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Abstract

High-performance efficient software and advanced software development techniques are keys to
embedded systems in the era of intelligence. This paper describes three current trends in embed-
ded software development: 1) Edge Computing is progressing quickly as a method to process and
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analyze data locally. Edge Artificial Intelligence is changing the cloud-central method of intelligent
computing; 2) Virtualization is the new solution for high-performance multi-core processor sys-
tems. The container technology is streamlining the management of complex embedded systems by
simplifying software development, deployment, and maintenance; 3) The concept and practice
DevOps is breaking ground in embedded software development. It speeds up delivery, elevates
quality, and promotes stability throughout the development process.
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fEohhe, DASCRE S MBI, IR AT, T EAhIL. Bl

B R RS R b S IEAE M DA, B0 SR P R L P BRI, A1
B A B B3 HT BCE )7 A R X 025 A S IO SR BN He e, RO
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ROOHAT B B A A T BEBOR . BOR A ) (A 7 O SR 6 L SIS AT AL SV AIRTE
B, DISRGLE R A S SR O TR RUR S BI7E SRV AL AR T 4 U
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KT 2024 SR | RN AN VA AT 5 5 35 MER T S e B A AR A 1T 7 (1 DG B RN
HRT AR R HAR R R T — RFIT[2]. 2 R Al IETE M 2 i B v O Feo b B 21 W 45 11 2%,
BFERA NG RANRIAZ Al T35 RR AT ML SR8 A 75 R H 2K, X Fpita A sh i 2k
Al AR5 B S P o AR B T 2 R A (Cloud Native) T2 il vk 7 & AR A A3 23 K, 35 e 155 475 30
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CI/CD Al DevOps 1X = KR N KA TT Rt

3. #Br—: AIIML ER5D588E
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FOEMRIT BL, BEREER 24 /N AR 25 W 2 R A74H, TITRETRCZ =) (0 W4 4 47 5 AT S AR B B A
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Figure 1.Three types of edges and common edge devices
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JE11%%(Thick Edge) &FaAC#% 1 P RETHE A% (91 Gt s ity e B3 P P2 AR B B e ) R H B B0 00, Jl Ao
THER O, BEATEHEEERTSI TERE, BlaEdE AN . 0% (Thin Edge) /& 188 REfE
i85 B ARENL, EARE T RELEEE Y . 7l 2 (Micro Edge) & 15 AE R 1% 7 A% 1
PR
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W% Al RAETD G & LS ALY, WIE AR 2 R A5 0 RS2l Al HEFERIR R . 1
2 Al 1 L% Al L% Al FIfuLZE Al
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Bl % Al [ 8 AR DGR S 38 SCFRFAT 2> AL HERRBLRY, G55 510 A M U AR 34 50 AL Y
WG, #iag Al MR IPC(LHHHEHNL)AT PLC(RT 4 FEi8 4H 4% 1 83) 7 N 4% 1 2k HEAT
Al LR, BRI R IR B & R B ILRE 7). UL S Al SCREIG AL B BIE AR , IRmERER
GURIRTYT R, R R R R B R

TN %, MBHL#%5 S (Tiny Machine Learning, TinyML)& ®EE AR, XANFARIELE MCU 253%
VEZ RN AT S THERTREFERR H1) /N8 i RIS AT HLAS 2 S BB AN B A AT B o DX T IAE AT 1 KA
B, TinyML BRI /N T — B RIHL B 24 SRR, R KRR ) B 2 b 22 Lzt o« BAEAR 22 O R 14 4% L6
S4BT TingMLIX T A, 1 408 6 53 (IE 5L 35 A8 RS ATt 2 40) A R I 00 (0 3R A B AR o 22) S5 [ 7]

E Embedded World 2024 JE£4£3 | TinyML J 4 £ J& X JEon i — A R, TinyML #4221 H 9 5
AT A, 1860 B EHATREIIAEE, LT o BB 2 FoR) . X R 72 B 1 5 BeoRL 1t FD 5 2
E g

Figure 2.An electric drill and the TinyML development tool in an ESP32-based edge sensing 10T kit
2.5F ESP32. BTSRRI & B RIEB LA TinyML AL T A

3.3. iB% Al =/

ARiB% Al I = KRR Eig AL, #aZ A% NPUGHZLLFE #) ik, Lo
KAl s TinyAl TREE. 55— s Al BERIZRIE7E I 2 5685 250 Th O Bk %5 28 S R U S A &
MEAR FFEIXZATREN, FONAGMMES LR T mrEfe CPU M GPU, RI{EIAZ SRR IITIE,
£ ALY Z R Al HEFRDhRE. A TR BRI St o] DAYE M A0 o0 b AT, IXFEMCE U K4k ks xd
SEEA AR, PR, SRR, DAR SR N L RE N AR P 7EIL S 15 % b (1 5. jE

TEIN S A& RS F NPU FIRRIE 58 AL HEFERE /7. NPU RTLARRARIHAE, SCEREFEEIE, JEBME
RN AT AL B, XA Al BERSTE THFERUE AN LE IR (1) JCBE R I F (W mT 27 S0 5L 4% R A% B 1 ) Hh 28
Arm [EEEERH, FHT Al HEEER ARM Cortex A55 it & il Arm Cortex A55 + Arm Ethos U65 NPU L%,
JEE ¥ T0%[1) Al HEHEM CPU #4825 NPU, HEFRPERERES T 11 fi5.

WA GANE DL Al SEIL T B FREIA AL o R SCHE AL RS Fr 20 B 48 1 B 0 3 I ) 5 % v )
IR IELEDGE, IXhR & RN 1 2% IETE M) RS AT A ML HOSR AT Re . B BB R G X —#
PR E 20 R BT AN L AT R AR O, R B, S S B R AR L ek 2R DL K
I NN RS

NI A E I N LR RERIFF R AR S EAL. 2023 4 Embedded.com A SHF R BRI &R 5 R,
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SR A AE S DI RE(an 14 3 Fraw) [8]-
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Figure 3.Using advanced technologies in embedded system development

B 3 FEBRARIF & B F BRI XA EE
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4.1. EEHfE

MEMAC B R RAE RGN — D EESAR, FIRAX ARG RIED RIS . T KZ AP
W WA R, X PR 2 A BT LUSAT A [F — M B AR B 2 b BRSO T
ZHRAE RGRISATIAEL, U0 m] DA [F] — A 8% RIS AT R S P44 R S (U FreeRTOS) AMLE I 4
ERG (0 Linux). REAMEBARRAS REFE N Z A BS TR RGERI &N R %, e @ik
S ATEEER T T AR e IR SUR UL I SR R AR BRI E LT R G0, BndE— MR R G P R
I IZ AT 1o S PR3 A R AN LA R 29 -

e Tl 5T IR & B RGN W] LA B 2 A% AL BE 88 R Gt UL SR AL BOR B8, — D™ 1) i
UL AT RGRRTT R ILIE 4. %07 BFET Intewell SERTHRIERSE, 2 — MR EBEE RS 1 FMCHRARE
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Figure 4.Intewell configurable hybrid heterogeneous system architecture
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M IEE R R E R AR AR BN, JHER 0 E Rk E . GO0 T e v R I REFER)
TFFESZ BN IGVE, 5 540 56k 2t 7R T 288 e ) 2 8 vy 0 51 P 236 140 (D B PRI AR A2 28 [12] o

4.3. EREFRHMA

SCIN S A A B TSI R AE RGU(RTOS) SEIL I AR 25U, Whic Docker P 2JB%, 56 TFHUA S 3G
(OCI—Open Container Initiative), SZEIFEIL. 22 ER{EFER RS E

EHAT, [ PET Semt 2 280 A A TF R i, LB IRER M I B R T SylixOS JF R 1S 25
#% ECS(Edge Container Stack)[12]. ECS s SLhf AR, /] ECS SR 2245 (1) SylixOS W AZ KSR
A& e SylixOS A4 TERE . ECS SEI & dR S LeG i N A2 MR B IS T I EL . e BT 25 2%
AT IR ARAE T 2545 N 1 R S 32 PR BRI & B R 2, S 3R RS AT NI AF & T, 3R T2 28 I L
P22 A

AR, SZIRTIFR I A DL AR AR A2 345 3CRE, ECS SEI 25 8% i A el e LARIO # gt KA 25
WKL) E AT SER RS A SO £ 5, K2 TSR Linux #8175 Docker f2H & S sk
B 7545 . NXP 1% 5K [14] FE st 70 T BEIR A A Z BRI MCUIMPU U 5 38 il 7 58, $RHH T i %
Android 7 85 AR (1 — Rk )7 2——MICROEJ VEE, iZ 7 TigshF#. BEEviRil. BaghR
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Figure 5.A small real-time container solution: MICROEJ VEE
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22 V8 A K B 2 45 (Mixed Criticality Systems, &R MCS)? J2[E 29 7 K241 & K H T R IIE X
TRA KB R GRS WA BUCE 2 A R OB VE U AL AF 0 RGE[15], 9] dn2e 4 D% L AT 25 Bl AN F S gt
HAF . XS R GOl AFAE TVRE RIS U I E R A R G, EAIEER MCS KR, LLif 2
LA, ), EE A RS AR DR 75 SRAH G 0 AR AR .

RE KBRS AM TR B/l % . el ESEHATR, LHE RGEAHE, I
SIS MR R R, G R PSR R R . BRTERR ST, SR S B T, T
F6 T R 2= — T 7 R AR S T — bk T 34 2 4% R G TR G G AT 55 T B ARV [16] « Tl SR 2 ¢
TER SRR B N RS REMEAE, RIES TR AR, FHCRHAFBS S, B4R R %
AN N T RPIX — 0] f, HE R BT openEuler (KR & OB ME RGE MR Y 5 Z[17], HZEM UK 6 Fis.

150 151 152 13
e scfjila

EESRS

Baremetal
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e Al Eoe
SEMERA S RRRE
AT Z#ZS0C

Figure 6.A mixed criticality system architecture

E 6 R&XBIMERGRN

TR R RG] RS Ml & R e, R R A% O R B AR MU IR . R 7 R p et
ff R 5% isula, RN ZUEHMEHEEE FH ZVM #1 Jailhouse. ZVM(Zephyr-based Virtual Machine) &
5T Zephyr SERHEAE RGULBLE ML DR IR H , %550 H 2 B R K 2= N 30 2T S R 2 B
MR E S, Bl nl LASEHLE S 3 — 4 Linux 52> Zephyr RTOS, MM fE R — 47 & L selie
A WZAE18]. WA R H AT FZN AR RehliE . ML BRIE. ZE LR R S5 5 S ] A iy
BRI
5. ##Z=: CI/CD H DevOps
5.1. #5id

DevOps & —F - R Sk, PRI R -S4 2 IR P E, AT 5B 5 AT 52 Hh <8 A 8 - DevOps
E PR P, KT R R T — R S RF SR B [19] . DevOps 7E IT Pk 7z
A, HEARMER CUCD(RFSEAR BURFEEAEAT), I — il ik 72 B FH A B B 5| N H Bk i AR Pk
AR P ASAT R 7% . &5 CICD SRR SR8 7 4 4ifR y CIICD & iE (Pipeline), H1 & Filis 4k [4]
A LA I 7 3 ] 56 A
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BEE . B RS SEHANEDLE, sRANMSOE TR ERESZ. AR R
DevOps SE# A% AL 4y, 818 A = SR AR T B AR, W] LLSEEl E sh ik R FE P 2 . AR
L, IR AT AE AT I EE, 32 v SR 7 T S A AR 8 1 . DevOps — b 2 & NN 2 Ji A= Apse sURi &
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Abstract

With the deepening of population aging and the increasing burden of social elderly care, it is very
important to handle the issue of elderly care for the whole society. On a global scale, the physical
health of the elderly is threatened by many deadly diseases. However, elderly people living alone
lack family care and psychological comfort, leading to a higher incidence of illness and the inabili-
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R

ty to receive timely assistance in case of accidents. Faced with a triple dilemma of mental, health,
and unexpected risks, they have greater health risks. The system proposed in this article is based
on a cloud edge end architecture, consisting of cloud servers, perception control, and application
services. It realizes voice services and emergency services for the elderly, which means that when
the elderly have voice needs, they can provide corresponding services in a timely manner. When
the elderly fall, they can be given medicine and sent photos and alerts to the front end; the
front-end interaction module is implemented by a WeChat mini program, allowing family mem-
bers to remotely monitor the physical health status of the elderly at home.
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The Elderly Living Alone, Speech Recognition, Attitude Detection, Smart Home
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13.50%, HA 65 % LA EREZ AN S B0N 1988 N, 5 65 % LU EE NS EUN 10.43%. 65 &L 1
EENIHT 4 RIET R 2 ARV RS . JEH RGP Mg sMa # 2], hAE 2 AL
PR A o s B A I B T AR T3], X U AR 2 N B R B R . (R T A
NAFEHLREARAY, &N, 1TENAME, B R, AbATT A AR B M 3 10 AT e B A 1 3 T AN B
T, AR RSN R R EZ ARSI — N R4], s N R A AN, TR R
IS EIR), FrRefe b, SECERIARLE.

AT T A 2 N R e e K IR A Z 40 nT DLIE i 7 R RS IR 25 L N S BN 2 N 75 3R
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ML AR BISE TR, EIRBUE AR N5 T A3 AR AI[6]. AT R R o I 2 AT 7t E 4R
HHAEXS & N B A RS AR (0 SR 2 A5 IR, AN SRR RIS . by, FE A R Iy T A3 A
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Figure 1. Overall functional architecture diagram of the system
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Table 1.Average error rate and delay time under different model input lengths

" LAEHRBM K E T B3 IR R FE IR B8]

TN AR 128 192 256
PR R 0.728 0.138 0.131
FRAE I []/ms 1.552 7.72 15.691
A FAR ARG I [7]/ms 3.772 5.398 5.699

TR 1R, SRR N IR 192 B, BUNEFIK N 256 B —HEE, [FIRAHEZ Tl
HATE BT (e B PRk B A i N B 1 L 192,

2) BRSPS HUS S BIA am_7332, & &1L 50dB of, MRAVIAKER 192, |A1MEN
B SR RST T SE5, BRI R aE 2 i,
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WM 2 85R, =MRSFRBIRMZEA K. Hit, FATEFARR ImS #E 2T AR L, XFEAT
P B D B AAE, RTINS A58 0.862 IR iy, 26 2 IRUEH I K.

Table 2.Average error rate and delay time for different language model sizes
= 2 ARESRER ST TR R8I MG IR AT 8]

B E MR ImS 12MB ImM 104MB ImL 750MB
SRR 0.138 0.109 0.099
fiE g B 1] /ms 5.72 5.919 6.284
AR RS B[] /ms 5.398 5.745 5.89

3) Jy T AIZ AR PR 5 B A YR AR 5] IR S5 AR AR RV R, EEBRE — MR BRAE SR AR TR S
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PR T AT SRS, A RIAR IR 3 .

Table 3.Recognition probabilities at different decibel volumes and distances

3R N FEMAEES TRIRATER

L;E\%_\\\%i% 30dB 50dB
0.5m 0.248 0.968
1m 0.133 0.535
2m 0.004 0.073

M 3 R L, 25 BUNRR R 2 KRR, 24 B B B0 AR Bt e R I S B 1] HR
RMEHRAMRT 0.01. Bk, HIEFIZ NGBS E SUBI S REESS A & AR, RIS HEER B RS 1 Hofh P &
T, BATRBERIRAE N 0.1. HBIHe SBA PUn BE 5 T 0.1, 1R & UM B 25 1 JIR 55 45 A& A

RifE .
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Figure 2. Overall architecture of attitude detection module
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| input: [(none,90,4)] |
| BN [ output: [(none,90,4)] |

[ input: [(none,90.4)]
| convlD | output: [(none,44,64)] |

A
. input: [(none,44,64)]
| MaXPOOhng [output: I(noncA15,64)||
| input: [(none,15,64)] |
iDrOpOUt output: [(none,15,64)]

input: [(none,15,64)]
output: [(none,960)]

|Flatten

input: [(none,960)]
ldensel output: [(none,64)]

|dense2|m+‘f:;‘]|
Figure 4. Neural network structure
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PR . ROSBAG H Ak B A 31| (1) B4 S g AT BEMLFTEL, SRS AEH train_test_split BB HHE D)4, %
PEEE B 80%1E NIIZREE, 20% 1 AMliREE . EINGRIEREd, KIZREER 2001F NG IELE DLITAG 5 71
FIMGRROR . IR B 2 2] % 0.0005, epochs ¥ & M 40, batch_size ¥ N 128, A ZRid 72 A )
PR BN 5 foR, fEXGIESE LY loss 4 0.00897, #EMfZIAE] 99.63%.
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Figure 5. Loss function diagram
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Figure 6. Test set prediction results
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Table 4.Recognition results of testers’actions in different test wheels
= AR A xS E S ERIR A L5 R

wr Km 35 (stand) A sit S (walk) (5 (fall)
1 stand sit walk fall
2 stand sit walk fall
3 stand sit walk fall
4 fall sit walk fall
5 stand sit walk fall
6 stand sit walk fall
7 stand sit walk fall
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Figure 7. Sequence diagram of robot linkage service
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Figure 8. Schematic diagram of communication between mqtt server and various modules
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Figure 10. Experimental scene diagram
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Figure 11.The robot arrives at Room 2 and delivers water to the target navigation point
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Figure 12. Testers shout “help”, robots deliver medicine and take photos on site
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Figure 13. Detecting a person’s fall and issuing an alarm through millimeter wave radar
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Abstract

As a simplicityand flexibility open source microprocessor architecture, RISC-V has received
widespread attention in the industry. In recent years, a lot of RISC-V microprocessors have been
emerging in the market. The MCUs with the core of RV32 core are gradually entering into the ap-
plication fields of Cortex-M MCUs. This article introduces the differences between RV32 and Cor-
tex-M in terms of structure, programmer’s model, and procedure call convention, discusses the
problems during the program porting processfromCortex-MtoRV32, proposes some suggestions,
and conducts relevant performance comparison.

Keywords
RISC-V,RV32,Cortex-M,Program Porting
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1. 5]

THEZEA A FEES RISC-V[1], fEMARRGHAR TR Z N, TFE2 K AEE HWRAm T
RV32 44 MCU, 2019 4E 4 H, SiFive[2] &4 T Freedom E310; 2020 4 2 A, Jk 5 fl#i[3] k4 RV32 MCU
GD32VF103; Il TE i L T-[4] & A CH32V . CH32X . CH32L % %1] RV32 MCU; St SAK[5] Kk A HPM5XXX
A HPMEXXX %41 RV32 HLi%F1 £ % MCU; i ¥ [6] &1 RV32 X% MCU RH850/U2B Fli# ] MCU
R9A02G021 %%.

BE% RISC-V MCU Hyphidik g, HEMAEAIEZ L wEMFEE . Embedded Studio[7]. IAR[8]% £
Mk IDE PLEFTIE IDE eclipse [915 RN A R A58 3 HF RISC-V MCU . — 26 45 E R A AR
RISC-V ZE#J[10]. QEMU RISC-V B E[11]1CREZ M RISC-V ALHEERH: FreeRTOS KA SCHF
RISC-V MCU hitA<[12]; AFFHZ5[13]3: T QEMU RISC-V sZ8! OpenHarmony £ AE F144L; Nicholas Gordon
“:[14]% Kitten Lightweight Kernel #:/F £ 4i# % RISC-V; Luming Zhang[15]# 14 3714k RISC-V UFEI
Boot; Robert Balas Z£[16] 73 #1 RV32IMC 45 #48 f JF- 3 U FE s 7 v

R E RISC-V PANASIZ B A [17]45 R, RISC-V Ly 4bHE 88 O 2 R ah N T8
LISy TGS, MGG LG 588 &y, Bil, EE30EE. PEA Tk
PSS S, ARM AL 5 1 3 G4 (18] /E—SEABABL IS B, RISC-V 44
ARM T A ki . RV32 MCU IE4+%+ ARM Cortex-M MCU ({43 4. #§ Cortex-M MCU v
HREF T RV32 MCU, 7843 FIH Cortex-M MCU A2, KA FIT RISC-V KR EMHME . H
T RV32 Al Cortex-M M) &5t fgmft i AEE 22 T, R AR P IF R T R RO IRAR 7 1) g e« T 9 A1
HEFEAE R RV32 PATHR ST, (ATERRF A R R T AR 2 I8 31— 28 o]

AR RV32 55 Cortex-M 7ES5 K 4 R AR FIRE FE iR S &5 05 T (AR TR A, 20 B R R A
RV32 #fH £ Cortex-M i 2 s B0 [l 1, $&H g7 A, R T A S MERE 0 AT AT L A

RICHE A RISC-V RJERGL, #He RV32 FIR AT 25 47 Hh#K RV32 5 Cortex-M 54 &b
HRERHUA, Ul B AL rp 7 A EERE R T G ) 28 =5 EE RV32 5 Cortex-M 544244, 43 RV32 45
AR AR PERE IS BB DA IHE RISC-V 5 ARM AbH g8 FE 7 1o R FARTE A 22 50, J# et
FRFFRE M REM s B8 L1968 SC AR AT L4 .

2. HFALER

7E ARM ZEH4 b 32 2% T [191 41 RISC-V 2244 4b 2 2545 FH T/ [20] 7, FH 4 #2452 2 (Programmer’s model)
TN AL FR AR BN U TR P R BN Y o G AR AR I 0 1 AL B A SRR AR SR A, AR R T e
FE S A b T AL AR B4, S A b T AL B AL PR AR R AR T RE

HE R HANBE S SRR FE RO W, R EE MCU N RGERIEEThRE 2 —. HhIAbETh
RBP4y, Hh b AL ) A0 o 7 R 45 R (Interrupt. Service Routine)o o i AL 1) ey b B 28 6 12
GER T, R S5 T v e ST A O

2.1. HETIERALH]

Tk
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M

P2 1BUH T Cortex-M 1 RV32 H o SEHL I (0 22 57 . Kt S FHAZF M Cortex-M 245 RV32 i, 7531
A8 50 T A0 3 ) BRAH R AR T

Table 1.The exception handling of RV32 and Cortex-M
F*& 1.RV32 fl Cortex-M FHEEE

Cortex-M RV32
T IF) ECIE SR
EFRTE H 3l F3)
C I HEENAL(VTOR) W E mtvec
P a4 NVIC S ]

Cortex-M X S5 ) & FH W B2, - o ) B4 )0 R R R TR SRR PN, Ab 3RS IS Bl S e A AR A
VTOR 558 A Hr T ) 3% . RV/32 SR ) B R0 I [ 2 8 o o g 1977 2, Ab 38 48 A2 67 B 36 g A 1) o
W ST, o e S 4 R A A S af ik, @ 0x00. KbFEER R BNE, Gl E B AL AR A R
Ir) B P A7 mitvec 18 B AR W e AR R S ) O\ I

N T RIS AT S ThRE R — B0k, F B AR P B A 3 RV32 5 A ARAIE 1) = Hh g 3 72X RV32 MCU
EALIGE B S PATHIIEAL T, B A b ) e R s B 1 30 425 N\ RV32 #5472 (CSR)mtvec ) mtvec[31:2],
% 01 5 N\ mtvec [1:0], & F v 5 A i o A X

HArmi L RV32 MCU #MAERAY . 2 DI #7775 5 Cortex-MMCU[3][19][20] 404, W [ S e 4%
PRI SEHIARIT . % 2 XFHL T Cortex-M MCU STM32F429 5 RV32 MCU GD32VF103 Hr i i) & & 454 .

Table 2.The interrupt vector table 0ofSTM32F429 and GD32VF103
% 2. STM32F429 5 GD32VF103 il (e 2R LEH

STM32F429 GD32VF103
_vectors: _vectors:
word _ stack end j Reset_Handler
.wordReset_Handler word 0
RrEER
.word ExternalISRO .word ExternalISROe
word ExternallISR1 .word ExternallSR1

w2 2 frzn, RV32 MCU e &, Bl 0 4b, &EAS 32 A7 [a) mAE A X v H W IR 52 3 i N 1
hke BHFEALE RV32 S AR A & b b it 75 B e o ik & A i 48 =R ) s R S Motk (& O
Bk TE 4, BMERIENMESEFAO.

2.2. ET3xcabe

Cortex-MMCU i & A Wi >R, B84 3 sk % xPSR, PC, LR, R12 LK R3 - RO JEARH, £
e O )i B T oA 1 R T T O S PPN AR R S €7 T A EIPOIVA e - S /= ol N

RV32 MCU i & Ht Wi i K I il B ) fj A7 PC BB HI LIRS &7 /745 mepe, FFIRAFFRIAUB 02
mstatus.MPP, {EHANMRAF b SO G 138 a7 A7 28 A LA IR T RE AT 4728 o IR T IR 25 A5 /73R el i), A
X H B %5 A7 4% mstatus Al PC. K Cortex-MMCU H Wi il 25 F2 7 A 1 31 RV32 MCU B, 75 ZE7E 7 i
SRR I IR AE IR SR SO A) Bl 4
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Cortex-MMCU 3 FH A5 7 AT e 7 IR 25 A2 53 <7 ARM 3 38 FH Y8 AAPCS[A7], Fiif 7 r b g 7 58 2
T E BIRAE 4 NFRR I BEFAE A AN 4 NS HEFAES 10-r3 BUFRA a0-a3. RISC-V N FH A% 7 i A2 1 I 75 29
SE 8 M HF R x10-x17 5k N a0-a7. 5 Cortex-MMCU HEIRFER L F XN AR, RV32 MCU
Wi M 55 F2 7 o 7 BEARAE AR B R SO R N S F AF A a0-a7 FIAFBRIIRE T 4% & 3 FI T
RV32 MCU W7 i 55 F2 77 HH AR AF AR R R S NE I RR P i A

Table 3. The programs of save and restore context in RV32 MCU interrupt service routine
% 3. RV32 MCU H i fR ZF R FRFFRE L T IIEFIER

{77 LT WS LR
& sp addisp, sp, -12*4 addisp, sp, -12*4
csrr x5, mepc Iw x5, (sp)
s ST sw x5, (sp) csrwmepc, X5
AR 5 A 25 CSIT X5, mstatus Iw X5, 4(sp)
sw x5, 4(sp) csrwmstatus, x5
swra, 2*4(sp) lwra, 2*4(sp)
sw a0, 3*4(sp) Ilw a0, 3*4(sp)
sw al, 4*4(sp) Iw al, 4*4(sp)
sw a2, 5*4(sp) Iw a2, 5*4(sp)
B &R sw a3, 6*4(sp) Iw a3, 6*4(sp)

sw a4, 7*4(sp)
sw a5, 8*4(sp)
sw a6, 9*4(sp)
sw a7, 10*4(sp)

Iw a4, 7*4(sp)
Iw a5, 8*4(sp)
Iw a6, 9*4(sp)
Ilw a7, 10*4(sp)

FE R AR S5 FE 7 N RN 3 A ORAF B B AU B R B, (R 3R [R5 ) HT AN 1 R B 371 ) B ek £
X T ] rh e REALE] GA32VF103[21]4F MCU, T 75 B4R AR T 5 W 4 5 v 7 A BEAR 5C FOREFF

3. IESHRIRR

Cortex-M MCU ] Thumb #§4-4. RV32 MCU KA EAIE S, Az e AR i ] DLk R g 24k
P HH 4. K Cortex-M MCU N FEF B AE %] RV32 MCU I, %45 Thumb $54 40N IhAETE 4
SR A, DLORFFRE AR AU 5 727 Th RE AN 14 BR i — 3501k

NTAETF M AP R RE, Ak STM32F429 Al FE310 43 %I A Cortex-M MCU #1 RV32 MCU
FEA, ffFH CoresMark[22]fiitEResr#rs F7 A4E i L H 4% Segger 2~ W] Embeddedstudio[7]; VI 14
kP gee, FRASHN gnu4.2.1.

STM32F429 WA Cortex-M4[23], 15444 Thumb2, FE310 S RV32imac f§ 48 MiHe, AbH e
FE A ETIRE R T E THURINAER - 4E . & 4 %) STM32F429 5 FE310 $544E ¥/ DI fie 4T 1 LK.

Table 4.The partial functions of STM32F429 and FE310 instruction sets
& 4.STM32F429 5 FE310 154 52 ThRE

Dife Thumb2 RV32I M A c
HEPE = 2
I SRICRTA = 2
A5 1) = I
i1 % v
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M

16 54 HE

A RV32 MCU M HFE I, AR S E$5 S EAH S, B mRE 7 i gE .
3.1. RV32i vs RV32im

Embedded studio )& FE310 N FFEF TAER S48 4 F RV32i 18-S, Z A H A ek Al gk 4
A TR RIS ALY IEH gk, Ja e as il A A 1 RV32i $84 Sel is E sk B RS2l . SR A
i BEI I RV32im RS &, 4250 B e Al i i o seilis 5, IR AT H
BE. FX5FIHT ¢ F2F A RV32i 1 RV32im F54-E4m % 5 A2 I gn e 2 W RE

paul

Table 5.The assembly instructions for RV32i and RV32im
= 5.RV32i 5 RV32im SLEmIES

C ¥ RV32i RV32im
add4:
mv sl, a2
mv s2, a3 adda:
int add4(int p1, int p2, int p3, int p4) call __mulsi3 div a2 aé a3
{ ' mv s0, a0 mul a0, a0, al
return (p1 * p2 + p3 /p4); mval, s2 add a0, a0, a2
} mv a0, s1 ret
call __divsi3
add a0, s0, a0

jrra

% 6 Bt TR RV32i 5 RV32im f§ 44 1E FE310 fll42 iZ4T CoreMark 154, Z5H%R 0, wWHE
MR E A Tk EREIE ., % RV32i BA RV32im #5438 mife T is 4T M i

Table 6. The CoreMark scores of RV32i and RV32im
# 6. RV32i 5§ Rv32imCoreMark 154

RV32i RV32im
253 (IMHZ) 1.33 2.43

3.2. Rv32im vs RV32imc

T MCU Ab 3 g8 77 4 %2 P52 R, % ROM Fll RAM [ 75 3K 2 JF & MCU B F R 7 BB A2 —.
Cortex-M KIS HF 16 f454 Thumb 840, DL/ B AR 7 R . RV32i il RV32im $54K 2
32 fio X FIR—VEFE 7, {8/ RV32im 45444 st — ik B ARFE 7 1K 2 KT Cortex-M B ARFR /7
KR, MBI A IR R . 163 RV32ime $5 28414, KR KM 32 frA8 Ay 16 £z, /b
BT A R i B ARRE R I . £ 7 FIH T Coremark 4 > 1 B SCAEAS [FHE A4 A ) BRI RS K

Table 7.The length of binary code generated from CoreMark’s main files (in bytes)
Fz 7.CoreMark EETHAE I ZHFIRIBKE(FED)

H by S Cortex-M4 RV32i RV32im RV32imc
core_list_join.o 988 1864 1884 1224
core_matrix.o 760 1956 1356 868
core_state.o 622 1112 1104 732
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core_util.o 174 308 284 178

M 7 T, RV32i FEFF T 34K B & Cortex-M4 ] 2.05 %, RV32ime 27 [ T34 i /& Cortex-M4
1.2 f5. AT 0L, ERFEE M Cortex-M R A5 rv32 i, 1%E$% RV32ime 154 H &, KILA LR R4
X AEfift B R PR K

IR AR “A” , EF RV32imac 1R %A G, ke 3 B i HIRAS K 5 RV32imac
Se4Af A, CoreMark 343 2.34/IMHz, 5% RV32ime 54 #4241 A AL «
4. FEERAAE

123 F #5E (Procedure Call Standard) g S 17 S 7 ik il 1 (Application Binary Interface), &%
BAEREECE R H S HE A g Rk B 7 X, R TR, DUREIR RS SN A
Cortex-MMCU J% F 27 #4112 RV32 MCU I}, #5225 ARM ALBEZ8F1 RISC-V Ab B 25 1 A 1 FH Ve 2
()R 22 5 o AR5 H 010 R B0 FH O AR S 0% 33 7 I 22 DR RS AR o SR PRI 52

ARM 2R FE 1 F FVE (AAPCS)[241407€ :  £E BRABCHIE AR kA b, A (R )il 4 A%
17 %% 10-r3 BLFK N a0-a3, [ BR AL (WM EME I S R SEGHEIT 4 AN ZF AR EUEE, 8 9 H
Meftidh; PRACE a0-al R [FI45 R . RISV-V i F2 1 F#LYE (RISC-V Procedure Calling Convetion)[25]% 7€ :
W IEIT 8 N A74% x10-x17 SiFR A a0-a7, M #E A & L S50 RS H it 8 N A28 EUETEH,
8 A R P AR AR A& R a0-al R[FIE R . £ 8 FIH T 6 MEHIMSH C BT MR IFE T
"= ) Cortex-M 1 RV32imac 14 B 5.

Table 8.The generated assembly functions from C function

# 8.H C R#E AU R
C ik Cortex-M4 [ RV32imac L4
.global add6
.thumb .global add6
.type add6, %function .type add6, %function
int add6(int p1, int p2, int p3, int p4, addeé: addeé:
int p5, int p6) adda0, a0, al adda0, a0, al
add a0, a0, a2 add a0, a0, a2
return(pl + p2 + p3 + p4 + p5 + p6); add a0, a0, a3 add a0, a0, a3
Idr a3, [sp] add a0, a0, a4
add a0, a0, a3 add a0, a0, a5
Idr a3, [sp, #4] ret
add a0, a0, 3
bxIr

w7 8 I gm kAR, Cortex-M4 B4, S48 1 2124 4 @il a0-a3 ££id, S4(5 Al 6 @i kL.
7£ RV32imac B %t, 2% 1-6 #8id a0-a5 1%i%:. Cortex-M4 Al RV32imac ] a0 i [m] 45 5 .

T U7 ) kR O SE IS v T 7 ) 25 AE 2%, fE ST Cortex-MMCU B B8 500 38 & S 5T 4%32 7.
¥4 Cortex-MMCU N FHFR /7B AHE] RV32 MCU i, FIFH 215 8*32 i 25 /74 SEUL I RF I, K 9skb bR £00RN
TR R FH A SR 1 AE R

5. RESE5RE

AT MCU Pl abBRALA, Fi5 SRR A, DA AR PPl R 8 F RIS =77 T FE 4R Cortex-M Al RV32
MCU MIZEA, ZrbT T X Se 22 5 6K N2 FH A2 7 M Cortex-M MCU B2 48 3 RV32 MCU (52 4 T FeA
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WrAbE AL, & RV32 MCU W& N W s Wi 87 5, IR B R & A2 7 s iR A Ak 2 B SCiE A .
TEA N FR P I I 8 RV32ime R %A A, sl s ERERVIMARI IR FHFE T . FIH MCU B A7 23 E
BN FE I R AL 3 TE 2 S50, FRAR TR I R B e R

RV32 MCU 5 Cortex-M MCU #54&ZRIRAK, 154 Z A2 575 R P A i P R Ao kb . ARk

Rt — DRV RV32 R P Bt B PEREDE AL 17 /L

S5 3CHk
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Abstract

This paper presents the development of a compact, independently developed, MEMS-based wire-
less digital seismometer. The seismometer primarily comprises several key components: the
MEMS sensor board, amplification and acquisition board, FPGA control board, wireless trigger re-
ceiver board, WIFI module board, and power supply design. The design of this sensor involves ad-
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dressing multiple critical technical points, including weak signal acquisition, low power consump-
tion design, rational overall structural layout, high precision and sensitivity, wireless data com-
munication, and wireless trigger signal reception.To address these critical technical points, the
design carefully selects the appropriate chips and materials and reasonably designs the circuitry
and structure to meet the various technical specifications of the seismometer. A series of indoor
tests and field experiments were conducted to verify the functions and performance of the seis-
mometer, providing a high-precision, high-sensitivity, stable, and reliable seismometer for seismic
exploration.
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1. 518

IEAESR, BEAE THRAUR P HOR PO R R, R 21 Hh R BRI, [ 32  1 PRINB AR 254
AR ARMIKT . fEASEGUR[1][2]. B HAIR[3][4]. 4T [5][6] LA KA Ll AT [ 7] [8] 3 i 17 45 45 Hh 7
B, SRR A SR AR TR R M AT DL R 2 A TR AN s TR (HR, T A A R B ER AR 1
MR BN CIEW e, B, MFNHEMRP R, MERESRNKEEE. BT, £
FE] P82 FH A5 B 32 (0 1 R R U3 85 o S SR DL FR AU 25 (9], "B i FH LA I 14 T N 3 72 U8 PRI IR 30
SN BAE ST ML . EAEREA R REER. RN, WHEA T HAER
MR BRI T B FERCTH R A AR R T T, B Y AL TP I, EE R RS KAy
]G AR B BT EEAT A G OB, H H TR HRAL T S50 A AR B B, 8 RO IR 5 7 i K Bl
BN SERR B F[10]. FHUEAT UL, PR —FhERS . R R B T8I AR T R IR M A I B AT AT

2. MR Z R
2.1, R ESERR

MEMS serEammn |- Serssnan | | meEE AR | -
i | [ [ e
B |5 5 F;);( #| |#| FPGA b
P TR E IS A ET] A ] O iR
| A s iz | F2H AR WIFIE T =] WiFL |1 —

% #® s} 8] | it

s | 1 M| s o | | o | | xa

- i i 1 -

H #n

| (RS, { 3.7v/iaanERgEE i )

Figure 1. Block diagram of MEMS-based wireless digital seismic detector
LET MEMS R & B F R0 SR EIEE

T MEMS [TC2 8 AR B 4 1 MEMS ARG, ORI . FPGA 3 M. LAk
WSO . ToZe WIFI ASTHUSOR A it AL Y rELBR ZHL B o B B DD e AR B R (5 = IR R A5 5, JFHEIE
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B SHAT I ARG, Fef SOt B 715 5, Az R 5 5, RN SR (5 5 LBk WIFI
J7 A 5 2 KRR E FHL. 5356, JET MEMS [0 26 55 b fE o ot 25 th T DU B2k WIFI Hzii
IR ENUL RS E M 4. 5T MEMS ITEE T 1 BRI A4 s 14 1 R .

2.2, WERKFBFTHHERSXR

HT MEMS JCAEU R A PAS BRI S AE T 1) AR89 R 5 A3RE: s fE SR LA ik,
MFPES S ERE L, W TIE S IUOVEE, 2) RIIFERTT: A s B AhE S TAER A,
Mt A A B AR, DACRAMKIFER T 3) MEMS AR BOE 2236 Bt it: ZLARIE MEMS (&85 Fr 3k
BRI E S, BABIHT 5% MEMS (& BATIRIF IR & (O EENLR; 4) (RIEas SRS BT
BB, A E SN, BRI A T 6) RZIE B BT AR
BORARMEF . ARIIRE. wfg BEAMARRIGN BT, SR Tl AR LU, BETHIR I 50 A i 2 A A%
S AR HAT BT

XA EMERD, BIXFHIER 1) SRR, OS50 IR o I (RIREE . Boh
LERTIES TR . BIRBHA RCIEB R 2) ERDWETEREMIIREM ZR T, EHRIIFES
FORID R, RN R FARTIAE B i, PRAIEELE TAERS ) 12 /MK 3) MEMS A£G f &
ZiRBLit: RAE MEMS AR BOE A AR K/MESR T R ER R 02— A 52 AR BOE A RMARF I 5e, 223
I EAR O T B MR TT Y, 285 AR OSSO M B AR R A S IR, BRI a5 5 4) ke
BETE s REARIEAS LR AR 20 0 =00 AR BOE Py SO 5 A BB, B0 A A B UL R e 2l iR s
R, R . B L LGB s AR B 0 T, PRIR IR 5 .

2.3. B STIERE

G, ARBEAR AR NG, BOn R LR S8R 4, £ FPGA #H AR M
FERIR , BOCRIEBEAT 20 RAERIFR . R R DR iU e B, R NSRRI 4R
il R BRI AR AZ 5 o e Bl R A5 5 B SZRDE BSR AR TAE, MEMS A4 & AR &k Hh f2 A5 548
NHUES, UGS ER ORI AHOR . SEBCR ORI 5 5 T, IFFE FPGA 2l AR A0 4%
T, JER ORI 24 7 AD SREE L O U5 50170, RIS A G WIFI BEEAR I AR 4R
(Kt = Bl A% 25 s AR ENLEEAT A7 i . BRI OR

2.4, HRAIKABHBARIERR

Table 1.Technical specifications of MEMS-based wireless digital seismic detector
= LET MEMS & HF i RIGIK B[R AIEIR

PEREFE AR HARZH PEREFE R HARZH
AbHE 35 (FPGA) 120MHz 1ifif % = (GB) 8

DS ViE BRCREE fi e 77 = AR NG S il
KARKE (dot) 2(k=9. 10...18) K AE[A] B (uS) 8>a(n=1. 2. .... 1000)

KEENGE 24 fif AL (dB) 130

BCERZIN7INE SEYEHRAE WIFI Pl 538 I (Kbps) 1000

LBuiksy g s REE 1000mV/g

Hh =% 0 .79
B 0.4Hz~1.6KHz JELR PR % +0.2%
g 7 5 i 200pg/\NHz R~ 75mm>75mm>95mm
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3. MRS E AT
3.1. MEMS {4 BL 28 4R

MEMS 15 B3R AR RZ 0o ot 16 5 55 R AU 28 18 22 =] (AD ) A= 72 ) ADXL203 Ik ot /B — 3k B
TR R MU KRR L RTHEER IMEMS BUGUIE T, M Eeblim, FEIEACE RE e Al A AR
WAV IER . T ADXL203 & F A MR, A 17 =R 2k, BRI M fr ADXL203, it 4h
PR S F RGBT, Se4mT DU 2 =B R, HeEmir s @ E 2 fis.

4R
AR
fi G

/—ﬁﬁ%%/_ﬁm

%ﬁ%mj
Figure 2.Schematic of triaxial detector using two ADXL203 chips
[ 2.7 ADXL203 it S = 4K BR At B B

TEFE] 2 1, MEMS AR 825 4 R B BUAR 4L ), — Bt ADXL203 AR A [7) A B, fRTRRASEAR , 55— Bt ADXL203
WAAFIATE, TR Hod, RO X B Y B5 RS S, BAROIE N Z 307 R
T XA SE B R . OISR MEAR, IR AR, ADXL203 s iR A i e SRR P 4] 3 B
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100 1 100
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Figure 3. Basic circuit diagram of the ADXL203 sensor board,(a) horizontal board schematic,(b) vertical board schematic

[E 3. ADXL203 R AR IRE AR IKFIRE, (QERFEEE, (b)SREE

3.2. THAREM

JEOR RARAR LB A5 1T B BOR LB A A/D SREEFRER . AT EBOKHLEK 1 (KRS 2 RC ZRIE i,
Xt MEMS A& Igas A X Sl th (KI9R B 15 5 AT HUT-PLIERL, JE 2 T8O R — W IE JER AT 5 5 BORIE B
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Figure 4. Basic circuit diagram of the amplification and acquisition board
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Abstract

This study aims to develop a method running on a resource-constrained microcontroller unit
(MCU) for snore detection. Unlike the approach of using CNNs for sound detection, we employ the
Gated Recurrent Unit (GRU) model to process and analyze audio data. By adopting common model
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optimization techniques such as optimizing the model structure and model quantization, we ulti-
mately succeeded in adapting the GRU model to a low-power MCU platform. This allows it to inde-
pendently perform snore detection tasks on the edge without relying on external computing re-
sources and without the need for internet connectivity. Experimental results indicate that while
maintaining high accuracy, the model can effectively reduce the system’s computational power
requirements, meeting the real-time and portability needs of mobile health monitoring devices.
This research provides a new solution for the continuous monitoring and sleep health manage-
ment of patients with snoring disorders and also expands the application prospects of deep learn-
ing in embedded systems.
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Microcontroller Unit (MCU), Gated Recurrent Unit (GRU), Snore Detection, Artificial Intelligence
Application
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TR ROEIE G A EL T SE R R Ty P T I SGBR R S, T WK 3 A% A B R AR
A1)

SRR, AT RETE AR RN G A S5 S TR T AR, LR IRIE: ST HOR AR T
FHFAERBLS , GIES AR SRR RSORS00 4 75
FBIEGE THRIOTTRERE . 76 MOU 376 1 SEBLIRIE: ST BRI, RSO T S REAL R RETT BE T 3
I, AR IR AR5 Lo A S A T 17 2],

A 91 B PR 38 0 PR VRFE 27 14— AR MUTE, I HIE AT R, DS B 75 0
KR . GRU BAL RS HESIT o] SUHR O MO R 7S (35 e L 4 9
SR . 55 MCU BTEMEEATF &, A LB NI AR 5 T R s o, T ELBA
S TAE VORISR R, W75 4 PR 0 75 AT ST B 75 K

LK GRU BURERSIAET MCU VIR ARBYS B, B0 1T BLKHTA RO RS0 A M6 6 A0
g, MTTSHISEH . AERAERIM, SEOLRIR SRS BT T H. Bdb, TR R
HEEIR FE 2 SIE N SRR ST ORI R AE AT A T 5 AV B B BB I T T, 9] 102
V2 T RERT 8 . SR FRH VA GRU BRI IR O RR  Bh B T ST bl 28
TG LB

2. GRU =@t

DOI: 10.12677/etis.2024.11005 41 MARFEARERERS


http://creativecommons.org/licenses/by/4.0/

VRIS 4

GRU 4:7f Gated Recurrent Unit, ELBEIY AT 142 A5 IG o & —Fh A T b B 7 90 50808 0008 24 #0280 X
(RNN)#EEL . RNN F5 438 194822 [ 2% (Recurrent Neural Network), & — i Bl T 4b 30 51 BOHE (40 24 X 4%
ZKg[3]. SrEG AT A M AE, RNN G IC2T68, 6% &G T4 540 8 dh A7 a2, & idid
THEMESOR S A B ST . A T4 RNN, GRU BUf B fj B f g5 M A B m s i N 2 8. &
TR —FP R IR P 7 RGBS, AR VR EE ] X LA B T A e
ERAE D BN Ze M 4G E, DLUERAZEIE T A58, A b B P 51 50 . GRU #2284,
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Figurel. GRU model. The switch is soft, is a weighted sum of the inputs, the sum of weights is 1
Bl 1. GRU REREE. FXEIZRA, WU MRMANRERF, BRLERNERNFA 1

B RA AT XA BT TAERE . B2 EE T r, MIbIRES & HBTZ AT, 10 Eron .
r FH ER A FIGEEE R, AR 45 R BDHE 2 1S SRR R R SUR . Z R R IR
GG B EIRIRAS h o 2R 25 AT 30T, B2l XA 2 1 E T2 2 1 +(1-2)-H
WALV E— A B RRIR A S ST RN & BT INBGR AL, B8 AR RLARA, SR T
—REIH,_ . WMIERER, EEINSGLER, 152H& MRS,

tbah, 5RERICIZME(LSTM)AHLL, GRU BRI/ T S 88E, —SIG N EE S %, JEAAE
THE FH R S X {H43 GRU BN AL EE P A N ) —FhRAT IE % . BT GRU BEZY I 14450, & R
A HCIZEE S, AEE T AT AL I TR 5 P E R AR, R HAIX TS RNN B, GRU #i%Y
TE—EREE LG 1 BB LT I I, T B 3 B AL B K R B i
3. 4 PC Li#fT GRU MM S
3.1. GRU 128114

PR R, BATREEWMMINZG—A GRU BLAY, BIAIZF Gk Keras, A i EIEEE AT %3
Keras JF & T2 o TATIX B 3 BE R FK A AR B FE A0 43, 31X BUBR R FRAT 100 B A5 A I Bl L i & 0 7
IR HLN A RN AMREEEE, 2 0ldr 4 N (x_train, y_train), (X_test, y_test). BT RLREE 5l
%

import tensorflow as tf
from tensorflow.keras.models import Sequential
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from tensorflow.keras.layers import GRU, Dense

# FJ%E GRU A

model = Sequential()

model.add(GRU(128, input_shape=(64, 64), stateful=False, unroll=False))

model.add(Dense(2, activation="softmax’))

# Gty

model.compile(loss="categorical_crossentropy', optimizer="adam’, metrics=['accuracy'])

# KA 25

model.fit(x_train, y_train, batch_size=128, epochs=10, validation_data=(x_test, y_test))

B TXEFIRERMA, (64, 64). BEARER? E3Cid GRU B SLpr ERB R A A — 14
FEREE, BSOS 02 (L, 64). X HIFBRA M XA AMRE T, XEBHA 64 75 AAEH 4.
A —A~ 64 o5 timestep, 55 =4 64 RN EAURHEMIAERE . A A0 0T AR AR . — IRk, FRATRZ—kiE
Xf 64 HIELEHTE B RAEREAT IR, IXAERENE B0 4F A AL BR A AT 2 TR) RO AH DG o 3 BL I B AIURF fIE 2 by — B [
58 K PEE I IS SR T oK

XTI R, GRU BRIk, ANSH, 7392 stateful LK unroll, iIXPIANSH0E
o = g

stateful Z4: 4 stateful BB True I, FORFEALFES: EIEIN, GRU JZ KPR 18 O/ B I FAL 3%
FIR—ANFEE, AR R batch #H BARAS . XX T ACERIS 18] 7 5 S i B 5 B H Bl e b B K
HIIE, ATCAPRERE R FPIRS S S, AR IERA batch 2 [A]EE . BRIAFEOLT, stateful 2300 False. 7
BUERMZ, #ERE stateful 4 True, T[EFIHEHREMWEE.

unroll 2% BRIAEWL T, unroll %A False. 4 unroll & 4 True I, FoRIETHER £ 8 IF RNN
IEFE . EEHHT, MTEERFH, unroll &y True LA ETHEEEE, (HXT TR FH, 7]
R SEAAHEFERL R, Flin, ERBIAIAE unroll=True, 23JEJTF 64 UMK GRU FTfdAT HI#EAE, #5
B8 KE .

HAVHEE stateful Z8. JFAEE S LSRN IBESE S, B0 E)D 0 SEpR ERAFEA N E 1T 5
KEN), BIHTE &M BL A 2 H i — BOe B a4k . Rk, 78 SEBrfli I 2 — o A 3 s A
I B2 R HHE, k RR R stateful i True.

3.2. GRU &85z

ETmEE U, BBT AN ERK . AR, RFENEATEA T unroll ZEGH R, KIIL
BRI AR 2 A A (AR B B B, GRU AN 1] 2 firom

T AX AR AR B () BB RN I 4 B PRI 1) 25 A S 13X L RATT B4 KX A ok GRU R I — ANk
FR 52 S At ER BT FH B (BRI R R AR —FE . BRI S, IR, FRA108 71k GRU BLAL RS B
UFI 5 ISR B A T (R OR R, T BRI AY 4 N5 (64, 64). T SLFbRillilm i, T HACER& T
AEERARAN S ARG ST, FRATH AT 75 ZOR A N 1 B (64, 64), TN EN(L, 64), RIFRRA
B NZA A — S TR, [FIRIRATTEE stateful=True(iBVEE, SHEFR A, IIZRAN % stateful A
False! ), RPEFUAEAYLESE R YT AT EHCRIPREGEE, HHAT T —RIHE. X8 NE, f§
NIRRT LT 1/64. BRI T E ERR ] —i&m b 7. AEEERNL, SE ST
RGBT 25 I S5F BT HH 1) Dense J2 HI T SELEENF LU B n T o ASid s 508020 (34T GRU B8 ) 1 BAR EE
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new_model.set_weights(model.get_weights())

EER, FJa—1T, A set_weights BEL,  H BURZKE Z ATEATHTIIZR LR S0 B 451X 4
WA B IR L, Wl 3 PR,

VarHandle

container =
shared_name = gru/Variable

Unpack

num =1

FullyConnected

weights (192x64)
bias (192)

FullyConnected

weights (192x64)
bias (192)

Splity
2 (3)

3=-1
whu 3

axis = -1

weights (2x32)
bias (2)
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Figure 3. GRU model with time-step 1
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Figure 4.elQ Portal tools
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% EnableQuantization, 1% 5 Fizs.

Conversion Options

Basic Options

Model Name (O Default Input Shape (B

Enter Model Name ‘ 1 ‘ 1

Input Names ® Output Names @

‘ inputs ‘ activation

Labels file ® Quantization Settings @

’ [ Choose File | No file chosen ‘ Enable Quantization
Conversion Quantization Type
[ perchannel @ PerTensor O
Input Data Type @
‘ Maintain Existing Data Type
Output Data Type @
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Convert
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Figure 5. Model quantization
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tflite::MicroOpResolver& MODEL_GetOpsResolver()

{

static tflite::MicroMutableOpResolver<15>s_microOpResolver;

s_microOpResolver. AddAdd();

s_microOpResolver.AddAssignVariable();

s_microOpResolver.AddCallOnce();

s_microOpResolver.AddFullyConnected();

s_microOpResolver.AddLogistic();

s_microOpResolver. AddMul();

s_microOpResolver.AddReshape();

s_microOpResolver.AddReadVariable();

s_microOpResolver.AddSub();

s_microOpResolver.AddSplit();

s_microOpResolver.AddSplitV();

DOI: 10.12677/etis.2024.11005 47 MARFEARERERS



v 25

s_microOpResolver.AddSoftmax();

s_microOpResolver.AddTanh();

s_microOpResolver.AddUnpack();

s_microOpResolver.AddVarHandle();

return s_microOpResolver;

}

BEUFZ G, AR R F e T & C B e U e e (il an, EH xxd TH),
I T model_data.h B AT AL S B IR AARCAY, SSEHL TITA OR TR I A4 AR . RN T 28
TOAL B 43 75 25 5 0 RLK) MIC SREE DL ARHIETHE Sy, IR T RIRA SO AT RIT 1. A X))
PABE R A2 .

5. SCISTGIF
R .MX RT1060 EVK {E NI &, BARERE 7R UK UL T E 6 Bis:

Figure 6. Overall architecture
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MERESF. SCRRY], R R mAE LE I R, BEAR T RGBTSR, i 2 A3 e il e 4 1)
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