
SoC HEHEYR'S C/C++A\A5, MIEAFFIMER LSS AR, B Rt L5
S B SR HELE

Main Memory

A
FPGA ‘ Memmory Interface ‘

A
‘ - ave
~1_Module

[
< } FIFO M Pre-Processor I

Video Source

‘ 30RLBIU| 0PIA ‘

DMA » FIFO H Post-Processor | > Video Sink
RISC-V SoC Controller |
P ave

-—> o Module
Software
Compute
and Control

Slave Hardware FIFO =
System  [*™ Module [ Accelerator
Interconnect FIFO
\/

A e E R T A {E A P Edge Vision SoC HE 2R & 1 /- 1 51t
XL UL B T AHEZE R A, e ) e AR A A 2 P AR A /A P R A B s . B
A, RIS RIS T e ] FPGA BEAE, & ud, f&n] Lt B
2 RISC-V AbF 2% A (1 [ 244K J5 F AN [F] R InTE 1) g

2 WITHER
WA, &% 5 R E Titanium Ti60 F225 JF & M %11 1) B AS 5 kb P S2 A

WIHHER W T o AR ZAKEE 5 R B Edge Vision SoC HEZE, FEAR 1T
R INT TingML Accelerator, =2 F T XA AR B AL IR 9% .

B
=)
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‘ HyperRAM Memory ‘

A
16

Ti60 FPGA ‘ HyperRAM Interface ‘
|
y
‘ HyperRAM Controller ‘
[)
AXT Tnterconnect &
Interface Converter
o] APB3 1
Slave v
128
128 X
Ly |64 || FIFO |¢{ Pre-Processor |« controller MIPI
L
64 FIFO [»{ Post-Processor X ini-
oma  F—r{FIFO b P  wainiosi
] RISC-V SoC Controller E‘
TiyML | a7 Lslae | [z}
Accelerator —
TFlite
Library
AXI4 Hardware | LFIFO =
System  [**™ Slave [+ Accelerator Ny
Interconnect LFIFO ]
\

AR HE H Raspberry Pi V2 AHHUEAE AR 15 AR, SR 5 B AL
R MIPI 42 FAEH 2] CSI-2 Prisdsiilds B . I FUAL BRI (Pre-Processor)
AIHRAE RISC-V AbEE L8 I FEC BT AR IR . 7 FER . BEREE AR B AR
FEAG M AP . f s FR AL B S R 420 DMA 76 B4R Hyper RAM
B,

MAERIE T A, it DMA MM Hyper RAM B2 AR ATE 4 15 N B 5
Wb PR (Post-Processor) MHIZEAF FIFO B, JLA f5 AL BRAEAR 4 RISC-V AL EEZS
HIHC BT 20 AR AT 5 H 73 9 2 it 28 11 1 B2 AL 3 DL T BB 5 7 Mini-DSI IR
IR IR, AR A FRAZ BRI O CSI-2 PSR EI A P A A A, &
I MIPL A A& Ry 21 A0 1) s B s b

FEARE T, Hardware Accelerator 1 TinyML Accelerator #f5A2 SE EL N SE [
AN IhRERIEL, o Hardware Accelerator = SN AR ATER 48 R A% =UAL 2R, 431
A DLSEE AR B L4 . —HEHI S (binary erosion) A1 #EHIEZAK (binary
dilation) ZEIJEE; 1M TinyML Accelerator = 22 S2EL AR ST 1K Al B0V,
Bl EvE R RIS vk, SRIEA RN RIS 5T, AR B s i 2k
I B AN I T REER 2 R AR ATL A A AR AT AR AR 3 S FEAE NS
Hyper RAM H1, tHE(TT DAFE RISC-V AbBEZS FiB4T .

TR BN T ARRBAHLE Tie0 A8 FH (138 58 25 U5 45 A7 175

Block Flipflops Adders | LUTs | Memory Blocks | DSP
(M10K)
Complete Design 19246 2673 28265 | 211 4
RISC-V SoC 6196 702 7301 | 59 4
DMA Controller 6162 745 8,393 | 67 0
CSI-2 RX Controller Core 871 60 2149 | 15 0
DSI TX Controller Core 1574 111 4506 | 21 0
HyperRAM Controller 1738 263 2601 | 18 0
Camera 814 618 1039 | 11 0
o REABHAR AR AT 271
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Display 489 0 716 12 0
Hardware Accelerator 630 162 606 8 0
TinyML Accelerator

2.1 Sapphire RISC-V SoC

A TE S SR B R IS AR A A I U R E T, DR AT DL
JETE RISC-V b AR HPAT HILIZH, I RTEME A PAT 5% . RISC-V SoC AT H
THAT AR KRG G HPATE P EE R G 2B HEE.

TEARB U SEBIIHEZE, A5 ) Sapphire Vision RISC-V SoC /& Sapphire
SoC WRiERRAS ) AS 4R . 15125 (Sapphire RISC-V SoC Data Sheet) FiA% £ 4
FMr-

2.2 DMA Controller

DMA #2532 B2 SIS T 1 H8 A7 it 5 AN A BT b 0 A A Hle 2 Ta] P45 1)
BE. SKBL R BAEWIAE A B SMER A 25 . 17 Hardware Acceleration 1% MIF%
W s, £ Post-Processing &iIZEH . DMA #5188 6H v A L FH Y
It 52 7 1) ) A

DMA %l 284 direct 5 20H1 scatter and gather (SG)BEX . 7EIX P A=
H,RISC-V A3 3% FF 6 60 (BRI BRI 7 KA 5 DMA A4 42 75 58 Al

HO U ——RISC-V AL FR ISR AT BUSY 55, BB AL I =

o 1 fr——RISC-V AL &5 7] LAZE DMA A4 A2 h AT ot B, ek
B> P AR AL Fa 5 B

fEAVCRTL Bk, DMA 56 #8348 515148 256 iL11) DDR DRAM 17,

2.3 HyperRAM Controller

Hyper RAM #% il 2% T B S2 I T % AMEfiE O i+ (Hyper RAM) R BE S &
F, H—o~ AXI4 BEE, —Ui A Hyper RAM FUE . AT LLSCFE =/ master ¥fi
[E] i) X Hyper RAM 152 5 #47E o

2.4 Video Capture and Pre—Processing

AIRBETHEH Raspberry Pi V2 FHHUELERAE A 2 Gt EUG B N R TR . A
ARG A AL R E] MIPI CSY-2 RX 2 HI 83 N#Z  (Titanium), 3HERA
1920*1080, RAW10 %0 (REAMRIGHEE 10 1), BFABE 4 MEER . WHER
MR AHATLIR B FE 7 152 B T AR L

Pre-Preprocessor 2k B AHML AR H- AT BA T Dhfe:

BRI IEAE RISC-V [ 44 H e £ 1 15 B U 8% RGB 1 25 .

BRI R MR R EON 4 FEOR 2.

< RAW #£36: 4 RGB.

* R BY SR ORI CAIEAT J5 SR A0 B

] E PR RGB BB BB e N K FEAG &= 8 dE -

XFT Titanium Ti60 F225 FF MR T, AR 7 HE R4 58T A
1080*1080, #RJ51#i ] nearest-neighbor %4 /N 3] 540*540.

SERRIX BT RE S, Pre-Preprocessor il DMA 145 fill 28 1 B 38 47 3 415517

o RIBPHAR AT (AT H30
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filrgs . WIS RISC-V AR A% _FI2 AT 1Y [ 14 Fi8 72 1% RGB BK B B4 A7 i 76 41 AT
fitige o BUIHETT DLk B AE Al Hh SRR FE 3 4, B 7E RISC-V AL B 2R AT
ZIIfE .

2.5 Post-Processing and Display

Post-Processor R & 5 24 I R 2 73 HF R A RIS % (HSYNC.  VSYNC Al
VALID), FFME7R%s DMA FIFO fe RIG R E i (L. WEALZE). X T Trion
TR, PSS A = E P58 LvDs 4 3T M H . XF T Titanium
Ti60 F225 FF R AR BT, AAIE 5 G R B 9l A& 2 2 DSI TX =il 88 A%, (8T
7E Mini-DSI THIR 27w

2.6 Hardware Accelerator

AR AEREAR IR 2 AR T LA AETh e, X EL Ty Re vl DAAS A 8
ARSI BB T, ARETHER T/ % T RISC-V A3 2%
PERIRN KB AT RGB BIKFE ()4, TR IIE 23 AT Sobel &AM
T HEFIE B (binary erosion) A1 HEFIEAK (binary dilation).

* Sobel filter: HATIHZAEM

* Binary erosion: XA & MG R T “ 57 @B RMIBRZ 40

* Binary dilation: X FTA & MG R ST “Bl” a5 oR I R 2R 24N

i AF N A AR AE K it AR R A ST, A=Az AT
Sobel. /i€ Sobel B{Z 1 Sobel. W] LALE RISC-V AL &5 s 47 iy th 45 €
.

Figure 9: Hardware Acceration Block Diagram

Hardware Accelerator o
Dilation Block

—> —
> —»
Pixels 7/—+8 Sobel Block ‘ » —74>8 Pixels
Multiplexer
Valid —» > —Valid
L] Erosion Block =

L -

76 RTL it , Frue e a8 S shas . M AF% L FIFO, LUK SR
F| RISC-V AL FH 28 1Y) AXI4 MHLAE B2 T KRR A2 ) 27 7 2% . FIFO 421 2 45 A
HNERAENE AR B NECHE, FEIE T DMA 1) 2515 %6 3R AR B AN A7 28 o
I s B AR — M hrvE R O, DS 0T DU HUBON B G N B8 2

2.7 TinyML Accelerator

W HL2S 2% 2] Tiny Machine Learning (TinyML) &ML 252 > ) — M F 7240
5, B TR AR IR R ) 24 % EIF R AN E B e SR . TinyML {4
WLEs I n] DAEAE 22 4. REEIR . R IFEAME T e i iL Sk & LigqT. Rk
TR T JLANE TingML R SEBRINENF , #1U0 face_landmark-

i
S
b=

o RIBPHAR AT (AT
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yolo_person. resnet_image_classification. mobilenetvl_person_detection #/l

ds_cnn_keyword_spotting. VRAJ DL R G RE B BT F5 BRI INE N H .

TinyML
OP1
< -
Custom
. < -
RISC-V amStruction, o <> memory
OPn
< -

TE RTL 1A, TinyML s 28 =5 0% AR 4 1 e ik 57 FH 78 00 BB K
FIERVEREARTIT R, W d A A S AR I A2 S B LA N33 o # TinyMIL s 2% 3
Bl A IESRERS (oP) MR, H—imHE RISC-V ALEELES 1 custom
instruction #2111, — ¥ fd H AX14 #2 1 5 7858 147t 25 () Hyper RAM #HiE . R4
AT DU A B F X e bR A B2 TR NN B IR 5%

TEARVAH, EESEI T UL LA EAE: 435124 Convolution &
Depthwise. ADD. MAXIMUM (LbHiHE: Ki/N)+ MULT Fl FC (Fully
Connected). ] LB IIAE SO W 2 B (i ge R FT TF B E R Al s a8 (v F: 24
PREEFAT B SLThRERS, 78 RTLARIS H ROZ B O IZINRE ), B — MRIERL
A B S E0R] DLOR R BB [ PR R S PR URAE B I I, DA RE AR I ¢
it

2.8 [EfrEEE

MPRK AR AR AE SR RS 2 ar UA S, SR AT DA g e il 8 1 . £E RISC-V
ALFRZS Bo] DLk B E ) B S EsL I ThRE . fEARB TRt 17N
FEHLDAAEARIE A, 49 53] N TinyML Accelerator #1 Hardware Accelerator. RA] PA7E
BARARS A ) main.c AR RS 2T EE TR, &0 DI
AT HPAT B P IR . X LL Dy EE AT DA RO B S Il A S . FEARAE
2 main.c SXHFLLE, W20 B 3 AR R B LA S Celf) TR E0EIEAR .
PR B AR R — S TR T RE .

2.8.1 Hardware Accelerator

BEAT R RUR WA 7 FF R I8 AT AR Ao PR s 2 A B e ST
=AANFEIDIRER M, URAT s A SR A EAET (main.o) SR FE 1T i [
4, BARSZE T T 2%  (edge-vision-soc-ug-v3.0.pdf) .

2.8.2 TinyML Accelerator

B
«
=i

5 RIEBPHA R A (AT
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% TinyMU AR (i 48, 75 RTL A B, R B define
BB HATLLT o S BRI B TS TinyMU B £ 5 5% X

[define AXI DW 128

“define CONV_DEPTH_MODE "STANDARD"

“define CONV_DEPTH_STD_IN PARALLEL 8
“define CONV_DEPTH_STD OUT PARALLEL 4
“define CONV_DEPTH STD OUT CH FIFO A 1484
“define CONV_DEPTH STD FILTER FIFO A 375
“define CONV_DEPTH STD CNT DTH 1484
“define CONV_DEPTH_LITE_PARALLEL 4
“define CONV_DEPTH_LITE AW 3

“define ADD MODE  “STANDARD"

“define FC_MODE "LITE"

“define FC_MAX_IN_NODE &4

“define FC_MAX_OUT_NODE 12

“define MULT MODE  “LITE"

“define MIN MAX MODE  "LITE"

MR b, IR EB define.h ST SH, A F AT AEE (5 F
IZhREREBE XN b o B IR AT LA 5 REBSRALI TR (tinyml_ZS 84 1L
%) RERPIA define SCIF, S5 F EB 4 1 AR

29 ERAEECKmESS

TEARSEH A — N ATIEIE T RE A/ IR %% (Hardware Accelerator) Al
AT Al FEIERTINEZS (TinyML Accelerator)

HAF I 2 T2 S0 B Chw_accel_wrapperv) 8 T A4 s 25 .
FIFO. — L4 @ AR 5T 4 . ATiZ B EH: ] DMA Controller 1 AX14
slave HJ% 11 .

AX14 slave £ [TH T RISC-V AL FE 48 FIBELF DIk 2% 2 (A (Pd M5, F AT
FEEHIDhEE. BIRARBITER T AX4 slave #2111, {HIEW ] LIAETIE T E SN
e slave #2110 (1 APB3 B, AXI4-lite).

TZ SO s 2 48 3 22 8 1 774 FIFO AT DMA 3/ B MR E T, XL
B SRR IR AR AT (Blan, X EPRRIIES1E R . DMA &% 1 [
PR ESE) K=,

Al BRI InIE 28 1 T0 2 S B (tingml_acceleratorv) #H7 AXI4 master %
11 custom instruction #2171, b AXI4 $2 11 /& I RIER: DMA 51288, DAE
T MM A S 5098 1M custom instruction NI & F k%32 RISC-V AL FE 2%,
AR RS20, A B A5

WSRIEAIMAN B T E € U, 75 EX T0Z SO RISC-V (R ] A4 32
TR, DU 7T IBNAZE &R 710
2.9.1 E\OBK

e uE B MR R O, 40 AXI4. APB3 BY AXI4-lite. 2K,
T 7€ RISC-V AL I AN 2% 2 [F] 75 Z A2 3845 SR 2 i A0k 25 A7 #8273
=

B, AT UAE R RISC-V ALBEZR il A v AR F LR, W EAFIERE
B, BRI DCHES 5 DL T . e, AR v B 8 B hnas 28 T = A

o RIBPHAR AT (AT )
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B4 132 AR B AT 25 o
2.9.2 DMA Controller &2k

B R E AR B EEER . DMA 5 2448 ) AXI-ST 42 1% 42 3 i
IR RS . BRIAEML R, %410 B 32bit 558, AT M AMEE RS RS 5

DMA 15l 28 /N EIE ) BB, W RS FE E LA IR P R s
BRI, 15 AE R DMA 4% | 25 B 18 18 1IN s S Bl . (S IL5 33 THIK
DMA =i 2% .)

2.9.3 FIFO &%

FEA B 58 S 28 10 7 ok 2 FIFO Bk CBUR . WE. & M
BE/HAT N, FEARHE L FIFO. $2 K, K& FIFO FHiAT Bk, FFAER i
# FIFO 5115 5 8L DMA L5 & .

2.9.4 RISC-V &K

MPRIEE T A RTLARRS f5, RS A05EHT RISC-V [Fl {4 PAUCEC A& 1 RTL
B N, HbhE W RS I e T 2R AZ 0L axid_hw_accel.h SCAFHT A
5o

R FHAE M slave #2111, 151E main.c H s IIAH N R Fw @ LA T 15
). 152 % main.c F ] Camera Capture. HW Accelerator. Check AXI4 slave
Status (HW Accessor) A Check APB3 slave States (Camera&Display) #43H]
APB3 Fll AXI4 MALHEZ LA

RISC-V Soc {1 [ 7 R K 1P A5, AT DAFEAR B ke 35 H O /R ZEH 32 L Az
AW, A E O SOIE R, N ST AR ) DMA /R E . filan, RE
D 28 BT A BB IR ) DMA 25K EE . (dmasg_direct_start () fZ6
EANSHRE TR RE R BB T, a~EIBHER direct 20
DMA &4

3 TinyML Accelerator i¥4Hi%it

3.1 TinyML HEE T
TN TinyML B RG] :

S_axi4_to_m_axi4

DMA _IF

OP1 Write address Fifo
|- -l
RD rd_mux -¢
- - Write data Fifo
Custom
nstructio OP2 write response Fifo AXI
RISC-V | .
Read address Fifo
» FIFO P wr_mux > -
Read data Fifo

\ 4
A

4

OPn

B
N
=il

5 RIEBPHA R A (AT
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Kl 1 TinyML RGHE K]
0 B s TinyML DHRERCHE I Custom Instruction 55 RISC-V 2 [A] 34718
{5, i DMA 77305 HyperRAM Z [HJHATI0(5 . & THERIhRERIA T
1) OP: ZMIEE . HESSEHEINEAIC.
2) DMAIF: S8/ OP Bk 2 [A] B3 5 W 5 9247
3) s axi4 to m axid: FESERUN AXI4 12 O KR I HEAT T -0k A
BRI 1) B 4

3.1.1 OP —ZAEHRINBEHEIR

FEARB T, OP BB = SLHL 1 LUR LA IIE#/E: 73714 Convolution &
Depthwise. ADD. MIN_MAX (Lb#iH KN MULT FT FC (Fully
Connected). HHFTANIEEAEEA MBI, 534 lite BXAT standard 2
Ko WEANTILLE, MTHEHFRRES, B/ E T 2500 B Rk e i A
AP

Lite #2281 M Custom Instruction #2115 RISC-V i#{5, % B 4% 5 RISC-
VTR H, AEEXT HyperRAM AT EE S #/E. b F 2065 G, H
EVEREA 2

standard #53: {3 F] Custom Instruction #% H4E PR H RISC-V B4, AR5
i DMA 77 RS HyperRAM DU St g R K il T BB B b 47 3k
G, ANHAT RISC-V &4, ArLAEReRABOR, HERIEFERKZ.

OP
Standard OP
Lite OP
2 OP ZEHHE K]

3.1.1.1 Lite OP #ThgbHR

#
00
=

5 RIEBPHA R A (AT
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<—Cusints—0>} Config |

K 3 Lite OP 5 HIHEIR
Lite 30 R, OP BEELFE /0 AP ANIhEE ST Config Al Calculate.
Config: £ ESLIIX IR SEAC & ;
Calculate: SEILMIIE VA K 5e 82 MR

3.1.1.2 Standard OP #ibkIhReHER

Standard OP

r——— — — — "

- int 1

|
4 Standard OP %5 f4HE ]
Standard #5 lite B EEFIX HAET 2 7 —> DMA_CTR ZhRE 71
B, 1ZIhaeib 1 BESEILGT RISC-V iy 2 BT, SRJE K H DMA 25 a2 IR
Sl ZIReside @il o i 5 2k & R RISC-V i 2 FIHATIE O

3.1.2 dma_if —ZRiERThREHIR

b
©
|

5 RIEBPHA R A (AT
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OPRead 0

OPRead 1

OPRead n

OP Write 0

OP Write 1

OP Write n

DMA_IF

Rd MUX -

v

Wr Fifo Wr
MUX

>
-

K| 5 dma_if 45 fHE

dma_if fRER 3= EL S AN T RE -
K, BAWAN LU R OP Bikiy, FFEXX L S ERIATIHELE, F—
I ZIA G A OP HER [F I R 51 R . XRS5 & M7 Hi%
R AXIA IR S E K .

3.1.3 s _axi4 to_m_axi4 —ZIE LT REHIR

— ROk B &> OP B DMA 515

Write address channel . .
—  Write address Fifo >
Write data channel . .
——p  Write data Fifo >
Write response channel
- Write response Fifo <———— - AXI >
Read address channel
- Read address Fifo |-g¢———F———
Read data channel
-4 Read data Fifo ———

6s_axi4_to_m_axid 45 FHER]

AR ESE RO AXIA #2 O _E R dE = F-hk, TR IEE A A
128bit, {HIE i E N Al fEAS2[FI %] 128bit FIEIR TS, #MHEEH TS
Fhk. 5 FIFO 3 A% T AXI4 ) 5 AMilIE, XU FIFO #2745 FIFO, th7]

DAHEAT B s e 46t
3.2 TinyML RS HE X
F 1TinyML —ZASEE e X
AXI_DW 128 | AXI4 22 B A7 5
| ADD_MODE LITE | ADD A 51 TR RIE T 5%, |
o RIBEHE AR A ] [B8 N\ ¥ ESO
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MIN_MAX_MODE LITE
MULT_MODE LITE
FC_MODE LITE
CONV_DEPTH_MODE LITE
CONV_DEPTH_LITE_PARALLEL 4
CONV_DEPTH_LITE_AW 7

CONV_DEPTH_STD_IN_PARALLEL 8

CONV_DEPTH_STD_OUT_PARALLEL | 4

CONV_DEPTH_STD_OUT_CH_FIFO_A | 1404

CONV_DEPTH_STD_FILTER_FIFO_A | 288

CONV_DEPTH_STD_CNT_DTH 1404

FC_MAX_IN_NODE

FC_MAX_OUT_NODE

640

640

DISABLE: <% 4™ ADD HIiE L.

LITE: ] lite #EK.

STANDARD: ¥ f| standard 1=\,

MIN_ MAX JEH - X0EHH ¢ 5 ADD
TN —3

MULT Bk 31 ¢; 5 ADD 7 X
—5

FC IIIE B RIAE I 9¢; 5 ADD & L —%K
Convolution fE A LI K, 5 ADD
TN —

Lite #5258, T ) Convolution His & 1 3547818
K

Lite 155X ) Convolution HHi# 5 7 3 4Ti@ 18
A

STANDARD #%5{ T[] Convolution JIiE &4
NBIEHERE

STANDARD #%5{ T[] Convolution JIiE -4
BB R E

STANDARD #% 3, T ffJ Convolution i 515
, ARTEE, HSEUE AR R
STANDARD #% 3, T ffJ Convolution i 515
, ARTEE, HSEUE AR R
STANDARD #5 3 F ffJ Convolution i 515
B, AT, S AR A

Lite 130 F 1) FC IEFE -S4, AnTHEK,
S 5E as 2E

Lite B N 1) FC IIRE 724, AT,
2 5AE A 2B

3.3 TinyML BEHREOFSEX

2 2 TinyML — AR ERZ 145 5 8 X

ZRES
clk Input | 4= J 8
reset Input | &REAL
Coustom Instruction & 2%
cmd ready Output | FEWEE ready (55, =AM
| omd _valid Input | BESCHR valid 155, i |

cmd _function_id | Input

‘ cmd _inputs 0 Input
cmd _inputs 1 Input

‘ cmd_int Output
rsp_ready Input

5 RIBBHA IR AT

X7 Bid A5 5 S 55 5 AR S 1D
Z 51 EX I EE X 808 ZHUE
Z 51 EX AR Y 808 2 HUE

i T E
5] 3 IE 1) ready (55
(AT 110
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‘ rsp_valid
rsp_outputs_0

Write address channel

‘ m_axi_awready input
m_axi_awvalid output
‘ m_axi awaddr output
m_axi_awlen output
‘ m_axi_awsize output
m_axi_awburst output
‘ m_axi_awprot output
m_axi_awlock output
‘ m_axi_awcache output
Write data channel
‘ m_axi_wready, input
m_axi_wvalid output
‘ m_axi_wdata output
m_axi_wstrb output
‘ m_axi_wlast output

Write response channel

‘ m_axi_bready output
m_axi_bvalid input
‘ m_axi_bresp input

Read address channel

| Output | Hith I HHUZ S, B
| Output | B£ T E A 1

AXI4 B2%

MBE CLAER S O MR S P A5 5
B2 AL IE AR SCH 15 5 2

5 R AFAE B — A A a1 Mk
BRAREEIR SRR A% i A% A TR

BRI R ARSI R

RRFM, BRI R K KME R, ZTBGE TR

R AN bk o5 7 1%
PR KA

BUE R, RO TR T4 R UM B

17 it S 2

ol

MR 2% L9 5% U RIS O ok
F &L BRI ik
5 H A

s )Tk, HE B R 8bit X RGX LAY 1bit
TR B R A S A

,fi:
,f_‘

b

E S
E S

2K

ol

F B CHER I RIS NS S
MBER 25 A5 T A 5 AT 3K
AR, %55 RN H AR

| m_axi_arvalid | output | 84 A HLHEAVA el 5 5424 |
m_axi_arready input | TR H I HEERIA SIS G 5 A &K

‘ m_axi_arcache, output | R &R ‘
m_axi_arlock output | BUERA, HRME TN TRk R ME B

‘ m_axi_arprot output | LRI1HEM ‘
m_axi_arburst output | FAKFM, WIERKFBMR K K/ME R, ETFEIE TRIR

R R AL A b 5 v

‘ m_axi_arsize output | FIREER R KALEIFIR ‘
m_axi_arlen output | FRIREER R A AL IAL 4 I EL

‘ m_axi_araddr output | BER K ERAME A — AL i bk ‘
Read data channel

| m_axi_meady | output | T CLE A I BRI B A LA A |
m_axi_rvalid input | MRS H B A SAE B L

‘ m_axi_rdata input | fFff#REAY ‘
m_axi_rlast input | BEMARL, IX(E 5 RRNEAERIRE

‘ m_axi_rresp input | BEMARL, IX(E 5 RREAAERIRE ‘

o RIBRHEA R AR AT #1210
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4 IFEEFEE
4.1 BITHERE

4.1.1 %% Efinity®8f4

W%Miﬁ%ﬁﬁmmﬁ%,%%Mi%¢®?ﬁmmwﬁ##ﬁﬁﬁ
B BYRIFEARH P e P TR %, SO 2021.1.165.4.10 B iRk
K Efinity® i fE QFE: IHAEA L %%éiﬁ%*x&% SHED o

4.1.2 Install the Edge Vision SoC
4.1.3 Install the RISC-V SDK

4.1.4 Install the Java JRE

THEPAT LT #2235 JRE:

1. AN EGEH TR RSN 64 A7 ARA ) JRE B JDK
https://www.java.com/en/download/manual.jsp (Java 8 ‘B Jj i A)
https://developers.redhat.com/products/openjdk/download (OpenJDK 8 B
11)

http://jdk.java.net/16/ (OpenlJDK 16)

2. RIS b2 B B 22 3 URE.

42 e

4.2.1 BEHHMTER

ZIKT@Julﬂﬂiﬁﬁ 7 Titanium Ti60 F225 & Ak T2 AL 1 LT A
Titanium Ti60 F225 Development Board
Mini-DSI [ E A TR * 1
X MIPI F| DSI 41 * 1
Raspberry Pi #HHL4E TR *1
Raspberry Piv2 £ i Sk H* 1
Mini-DSI 4 * 1
15 £ ~F-ragi*1
30 £ P reZi*1
USB type-C HEZi*1
i A AC-DC HLIE L 7%

S $27

I FEH IR A
2% 1 Efinity® AT

4, 2.2 HWEHIEBE

5 RIEBPHA R A (AT ENED
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T 22 25 0 IRE 2% (ti60_evsoc_hw_setup.pdf)
4. 2.3 %% USB I3

4.2.4 THEFIFRR

E{fi FH Edge Vision SoC HEZR (7Rl i5cit, A0 RTL Beit-gmfe B

1. 425K Edge Vision SoC HEZE [T bit SCAFA PP 7

o FIHFEMHM IR Cxml), &FIFE Efinity® R4 9 PE A Al

*  fEHALT efinity_project H 37 C\%% 151511 edge_vision_soc.hex (A4

VE: PRAER bit PSRN SPI Active BERIRIENT . B O N HARRE R A

B bit SR FEAE S, 1550 (Efinity AR PR

2. {#F Efinity®Programmer £ SPI Active 1% 20K ELRRR SO/ R 3 2F R A
Fo AR SPI Active 1550, NIIETHRE LA FPGA.

3. FRNHFARMR E) CRESET #4241 R & AL FPGA. B A7 T OR7E FH - B FH 2
JFIEAT Z BT AT AR N AF IR AL

4.3 Eclipse A1 OpenOCD %4 Hi1d F

1& 0] LA F Eclipse SR HE# M T2, {#H OpenOCD K#tAT K. L F&
WA AU E Eclipse 858 B TREMZ X LR, AL, ARTEKTESEW
A% & OpenOCD ik #%, LA Edge Vision SoC Bt& 18 FH .

RISC-V SDK L% run_eclipse.bat X ff (Windows) BX run_eclipse.sh 3Cf:

(Linux), ERAIPAT RN E]EE2H, A Edge Vision BSP W E IR A&, I
Ja 3] Eclipse. GRZ4Ad A L AT $AT U JE B Eclipse; NELE$2H3) Eclipses
Eclipse 2K {HHE IR TT 157G 2% (riscv-ruby-ug-v1.2.pdf)

44 GVE TinyML T8

TinyML 7~ TRE A EM R a5, AT LAM#EH Risc-v SDK TSN, T
f & — 4y SO H 3%

A ]

tools Tinym| BALfFbT A S 4 d T2
tinyml_vision TR

model_zoo R YI Zro5]

Ti60F225 JF K AR HFHAT TinymML TF2

4.4.1 TinyML FFRIREM TIELH

TinyML T K AEZEEE T TensorFlow-Lite HEAT T &, BEARI A g0 5 5 B
wrE, He, SO =A0E, REEEPITRR, FHEHARDH &
—3, ARG E AR, WS ERBARTE AN FEE BRI A

o RIBPHAR AT (AT #1471
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EEAEEE > IEEER EREGE [
EEEHE  |[d— EE
TinyML BCEEAR T2 H SR 50T
A4 Wi w1
build G P L SR
platform Tinyml ZX3) H 3%
tensorflow TFlite J&£ H %
model BOSCAT B 3%
main.cc T2 main (A
makefile Y PR SCAT
SNERRLRE, WEPR:
= SapphireSoc - Eclipse IDE
File Edit Source Refactor MNavigate Search Project Run Window Help
ﬁv -:_"%:-vv@ @Tﬁﬁvﬁv@v '_ti;:vﬂvgqu
- - ¥ - - v| &
5 Project Expl.. #2 = O
__________________________________ 8%V ¢
Vi evsoc fl
» = model
» = platform

» = tensorflow

v g main.cc

=

=| evsoc fl softTaplaunch |

£ ewsoc fl tilaunch

| & makefile

5 RIBRHCA R A7

(AT

&

=
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4.4.2 Tflite BERIG A
GATE AR 255 BAL I tensorflow-lite SCAE, 1% OB I 5 28 4 Fk
N: modeltflite, U1HTATHA tflite XXM, 1HZ% 4.43 =AY T,

4.4.2.1 BEBBITHR

ZIHAMRHT Efinity T EPHRELH) setup.bat(Linux ¥4 setup.sh), FTIHFar24T
& IEHATIZ A 2

SRR

C:\Users\chomp>d:

D:\>cd tinyml

D:\tinyml>dir
IX#18% D FEIEE Workspace
EHWFFISE FAA2-2E0C

D:\tinyml BIBEZ

2022/11/07 17:
2022/11/e4 1@:
2022/11/07 17:
2022/11/07 17:
2022/10/25 16:
2022/11/07 17:

<DIR> -
2,144,681 EVSOC_tinymlAHFF i .docx
<DIR> face_landmark
<DIR> imgs
1,810,045 quantization.zip
<DIR> tools
I 3,95U,726 =3
4B 150,714,155,008 O HFET

BOE A MW

BRI W W

D:\tinyml>d:\Programs\Efinity\2022.1\bin\setup.bat|

4.4.2.2 TinyML S HEE
TENIA 24T & H, BN FFHAT:

python3 tools\tinyml_generator\tinyml_generator.py 7%

D:\tinyml>
D:\tinyml>

D:\tinyml>python3 tools\tinyml_generator\tinyml_generator.py|

5 RIEBPHA R A (AT E
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B Elitestek TinyML Generator = m] K
LUTs(~) FFs(~) ADDs(~) RAMS MULT/DSPs
Parameter Value
~ SYSTEM
AX1_DW 128 -
~ CONV_DEPTH_MODE STANDARD .
CONV_DEPTH_STD_IN_PARALLEL |8 :
CONV_DEPTH_STD_OUT_PARALLEL | 4 :

CONV_DEPTH_LITE_PARALLEL 4

ADD_MODE STANDARD v
FC_MODE LITE d
MULT_MODE LITE >
MIN_MAX_MODE LITE v
] b
WOTES:

1. Elitestek TimML platforn supports . tELite model with full integer
quantizatien.

2 The AXT_DW valus can bs adjusted bassd on memory interface conmested

3. Resowrcs usage of TimML sccelerator may vary based on targeted model,
Layer acceleration mode end parcllelisn selestion.

4 LITE acealerator iz a lightweight accelerator with less resource usa ce

5. STANDARD accelerator iz a high performance accelerator with mere resource
usaze.

Model File: Open Generste

4.4.2.3 BCE TinyML JNiEE S5

LE N i R ep P AT {8 TingML Generater T AT 2 8L BC B, THRTE
BEIRR/INEAT RS, AEBTUR & AV E R e B R &
TFESCAF e (tools/tinyml_generator/model AL E a1 R JLANMEE AL ) 7~ 51 4R
i, o BIX R RN

*;%ZTAI#F Efinity T.f%

mediapipe_face_landmark.tflite Ti60F225_mediapipe_face_landmark_demo
mobilenetvl_person_detect.tflite | Ti6OF225_mobilenetvl_person_detect_demo
yolo_person_detect.tflite Ti60F225_yolo_person_detect_demo

FA 11 #E mediapipe_face_landmark.tflite /E N7 BIHE AT R, & 56 AT
Open %4, %7 3 IN%L Tensorflow-Lite Y tflite SCA4F

REBHAR AT (AT H1700
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B Elitestek TinyML Generator = m] K

LUTs(~) FFs(~) ADDs(~) RAMSs MULT/DSPs
Parameter Value
~ SYSTEM 1|13971 11612 6119 38 60
AXI_DW 128
* CONV_DEPTH_MODE STANDARD

CONV_DEPTH_STD_IN_PARALLEL |8

'DED

CONV_DEPTH_STD OUT PARALLEL |4

CONV_DEPTH_LITE_PARALLEL 4
ADD_MODE STANDARD
FC_MODE DISABLE
MULT_MODE LITE
MIN_MAX_MODE LITE
[ »
HOTES:

1. Elitestek TinyML platform supports . tflite model with full integer
quantization.

2. The AXI_IW value can be adjusted based on memory interface comnected

3. Resource usaze of TinML accelerator may vary based on targated model,
layer acceleration mode and parallelism selection.

4. LITE accelerator is a lightweight accelerator with less resource usage

5. STANDARD accelerator is a hizh performance accelerator with more resourse
usage.

|Model File: |D:/timyml/tools/tingml_generator/medel/mediapipe_face landmark tflite | Generate

H XK TinyML 23, X B — 40 18 5 1 B

ZH T2H BRME ik

Conv .
Depthwis
e EHTL
PEREER

STANDARD

CONV_DEPTH_STD_IN PARALLEL |4 s 7B 0 3
CONV_DEPTH_MOD 1N Y
E CONV_DEPTH_STD_OUT_PARA€LLE O\ [ Hi

L HH 3 s
A

CONV_DEPTH_LITE_PARALLEL 4 i 17 A5 =
CONV_DEPTH_LITE_AW 7 T\Bﬁ‘ﬁf
MIEHE

STANDARD,LIT | Add JZT.
E TR

ADD_MODE

FC_MODE ¥ LITE e

MULT_MODE LITE /‘%A*%‘t
MIN_MAX_MODE LITE R

® Standard #3: NEMEEEEA, WIRSHEZ
® Lite Bzl HIF 5 FHBHUK

by RIBRHEA R AT (AT #1871
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4.4.2. 4 EREREESHOH:

il “Generate” IR R TRERT TR MM, W N T R A &38R 0t

AW SR, IR R, TR A E

P HHi& U A2

define.h TR S S8 | RISCV-SDK T F% H s 30k .

define.cc embedded_sw/SapphireSoC/Sproject_

model_name_mod | S tflite #5754 | name /model /

el _data.cc pas

model_name_mod

el_data.h

define.v TinyML RTL B4 T | Bz SCARRON rtl T2 H 561
RIS Sproject_name/source/tinyml

B Elitestek TinyML Generator = a X

LUTs(~) FFs(~) ADDs(~) RAMSs MULT/DSPs
Parameter Value
- SYSTEM 1/13971 11512 s112 38 60
AXI_DW 128
* CONV_DEPTH_MODE STANDARD

CONV_DEPTH_STD_IN_PARALLEL 8

IDED

CONV_DEPTH_STD_OUT_PARALLEL 4

CONV_DEPTH_LITE_PARALLEL 4
ADD_MODE STANDARD
FC_MODE DISABLE
MULT_MODE LUITE
MIN_MAX_MODE LITE
L] »
Hardzare Tefinition File
Generated hardwars definition file - output/mediapipe_Fface_landnark/defines v
Include the file under : souwrce/timyml
¥nd ¥ile Cenmeration
Software Definition File
Generated software defimition file : output/medispipe_face landnark/define. oo
Generated software definition file : output/nedispipe_face landnark/define. h
Include the file under © embedded_sw/SapphireSo/<application naned/model
End File Generation
Software Model File
HOTES: Generated model file: output/medispipe face landnark/
1. Elitestek TingL platform supports . tflite model with full integer nediapipe_face_landmark_model_data cc. ..
quantization Generated model file: output/medispipe face landmark/
2. The AXI_DW valus can be adjusted based on mamory interface comnected nediapipe_face_lendmark_model_data b, ..
3. Resowrce usage of TimML accelerator may very based on tarzeted model, Tnclude the fils under ‘enbedded_sw/SapphirsSol/Capplication_named/model
Tayer asceleration mode and parallelism selection End File Gemeration

4. LITE sccelerator is a lightweight accelerator with less resource usagze.
5. STANDARD aceslerator iz a high performance ascelsrator with more rasource
usage.

Model File: D:iftingmli/tools/tingml_generator/model/mediapipe_face landmark. tflite Open Generate

4.4.2.5 IIMTHE

ERNPAE TR, 7FEHAT T FAM workspace VI, HAREAEW
T
FTJF RISCV-SDK, Fi%$ Sapphire J5 3]
miihi File -> switch Workspace —> Other.
1% HP B T2 Sproject/embedded_sw/ SapphireSoc
EHES N File -> New -> Makefile Project with Existing Code, 1E#&HN &N

P wnNpe

o RIBPHAR AT (AT #1971



TinyML &4

N, SERUA il Finish,

| & New Project O

| Import Existing Code

Create a new Makefile project from existing code in that same directory

Project Name

evsoc fl

Existing Code Location

Wpe face landmark _demo\embedded sw\SapphireSoc\softwa re‘lltin],rml‘llevsok_ﬂ Browse...

Languages

Bc Bc++

Toolchain for Indexer Settings

=none =

Arm Cross GCC

Cross GCC

GMU Autotools Toolchain
RISC-V Cross GCC

B Show only available toolchains that support this platform

®

4.4.2.6 BINSCHE
o bR 4B A BB SR, TN TR H 319 model ST

by RIBRHEA R AT (AT

ag;
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= SapphireSoc - Eclipse IDE
File Edit

Source Refactor

Navigate Search Project Run

Window Help

oS- B~ R - R G BT rE B OGS g Biw|&i%y
IR I == - - |t Q E||E
5 Project Explorer &2 = B8 = 08 gEox % = 8 5'
&, 2 g
2%V 8 © 5@
E There is no active editor that
~ (= madel provides an outline.
> [ define.cc
> [h defineh
> [h face_landmark _detection.h
> [€ mediapipe_face_landmark_m
> [B mediapipe face landmark m:
~ = platform
> [ interrupt
> [= misc
> (= tinyml
> [ vision
» = tensorflow
» L€ main.cc
|2l evsoc_fl_softTap.launch
2l evsoc fl tilaunch
| & makefile
[#0 Problems 32 J£) Tasks E Console [ Properties Y 8 = 8
0 items.
Description Resource Path Location Type
0 items selected
4.4.2.7 RI%EH
WAz T o] K .
B AR A S A face_landmark_model_data.h 31 FI¥ I main.cc:
‘S SapphireSoc - evsoc_fl/main.ce - Eclipse IDE — a x

File Edit Source Refactor Mavigate Search Project Run Window Help
o - 8- -G E- -~ H-0 Q- @ - I
Bl fletor on v
[¥5 Project Explorer &8 = B8 main.ce &2
B& T § 25
s f =k 26 //Import TensorFlow lite libraries
= evsoc 27 #include "tensorflow/lite/micro/micre_errer_reporter.h™
~ = model 28 #include “"tensorflow/lite/micro/micro_interpreter.h™
> [@ define.cc 29 #include "tensorflow/lite/micro/all_ops_resolver.h”
[ defineh 3@ #include "tensorflow/lite/wicro/testing/micro_test.h”
’ etine. 31 #include "tensorflow/lite/schema/schema_generated.h™
» b face_landmark_detection.h 32 #include "tensorflow/lite/c/common.h"™
> [§ mediapipe_face_landmark_m: 33 #include "tensorflow/lite/micro/debug log.h”
A - 34 #include "tensorflow/lite/micro/micro_time.h™
» [ mediapipe_face landmark_mi 3 -
~ = platform 3¢ //Model data
> = interrupt 3] #include "model/mediapipe face landmark_meodel data.h”
. 3
> = misc 39
> 2= tinyml 42 #include "model/face_landmark_detection.h™
> G vision 41 #include "platform/tinyml/profiler.h”
42
43 //Mediapipe face mesh
44 #define FACE_LANDMARK_TNPUT_BYTES 192%192%3
45 #define NUM_LANDMARK 468
46 #define FACE_FLAG_THRESH 2.2
47
[ makefile 43 #define FRAME_WIDTH 548
49 #define FRAME_HEIGHT s4@
58
51 #define NET_HEIGHT 192
52 #define NET_WIDTH 192
52 #dnLie~ rooAnTHATEC =

E’_ Problems 52 ¥ Tasks B Console [ Properties

278 errors, 0 warnings, 0 others (Filter matched 100 of 278 items)

B ridiw|

= 0

OO 0T 0 0 o0 OO

&%

Q ig|E

GEO0E T =8 3
vERRY o % g
§

A stdlibh

A stdinth

B riscwh

& soch

M bsph

& plich

A uvarth

M math.h

ul printh

M clinth

= commaon.h

= PiCamDriverh

= apb3_camh

A i2ch

& i2cDemo.h

B dmasgh

= axid_hw_accel.h

U intch

= tinymlh

v

g =0

Description

Resource

> @ Errors (100 of 278 items)

Writable

| Smart Insert

Path

[1:1:0

Location

Type

by RIBRHEA R AT

(AT



TinyML 24

T thlite FEANBOZAE LA, 2SN

tflite: :GetModel (mediapipe face landmark model data);

‘& SapphireSoc - evsoc_fl/main.cc - Eclipse IDE = m} X
File Edit Source Refactor Mavigate Search Project Run Window Help
o - R - R A R i T R B Al Y=ir s TN R S FE U
Hrf-ooro-|mt Q i3|E
¥ Project Explorer &2 = B [E maine 2 =8 Eom * = 0 ﬁ'
=] <§> T 8 82 /farrays. You'll need to adjust this by combiling, running, and o = A IR -
83 //For errors. - hid
<
=4 evsoc fl 84 constexpr int kTensordrenaSize = 10@@@ * 1024; §
~ (= model £ 85 wintd. i tenser_arena[kTenscrArenasize]; M stdlib.h a
5[4 definecc 86 int total output_layers = @; =1 stdinth
a7 } o
> [K defineh ag | B risovh
> [n) face landmark detection.h 59 void tinyml_init() { M sach
> [¢ mediapipe_face_landmark_mi 92 //set up logging Bl bsph
dianine landmark 91 static tflite::MicroErrorRepanter micro_error_reporter; g - ,
> [B mediapipe face landmarl m: a2 error_reporter = &micro_error_reporter; 5 plich
~ (= platform 93 = M uarth
> interrupt 94 T Ers S 2 th.h
e e s model = tflite::Gettindel (nediapipe.facs.landmark modsl daka)s o m
> [ misc a6 W printh
> (= tinyml & 97 if (model->yersion() != JE H ) { & clinth
5 (= vision i 98 MicroPringf("Model version does not match Schema\n\r"); 2 commonh
ag while(1); ) X
100 3 %l PiCamDriver.h
161 u  apb3_camh
7SO ofttap.launch a2 B i2ch
- T P 183 ////A110psResclver may be used for generalization =] o ‘ ©
El evsoc fl tilaunch #Hled static ites: ver resolver; H i2cDemah
| @ makefile Ziles ite::Mi * op_resolver = nullptr; & dmasg.h
155 op_resolver = &resolver; o axid_hw accelh
188 //Build an interpreter to run the model H intch
189 o tinymlh o
Hara fr S0 1TRAAFiTan mnad.

W tflite interpreter->Invoke() BRI, KJESNALTIHERT . VERBEIX Invoke AT, 755 B HIHIA
Tensor, A2 interpreter->input(0) 1 %#E, 1ZI1 H i FH DMA 378k B 3545k 15

S SapphirsSoc - evsoc_fl/main.cc - Eclipse IDE = [m} X
Elle Edit Source Refactor Mavigate Search Project Run Window Help
SrHG B R R E S -G 0 QR ®E S JBE 1D w|Si%
Hr-f-croro-| Q iml@m
I3 Project Explorer & = 0O [g maince 2 = 0 :
= <.:5=> 'l? E / fwrite_u32(@xo0000001, M - SLV_|
g 4 ) £ te_u32(exeooooo0e, E - = AXI4_SLV_REGZ Vi
B> evsac EXAMPLE, APB3, REGW(EXAMPLE APB3 SLV, EXAMPLE APB3 SLV REGE OFFSET. 1)3 .
~ = madel EXAMPLE. ARB3, REGW(EXAMPLE APB3. LM, EXANPLE.APB3.SLV.REGE.OFESEL ' =
> define.cc o =
i) defineh //Wait for DMA transfer completion o=
> efine. while(dmasg, busy (DMASG BASE, DMASG HW ACCEL MM2S, CHAMNEL) || dmasg busy(DMASE. BASE, DMA ®©
> [n| face_landmark_detection.h flush_data_cache(); bl
> mediapipe face landmark_m:
- MicrePrintf("Doneln\r"); e
> [n mediapipe_face_landmark_m: =
~ (= platform / TINYML INFERENCE* =
> interrupt =
& . i MicroPrintf("TinyML Inference..."); ~l
> = misc 2
> = tinyml FA 3 T I 4 0= 0 LR 7 L A~ L= 14111 Lo == e i
> = vision for (unsigned int i = @; i < FACE_LANDMARK_INPUT_BYTES; ++i) =)
model_input-»data.intg[i] = tinyml_input_array[i] - 128; //Input nermalization: From

//Perform inference

timerCmp@ = clint getTime(85P CLINT);
invoke_status = interpreter-:Invoke();
timerCmpl = clint getTime (B30 CLINT);

oftTap.launch

2] evsoc fl tilaunch

| & makefile

if (invoke_status != kTfLite0k) {
MicroPrintf("Inveke failed on data\n\r");

1

MicrePrintf("Dene\ninir”);

OO MM OIOIWOn 0 0 00 OO0 00 00

S IMAE B R A HEPR ARG 2 S5, 3RS M Y, Tensorflow-Lite #E3 (1) 45 R ARAFAE
interpreter->output iX™ Tensor H1, % Tensor [FJ4H 2, SMLLEFIFEE, 38 R K i
H—HBARE, B4 L B interpreter->output(0). %2 H 4 ) face_landmark %61t 9 TH
AR, BARMER, WEPR:

by RIBRHEA R AT (AT #2201
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& SapphireSoc - evsoc_fl/main.cc - Eclipse IDE

Eile Edit Source Refactor Navigale
mif |®-%~
Bt oo ool

[ Project Explorer &2
. 57 8
| v iz evsac fl
~ = model
» define.cc
» [h] define.h
» |n| face_landmark_detection.h
» [€] mediapipe_face_landmark_m:
» [ mediapipe face landmark_m:
~ = platform
» (= interrupt
» [ misc
> (= tinyml
» (= vision
> (= tensorflow

Sear:h Prnject BEun

ik -6

Window Help

MICASE A Rl SR gl W) Ne=gd

= B [ maince ¥

MicroBrintf("Done\nin\r" ) ;

2

A& [E

Q

= 0

= | &=

m:

S
o

@

timerCmp2 =
for (int 1
int total = (

)3

g
MicroPrintf("Pass data to cutput layer..

)i

(B3P_CLINT) 5
= 8; 1 < total_output_layers; ++i) {

interpreter->output(i)->dims->data[@] * interpreter->outpui(i)->dims->datall]

H®W e

TfLikeAfinsQuantization params =
\routput %d Scale:
ams . scale->data[@]
\rOutput %d

\n
param

)s

Zero point:
zero_point->data[@8]);

*(static cast<TflLiteAffinsQuantizatien *>(interpre

2 i)

» 1)

evsoc_fl_softlap.launch

2 evsoc_fl_tilaunch
& makefile

if (i==10) {
float* face_landmarks = (float*)gallog(total, sizeof(float));
for (int j = 8; j < total; ++j)

face_landmarks[j] = (
(Float)interpreter->putput(i)->data-inta[j] - params.zers_point->datale]
) * params.sgale->data[@] / medel_input->dims->datal(j ¥ COORDINATES != 1 2 1

//5cale landmark peints according to display resclution (being sent
for (int k=@; k<NUM_LANDMARK; k++) {
landmark_x[k] = face landmarks[k*3] * FRAME_WIDTH;
landmark_y[k] = face_landmarks[k*3+1] * FRAME_HEIGHT;

ithrough DMA)

}
free(face_landmarks);

4.4.2.8 YRETE

FEGw R TREZ AT, R BARSE = A0 A2

o m

o E

T 00 0 (O OO0 OO0 Om 0 0 SO0 OO0 0 o0 0000

(tinyml_vision/Ti60F225_mediapipe_face_landmark_demo), “-J sapphire soc

A IZAT RS, % ip, JFiE#E generate.
B Efinity Software
| File :liw Tools Floorplan Help

@ & BEME B F O E s L k2@
Project: edge_vision_soc @@
Console
dashb@ard Q &
BZ +—A 8 22 10:15:44 -
Starting Efinity IP Manager RPC
Service.
. . A= +fF] & 22 10:15:59 - IP
Pi t
roject | Manager RPC Server Connected.
BZ +—HA & 22 10:16:28 - Flow
=l 2| v
o o e date refreshed. Elapsed time =
- - - om ©.71s VM : 67.676 MB RSS :
Constraint 136.912 MB
SDC File : edge_vision_soc.sdc B 4-A & 22 10:16:28 -
Simulation Project loaded WM : 74 MB RSS
Misc : 120.98 MB
- IP
@ IP:csi2_rx_cam
@ IP: hbram
& IP: cam_dma_fifo
@ IP: display_dma_fifo

: cam_pixel_remap_fifo
_accel_dma_in_fifo

: hw_accel_dma_out_fifo
:dma

: dsi_tx_display

: SapphireSy

Open Folder
Configure

Property -
. Generate
Instance Sapphi!
Vendor efinixi Remove
Library s0C Open Documentation
Name efx_soc
Version 221
Path ip/SapphireSoc/settings.jsc
Exist Yes

] ) D

2 2 B ®

Resource Utilization

Hierarchy | Text

@&

BAFARRS &I e, i i
FEHI AT RS,

5 RIBRHCA R A7

U 2

(AT

2L, e E =iz L

AR A S B AR 10 W Taﬁg{}ﬁd\ kTensorArenaSize T4}
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Ao e, ZEBRIY (10M). EE build % £H % 1% 1% T.15

[ = SapphireSoc - Eclipse IDE = a X
Eile Edit Source Refactor Navigate Search Project Bun Window Help
C1 - |®‘fﬁE‘51|”'“’d&@'ﬁi"=°‘@"%{¥'0'85"%'®Eu"
o - ¥ F o v -‘ Q %\l |
Iy Projecte.. 22 = 8 =g 5,
5% 7 8 Im]
> I evsac fl -
5
[21 Problems 4= Tasks B Console 2 [T Properties 3¢5 | Pl 3:.‘ = B-S-=0
CDT Build Console [evsac_fl]
1D sysoc £1 els
Memory region Used Size Region Size Xage Used
ram: 14882432 B 1638@ KB 83.96%
1@:33:48 Build Finished. @ errors, @ warnings. (took 4s5.199ms)
TS evsoc fl
——A/—A
4.4.2.9 BATAIPRA
EIBIT 2 W, BT Efinity T HERG 9w B4k Ak 4T 1+ bitstream
R B HENTT R U A8 ] AR T4 R4 1Y bitstream, R3] efinity B85 T
B, 2% l’%ﬁi‘%lﬁ TheE . 1XHEZyH 1) Ti60F225 DevKit [RIEREE, 1VE4HT)
ANEEIERE, 1EZ%E T (tie0_evsoc_hw_setup.pdf)
#2477

REBHAR AT (AT
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= EFINIX® ;

i "
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$TH Efinity Programer, Jf5¢5 bitstream:
12 Efinity Programmer = o
File Help

& » £ 2 O &

Target

USB Target ‘Titanium Ti60F225 Development Kit Y ‘ (G4 H

USB Info Bus 001 Device 007: ID 0403:6011

Image

Bitstream Fille wnl/face_landmark/tinyml_soc.bit @ | FPGA |Ti60F225 ||| o || (X

Programming Mode

| JTAG - |

JTAG Options
Device Select  0x10660279 ~ |

TTAG ‘Clock Speed 6 MHz v

FFA hB 30 22 16:43:21 - Board Profile: Generic Roard Profile Using
FT4232

BA hH 30 22 16:43:21 - Valid device ID found: 0x10660479

BA hH 30 22 16:43:59 - Valid device ID found: 0x10660479

A h B 30 22 16:43:59 — Board Profile: Generic Board Profile Using

@®

"I Tooq

A hH 30 22 16:43:59 — Using FTDI URL (SPI = ftdi://0x0403:0x6011/1,
JTAG = ftdi://0x0403:0x6011/2)

A hB 30 22 16:43:59 — JTAG Programming on ftdi://0x0403:0x6011/2
A hB 30 22 16:44:00 - Programming 'D:/tinynl/face_landmark/
tinyml_soc.bit’ wvia JTAG at freq 6.0 NHz

JFH hB 30 22 16:44:00 — Device ID read from JTAG: Ox10660479

bitsteam K55 RINJG, FHELE RISCV-SDK T FFIFIEE 263, HHBITERS
COM (¥4 FR2x 4 fiiAE5), Ti60F225 Devkit 77 %> COM #:1, %58 — AR
", TEUES%

by RIBRHEA R AT (AT #2671
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& tinyml - Eclipse IDE

Eile Edit Source Refactor Navigate Search Project Run Window Help

g~ B 4.“|§3"§'E
Hrflroroyod|r

8| B E - O QBB Y IRE T

Q B E%

|
|

: S Launch Terminal o X
Iz Project Explorer £2 =] l SO | B0 B = =
BSY 3 Choose termindl: | Serial Tern;i;lal v| o &
v i5 face_landmark . : ‘ There is no active editor
> = build Settings that provides an outline.
> & model Serial porf: | COMS6 V]
> = platform
s Z 's)tandalone Baud rate: ‘115200 v’
> (= tensorflow Data size: 8 v
> (= tests =
> [ mainice Parity: None v
[ & makefile Stop bits: 1 ik
Encoding: Default (ISO-8859-1) v
[e] =g
= Coneel | [ |
5| B BB *3\1‘!5'1'3'}
CDT Buil | ) |
Rt S T pe ey

FopEereT e

XX tensorflow/lite/micro/memory_planner/linear_memory_planner.cc
CXX tensorflow/lite/schema/schema_utils.cc

AS ../.
AS ../

Memory

./standalone/common/start.S
./standalone/common/trap.S
LD face_landmark.elf
region Used Size Region Size Xage Used
ram: 14527648 B 16 MB 86.59%

16:23:00 Build Finished. @ errors, 172 warnings. (took 1m:5@8s.@ms)

BATIZIRE, SR RZ 1080, STEVIRER, 7TRLE 2 — AR 210

940ms:

= SapphireSoc - Eclipse IDE

File Edit Source Refactor Navigate Search Project Run Window Help

CrlR - R R B S RES- @i - R -RiEE

5 Project Bxe.. 32 = B
&7 §

m

» T evsoc fl

|_,_': Problems & Tasks

& Console [T Properties & Terminal

HE T Hrer oy |2

B EERp BRSO

& come 2

Inference clock cycle
NOTE: processing_time
inference time (front

Inference clock cycle

NOTE: processing_time

TinyML Inference...

SYSTEM_CLINT_HZ (hex):

SYSTEM_CLINT_HZ (hex):

Pass data to output layer...Done

(hex): ex@, @x74332ef

ex5f5el0e

(second) = timestamp_clock_cycle/SYSTEM_CLINT_HZ
layers): 1218ms

(hex): e@x@, @x382429

ex5f5el0e

(second) = timestamp_clock_cycle/SYSTEM_CLINT_HZ

inference time (output layer): 3ims

Hardware Accelerator - TinyML Pre-processing...Done

Connected - Encading: Default (150-8858-1)

by RIBRHEA R AT
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4.4.3 TensorFlow JIZ:EE

4.4.3.1 &

gk ja BRI B2 T T R BRI e L A, 2R B AR R RS
IRTEE N, SRBCSE A AR REATEAR M BLIR 5 . SERRI AL TRE B, B AR K 22 00
int8 EALKA, NEDY—MERSE:

HoR 2] fif

G KNGEER JFR Y 73 2 —, R 2-3 % CPU

R KNGEERJFR Y 732 —, S E R 3+ f%  CPU. Edge TPU.
Float16 &1k RANAEIRE SRR — oy 22—, MR 2% CPU. GPU

o OBV RN FP32[£ 2126, £ (2128 — 2194 HUETEE, ELTE Int8[-128, 127]
Yo N AT T . A RN A T T SR BN JER I 1/4, THERE IHETT B IR B AT
TERKERE. FEEE TSRSG5 E bt T 225 e ey Mg sh BUE &
KT SEHE . R E AR, 75 B B2 SEBR 7 5 A HE R B0 ok xR 2 3k A T
etk o

o HALEALHIBARIRIEN:

Keras H5

SavedModel EIRHARS

TensorFlowiEBY —\ﬂ\
: tflitefiBY

PythonZ

TensorflowzZ2E

4.4.3.2 AEHRE

Google 1t TensorFlow FEH1, £E% 1 tflite ALY T Y TR, PRIk, #E3E47 LR AR Z 11T,
B0 7 2% tensorflow T H A1,

Tensorflow 24K Hi Python, 56755 3% Python,

Windows RATE FH %34 Python3.10.7, HAMIKEFTR, 7 %/4)1% Add Python 3.10
to PATH &30, F T-ar AT .

by RIBRHEA R AT (AT #2871


https://www.python.org/ftp/python/3.10.7/python-3.10.7-amd64.exe

TinyML 24

B Python 3.10.7 (54-bit) Setup _ X

- Install Python 3.10.7 (64-bit)
J Select Install Now to install Python with default settings, or choose

Customize to enable or disable features.

= Install Now
Ch\Users\chomp\AppData\Local\Pragrams\Python\Python310

ncludes IDLE, pip and documentation
Creates shortcuts and file associations

— Customize installation
Choose location and features

pgthon

nstall launcher for all users (recommended)

Wlﬂd()WS @ Add Python 3.10 to PATH Cancel

Linux 4t A] B2 AE ] dr AT AT 202

Python 2235 52 il e, BRI R dr 247 L 21T tensorflow %234, B e B a4 ATH
1, Windows R4t F, NMAHARFT, Linux FUCAZmEEIES, T ERAN a4

Windows T & He /R~ T un i, S5 223852 B ml .

C:AWINDOWS\system32\emd. X + o~

C:\Users\chomppip install tensorflow-cpu -i https://pypi.douban.com/simple
Looking in indexes: https://pypi.douban.com/simple
Collecting tensorflow-cpu

Using cached https://pypi.doubanio.com/packages/cl/e5/62fdd@173015791895fbbb2aedl
afb152206ce8beed51d3ff7elcTe581ba/tensorflow_cpu-2.10.0-cp310-cp310-win_amdél.whl (
1.9 kB)
Collecting tensorflow-intel==2.10.0

Downloading https://pypi.doubanio.com/packages/05/82/2U3f02elfallfb7ee9d826U+oU93
3afb3f0e2a6f8ae25c0b118277c11108/tensorflow_intel-2.10.0-cp310-cp310-win_amdéd.whl
(262.7 MB)

eta
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4.4.3.3 TensorFlow #EIfE %

TensorFlow2.0 H A 32 % W) 5 AR R N saved_model Fl kerash5 PiFF#R AL, §ij &
HEN— N B . J535 N.hS 5 R RMCCrE, TR A, X PRSI S
R H W

AL, BB, T IRIF AR, BT SRR A, R
HESCAT R AR I H A P R S Se Bl AT AR (s, T 45 B 31 B

WA HEA TP BHERTE, 385 2 8UE T4 ImageNet. Cifar10. CoCo Z5hn it
FE PR EORE . YR AT DL BB R A LE tensor BEATIE A, {H 2 T BE RS AR R (RS B

4.4.3. 4 wWEENLHAE

Tensorflow BHAT EALES, 75 B %% 5 %) B 1 python AT, ViikE b LEEE &,
SRR AERE TR 70 ) B0 B 7 EARAE 1 00 E AT 528, DA AR e AR,
FIEZIAA H S8 imgs SCHEJE, RRHER R TN Z H 3, AR5 I8 I iy 2474k
AT AR .
import tensorflow as tf
import numpy as np
import pathlib
# IZER Iy B I R L FE iR TR T A7) i R S [ Ll HE e (LT I FC T2 A -

# FHIL LX) 5 W2 T SERR B 77 18T, 77K 100~500 17

# IR G ER T imnist, cafirle, imagenet, coco Zfp/EiEridZlil%, A4 ] LLE &/
test Frss FHIEHE

# WRAEERXE T IR 7 1 a1 5

# FFEFEA train_images 2117

# def representative dataset(): # 2RI HIIEHR S

# #MVEZH TR 100 17, SEHZFZ LA HIA

# data = tf.data.Dataset.from _tensor_slices(train_images).batch(1).take(100)
# for tensor 1in data:

# yield [tensor]

(4]

(4]

img_height

img_height

def representative_dataset():
data_dir = pathlib.Path("imgs").glob("*.jpg")
for i in data_dir:
img = tf.io.read_file(i.as_posix())
tensor = tf.io.decode_image(img, channels=3, dtype=tf.dtypes.float32)
tensor = tf.image.resize(tensor, [img width, img_height])

yield [tf.expand dims(tensor, 0)]

#4579 FP32 P %

W
=
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model_name = 'trained_models' #saved model X /1%

# model_name= 'trained models.h5' #Keras H5 X 1F#5z(

model = tf.keras.models.load_model(model_name)
converter = tf.lite.TFLiteConverter.from_keras_model(model)

[(_, img_width, img_height, _)] = model.layers[@].input_shape

converter.optimizations = [tf.lite.Optimize.DEFAULT]
converter.representative_dataset = representative_dataset
converter.target_spec.supported_ops = [tf.lite.OpsSet.TFLITE_BUILTINS_INTS8]
converter.inference_input_type = tf.int8

converter.inference_output_type = tf.int8

tflite_quant_model = converter.convert()

open(model _name + ".tflite", "wb").write(tflite_quant_model)

4.4.3.5 S26]2% (Resnet)

Bt SCA e quantization.zip 4, $Eft 7Sl 5 2 2SO H
3, ZEBIEH— A O AT Resnet AT YIS G Bk, SCHFHEN:
SCAFRAY iiipay IS

TensorFlow [ #FinFi g rained-models

5 )
BRI 7, save_model FI H5 #% 3

trained_model.h5

T int8 BAL IS HHFIE, 2
SHEL IRt AR R R . ORIEONBEALIZE  Imgs/*.jpg
YIRS L. RiBE.

A ] PR A R B AR quantization.py
Tflite 54 A H AR trained_models.tflite

BEAF SCAFREAT s, R4 A AT HAT W0 T i

python quantization.py

by RIBRHEA R AT (AT #3100
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CAWINDOWS\system32\emd.: X + -

up,7u7,067 T
L 14e,358,037,564 ATAFTH

D:\tinyml3python quantization.py

2022-10-10 15:19:21.825312: T tensorflow/core/platform/cpu_feature_guard.cc:193] This TensorFlow binary is optimized wit

h oneAPI Deep Neural Network Library (oneDNN) to use the following CPU instructions in performance-critical operations:
AVX AVX2

To enable them in other operations, rebuild TensorFlow with the appropriate compiler flags.

WARNING:absl:Found untraced functions such as _jit_compiled_convolution_op, _jit_compiled_convolution_op, _jit_compiled_

convolution_op, _jit_compiled_convelution_op, _jit_compiled_convelution_op while saving (showing 5 of 9). These function

s will not be directly callable after loading.

D:\Programs\Python\lib\site-packages\tensorflow\lite\python\convert.py:766: UserWarning: Statistics for quantized inputs
were expected, but not specified; continuing anyway.
warnings.warn("Statistics for quantized inputs were expected, but not "

2022-16-10 15:19:27.904097: W tensorflow/compiler/mlir/lite/python/tf_tfl_flatbuffer_helpers.cc:362] Ignored output_form

at.

2022-10-10 15:19:27.90U356: W tensorflow/compiler/mlir/lite/python/tf_tfl_flatbuffer_helpers.cc:365] Ignored drop_contro

1_dependency.

2022-10-10 15:19:27.905337: I tensorflow/cc/saved_model/reader.cc:45] Reading SavedModel from: C:\Users\chomp\AppData\Lo

cal\Temp\tmpewwargel

2022-10-10 15:19:27.913902: I tensorflow/cc/saved_model/reader.cc:89] Reading meta graph with tags { serve }

2022-10-10 15:19:27.914102: I tensorflow/cc/saved_model/reader.cc:130] Reading SavedModel debug info (if present) from:

C:\Users\chomp\AppData\Local\Temp\tmpewwargel

2022-16-10 15:19:27.944089: I tensorflow/compiler/mlir/mlir_graph_optimization_pass.cc:35U] MLIR V1 optimization pass is
not enabled

2022-10-10 15:19:27.947809: I tensorflow/cc/saved_model/loader.cc:229] Restoring SavedModel bundle.

2022-10-10 15:19:28.050085: I tensorflow/cc/saved_model/loader.cc:213] Running initialization op on SavedMedel bundle at
path: C:\Users\chomp\AppData\Local\Temp\tmpewwargel

2022-10-10 15:19:28.090380: I tensorflow/cc/saved_model/loader.cc:305] SavedModel load for tags { serve }; Status: succe

ss: OK. Took 185039 microseconds.

2022-16-10 15:19:28.186025: I tensorflow/compiler/mlir/tensorflow/utils/dump_mlir_util.cc:268] disabling MLIR crash repr

oducer _set eny yar ‘ML TR_CRASH_REDRNONLICER_NTRECTORY' o enahle

fully_quantize: @, inference_type: 6, input_inference_type: INT8, output_inference_type: INT8

D:\tinyml>]

45 MBS AER

] DLad I P Ah g SO S A 3 1 gk i) ST A

«f# H OpenOCD 1iik#s 5| &

* M flash it F R 30

AT BN flash 351 FHPPE. 7255 20 WA T4 H
OpenOCD A% 51 FHI A IR .

Y FPGA A 3, Ruby SoC ¥4 i3t il S FH A2 /7 M SPI flash &5 Fr &2 il B 4B
WA R, SR TFEPAT N LR . SPI flash [ | dik A\ 0x0038_0000
VAN R

M SPI flash 385 7 BM#EAR 7 2D 3R 40 R

1. $THFHIE, FPGA MARZK flash i F BLINERACE 15 B .

2. MESARG, 1SR flash {0 B (Hihk >y 0x0038_0000, K
/NA 124 KBY I P ISR E 2 4 DRAM (il oy
0x0000_1000)

3. Edge Vision SoC Bk#E 5132 i3k 0x0000_1000 2= AT FH J ) 33kl S
4

5 RIEBPHA R A (AT #3211
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