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HE

VMRS BREET, MQTTIEA—RMZERN. ETRMA-THERNESHN, BE&T
B I F3E P e A RS, 2 BLF T B 4Rt . #EOpenHarmonyffLiteOSH % LR AMQTT R &
FER—IRBUBARES, CHRAEREFIRERE LUIMQTTHMNUNE P HThRE, HE5=WTFE
BATRENERNERE, DREEEFRSENMQTTE, BT ERNBREMRIL, DMFIEE BIEZ R
FIFREE AR B I Fe B W B 5. WEHI3861: %A T LiteOSH . XEHM THER
Hi3861:t: i FBAE M Paho MQTTEERFE A= M LIS BN XERAR. XEHBNETMQTT
RIAE AR, ARG A THE T R A 3\Paho MQTTE I W &, 5 M AHI386 1:8: 5 AR T Rk R H A HEPaho
MQTTHI AR, BEHR THEABETHEREZEEANZMQTTHZ R, SE &L MM B RAT
BIRISEI . SZIeS RISE T EHi3861°F & ¥ FiPaho MQTTEEBIIAZHTATHRAIBE. CEH
EREHN TH KRR TIE.

X
MQTT, =, YJEXM, Paho MQTT, 3¢

Using Paho MQTT to Connect to Cloud
Platforms on OpenHarmony

Haonan An

Research and Development Center, Beijing Huagingyuanjian Technology Development Co., Ltd., Beijing

Received: Jun. 28", 2024; accepted: Nov. 21%, 2024; published: Nov. 29t, 2024

Abstract

In the communication between IoT devices and the cloud, MQTT, as a lightweight, publish-subscribe
communication protocol, offers excellent applicability and flexibility, making it widely used in the
IoT field. Utilizing MQTT to connect to cloud platforms on OpenHarmony’s LiteOS kernel is a critical

WEF|FH: %44, OpenHarmony - F|H Paho MQTT E#: = F &[], MARBAR SR 68 R4, 2024, 1(2): 51-56.
DOI: 10.12677/etis.2024.12006
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technical task. It involves implementing MQTT client functionality on a lightweight operating sys-
tem and establishing stable and efficient communication with the cloud platform. Therefore, choos-
ing an appropriate MQTT library and conducting effective porting and optimization are crucial to
ensure reliable communication connections in resource-constrained environments. The Hisilicon
Hi3861 chip utilizes the LiteOS kernel. This article discusses the process and key technologies of port-
ing and using the Paho MQTT library to connect to Huawei Cloud on the Hisilicon Hi3861 chip. The
article begins with an introduction to MQTT concepts, followed by a detailed discussion of the em-
bedded Paho MQTT library. It then covers the features of the Hi3861 chip and how to port Paho
MQTT to it. Finally, it describes the steps to connect to Huawei Cloud MQTT using the ported applica-
tion, including device authentication methods and the implementation of message publishing and
subscription. Experimental results validate the feasibility and effectiveness of using the Paho MQTT
library to connect to Huawei Cloud on the Hi3861 platform. The article concludes with a discussion
on future project directions.

Keywords
MQTT, Cloud, Internet of Things, Paho MQTT, OpenHarmony

Copyright © 2024 by author(s) and Hans Publishers Inc.
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1. 5|8

AR, WL (Internet of Things, ToT)BEAR M PLE K JE A | &AT %k, b Z WSl | Toae s
HAE R LA . MMERSREIRERER A, WM SHES ZIRGHTRB0EE, IEmEdE . Hids4
TSI R B o X — R ARRALE 1 1 0 WA I 08 28 75 SR R R ML DB I ~F £ RIS 0, 4 Co AP
(Constrained Application Protocol)s AMQP (Advanced Message Queuing Protocol). DDS (Data Distribution
Service). WebSocket 2. B iRk i 4h, MQTT (Message Queuing Telemetry Transport) K| Hid 5 7 5 52 R
B TEER G BT BROR IR EME A RE S AT K L SCRF I BRI X 388 435 1) 88 e 3. &AM
T T IR DX 1 6 A1 L A 3 2 B SN S8 A A R R, IR A 1 RIS BB A AL T, &L 1 AN
FIARAN B 258 5 (R DIk I A R 0 38 [1]

Paho MQTT & —/MFE ) MQTT J%, i Eclipse Paho 3 H #2357 £ . B #2fit T 2 Fh 4w A8 = 12,
4% C. C++. Java. Python %%, BERBIITREBANHAE & P& AE & B2 MQTT @& Will. &
CEVET ¥ Paho MQTT % )7 3 A4 #E #1) OpenHarmony 5 H o) LiteOS ARZALHESS I, fii . Hi3861
OF, WIS P ERZER. £ OpenHarmony 5 H i) LiteOS WAZALFEES LA MQTT MU GE T % %
5 Zmm ROEERIRE S, I NG M AR S RS EAR B AR EH T otk

2. MQTT 13

MQTT Wi — M . 5T R A AT B SR, &5 B IBM R T 1999 4, H
TR A THLAS 2 R s . BJE, PTG, B OASIS (Organization for the Advancement of
Structured Information Standards, Z5#J1015 EARHEHESH AL GOARME, FELE AR Z PR N H A3 2T 2 R H
MQTT P SCLE PR N AR W 1 T E T A5 B WX 2 AN & R IR AT 9 . s RRlAE . LR BRI 1] FL )
RATAT A AAEAF R & R0 T4 BRIR A 98, & TR E . Tl B ML A BRI T 55 2 Fig 5
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2.1. MQTT BYZE44

MQTT % F i 278 B R AT FH B BT, ©1115 MQTT Broker #4718 15 RS2 HL 3 1 A& 4 A0
Bl2]. B LS A & ey AR, RS, mARKS. B A, MQTT HI& F i
F1 Broker 2 [A]HI52 R0 1 ATaw

W I:l
@ BATERA @% SREPE P (o)

o TR Ly
h i g
P (R Broker %‘
:72)

P (CFHD

Figure 1. MQTT network architecture
& 1. MQTT 48524

P (E MQTT A () 3 2 Dh e 45

RAGHE: & Al Al Broker RAT(BUKIZ)HE, BT LURATATH M8, 8 E&a
TR BRI Hlar %,

IR . &t ] BAIA) Broker 1T Bl (BRI 32 R (Topic), 8 3 MR ik 8 A2 U )
T AT DA P e AR ok S IR SV (1T Bl RN

PR B s T A, AT CARISCOR [ Broker #5 R BN ., FEHEAT AR AL FR AN AT o

% i P LA RS 5] (9 5 AR 25 T B (QoS) 44 il SR il B AL T Y T SEE AN R, R 2 2% — IR
(QoS 0). ZE/DALIE—R(QoS 1), EIFALI%—1K(QoS 2).

MQTT #) Broker s& R4, 074 B2 P b 2 B8] RV A% 3% . Broker ERSOR B R A # (K AT TH
SR i) O S R GRS RET Bl 3 (VT Bl v J2 1R 75 P ity ) 9 75 SR IE B 70 & Broker 7 MQTT
PSR ) SR A L4

RSB ARIEITRIOCR, KR RIE R B KRG FT AT BT A58 32 R i

R R FERARAE, TR ERE I AT R 2 A

QoS FH: MREZ ) u B B 1) QoS i, W RIH B AL I AN o

2.2. MQTT HJR3Z

AT Ak Pl Broker 2 [AJ3HTIE(E, MQTT WhSUE X T A FIZE A F9E B (FR AR SC), W CONNECT.
CONNACK. PUBLISH. PUBACK. SUBSCRIBE. SUBACK. UNSUBSCRIBE 4. R & FH ek, Al
AHCLGTR TR E) MEGEISCEE). FEicke L THROCRE, EhlbrEMES80E K, T
SRR CCRIE T & HVEAE S, WS BN QoS Juml &5 . 73 FH T 517 SEBREHE N 25
XA S MQTT RERSTE S Fh 44 26 4F T s U&inil S, 30 RIS B8 AE 75 R AR 55 B = AR IE .
3. Paho MQTT E
3.1. f&ifr

Paho 3T H BUL THARBUITUERK . Wl & (7 EAL B MM, SCRF M2M (Machine-to-Machine) A4 Bk
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R 2N o ECARE ) RV LA HE B B R 1) A RSAS (7] fL. Paho MQTT C 72 Paho JiH (5 —#873, 2
LN CIBE PRI MQTT % /3. Paho MQTT C J&E B 7ESRME— Al 5E, mskfsesl, MiJFk# 6
g A AT C 185 F I SEBl MQTT HRATAIAT B DI HE[3 ]

3.2. EXHARE

M T A Paho MQTT C FECHH, ReE#iFAE 1AL T MQTTPacket. MQTTClient-C-
MQTTClient 31432

MQTTPacket 3 AFRALE T MQTT WMk LM A R D RE . X Lex0 it 1 AL MQTT il
ANE#RSC (W CONNECT. PUBLISH. SUBSCRIBE %) (AU SEHL. "B 30K MQTT 8 S 4ufid 745
WOFFIL), B R 5 TR AT TR E I B (U7 514K«

MQTTClient-C LA T MQTT 2/ i i) C 15 F LI AL OE 7« X EESCAFSEIL 7 MQTT %/
IR . KA VTR WIS DR EA R M EAE MQTTPacket ZEAili 2 ER S Mgl i 4, 42
Bt 7 —A 5 T AR MQTT % P i Mo FERS R RE Y, FRATTFR EEXT IX AN SO r i) — 8 o 2 ¢
FIEATAE NG A RER A e rh A e 250 E 3 5 IR 55 #3815

MQTTClient & —M&VIN mbed &5 CH+PE, MOBHEBIHMNFG FEH. XERETIHFHFE
MQTTPacket. X TAUEH C1EF M RGKUL, AT LLZBK .

2 1 Ui T MQTTPacket SCA4 e 52 P i A7 50 1) SCHFIRPE
Table 1. The role of files in the MQTTPacket folder
=z 1. MQTTPacket 3L RAPBISCHIER
A ik
MQTTConnectClient.c A MQTT & F utnE A RIS, W . S HEES.
MQTTSerializePublish.c B EERATIINE B350 MQTT 4Rk, DMEM 244 4.

MQTTDeserializePublish.c fEBT MQTT ARATHI S, AR SO AT o R B

MQTTSubscribeClient.c AR FRAT 158 175 3R AT )97 (14K 3 o
MQTTPacket.c AL E T MQTT R SCH A S AT 1 40 5530
MQTTFormat.c ¥ MQTT RT3 =T R R 5 T B s A e i 0 = 4735 B T 2K

BT X s R A ST b Bk ook 0, AN S BRI REEED, K ERRE R b B
B TAEFBEP AT, AFHEBEKL.

MQTTClient-C 3CA%: 32 d 4 I () 32 3 /& MQTTClient.c SCAF. %30 4E MQTT & /7 3 2 F A% OS2 3N,
T SH MQTT P& FThfe, 4L T 3% Broker. RATAIT MW B m P g 0. il i
MQTTPacket SCAFIH FR 7 RET 25 ST,  FRIE L U8 B AH SQ I I 286 B2 DB X B SO IS H 2 o TR
o, WILE R £ MQTTClientInit() 75 21 F Network £5 MR KAL NF 3¢ Socket 454 . %45 ARV I
3| Socket ¥ M4 T FMRE. KILRE. FILHEgR ST RV Socket #: 1, I 5 HSUNIKI%
BREL, DAfE MQTTClient.c SCAFH ) R B A o 30 75 2290 5 (L8R IS 40 BT FH A 1 ) 2R 4

3.3. #iEIEAR

‘B 5 H MQTTClient-C A B AT R T —8HFE, Ef1ER T FreeRTOS. Linux. CC3200.
FEREL I 75 B 1% Lo #2425 — MR 7 SR (AR 4 954 Hi3861_PahoMQTT.c), N MQTTClient.c SCfH
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) BR KB B 0 X 4 22 ORI H I R 8. X842 TR Socket 383 TCP (77 sUIE 2RI IR 55 28 R #HATI8 A, it
N bR H5 I8 A5 EE WT . BE S  SCA rh RR E R WER 2 TR
2 3B AT BRI K U B AE Hi3861 PahoMQTT.c SCA Hh B it & 7 A4 A .

Table 2. Programs that need to be written during migration

2 BENFERENERF

BRHL fEH

NetworkRead() FIFH Socket M W 2% A2 B d

NetworkWrite() FIH Socket [ 2% H1 5 N ¥z .

NetworklInit() VIGE % G5 AR, ALFE Socket g5 FIisE 'S5 B A B 33 D o

NetworkConnect() FIA TP Huhik A 5 & 828 48w L.

NetworkDisconnect() W T X 4% 4%

HeThat R4 FH T e 5 2 75 R

Hi3861 PahoMQTT.c : MQTTClient.c QT CliemZE T
network->socket = -1; MQTTClientInit() %Egﬁg# K.

NetworkInit() network->mgqttread = NetworkRead;
network->mgqttwrite = NetworkWrite;

FKESocketdw 5
-

SIRE. BN R5E
]

FEECONNECTIR T
FisendPacket() &K iR 3L

|

|

|

|

| fAHTIR B3R 3L

|

| |

: 2 ERN?
|

| £EPUBLISHI X
| MQTTPublish() '7 FasendPacket() R i£4R T
| fAATIR B R C

Figure 2. The process of publishing messages using the paho.mqtt.c library
2. FF paho.mqtt.c EE. 7 iHEHIRIE

ME 2 BRTBLE R, AT BRI Paho MQTT C FE T #i4 i JUAN R £ 2 ZAE R AR 1k
Socket # M. BEAFH] Socket BEATHMIA A IR EHE IR HL, SRJGHIH Socket IEFNRST % MCE TEHUG
B JE4 5 MQTT Broker #HTIERANIE KA B A K I MQTTClient.c SCEFrh IR AL, XL
BRSO P MQTTPacket S o) B SR HEAT 40 S P S ARIT, U 55 Socket A2 1115 KO 478
P N R IA

4. ¥£ Hi3861 E#1EH Paho MQTT

Hi3861 & ifg Lk H 1) — 3K S HF WiFi DhRe b2 2%, H %KM OpenHarmony 2244 ¥ LiteOS 4
TERGi[4]. fEB M TR+, DAL 7 1E LiteOS R4t T 1) WiFi %84z ORI H T S2 3 TCP/IP
PR ) LwIP (Light weight IP) 2 . @i I8 F X 2642 11, Hi3861 nJ LLERE R WiFi #45 _Li, SRS 1P
hk, JEBIEE Socket BEREF[5]. FEME AT 7 ZoFF Paho MQTT C JZEAH S04 & 1 3 TR, J# ¥ B 4F BUILD.gn
T H 4 A
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£ LiteOS #:/E R4, setsockopt() bR #H T-HC B B H 7 1R I, A bS] HUSUR % i i 1 1] o
TRIENLHISE, recvOH T M Socket e, send)FH T Socket KIEEHE. [Flik, 728 3.3 121
NetworkRead() B 24 75 E il setsockopt() e B HSGE IS B[], SR J5 A F recv() BB EEAT 508 i e
7t NetworkWrite() B £ - 75 226 183d setsockopt() i B AL B B (8], S5 A send() R FHAT £04 19 A&
i%. LiteOS H¥ socket() ek HH RO — B F(Socket), connect()BREH T1E& Fim &7 L
SR RSS A HER . RIILIX PN bR BURE BT NetworkConnect() 2R £ X X AN s BIEAT R, AT E
R = RS 4 .

Ty A8 T RS R T N W A I RS AH O R B, Ty ik R R A k% Tick TR B 2
osKernelGetTickCount()Fll & 45 %€ i 25 11 Z3R I pA £0 osKernelGetSysTimerCount(), Ft& 11 HUE K11 E >
BORIAP L, X395 & B|X% MQTTClient.c H' ) TimerIsExpired()~ TimerCountdownMS()~ TimerCountdown()+
TimerLeftMS()iX J LA™ B £ 1 5 5 .

fic & 4f MQTTClient.c HH1 ek ¥z )5, B FH MQTTClient.c " MG HOHAT MQTT [¥IATE.
B BOHITEE . KA UG T .

5. SCIOERE

AR FHAE 2 W R FS-Hi3861 JFRMGEAT Hid86l TAEMME, MHENEFEMBRAEAN
IoTDA #EYE/EAN MQTT k4545 .

HATREELN LM ZEEN [0TDA FIFH QI 5 A B fr4 . B & Rk B,
A NI B N R RIBE, XA 1 AR R A —FEM . RS — A, SREEIR &%
BUE R, B¥EE PG ID. HA 4. %D,

W 2% 7 EF | MQTTClient.c 7] MQTTConnect() B £ (025 i S BUE B, 5 RS 84T NE . AIEE

WE, AT ERRSETIELRES. A5, u%TMﬂ%MQﬁR@M@@ﬁ#%%ﬁzﬂEm
¥ 2 A 48 8 B OE @R AT B B . W& IR ] BAR) - MQTTSubscribe() B8 £ 1T 7 #8 7€ O & &, JEiE
MQTTRun() BRI = F & F K MEHE .

6. KFkIIE

ASCLL Hi3861 A, /4R T 1E OpenHarmony 5l H [ LiteOS W% _LIHIEII#AH Paho MQTT #4%
MQTT = F&ald. BT = FEEFEMEH JISON T3, FUEARMIE b, K@l
FH cJSON J 1) 77 ZHEAT B4 (R PP AR AN B 7 AR, DT BB 0 7 58 e A i S 2 M IR A DG HE 20 )
Ab, N TR T AR SR A B AL, ARSI E R R Hi3861 #E4T Mesh ZHM, A4 i A% B3 [l (1)
e N TENARIIFETE R, FKRITH KRR WiFi 838 F MQTT KM

SE
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Electronic and Computer Engineers
in AGI Era
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Abstract

This paper looks forward to the characteristics of AGI era and the distribution of talent pyramid
structure. This paper focuses on the development trend and characteristics of electronic and com-
puter engineers in AGI era. It also suggests how electronic, and computer engineers should deal with
the arrival of AGI era.
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General Artificial Intelligence AGI, Talent Pyramid, Electronic and Computer Engineer
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1. 5|8

F 1956 4 AI (Artificial Intelligence) N T2 REHEA=F] 2022 4, B —H 2B TH . iHHEHLE #4545
BRGSO . R, AL FURNEME TR 10 B, KA AT S M ER T A
{H 2022 WK —ANFEKFEYT, Open AL A2l KR ChatGPT K A, A — AR B AR O A
TR REHTHHACRIG BT . AL I R s N T8 58 AGI (Artificial General Intelligence), & 145 &
SER] DLSEI A R 2T | ORI, BRI TR NIRRT R, AN AL “ TR FFRE T “HEd” .

Hitb. ATHARIN AGI — MUK H %, 24 ChatGPT TR JEF ZHAH GPT4o KAHK
1) Gemini 55, B SO TR KRR T FrA% 1ML+ PLOPS # & )L+ ELOPS. KAA!
T2 3] 7 5000~8000 J5 Flt AZKAT s LR BIIE AR . KR AURILBESC 78 ., i HAEE S X HIR,
ReFE 1. AR R, B — e R RS IR B A

2. AGI FRHR R4S 5
2.1. AGI BB R A BIFF A K0Tl

AGI 23K, iBEE . BEMMZ S B REHRBEA, Ea2@E s S5 AR ATk, 207,
KA D AEIR 2 N o R e B KB T . ATTESIR B R BOR ot s i B 47 I AR 75 220k
T N LR REH AR B F 3, Fra M AR AR ] E908 “Hli& AGI LEK)” A “fiH AGI THK” .
BARTAEATHUR, EARRMR. . RIS 2 N T8 RE I e v IR R

(1) &%tk. BN TIESE AGI B

Al N EREDERN TR - REARIA ., EER/KMETIE. g, PRI, Bt il
R o AR IS/ v g N 1) 1 ) AR e DU AR, R B B N 2755 B siAT M) v B4R WA E—
PREBF R PSR, ISR FER, RAMRINELTFE - Lmm AL EER, 292, FRFAR
FWEARINE, HI12 X RERII KRBT “ATEA” , BIERMEETR S TENR) AT BT .

Q) 1+1>2

1E AGI AR, AGI T HIRE SRR . —NEE T AGI TR N TR mE K TSR E
&2 AGI TH AR TAERZE . AL #HEC 90% MU 7 BHERI e, BEE S ALfL, CT &2 MR W TAERCERR
KPRt —DEE AL THE AR A TR B TAR SR R T EEAME S i i A X AR T

(3) AGI ZEFA BARERBARK=KT5

A KERBETL: RANMEE LRSI, MK, WO %50 O 88 54 s -

B. FReR(Agent)FFT: 0 AIPC. HENEIA . LS T AZ TN M R 5.

C. BFEREFE: 5 BRI, RIEAR TR, AT, Al ETTR B, oy E &
BRI TH, BN NERFE R BT

2.2. AGI FMRBIAF & FEBHTLGNE 1)

(1) Al RRANF & F R AR/
ALY, 348 7 AGI TR AW TAERERIESRTE, 1+1>2. BRI 7 —2 “YNZIm” . “brid
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JER

I SEE AT, AR AT W R BB KRS o BN ST RS =7 kA% . (LA i
AL THEBAN, BEBORBEER, XA NATBLFRIE RN Aol Rk, i N otk ZE0m s
S, FHIIE3 R, 4 ROWATRE. POV H0RE, (RIRCAEH 2 — M0 B E NIRRT .

HHBAT &M ATHR AT 4H

Figure 1. Talent pyramid of the AGI era
E 1. AGI R AM & F1E

(2) Al PR S &F R

7E AL, A w0 45 5™ 5, AATTAT X7 o “filis AL TRRN” A “AEH AL ZTRRAN”
FEG TR T, SRR S, P sl SRR R T R, AT 4 “ i AL TRAIHIBN , B
7o B AGL 5k BARIARE, ARSI LBUF. 17k, ol DRI JE R, il
ATENE PR R R AH LA RT3 AT R TAE, EREESRR. Ee7ERE, “fH AL TH
FIN” B AT R B, T KRB 200 S R TAE R AL, BAREHE N 1 IZRIm . ARy Imas T
TERIAL, (HE R RSN
Table 1. Forecast of electronic and computer research and development team of small and micro enterprises for Internet of

Things equipment
= 1. BRI /MRl BB F R T EANL A & AR T

AR AT R T RRI WA TR S5 R AR Bt
AT 3 12 4 1 20
AGI A% 2 3 4 1 10

e 1R, AT MBI B N AL, TRRBTTEN A 20 13 4 RGRIT. 12 4 PR
TER AN, 4 2R TR, 1 A8 THEN), 2 AGL AR R T 10 N2 # RGBT, 3 4 5A6E
PEOT R TR, 4 AR TR, 1 44450 TR, Hrh QIR B 4E, REBIFHR T RK RGN
Wb 14, HFEARE RSN S50 TREMCERRUKZ Bt EA ™ B M IsE B A T & T2
S T R SR ORI B S B R, S AL A, HNECR KRB 48 3 70z —BE /D

JITUL AGI A A SN & TIE 2R R, R ERE.

3. AGI BFMR BV FRITEH T2

1EN AGT BT I T TARIM AN TF N L TARIT 52 AGL U520 i N ELHz . ABATT L4185 AGT 38R
TN AIPEAL

3.1. BERAREREME RS TR
(1) 3R EE/R BRI R
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R 4

R ERG FHIRE AN 5 nm ER] 3 nm, AFPRARR T . BEURER ‘B 18~24 M H, ERHES E
e R T 2 P 2 S N — 1%, 1k RE AR 4R T — 5 (ER P BR ) AR k> — %) " LT 2 & E R TR A, 1nm JL
SRR KT BRI R o RO BE R GE A B AR, R REII R i, MR T, e lEE, T HLREFER
KRR E R BRI ERK ., TR EARAMER R, HRKEENHETEE RGO BAMIERE
REGF, SR B8 DNA THES 5.

CNIR AR E IR R IPRZ I2% R GE, SRR 20 BL, /T IVE I AL R4, 7 R
b, BEFEH ST ST, AN TRER R R B AR Re vt S R GO BB 17 e SR A
A “HATEARNSTTE” MEE, BN B S 2 R R IR T 28008 it 2R
TR EVERE I RE R L 7. Speck FE— B ARG T B AR RS A AIE A S, 8 XA
AR T S IIHE . SR AT 5 DIFE R A 0.7 Z 5L, NN TRIRER IR T R A, MIRAEIR MG
DIFEI S B e i v 7 %21

(2) FEE/RERIARNG, HERERERNME

TEEE R A, H— D EPERe, WA REALEESE b A TR THI 3 5, 17 S 5 11 it A 7 22
R MERNE S SEEHIRE . Chiplet 2% 3 J(CPU + NPU + GPU-+++++), JIEHE(TPU). MLY%,

A. Chiplet & —Fps W FIBE I T8 B — AN KBS AL 7 43 i R 2 4% e 14 22 AN ST 1) Dy RS
Bepy Be(FK 1P #ZEFR Chiplet). 4 Chiplet /& B2 IR 7T LAEE S A B A A ) D e R 4R 1k
FEER TR R . 25 Fh TP AZ 4 B Ab B .50 GPU (Graphics Processing Unit) #1258 WX 2% 4b BE 8855 NPU (Neural
network Processing Unit). fMIALEEH G VPU (Video Processing Unit). #0155 4 FE#.5C DSP (Digital
Signal Processor). 5K& AL 70 TPU (Tensor Processing Unit)%5 . B A%00 7 W iH BE ISR AN R & o AN[F]
(S B Benl DUBRSZ v FARAL, SR S B SR B R 2 & B — N e B o X RS AR Y B A
AN R R BOAT DLEE SRS R )i 1 20 EAT AR 77 (AN e #0048 [R) — b e i 20 1200 3R m DA AIG )i ok
A, FEREEES A B E A R 3],

B. ZAEERCE . AR EANL TR BTN B IT /B, AT SRR 2 TR R G RO
RN SR DhFEm & dl. RHZ 4L, B2 MR ESE &, Fs5itEEems,
iy s S AR R AT 4B = 4ERE RS, A BEOREE J3(1000TOPS BA ). B s REARGEERE 10~100
TOPS/W). FEAM R = RMNF, A ROE R « WK S5, SO R RN B E L AL T . AMD H#EH
(1) MI300 K 7 3D HEZHARA Chiplet Wit, Fi& 1 9 MET 5 nm HIFERSE A, ET 41T 6
nm FFEFSFHZ F.

Cv HIERZ RIS RSN RS . FEgas . A3 B o A Ath 20 Ak 2 TR) PR aZe 422 07 =0 i 040 EL G
WA TR HIG . BUE, At —BAEF IR B BE ERAM L, WiRgKE (CNT). BEA SEMSLG). £
JEA #IH(FLG)) 55T (Ru). 6 AR FAEHT A s fs R I L s AR BRI R R AR B Re ), oA S #vi
AP HLIT A% (1) 56 e Aafd v, 38 n] DA R 1 B2, A B T8 JE BEXT RC AEIE 5200 o IBM A FHAT .
EraT DA R3] 1 9ok KDL BT A TR B A2, 75 320 1 T 8 e o 8 B AR T R T FLE SR AL, TR
TR M) S B EIE L. ATk BIETF AR RS, BT SeEl R, EARDRER S 4],

D. AR dRIEAER

KHAMES X CFET N E SN KR EHREEMRE R, MARMMMES, R T
AN BT DL e i) AR AR . IX PR ISR R P — R T, B n AR p 2 MOS JefFHESLE
—i, FWRAHES 8 MK

(3) AL PC |5]

AL ZDRT R AEEAEH, sl 20K i H PC HLEE N TR REHOR, A8 ALPC. AIPC 250 & FLA
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AR &

FAF: BN NEREA(AL Agent): H&AAMBIE ) BARMAA NAIRE: TN AL N HAES
R &R N RIS 2 A r s n L ZRigT .

BMKIN S R ], FAE ALPC ARS8 7 O NPU (#H & Ab B 56)%%, KA CPU + GPU +
NPU 212 4 1284 . LA TOPS 1Ry EEfil i S 48hn . TUCH B % AL-PC #7449 Copilot + PC; Ab#H
PEINA T 40 TOPS 5L ). EEMEKM EHE Copilot + PC L3 S En@ & 1F, #4473 T Arm 228911
MRS . Arm BERDIARER A I, FEIEA PRI OK M AL PC # S /.

AIPC FFE MR MR AT . HPERE R, HERBEIE S, 7 RBEA, TIREER
IS AT A S AL H TR PR OB B BOE 2 A BRI, UASE 1 B (50 R0 8L FE ) iy /s B A4 9 K
PREALEAT

@E RS

BREMACE A AL S S i — R, BE BB AT, WA A O REREEAL, T
ERER B ORI B TR R, B EHYUE X ARG BAE B S EAT RN, T A R e
S AOEE 1o S AN A7 B B A L3 Al B A 8 R B ST A R B A o B A D T A BB ] ) i) 4 B
N A 5 [6]

3.2. IR

(1) RERIE Y LLM(Large Language Model)Bf 5T

HHT, LLM BVEMT AR R TR 7. SOARE G WS I BN IR E KR,
EIGIRAERSA . T . REFESE T HIE R GRAD, JEH R AE SR A O SRR, £
N PP ) 25 P AT AR O 5 s o] (R AU AT Ak T2 A B B . %45 MiniCPM-Llama3-V 2.5 S5 AY )
HI[7]-

() EHEHEEFE

KR TR E TR 2 B AL S R IE1T . SRR EHEE il 7 1H 444 CUDA &
6, ibaBRE 400 7R N SUKEE CUDA kg AL S H AN AR . CUDA R 78 1s BRI A
WK BN R, " KRAES RS, AN T IE, MEITTEEIKATERARNIRA, 28 AL
FEHIL, & B ESEREDE AL S I2E &, w2 ZER, 2ol 2 HE (8],

3) BT, ERATVSEEE, RATLBEERSE, ST RER

NEFTA BT AR T EAMEAR H AGT B —i . Xt 5 28 AT A X, ESATk. 17k, 4
LA NARYE B S TR %A S AR, FIHITHE RS, H@AT IR bR UL,
LS E RO, R T % B0 TAE. AET.

(4) AKIMGBLAFF R APL. SDK. APP %

KA 7 %A 2 SR R, 2, Bl F RN L WA ST KENH AGI.
TR T LR N KA () A ity 82 FH [R) 25 tH S #2779 #2 11 API (Application Programming Interface) X/}
% T A AL SDK (Software Development Kit) &% APP 55 — IR I & S FH oy, LASS Bh — ORI A v Al HE 7 S 14
BU - i 15 {5 1t 22 2% )32 F 72 B P 8 =41 22 PC Bl L.

(5) RN E R FERE RS

AGI BHAL, MR iSSP A SO B A AR IR RS AT 0 DA ek, X SR RRAA A B 1Y)
DI Re R GR K o — A A S E B B A0 b &P A v A 828 RN S di AT LA T e s o ALA I 7 5 B2 1)
ReXE + FEAETRY + FEERIPA. F2] + e &)

XA PO A RS i B B ThRe s AL ARt L. BURAL . BRSEIE A B T A R A
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RV P T A i 2 BT RE T R e 3 I TR B BU% , AR an B RE AT A, iR
By AT ARG KA (I R o SRR AR BE MO P T R R REAA T AR R AR s, BTl I 70T K
NFRKIED -

3.3. HAMEFEiHENIER

P R (N T8 e AR BRI AE 2= o 1R 2 e R A . R TR E s . (B TR E R4 RN
PREE S BRyE, MM “d% A7 1 “DZarHE” — AR R & .

(1) REERIH/NELL

AR AL TE = oia AT, (HIEFERIE 3 2 AR 7E R imis 47 . WR 2 AT T B R sk LS TE N2
R ALEEA) KN AN PCH P, BB FREBINER P MRmIZTT, X5 2EH PR mReR Atz
ITEACH VL ER/NBURBERY . R ) APEA PR, X8 SR £ B sl KA R /N B, H g
N R, FpAE B 18 T

(2) AI TV W B F K o AL TR

BT 24 A BRI 3 A o Tl BRI R R g o IR R N SRR I 22 5 i A0 “ Tk
L E - B VSR CARIT” (9]0 ABATTANTE T AR i B BeAR R A 2E77 . 43 . iS55
MR N S CRRITAE, A 7 R

UERS, PRI O R ReAA, S R ThREROR . B 2 RE. YhlhRiE, FER A IR g AL E
(15 R B X R AR BE AR R, B, OB AR P2 IR A o 75/ INR B I i ol T T 4 e
v IR HAT o X ER A B O 0 AR A e In ISR im AL . R B TARECR D . TARIAT
W 2R R R, SRR G A, WX . W2 5 H T AS X BRI N Bl ) ER $E 3
Ao AL IR AS, Ja v AT B G BN Bl P BR FRac A 25, 3% il 75 B2 3043 AR m) B Bl 5 5
4. S8BT RITEN TIREITR A XS
4.1. W AGI BBk, TLURFERELIE A1 TR

NI DR, B ARARATTHHERIA TS, 287500 H T K2R B A% A S A2 an itk
B A G R TTE AR, EEHBHERANRABUE AN BRMRENEER &, TEREMRT, 2
AN NI AT AR L AT R AEIX A AT RIS b, 5ILE, BB, S AGL f#
R JIFTRE SHUIRATT b ANEEE T “BIACE RRRRERRE T, HAE CEHEGEY , TEE IR LRE
H, KPR IR, FATHRE KT, NSO BREEIRT AR AL TRBN” , A5
RPN AR AT T HJ8E P — BB

4.2. K. BE. KBRBAK10]

FESA2] . BR AT TR, HEETE], 4K, HEAZRE, EHTHE. 5E, BT &
FHORBRAENEE, BELBEDRER. ibECWAAEY ] B BE . BUHTR R b &5 8 0im 22

a4

4.3. MRFRITENBFHITRINIFHNE

AGL FEABFRBOR R ZEIE, RN SRR L, 070 ATV B SBT3 OO 4 4 21 DA
AP, T/ TERFERE . ORI g™ AR BT DUZ EEBUR 12 R s S AL
b HETERBOTAN . REFBITA L HRRANA . TTRBCER . FUMFERE R B CA M 2151,
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Abstract

Supermarket fruit recognition mainly relies on manual processes, and computer vision has emerged
as a solution. However, challenges remain, including low accuracy for some fruits, difficulties in de-
ploying them on terminal devices, and handling misidentified images. Therefore, this paper
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Ak, Rk

researches mobile fruit recognition based on deep learning, aiming to replace manual identification.
First, the paper constructs the DailyFruit-49 dataset, which includes images of 49 types of fruits.
Addressing the challenges of recognizing fruits with high feature similarity, packaging obstructions,
and small shapes, as well as the deployment issues on low-compute devices, the backbone model
meeting deployment requirements was selected. A new attention module, RMA, was designed, and
the ViT Block was improved to enhance the model’s detail recognition and deep semantic feature
integration capabilities, resulting in the Dense RMA_ViT model. The loss function was also improved
based on Focal Loss. Ablation experiments on the public dataset Fruits-262 verified the effective-
ness of these improvements. Finally, a fruit recognition system was implemented on actual devices
to meet practical usage needs. The system collects misidentified fruit images based on user interac-
tions and automatically fine-tunes the model’s weights based on these images. Over time, as the
system collects more images, the model’s recognition accuracy and generalization ability improve,
effectively handling misidentified fruits in real-world applications.

Keywords

Fruit Recognition, Dataset Construction, Improved Attention Mechanism, ViT, System Design, Model
Weight Self-Updating

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

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

1. 5|8

] DOR B A RS, JCHAE AR TS 7R e, AL, WA A,
ERETH . B 2 TG KMAE BRI, TR IR E R E IR, AR C RO AE Th A AT Bk i —
gy, A E Oy e ER K KRS et 1], HAT, ACRR P 3E ZAREN TIRBIACRFN ST AT R AN
2555, MO A HARGR . AKRFREZ, SOAHEL 0 7RI, AN TR H 5 .
57 3 S AT ETE, ARG R SRR B N DI BRUR, SN A T R A R, IR B3
KRR AT i+ EE 2],

KRR BAE I IR L 7 A /KR B B, SEDUE REH, T2 d& KR A BT, $
THEYIARY:, W8 NI, iz ERCR . bt Bk e, HEsh OBy e. BaEtb AR, Selm
ROTFFEL VR A HESD B BESR T A RS, FETEN B BT, B REA R R SERE B 3052 0H 2 AE
SRULESE = R T (A 56

2. xIE

BT PSS KRR B 7208w AR =D . B R BRI, A5 TR B I S R A L
g B, By B DR RMEIE 3], HUCRFRIERREL, ik e R g E T E (4]
Gabor JEP[5]+ et —{EM[6]. AR E T E[7]. WZGARFIEW Sobel [8]A1 Canny [9]. JREAARKFAE
AR 10] LA R E R AT [11]e BJFA25r38, W TG SCRIAIENL[12]. K BIEB[13] PRI (Decision
Tree) [14]FIBEHLARAR[15].

RN, FETIRE S IR BRI 7 IS 7 R . Enciso 5 ANFET AlexNet £I7E 320 5K44
e b, SRR 12 70 282 AL B T 98.25%F1 93.73% IR [16]. a5 AT+ 5L
W B RLR S H AR IR, 6 FH Resnet BEALZE 9600 TR/ A S FRE47FiIZ, M2 T Mask R-CNN
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e, Rk

PR, FE A AL A B L T2 7 BIUHERR A B 98.02% [17]. Xue S5 NS H T — Pk TR B 2% 3 1R
HKRRAHTTIE, T CAE-ADN HESE, 256 TR IBAIGH E shgmidgs, SEOL T K R
553 25[18]. Lu %5 AJET DenseNet201 BERFLE R 2 I HOR, LT a2 mitEn R, RIE7E IR
FREZ TN, 2 MERREE] 96.16% [19].

4R, Chandel %5 AT GoogLeNet #578, $#& 1 —FhH TR BIARAEY /K 4 Bil 264 107775, 1E 1200
KAEEK. I KT REIRE L, RO R20]. Kang 25 NFET ResNet fi, 757 7 —MEEMS X 7>
KRR RIS 3 AL, YR T 18,000 FRAL T 7 SRR B, 38 IE A% 2 S BRI TR AL I 25,
TR P 43 2R AR I HERA R IE B 98.50%, Fh2R o RARBIHER RN 97.43% [21]. Ismail Z6 AF2H T —Fh3t
F CNN sy K 255325 2248, 18] EfficientNet A& L6 3 LRI F 45 (B L3 AT I60E, 70 KUk
15 99.2% [22]. Huang SEA$2H 7 —FhEET VIT BIsH 2 MZE AL, @57 7 — AN E 9375 I 15 FlK R
(1 fk 5 B B (23] X BEAFF FE FE N T IR 2 I TR /K SR 2 B A v e, i — B SRR
PRAL T WS A

3. B
3.1. ERERERE

15 R 2 ity () K SRR A N 38, AR ST F N AN 2 GB 1) Rockchip RK3399-mid 5 -, [RIG 75 23
JEAR R EE R /N RIS T H SRR o DRI AR SO AR 1 7 e T 0 DA 85 28 o B B (FLOPS/106) /M T+ 10,000, #5578
ZHE/NT 100 Mo I H TR0 4R BE T IR L, A% DenseNet-169 [30] 948 SCHIH T M
%, AT/RSMI, HEREMmE 1 R,

WAER Dense Block 1 Dense Block 2
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' ' 3 S Z e g e e g
wol |uB 2 2 =9 |2 2 2
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Figure 1. DenseNet-169 model architecture
[ 1. DenseNet-169 tRBIZEH)

3.2. FEEAHE

N AR R M R . LAY A M OCIE BK R AT SO, N HARAKCRAHE, R e, i3
RS TAE BRI, ASCEARTEE T4 5 NIER IHLGI . 454 DenseNet-169 #5184 [ B4R A,
FARAAE TR E Yok, a2 YR I E S SIS 450, Ik, AR SC 3 B AE O 2 ode
AT IR I T

ASCVF VR B i, TR IR A VE R /I (Residual Mixed attention, RMA). [5]INf% & 23 [a) M@ EAS
B, A2 RESPRHERM &R EURIEE R, Rk zEES, MR —RERERR, 2 RE

- JED b
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L AT CABh A B B AR SUEREE , AR T R B A B G N, SR M AR 2R
SR 0 ) S AR 545 S B ve B R0t PR PR U R R T B pe R R A

HAMR AR 2 o, B Sen il 3 x 3 BARLAN 5 < 5 B M ARHEET BRI, 155
PINAN R RS AE &L, SR 5 JE AR R 25 5 TS AN RURE AR, S\ 2 4R/ T B 215
FIRE R, RN AR R E R R, FIEL Sigmoid BoE BBCR AL 0 B 1 2
8], 7334 RAHEA R, 2R)a70 B TSI 2 REERHESEAT B 1, I8 Id Concat # A 4% Il IE
o ARJERPRHEAE R 1 x 1 B A% AT I T8 il & I3\ 22 (803 i e

Conv | | >
Input 3*3 ] i
_p{ _.@_>[[ Aver Pool Linear+Re1u+Softmax} Concat SO L, Sp aiall® .

1*1 ’ Attention

Figure 2. Residual Mixed Attention (RMA) module
2. BREREEET RMA 1R

3.3. #/N ViT Block

IR L AN B AT Z PR R R RIS R, BAEmERIE SR, IR Z R
L1 BB A AT DU/ AR B A S Az Ak, 3RTHRBIRERE . VIT [24) 3K H B TR T F AL R A B2 14
BRI ERER, R LB AR R BAREA ER R R, BA AR IR ), 7T DA s A
R ALRETT -

PR G 4R TR R R S 1 PR HRE 77, 43Rz At . ASCSEIE & 78 CNN BEZS R IN Y ViT Block,
HBIRERINIE] 3 R, B =GR NRFIE 2 T RAR T A il — 4B, JFEEAT S S s B i
ERFAERL A1 20T K BN D B ZHERFIE, SRR RHIEREAT AL B GRS, FA Encoder B, BEATIRZHFIE
S, I AL .

C N*N N*N

Flatten Feature o Lincar Vm o Encoder |Feature

: :
N Positional encodeing

Figure 3. ViT Block module
[ 3. ViT Block £5#4[&]

A SCFATE DenseNet-169 BEAY PR AL T VIT ZER 15 SCRREUBEHL . @3 73BTl v CNN 7EAL 3 18]
1G3%JZRFAE R B A A58 20N BN U9 490w B (Inductive Bias) Bl Wi-F R 2548 . R EfiEfett, [KUbREs o iF Huf|
MHEGA G EEE, 10 VIT 860D TXMAgmE, I BAETTH VIT 28 S R dis.
X TARGUAFAE AL BB B CNN SRR 3, T bl 5 B EHINER, 2 AR R A (A3 B AU R IR B TR /=
b, FEFRRAE S I B A X, HARE RS B B, BbET VIT Block B8R A R4 . S B g5 44 an &
4 fR.
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Figure 4. DenseRMA_ViT model architecture
[#] 4. DenseRMA_ViT & BIZE#[E]

3.4. BUREREERH

TR BRBE Sy B h g AR N M (0, H T BB TN S FShRRE n) 2200, AR AE
KRS, HSRMINGIIIE B ER/AMEIR R, SRR BRI ZRE s b 25 305 0 R RRAE RN
B, DMEIE 2 BFEAS . DRk #8500 400 2 R 50nT DAFS B m i AL A kR . V2 KR 0 LU SO 5 i)
I L o 5 R 20 45 0% B U A8 X451 2% (Cross-Entropy Loss), THHE A1 F:

L (py)=-2." v log(p,) (1)

Hor K K RENE, P oRTINREZ S0 &, y AR M G i ) &

TE I A BT RSN 2545 K i 4 BRSO SRR AR I, BHR SRR AR R AT B AR 2, TR HMERE AR D
T A8 S8 451 2K 1R 5005 A of 17 SR AR TR MR AR B R EAT X G o BRI HMERE AR R4 0K, LA ] A
KEZ, XKW FEOANT 2 M OCTE R BREA IR R, B HME DL ) R R AR IR . [RIEE AR SOOK AR
WU R G AE J5 S8 2 0 RO R K R B AT IR, R R OR, AR AE SE bR A, X T
PR K RS b E 2, X0 T 5 A R O 23 0 I RE AR AN I 1) . B T IR A1)
@, ARILHET Focal Loss [25 0k R BUEAT 08, HHE AR

Ly (p)=-w(1-p,) log(p,) )

Horb e XS RERA 50w R REEBIBRALE, IR AT OE, Gt SRS, WOEREARL
e R R 1, Hefh A 45 SR EE D 55 AR e v 00 PR L AR PR {02, R i e A
Ky DRUARS H R T NE AR R R AR E . P, ot SR B R . 24 P I 1, RPREA A fA
FFEA, (1= P> MBI, R0 ] B AR B B SR AR O BCE B 2 PR 0, BIFEA N IR AEREAS,
(1 = P> TR SO, AR Stk DR HEARE AR ) 463 S AR R AN B AR

4. SEOE
4.1. BUEE

H A5 87K R B s #2045 FruitVeg-81 [26]. Fruits-262 [27]. Fruits-360 [28]%, H AR5
KR RYE, 185 R T BRKREAREME . 7T LA IR Fruits-360 FIZKRFIERZ,
{EARS F HADRE S TR, NS A LR TR N FruitVeg-81 4R T /KKK f, a5
TERE R, HH RSN EBEARR T Fruits-262 Bib, FULTEATFEHIEES, Fruits-262 Hdi 4 i
AR NK FAR G R SR | St 4

S Fruits-262 475 KEK RS E F, HEAHEE T KR F A E 2200, Blan, ASHuEE T i 3E
BRRAFER TN E £ IR £ a0 B 20 s 1 B/ N ER, T Fruits-262 7145 apple ((E ). elephant
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apple (3£ 4. malay apple (5 5K3E ). otaheite apple (JE A 23 R), HKE AWK 6 fir. BARELM=
FKRAIE apple I, (HGAME WA R EZRBOR, ML —2K. BUMEHAEHAb KR A7
fE. KL, Fruits-262 REFKZD, (HARME, WORE G ARME RIS, KL, MEdEH T A
BT K SR A T TR SRR R B R H 2

FruitVeg-81 Fruits-262 Fruits-360

Figure 5. Sample Images from the public dataset

5. NFFREERSE R

4

malay apple M otaheite apple

Figure 6. Images of some apple varieties from the fruits-262 dataset
B 6. Fruits-262 B HEXERMAEE

A SCHB I R TN R A BIALE, T sk bl TR AR R g, I HAE A A T B 4R
Fruits-262 S iF A58 72 7% b elodk 1A R o 72 SERR i 7 R S sy, AKARF SR 2 RN AR R 2 410328,
PRI Dy s 5 T ) S PRSP AR BRI 7 s M T T A KR, ORI R I 2 FEE . AR SCHR % 49 Fikd
WiKR, SRR A, AR IR T S0 o TR R AT 4t . T /KR ERIRSHFEE R, &
FEAS e BRI SE, D AR S 18 B S s A T A [ 7K SR A AS [R) 0 e EAT 403, S i Y 1z At
EEXA R R BPRES T8, B 7 N/ANBEAAFEPRES T fdm s f.

AR A B T IR AR A ARG FE, B ik 5 . Meta FFUEIY) SAM (Segment Anything
Model) [29]SEBE 16 T ARy BT A) 0HE 2 R A AT AT AR AT 2 8o ARSCHET SAM Wit 1 /K AR 9
W7k RE N SAM, FENUVERZ MR, WEGEATHE, S22 EX R, RIER 7 Ex 5
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BEAT 1 B 4 RBENLE S, FERENUENEL . BeRr . 4 7R SEME RBEHURING, SERCEEEY . sl 8 pr
AN, WA — ik A R BE LA SRR ST 7, R FABENLIR R S, R A BISER, ARy
7ol w2, FMKREERRFT A 6000 5K, it 29.4 Jiik, @ %A DailyFruit-49.

\
Qj[‘ "'
‘
r% [1
V ‘V ‘V
NN N

Figure 7. Photoshoot of cherry tomatoes in different states
B 7. NEWMAERS THE RBR

-‘V S\
(] o

Figure 8. Fruit image augmentation concept based on SAM

E 8. T SAM HIkRE R GREE

4.2. TEIEHR
N T A T U P A AR K R PR RE . AR SR 2 M BB RN FR bR, BLFE HE AR 2
(Accuracy). FEHf% (Precision). # [F1% (Recall). F1 47%#(F1 Score, F1). {#HHIR . IR B RREF
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T 3)s @) G)Fim. £ 1R T Ahn R B AREN.
TP+TN

cc =
TP+TN + FP+FN 3)
P
pre=
TP+ FP 4)
TP
recall = (%)
TP+ FN
Fle 2x prexrecall
pre+recall (6)
Table 1. Table of precision and recall explanation
= 1. BTHEME RRBRE
X5 T Positive T Negative &it
SEBR Positive TP (True Positive) FN (False Negative) TP +FN
SEPR Negative FP (False Positive) TN (True Negative) FP+ TN
it TP + FP FN + TN TP+ FP +FN + TN

F1 73 BOR KGR A A BER BRAT YY), ZR5 508 1 RAasnRG e A B, & — ARG PER Y
fabn, WA NSRS 7R itk Re . HArERIE X AR .

4.3. jHRRSCIE

NIGAIE B HERR IR (A R, AR SOl A T BE 2 Fruits-262 34T A2, 36 30E SvE DG 10 Rt
S Fruits-262 Fi 5 52 br B B A 280K, (R WEVEAE, ERERIKRGFIESZME. NIFHA
SR e A R, X5 RMA 55, ViT Block. Focal Loss #EAT VM B SRS, FF4H45 R0 2 Fix,
FHER AT FIAR A T2t TN 4%, 3 PPkt i RIA Rk, A2 Accuracy. Precision. Recall. F1 K
75.28%- 75.84. 75.37% 75.60%, AHEZ TGN RMA fbk, BRI A FTBRAL, (B2 A RRALEE
PERE F1 A TR, VLRI AR M T REARANIIM, BT 7RI ZR-6VERE, 1IEB] Focal Loss B0 HH
Rt o [FIE 6S B SR AR 1 45 DenseNet-169, Vs IS (1A 84 14 GE 3545 T #2 T, UEW] DenseRAM_ViT
S A R

Table 2. Ablation study results on the Fruits-262 dataset
% 2. 7E Fruits-262 BURE L AVIHRLSII 45

Y5 RMA ViT Block Focal Accuracy/% Precision/% Recall/% F1/%
1 - - - 73.63 74.94 74.21 74.57
2 V - - 74.64 75.90 74.75 75.32
3 - V - 74.63 75.77 74.76 75.26
4 - - y 74.02 75.12 74.48 74.80
5 V V V 75.28 75.84 75.37 75.60

IR AT BRI IN RMA RIRCR LG, anl&l o i F sk B S830E 4 XY Fruits-262 FdE 4 3 5
PG 2% X 452 S VR R R T A Ak o, S8 — A7 %k B ] %, A T JR 465 DenseNet-169, ¥ il 7 RMA
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e, Rk

TER RN 7S FIOGE, I HIOR TRACR BARIIOE, SR AT el R, SO AR K
TRKR AFRR SRR STER, RUEM 1A ST E ) RMA 1A Rk

() RiIGEH (b) DenseNet-169 (c) DenseRMA

Figure 9. Comparison of heatmaps with and without the Introduction of the RMA module

& 9. I\ RMA RN EFTLE

4.4. ZERIEE

AT U AR ST R W 1 AR R, B2 B AR SR A RIS /K SRR AR S AT L, 25 R0k 3 B,
GG ORI PERR IR AT, (HRARATR I FOK R R S5 ER D, AEARENM. EAF LA Fruits-
262 b, ACEATIUR DenseRMA_VIT PEAEAN R T- 5045 52 & A % Minut [28 1 BRI TF. 16 E #I%

Table 3. Comparison of related studies on fruit recognition

= 3. KRIRFBXRIFTIIEE

ik Ay HEse IR PP A% Topl Acc/% TopS Acc/%
Enciso [16] 2018 il 1 320 98.25 B
Lu[19] 2021 il 9 6100 96.16 B
Kang [21] 2022 H il 7 18000 97.43 B
Ismail [22] 2022 H il 2 8791 96.7% B
Minut [28] 2021 Fruits-262 262 225,640 58% B
DenseNet [30] 2017 Fruits-262 262 225,640 73.63% _
DenseRMA_ViT (our) 2024 Fruits-262 262 225,640 75.28% B
Mobile v2 [31] 2018 DailyFruit-49 49 294,000 83.65 92.64
ResNet [32] 2015 DailyFruit-49 49 294,000 85.75 93.57
DenseNet [30] 2017 DailyFruit-49 49 294,000 87.53 98.83
ViT [24] 2020  DailyFruit-49 49 294,000 87.95 97.07
DenseRMA _ViT (our) 2024  DailyFruit-49 49 294,000 92.24 99.73
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Ak, Rk

P54 DailyFruit-49 b, RSO TR FE 2 2] 48 #5325 BE A Mobile v2. ResNet. DenseNet. ViT, Hi ik
RS st 8, RIS AR S50 78 55 IR K SR AR RYE BB, 1 5 SRR FEIA B 99.73%, R ZE RE% i 2
SRR R R o R B AT AN AR SIS BT R K SRR S AE K SR ) AU A N A E

4.5. RY

RYHILIA Android REE, R % IS T Pytorch HELLAT Python 155 SEIl, (HETEELELR
Ui . DRI, B AR A 4 O B G 2 i 1A K. AN SR TorchScript AT B k% s 4L
TorchScript [33]| B A BT ML STERE . B5-F & CRFSEM AL, 7T LUK PyTorch B4y pdsrag =X, Af
HITETF A Python ffERE#S, T LAZERE st AR N SNk 4 _FI247, I+ HIJE 75 BB Il 28284 . [F] ), TorchSeript
(7% 25 B R o R B AL PR RE AN 0K, AT AR BTG 5 . WA, 7K SR VR348t 152 2% AN 7 B
B CPU B¢ GPU, 7EH O RK3399 38 1 E AT LARGIEAT, AR B A& Wt g Sk A 75 2 s e

AL RGVEAHHEZLE 10 B, 2 RP0ANBEEL: K SRAG AR E . B as AR E . J5 & E S FRs.
L ERTIE . DUAMEHOUN BLERE, TERUAER, SCILRSG A . RGulid $Ag Sk Semt4n 48 A P 8 L
KRG, MRBERIEEAT IR, e L ST s fE P A8 B B P R 2 i ST B8 1E PR R R 7K AR
i, K IEREE bR R G MESH. 56 R2AUEERRIAE, ERA QTR 5B IE. SRR
AE R R, J5E AT BT EAOR, HERATHIRE . Ah&RE H R kAR
W FFATERT . ARG T KR EUR B s R S ARCE | Ak, SRR R, RS
W 3RAF T R 1) 7K SR UG B4 S AN BE A A B A

7K EAS IR R | R4S H R R

KRERFFRE |—>| BEFfsE AR <= | BERRHIAKR
AR Bk <=| EmbBRIfE
(=)~ (=)

HTRR A S
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Figure 10. Framework diagram of deep learning-based fruit detection system
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e, Rk

KRBT F 2D Re, WA RE, HEBARERWE 11 o, ZEREREEE kTR,
KREREG . Aumib B, PSR SER RN BN G, it TGSk AT P A N 2o, Ao
WAATBERAFET, XK FAT IR . BRI & AAE X IS 21 Pytorch BLAYALE pth AR T4
TorchScript #3X, 454G Android B FH AR P EAT AL RN L 40 1 (A58 58 10 2

Figure 11. Fruit photography device
B 1. KFHRERE

4.6. SCBREBTHKRIGHE

NEGAE DenseRMA_ VAT 7K SRR BV A 2400, fEARHGEE T T T SE B Aot . 2=
JRER, 3 KR ARAER, X 28 PREE /K BT IntR, BF 4 7k, 20 A DL AIHCE: 1:3 ad, 3% 112 5k,
WP FE PR e e R . AR S, DARE IR . RS SR E R, Tops AHBIEM, (HALARE, Wa
SRR Topl PR AAS 12 BRI, B Top 1 IRITHERA %4 84.82%, TopS 4 96.43% . #H Ll 3 Ailli 5 DenseNet-
169 1) Topl #Effi%E 79.46% Top5 HEMHIZE 90.18%, MUY /3 IH- T T 5.36%F 6.25%. JEEAFAEIRIA
Al ARG LIS SR A EE, SR SR S ORI, TR RS

Figure 12. Supermarket real-world testing
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Abstract

This paper introduces an anomaly detection algorithm based on one-class support vector machines
(SVMs) and an MCU-friendly engineering implementation. It does not rely on dynamic memory and
file systems, it is particularly suitable for efficient, real-time training and prediction on resource-
constrained edge devices. Our method not only enables training and efficient storage of machine
learning models on MCUs, but also supports incremental learning, thus continuously improving the
model’s adaptability to actual operating conditions without increasing the computational burden. Our
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experimental setup is a vibration source (such as a fan) with a triaxial acceleration sensor installed to
simulate industrial equipment that emits vibrations during operation. The method in this paper can
also be used to monitor other devices by replacing sensors and computing features.
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Microcontroller Unit (MCU), On-Device Training (ODT), Support Vector Machine (SVM),
Artificial Intelligence Application, MCXN947
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Figure 1. Anomaly detection device
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A2 IEH BT HIRE . BN RS ERWE 2 Fis.

3- axis accel
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MCU LCD Panel
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Figure 2. Block diagram of anomaly detection
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3. V&G FHEIREHESE-Libsvmcu
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Figure 3. Software block diagram
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Figure 4. Workflow regarding to data task and algo task
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Table 1. Hyperparameter tuning (Gamma and Nu)
= 1. BSHAEE (Gamma F1 Nu)

Gamma = 50, Nu=0.1 Gamma = 10, Nu=0.1
Optimal Gamma and Nu that makes the model can detect Gamma is so small that the decision boundary is too smooth to
2 sub normal states. distinguish the two sub normal states.

Gamma = 50, Nu=0.1
Model can tolerate some random noises.
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Gamma =50, Nu=0.4
Nu is too large that the model output big range of numbers, and wrongly treats some points that are far from center as
abnormal.

Gamma = 300, Nu=0.1
Gamma is too large that the model clusters too much, makes the decision boundary is not smooth and tends to overfit.
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TR ENL(SVM)EIE B BRI R Wk J7vE TR T SVM BVEAE/INEEA A = 448
i B RE, EIIREEE A Libsvm FE, WINAFE AR F IS, F3RAK MCU KEH
Libsvmcu [, IR T —BEHAR HRERAE B4 BT ISR, SEBL T X0 KU S o (A kil - [RIRF, %
TEIR SR S o), SRR R I A I (A) (HERR AN SE 37,  LLE R AN SRR A 1L

AL A 7R ST YR https:/github.com/nxp-appcodehub/dm-on-device-training-fan-anomaly-
on-mcxn947.
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Abstract

The high-precision tunnel seismic forecast system for boreholes in roadway tunneling is a completely
self-developed, high-performance product. This forecasting system comprises two main components:
the “underground” section and the “surface” section. The underground section includes one wireless
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host, three wireless probes, one wireless trigger, one seismic source copper hammer, one trigger sig-
nal line, and additional accessories such as buzzers and hammer pads. Its primary function is to collect
and store on-site data. If the wireless host is equipped with analysis software, it can also process and
display detection results on-site. The underground equipment is designed with intrinsic safety and
has passed explosion-proof performance testing and safety certification by national coal mine safety
institutions. The surface section consists of a PC, an instrument power adapter (charger), and analysis
software. Its main function is to transfer, deeply analyze, and process the collected geological data,
ultimately generating result reports, i.e., forecast results. Compared to similar products, this system
offers higher precision, greater accuracy, and ease of use.

Keywords

High-Precision Forecast System, Wireless Probe, Signal Processing, Borehole Seismic Exploration,
MEMS Detector
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Figure 1. Schematic diagram of the high-precision borehole seismic prediction system for tunnel excavation
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Table 1. Key technical specifications of the high-precision borehole seismic prediction system for tunnel excavation
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Figure 2. Appearance diagram of the wireless host in the high-precision borehole seismic prediction system for tunnel excavation
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Figure 3. Structural diagram of the wireless probe in the high-precision borehole seismic prediction system for tunnel excavation
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Figure 4. Appearance diagram of the wireless host in the high-precision borehole seismic prediction system for tunnel excavation
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Figure 5. 3D prediction results diagram
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