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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.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
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1. 518

TR, PIBM (Internet of Things, 10T)H AR [ PLIE K R U8 T 5 AT 5, 1k 2 [RISEBL T L4t i%E
A e HE) . MMERGB R RER R, VMR T E S o IR ST Ao S, DmEdE . ilds 4
ISP ARG T o X — AR RAE 1L T TR X WD E X 2 75 SRR 10 L M DB X S 5 FIE A5 0130, 101 CoAP
(Constrained Application Protocol). AMQP (Advanced Message Queuing Protocol). DDS (Data Distribution
Service). WebSocket %5, & Lk B 4h, MQTT (Message Queuing Telemetry Transport) P Huid v 55 I 52 i
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
FUARAN B 258 52 (R DIk A e 1R 0 %2 [1]

Paho MQTT 52— MTUK) MQTT /%, i Eclipse Paho i H 2 3C#F . B2 1 Z AW fEil = M5,
4% C. C++. Java. Python 55, BEHBIITRERINHIERMESAAT-& LS8l MQTT BEW L. &
SCEET K Paho MQTT % /it E A% 1 %1 OpenHarmony 15 H H [) LiteOS P AbEESS 1=, nifEfE Hi3861
SR, ISR FEmER:. 78 OpenHarmony Jii H [ LiteOS WAZALEEZS LA A MQTT AU 58 T 15 %
R uim OB E RS, 00 BRI AR S RG AR BAREL T 0Tk

2. MQTT tMY

MQTT Hhise — R B0 FE T RATAT RIS AT BAER P, &5 8 1BM JF KT 1999 4, H
TARIRAS A CHLAS 2 s s . BJE, PrITG By OASIS (Organization for the Advancement of
Structured Information Standards, 454015 EARHEHESIZH L) bRilE, FRAEAZ VBN 13 2112 N
MQTT PRSCAE VIR ST B v T A% Sk 25 9 268 R 80 46 TRD IR 9 e R 0dMs . LR B ORI ] B 1)
RATAT R AEAF 5 & R0 14 BRIR A 98, IEH TR E . ol B MR BRI T 55 2 Fig 5
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2t

2.1. MQTT H9%244

MQTT %/ ity e Y B R A & B T BT T, B4 MQTT Broker BT 3815 SR SZ LA 1) 4% 4 Al
PeUl[2]. & Al DR S A s R, B EES . AR BN . MQTT %/ b
F0 Broker 2 [A]HI52 R0 1 ATaw

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

e W EEE Ly
h i g
P (R Broker %‘
ks3)
B P

Figure 1. MQTT network architecture
B 1. MQTT M4k 524

PG E MQTT Hf i) 32 BT e 045«

RATHE: & u el Al Broker RAG(BURIE)HE, BT LURAETR M08, @A R
TR BRI Hlar %,

IR 8 &Pt ] BAIA) Broker 1T B (BEYR)HF € ¥ 32 R (Topic), @i 35 R i 8 A2 U i )
T AT DA P e AR ok S IR SV (1T Bl RN

Bl B B @t VT e R, T LAERISOR B Broker #5 R IV L, FFIEAT AR N AR AL R AT 3BT

% i P LA B AN ] (9 5 AR 25 I 2 (QoS) 44 il SR il i B AL Jd R T SEE AN R, R B 2L — IR
(QoS 0). Z/bAEih—1k(QoS 1), A &i%—1k(QoS 2).

MQTT [ Broker jeH/rik55 2%, 578 B2 7 i L 18] (19 S A% 8 . Broker WSk B R AT & (R A
SR i) O S R GRS IR T 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: MEZ T u B E 1) QoS i, W RIH B AL IS AN .

2.2. MQTT BRI

AT AEE 5 A Broker Z [B)HETIEAS, MQTT BRSUE XL T AEZEH AT B(FR AR 0), i1 CONNECT .
CONNACK. PUBLISH. PUBACK. SUBSCRIBE. SUBACK. UNSUBSCRIBE %5, & ek, Al
AL GO E) MEGEEISCEE). FEcke L THOCRE., EhlbrEMESE0E K, T
SRR SCR IR T & HVEAE S, WS B N2 QoS &5 . 3 FH T 4517 SEBREHE N 25
XA MQTT RERSTE S Fh 44 264 T s U&ine S, 30 RIS R84S 75 R AR 55 B = AR IE .
3. Paho MQTT EE
3.1 &N

Paho 1l H &) THRBUTIRA . I R AIE AL & P SEEL,  SCFF M2M (Machine-to-Machine) Fi#J 5k
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X )8 o 187 FH o R 30 S T 4 2 v A BB 1) TR AR 7] 7. Paho MIQTT C #& Paho T B ) —3 4, &
LR CIESIFRM MQTT & /i . Paho MQTT C JFE S EfRft— /N al 5, makscil, FIF K&
R PA AR C B S IR Sl MQTT B A A AT [ T RE[3].

32. EXHAR

MHT ALK Paho MQTT C FESCHFH, REWEH R HE MIACAS A7 T- MQTTPacket. MQTTClient-C.
MQTTClient 30 3¢ .

MQTTPacket SCAF A0 5 7 MQTT WA ST AT Al 36 Th e o IX LA 7402 MQTT Pl
ANEHRSC(W CONNECT. PUBLISH. SUBSCRIBE %) AR SEHL. "EI17 50K MQTT 8 S 4ufid 71
WMOPFIL), BEFR R 5 SRR AT A T R AR 0 B (P F14E) -

MQTTClient-C XC/F & T MQTT % /i) C 1B & LB L7y XSSl T MQTT %)
IR . KA TR WIS DR EA R MEAE MQT TPacket JEAili 2 FRI S gl i 4, 42
BET — A5 TR MQTT & i o fEBMII TR, AT ZEXX AN ORI i — L8 o 25 452
FIHTAE S, A BRI I h i R B0 E o 1 5 R 55 2 E 1 -

MQTTClient /& — N &#)4 mbed 45K C++/E, BOBHEIIHAT& FEH. ZERETIFHFE
MQTTPacket. % T{UEH CiliE M RGKUL, A LLZBS ISR .

21Ut T MQTTPacket SCA4 e 52 F i A7 50 1) S IAE

Table 1. The role of files in the MQTTPacket folder
F 1. MQTTPacket 3Z R RIS H-4E A

A ik

MQTTConnectClient.c HH3 MQTT & P uiEHAH IR T, Wiy, SHINESF.
MQTTSerializePublish.c HFERATHIIE B39 MQTT Rk ks, LAMERI 2 A& 4.
MQTTDeserializePublish.c  fi#4fr MQTT A AOVH 2, K H STECHE A AT 9 N FTE R

MQTTSubscribeClient.c ARERTT [ 175 SR AR BRI R 3
MQTTPacket.c ALE T MQTT R SCH A S AT 1 40 5530
MQTTFormat.c W MQTT ST —3h i 5= 5 i e 408 B T R 20 W I 745 SR B =X

BT X s R A ST b Bk ook 0, AN S BRI REEED, K ERRE R b B
F)THREPRIA, ATEAY.

MQTTClient-C SZAt:3% i Fl i) 32 2 /2 MQTTClient.c 0. &30 MQTT 2577 it i f 4% 0 SEFI,
MBI MQTT WM & FhThas, R4t 7 i%H: Broker. RAGAIT W B S gm % 0. s
MQTTPacket L J&rf (IR R 240 s, I3 3k 18 FH A 5% 1 90 48 4 T DR X Se i SOR IS 25 FE 1% 30 AF
W, W14k R %L MQTTClientlnit()75 224 ] Network 45 Rk A 4T 5% Socket W28 10 . %45 MM K
FI| Socket £ 95 HWCREL. KIXRE . PG L9 ST RV Socket #:1, FF9m 5 HAfUR K ik
BRE, LA MQTTClient.c SO BRI FH o 340 75 22 4w 55 A 0 1 S B P 1) U1 B 2R 0

3.3. BiERAA

B 7 MQTTClient-C 343 B4 4T84 7 — B2, B 13&R T FreeRTOS. Linux. CC3200.
FE M 5 BAK X Lo W RE S 'S — MR SO (R AR 4 Bkl Hi3861_PahoMQTT.c), A MQTTClient.c X+
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2t

(4] R T BB A PR 2 322 T RN I BR B X 2842 1R Socket @i TCP f#75 g HE B AR 45 28 3 F HE4T 815, it
i BB TE 5 W . B S SO IR R B WIEE 2 FTR .
2 3Bt K AT B ALK U E Hi3861_PahoMQTT.c LA 3 in iy A2 e FIAE FH .

Table 2. Programs that need to be written during migration

F 2 BENFERENERF

BRHL fEH

NetworkRead() FiIFH Socket M 25 H s BB HE o

NetworkWrite() FIFH Socket [ /X 4% o 5 NEHR

NetworkInit() WIEAL 48 S5 K44, 03E Socket 45 A B Bam i ik B O

NetworkConnect() FIF 1P Huhb A 115 &E 8 5045 € L.

NetworkDisconnect() W T X 4% 4%

HEitr FATHIW0I8 15 2 5 R,

Hi3861_PahoMQTT.c : MQTTClient.c WA MOQTTClienZ fath
network->socket = -1; MQTTClientInit() %Egﬁg ;EFlz .

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

FKESocketdw 5
-

SIRE. BN R5E
]

FEECONNECTIR T
FisendPacket() &K iR 3L

|

|

|

|

| FARMTIR [BIHR 3L

|

| |

: 2 NERRT?
|

| H % PUBLISHIR XL
| MQTTPublish() '7 FasendPacket() R i£4R T
| FEATIR [B]# 5

Figure 2. The process of publishing messages using the paho.mqtt.c library
2. FI A paho.matt.c B % 73 H S RIS

ME 2 LR R, A T B R A A Paho MQTT C & M0 Hid /Y ) LA~ 8 #5183 24 F 2 41UA 1k Socket
B0, W BRI Socket BHATHEANNRIE YL A%, SAJSFIH Socket AR S A, BLE SERGE, WEG
4:5 MQTT Broker BEATHEBIE. RATY BEK IR Z MQTTClient.c SCAF A IRIARSE B S, X L6 by $Ci
T MQTTPacket SCAHJ& H 1) bR BCR AT HR SC I B 2R BT, RIS Socket #H < 1) ek 0t 47 204 422
R 3%

4. 7£ Hi3861 E#1E Paho MQTT

Hi3861 S M H I — 3K S RF WIFT DhRERIAREESS, A% K OpenHarmony 2244 T [#) LiteOS #
ERG[4]. 1EBITIRMER TR, B4 T 7E LiteOS R4t I WiFi 3882 DR T 523 TCP/IP
PR LwIP (Light weight IP) % . 3 id i X B2 11, Hi3861 nf LLIESE S WiFi #4 ki b, FRELE] IP
hE, FF81%E Socket B [5]. MAERT 7 Z¥ Paho MQTT C FEAH & SCF A 3 TAE R, JF ¥ B 4F BUILD.gn
T3 H AL ST A
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1t LiteOS #:4E R4+, setsockopt() ek % H T B B4 7 IR T, Qb 2] HUSCR 32 R IR B T
PRYEHLHISE, recv()H T M Socket #ZUEdlE, send()FH T Socket &Ik, ik, 7558 3.3 FiHEHIM
NetworkRead () i £ H 75 22 /6183 setsockopt() & B HWSGE I I [E], SR 5 recv() ek B3 T 500 42 18
7E NetworkWrite() b £ 75 Z /6 iH i setsockopt() B A 2B I 8], ARG send() B F0sk AT 504 1 &
i%. LiteOS 1] socket() s HH Sk 81 g — AN 8 & 37 (Socket), connect() BB TE % i By L
S S R S R R o TRIHAX A R B T EAE NetworkConnect() B %5 b ot iX A BB Sk AT 8, AT 3%
R = RS 4 .

Ty A8 T RS R T N T I R AH O BR B, Ty ik R R Ak Tick TR B 2
osKernelGetTickCount()F £ 4t & iif %5 1+ 535 B 26 %1 osKernelGetSysTimerCount(), Bt & iHEui kit HAD
BORVFP L, 1X 34 K 2% MQTTClient.c # f) TimerlsExpired(). TimerCountdownMS(). TimerCountdown()
TimerLeftMS()ix J LA™ B £ 1 5 5 .

Pt & 4 MQTTClient.c H k%% M5, EPATEA MQTTClient.c H ¥ < %G 4T MQTT fAILE.
B BOHITEE . KA UG T .

5. SCERRRE

AR FH S W R I FS-Hi3861 FF R ARGEAT Hi386l TAEMIHE, MHENS T EHBREAEAN
l0TDA ZEJE/ERN MQTT k4545
BT ELEE N DA 10TDA ZHR A= KA R, @4 . BN & FIRMEEE,
A NI B N R RIBE, XA 1 AR R A —FEM . RS — A, SREEIR &%
BUEE, GFEE 1D, 4. %,
W4 75 B F MQTTClient.c H i MQTTConnect() B #2547 % AU E B, 5 ARG 2 HEATAE . IAE#
WE, RN EREELTELRS. R)a, u%TUﬂﬁMQﬂHMM@@ﬁ#%%ﬁzﬂEm
#% 3 1A 48 72 (1916 AR AR R M2 . &R e LLRI R MQTTSubscribe() b8 £iT Bl 48 2 M 1& &8, i@ s
MQTTRun() BB EH R =~ & T K B E s

6. KFkIIE

AL Hi3861 A, 444 7 {E OpenHarmony 1 H i LiteOS P #% _EifiiEid# 4 Paho MQTT 4%
MQTT = F&EMTTiE. mT o Fa@EE M ISON A% T8 fLi%, FULTEARRMIE H, HilEid
FH cISON J 1) 77 ZXIHEAT B4 (R PP S AR AN B AR, DT BB A0 7 58 e A i A S 2 M I R A DG HE 20 )
Ab, N TR TR SR A BT, ARSI E B R Hi3861 #E47 Mesh ZHI, M4 fi 4% B3 [l (1Y)
e N TENARIIFETE R, RRITH KRR WiFi 88T MQTT KM .

SEEk
[1] Vanani, K., Patoliya, J. and Patel, H. (2016) A Survey: Embedded World around MQTT Protocol for 10T Application.
International Journal for Scientific Research and Development, 4, 26-29.

[2] Light, R.A. (2017) Mosquitto: Server and Client Implementation of the MQTT Protocol. The Journal of Open Source
Software, 2, Article 265. https://doi.org/10.21105/joss.00265

[3] Eclipse Paho (2024) Eclipse Paho. https://eclipse.dev/paho/

[4] #EEM. Hi3861LV100 /= i /- [EB/OL].
https://www.hisilicon.com/cn/products/connectivity/short-range-loT/wifi-nearlink-ble/Hi3861V100, 2024-06-27.

[5] gk, AA%E. FET Socket (1) TCP/IP M4BT 7L [3]. HHEHLRLFWF7T, 2001(8): 134-135.

DOI: 10.12677/etis.2024.12006 56 AR AR SRS


https://doi.org/10.12677/etis.2024.12006
https://doi.org/10.21105/joss.00265
https://eclipse.dev/paho/
https://www.hisilicon.com/cn/products/connectivity/short-range-IoT/wifi-nearlink-ble/Hi3861V100

Embedded Technology and Intelligent Systems R ARIE AR 5EEER YL, 2024, 1(2), 57-63 Hans X
Published Online October 2024 in Hans. https://www.hanspub.org/journal/etis
https://doi.org/10.12677/etis.2024.12007

AGIERBYEEF A EH T2

A L AT 8, ATARS

i L2 B2 e oS AR N 2% 2 e, R i
S BUEOL A B Bt W
S rE AR AR IR A ], Er

Weks . 202447 H4H; FHEM: 20244F11H21H; KA HM: 20244F11H29H

=

XERETAGI IR RIS EFEEHWIIN, BRI T AGI AR T A HEHL TRITFATIL R
BB FAFR, HET IS AT RS TR 0T RO AGIR AR BRI -

XK ia

BEAANTLERAGL, AAE7H, BATRIHEHITEM

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|

F 1956 F Al (Artificial Intelligence) N T2 REMEA= 3] 2022 4, ©—H &\ TH . iHHEHLE #4545
BT AR B B L TE s . ], AL FURIRAE RIS ) Bk R, KA e B AT LR M E T A
{H 2022 10K —AFERFEYT, Open Al Al KIEA ChatGPT KA, A — A LA AR Z G A
TR REHTHHRIG BT . Al IR R e s N T8 58 AGI (Artificial General Intelligence), & 145
AR DASEEL 2% 2] ORI, T AN TR T TR RAT AR e /R, AE N AL “ TR R T “HEd” .

Hit. AlEARIEN AGI —MZFRER JE B Fitk. £4 ChatGPT TR R Z B GPT40 KAk
1) Gemini 5. B SH O N TACH R R TIALH: BB 1ML+ PLOPS 7 & 2| JL+ ELOPS. KA
L4254 >] 1 5000~8000 J5Ff A JSAT sk LURBIIE A F1iR . KBEIAML BESC A2 B, i HAETE S 2 HIK,
ReETE. AR R, Wt —E R B RS IR B AR A

2. AGI BFHRBYEE S
2.1. AGI BB R BB ATl

AGl A, iBE. BEMMZ RS B REH KR, ErBiE s St AT, 407,
KA D AEIR 2 N o R e B KB T . ATTESIR B R BOR ot s i B 47 I AR 75 220k
TN LR REH AR B F 3, Fra M AR AR E90A8 “Hi& AGI LEK)” A “fiH AGI THK” .
BESRTAFATHUR, BRIk, FE. AR AMeNE /7= N T8 G4 T B .

(1) &xt. EFEHHTIERE AGI ER

Al BB RES BRI TR KRS, BEERKETIE. g, BT, BRI 14
ARG o H e H v A B PE  TAEIHE AR, KB A D157 B 5T M) e iE B AR . WA ME—
PR RISCFRIIE, WFME2EAER, REMRNITEEEFTF E - LEmf A4 . EER, 28 FRFRE
FMEAERINE, E12. X BRI KEMA “AlEL”, BRI TR TN Al BT .

2)1+1>2

7E AGI I {X, AGI TR Mfe Jickin K. — MR T AGI TH AR TAEBERKIEIE KT H AR
12 AGI TH AR TAERZE . Al #IEC 90% U 7 BHERIE. BEE S ALfL, CT & MR I TAERER
KB, — AR AL T AN S AR AR R T EHCME S 1 i N L.

(3) AGI ZHEEAE BARERER K =KITH

AL BE KRBT RANMEFEEFE DT, IMKE ), W aeRe: 50 OA B It A4 s -

B. FHefR(Agent)iF7i: @1 AIPC. HEMNLEE AL L5 BN BEEN FM RS

C. BIEWIIT: 1E& FARIEO AR, RImART R, @A, ol SRR, BohE &
BRI TH, BN NERFE R BT

2.2. AGI MK A & FIERITEL (A 1)

(1) Al BN &7 R B2/
AL, H48 7 AGI THAM TAERERIERTE, 1+1>2, BRI T —L8 “YIZIH" .« “brid

DOI: 10.12677/etis.2024.12007 58 AR AR SRS


https://doi.org/10.12677/etis.2024.12007
http://creativecommons.org/licenses/by/4.0/

JER

I SEE AT, AR AT W R BB KRS o BN ST RS =7 kA% . (LA i
Al TAERIMN, BEJTBORBRSE R, X E AT DAFRIEAERA . (A2 R, mm A L oTikoR, Bkt
S, FHIIE3 R, 4 ROWATRE. POV R0REE, (RIRC AN 2 — M0 B E NIRRT .

HHBAT &M ATHR AT 4H

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

(2) Al FRAF &7 EREL

TE AR, ANA m il 70 A3 B 5, AAITAT X 70Dy “ i AL ZEP N A i AL RN .
FEG 3T, EFAR IR 2 PR P v SR A Tl R, Ad AT 4 “ G AL T RAIEIBN B
T B AGH 5k FRIARE, ARSI LBUF. A7k, ol DRI R A, il
GG VE B AL R AH TAEZ KT AR LR, EffESER, fEeriKm, “fEH Al TH
RN B AL RE R, T RKREREZRL LR TR AL SRS 7 IZRIm . ARyEIm s T
ERfL, e ESRE N,
Table 1. Forecast of electronic and computer research and development team of small and micro enterprises for Internet of

Things equipment
= 1. MBI & MRl B F R AL & AR T

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

e 1R, AET— MBI B N AL, TR SUN A 20 (3 # R GMRIT . 12 4 PR
TR TR, 4 A TR, 144450 TREm), 2 AGHRHAURTRER 5 10 N (2 4 RGEHRIIT. 3 42 Bt
PEOT R TR, 4 AR TR, 144450 TREIM). Horh QIR B 4E, $REBIFHR T R RGN
> 14, HFEARE RSN S50 TREMCERRUKZ Bt EA ™ 1) M IiE B A T & TR
Ui T SR O R AR B S R AL S ALRE A, O KRB 48 3 70z —BE /b

JIT L AGI IFAAAA SN & TIE 2R B R,

3. AGI FHRBIEEF R AT EN T2

B AGH INARETHT I i 7 TAEIAITHSEHL T AR 52 AGH IRZIR SO Bl . AATTL %52 AGH 5 X
TN HEAL -

3.1 EHERBEEMBTFREIIEIN
(1) WX} EEIR BRI KRB
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SRS T HIFEM 5 nm ER] 3 nm, AFERARRH T — . BERER ‘4 18~24 N H, SRR -
e R T 2 FE o S N — 1%, 1k BE AR R T — 5 (BRR P BR ) AR k> —£%) 7 LT 2 & E R TR A, 1nm JL
SRR R IB SRR R o IR BE R R AR ek, MERERUIR T, AMURE D)L A E . T, 1T FLRRFEH
R E E ) RN R AT EARAMEN R, HAREEEMMETESREIE . RN IERE
ROGH, BEHA]. 7S DNA TS5,

CN AR R R IR R G, SIFENCN 20 B, /AN TIVER AL RS 7 FER T HOHE
P BeREH GRZEARY TN, S AR DR R R B B e T R G BN BB I T A . SR
N E2Y SIS A S S N ST =TE (R =3 @ 5= WAL 11l A £ I Y P oy P =i s 2 o 1
TGS A TEVERERIBERL I 770 Speck 7E—HU i FEERK T sh S ML R A TG F, 8 %A
A ARKI B BT HE . SRE 37 FAT S TIFE AR E 0.7 20, AN TR RN AL T R RER. RIEE K
ThFE R R el v 77 % (2]

(2) FEEERERIAIN, BB RERME

TERE IR BRI R, #E— DA mEae, WA RROSESR A T 5 R, T 2 A b T 1 A 2
P MORHE R K St RIFE . Chiplet 2% #J(CPU + NPU + GPU---++-). JEHEF(TPU). M2 4EiER%,

A. Chiplet j&—Mts Fr Bt FIER UK 7100 0B — AN RS AL |y 23 i 2 4% e i) 2 AL R D e A
B By(FR IP #ZBEFK Chiplet). £/~ Chiplet /& S\ IR W] LA & {6 A 1 2L SR ) ThE 1 Sk
B TR e, b 1P A2 40 IR A 3 858 GPU (Graphics Processing Unit) #4122 [ 2% 4b ¥ #1.5¢ NPU (Neural
network Processing Unit). #AALEE ¥ 5C VPU (Video Processing Unit). %0715 5 4bH #.5¢ DSP (Digital
Signal Processor). k& 4b¥ &5 TPU (Tensor Processing Unit)4% . & At A ¥t B I A 1 R % . ASIA]
(s B B BERT DA e AR, SR JE B AR B AR A il — N e R o X PR B B A
ANE A BoOnT DLEEJSL (R )3 T 20N R4 A8 7= (AN A6 B A8 FH 1R — Foffie s i3 2500 XA T DA A1 i 3 e
A, IR ELS IR R S [3].

B. ZAEERCE . UATTHENRITH BTG T B, AR SRR 20 T U R G R
RN A ThFE S5 ). SR Z QLG F, M2 MR HERLE &, ik 5itEEems, B
T R0s SR AT YRR = 4B e AR, BCA B RS J)(1000TOPS BA L) B RERR (HEid 10~100
TOPS/W). FEASERG = ROLH, AR « ik S2E00mET, SEIlH R AR BRE 242 7. AMD HEH
) MI300 5K 1 3D HEZHOARAM Chiplet ¥it, Fi# 1 9 NMEET 5 nm RS HRA, BT 4405 T 6
nm FIFERS A b

C. HERE RIS SR . AR08 AR FE e AN A 20 A 2 IR 3% 5 50 i 304 ELBE
BAR T S HBk . BUAE, A —EAE T HRB A S E A R, k4K (CNT). BEASBMA(SLG). £
JEH S (FLG)) 547 (Ru). 6 A7 H A8 F A S M R IR s AR AR B0 I RS 22 AN R RE /), B S 3k
AT 158 PR 1, S8 W] DL 1 5L, A7 B T804 SRR RC SEIR 20 « IBM JUAE FHAT
ETPTLAY R R 1 oK S DA B SO TR A 3, 85 4 1 T00a e sk 65 B SR A TR B T T @ AL, TR AR
HEE) TR BB L. M BOE A Y, BT SCBl b, SEARThRE RS A 4]

D. A e

KIS CFET W 4. KA At EHE B —, AR, WO T
AN BT L2 i A A RO . SRR AR R T — B4R T, R n BUAD p B MOS Tl HERAE
—jg, WLIMES 8 MK .

(3) Al PC [5]

Al ZURTRABEEH, #4204 PC LR TR BRI, AN AIPC. Al PC 240 & A
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FAF: BN NEREA(AL Agent): H&AMBIE T B&ARMAA NAIRE: FFR0H AL R HAEZS A
R &R N RIS 2 A r s n L ZRigT .

BRI GE R HE T, FRAE Al PC ARBRER S/ A NPU (fh&e b3 i ot) %, K H CPU + GPU +
NPU [ Z % 5 484 . DL TOPS 1A ZEmliT &4 bn. i B © 1 AI-PC #4424 Copilot + PC; A3
BFEMA L 40 TOPS KI5 1. EAEMIKIE L Copilot + PC 8 5 ani@ &1, #8TRT Arm 22481
MRS . Arm BERIDIARER A IR, IS A PERR SRR Al PC # S 1 .

Al PC FFE = um M MR AIE1T. P ERE M, HERBBIE S, 7 RBEA, TTIRELER
g AT A S AL H TR DGR OB B BOE 2 A BRI, KSR 1 B (0 R0 R FE A s /s B4 (1 K
PREALEAT

(Mt

BREMACE A AL S R, BE BRI AT, WA A R REREEAL, R
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
I8 FH A 3 [6] -

3.2. T IRm

(1) KRB |LLM(Large Language Model)BF 5T

HHT, LLM BRI AR R TR 7. SOARE R WS I B RE IR E KR,
EIGIRAERSA . T . REFESE T HIE R GRAD, JEH R AE SR A O SRR, £
N AP ) 25 P AT AR o O 5 AN o] R AU AT Ak T2 A B B . R4S MiniCPM-Llama3-V 2.5 S5 i Y 1)
HI[7]-

(2) HEEHETFE

KB R H 2 B AL S R S IaAT . Sl gl Tl T i 5284 1) CUDA 5
J1F 6, kel 400 7R N SUKEE CUDA SRR EE Al S H AN FHFEFF . CUDA REW 78 1s BRI A
Wi KRBT, T RAES RS, [FRANK T, I, & EEKAT R RARIRT, 28 AL
FITHEE, HEE & B ESER) K AVS iR E, kBN, 2R REE8].

(3) BTN, ERATWISERE, AT LBEERSE, ST RER

NEFTA AT 75 AR AGI Bl —i . Xt B AT X, fESANTk. 17k 1
LA NARYE B S TR %A S AR, FIHITHE RS, H@AT IR bR UL,
LS E RO, R T % B0 TAE. AET.

(4) AEMRPLAFF R API. SDK. APP &

KITARWHEH 7 5 Fh 2 S AE R, ST E T A EI AR E T KENH AGI.
TR T R N KA () A sty 82 FH [R) 25 HE tH S #2782 11 APIL (Application Programming Interface). x4
% T A4 SDK (Software Development Kit) & APP & — IR IF & B FH oy, LASS B — IR I A v Al H 7 S 15
BU - fie 15 {5 1t 22 3 )32 F A2 B P 8 =41 22 PC L L.

(5) AP YRS AR EE RS

AGI B, FH P 28 AR 20 AR O B A AR IR RS AT I LU Re i, X BB A A B 1)
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)
REZE + BB + FEEERDIAL F3] + e &)

XA R BE RGOS BB LA ThRE SR A . AR L. BURAL . PRBEENAL . N 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
BTy ALARRS KB (I 2R o SRR AR BE MO P T AR REAA T AR R R s, BTl M 70T
NFRKIED -

3.3. HAMEFEITEHITEF

R A R 1 N TR e T A A ARE 2= o ) A AR R L R RUER i (BN TR B4y O
PRAE SH BRI, NI “BZ Al & “AGHR P EARIRE A R,

(1) RIEEBUE/ MR,

PERRE AL EZUEAT, (HIEAERGE S REEARISAT o WAR AT I T BN U (W LS TE N2
BT ALERA) BN N PC R, A3 i EEWTRCE P AR Sda AT, 0t A B8 P R I R AT i
ATEACH U LR NI AL . A ) AP REAT IR, IS B I FH LR BRI, R
NEREE, FUACE N ISEAT .

(2) Al TR B R TS TR

FH T 2545 (B I LAk Dy Tl BB ) R i o DB RN AR TR 2 380 s A0 LK
R Rt LR [9] ARATTANTR TV A B e AR () A A= 9. A1 50
RPN TREIAS T, A 7B

eI, PRSI ORI REPR, JUE R DR R . O HE M UUeE, IR A e ik B
(FFIRPE AR X PR RE I8 i, AniEfl, KRB MR AAL o AR5 /MR I Al T s e
Iho IR FAT o IXHR I PR DY I AR RE T ER M A AL . IR I TAR ORI . AR
i B MR R R, SRS o, BERAE S o tEE 2 5 R Tl A X BEARAE L FH 2 Ml ) B R 358K
Hi S A s, JE o AT L0« LR NI A e bl A 2, 3SR 1 LI 3 TR i S FH i
4. HSHETRITHEY TZITA R X
4.1 R AGI K2k, REZREBIK Al TR

NKPIL O], BrioR R AT PRI, 787 ) K E SR s A2 dtt .
FHA SR TN, BRI R ABUA WA . BORIRRINERZ AR, TAEZRNETT, =
PR N AR ARAS FELARTSE A o ZEIXHE AL BORIRET, 5HEN, EAmBIRIE, 59 AGH [
FiaL JIRTRE SR b ANELE T CBERARRRBRAE 7, SEE CIHBE” TR PR LR
KRR ¥ EORE KT AMRBOVEOERTRIR “ A2 AL TR, R
EEPRBA SR Al T HSGE 1928 — BB

4.2. K. BE. XEBRHPAIK[10]

FESA2] R AL TR, HEETE], 4K, HAZRE, ERTWHEE. 5E, BT, #
FHORBRAENEE, BELBEDRER. ibECWAAEY ] B BE . BUHTR R b &5 8 0im 22

a4

4.3. MRFRITENBFHITRINIFHNE

AGI FEABIFRBOR R ZEIE, RN SEHrR KA L, 070 ATV B SBT3 OO 4 3 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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2023 HFEF R A A AR AR T ORHE i R R (A IR Z T R G TT) (5UH S
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MEMALE R 3R, BRDAEDSFKRIRAEE, UREEAHRSERTERNE, HETHLTE
EORMB TR, 3T HER FBERRMA, ¥k T VIT Block L3 3RS (4055 R B B ST R R IE X
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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
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1. 53|

] 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 Oy A ER KRR St [1]. HAT, ACRR P E ZAREN TIRBACRFN 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 T 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. ExTIE

BT PSS KRR B 7208w AR =D . B R BRI, A5 TR B I S R A L
. B, BB, LRARFREIA—40[3]. FLUORFHEIRE, i sEEe B oy B ([4]
Gabor JEW[5]. FHs A R[6]. T kR E 7 E[7]. JAZRE N Sobel [8]1411 Canny [9]. N ARARKFAE
AR HR[10] A S E oy i [11] . IIE R mrds, WHITER KR ENL[12]. K HIE4B[13]. R F M (Decision
Tree) [14)RIBEHLARFR[15].

TR, FEFIREE 2 ST KRR 7 VRIS 7 B3 3 . Enciso 55 A JE T AlexNet #ZU7E 320 7K %k
PEEE b, KRR BERIE L2 20250 L B T 98.25%A1 93.73% I HERGHR[16]. Ttk k& AL T 1T AL
R AR S H PRI, (6 Resnet B 7E 9600 7K /K At EabAT TSR, HME T Mask R-CNN
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e, Rk

BERY, 7E A AL HOE 4 P2 2 BIUERR 20 31 98.02% [17]. Xue £5 AFRHY T —Fh e T4 15 2% 3] 1R
GBI, HET CAE-ADN HESE, 254 TR IBAIGA E shgmidss, SCOL T maumK R
553 25[18]. Lu %5 AJET DenseNet201 BERFLE R 2 I HOR, SLIL T a2 mknfn =R, RIE7E R
JRESZTFIE T, IR 5] 96.16% [19].

IE4h, Chandel %5 A %:T- GoogLeNet #5%Y, $&Hi 7 —Fh F TR AR AEVI/K 43 Wit 2641 (1 J7 1, 7€ 1200
KALE EK. MK G REIRE L, RO R[20]. Kang 25 \FET ResNet fi%Y, 757 7 —MRERS X 4
K IR B P R S 40 JSRE A, AR T 18,000 5KAL 7 7 ZROK SR, 38 B 2 S HR AT IR 45,
HHEERE Sy SRR B UER R A $) 98.50%, Fh/r MR BIMERIZ N 97.43% [21]. Ismail 25 A4 H 7 —Fh3k
F CNN sz /K 25325 2248, 18] EfficientNet A5 L 35 LRI F 45 (0 BE E3-AT I60E, 70 KUk R
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Figure 1. DenseNet-169 model architecture
[&] 1. DenseNet-169 #&HIZEH

3.2. AEDHH

N PRSI R . AR S AP OCTE B R AT SO, N HARK RARFE, IR aLE. 13
B ETHAE B, A SCERIEE T ML h 5] NiER JINLE] . 454 DenseNet-169 7! [ B £,
HARBAE T EOER, WERSE IR RINE R I SR % 258, PRIk, AR B FOp 35 Yo
AEFAT I INER T -

AT HVE R I, Bk 25 IR A7 B 71 (Residual Mixed attention, RMA) . [7] i} f& 45 ] F1E B (5
B, A2 RESPREM ST AIRPUBTEGE S, JERMRZERE, MLTR— RERERI, 2 RE

- JED b
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HAR AR 2 fro, B el 3 x 3 BARLAN 5 x 5 BRI M N RHEET 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 AN ERU 4 R IE R R, FIER Sigmoid BoE R ECR HLE KB 0 B 1 2
8], 7334 RAFHEFE, 28570 B TSI 2 RERHESEAT B 1, I8 1d Concat # 1 4% il iE B
B ARJEAPRHMEAE R 1 x 1 B A% AT I T8 i & IS\ 22 (803 i e

Conv | | >
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Figure 2. Residual Mixed Attention (RMA) module
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3.3. #xMM ViT Block
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Rz AEE ST -

IRl R AR R 1R J2 08 PR BLRE 77, ez (et . ACSCSEEliE & 78 CNN R AR 7N ViT Block,
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Figure 3. ViT Block module
[ 3. ViT Block £Z5#4&]
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Figure 4. DenseRMA_ViT model architecture
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Lee (P Y)=-21, ¥ log(p,) )

Hor K K REAE, P ORTINMEZ S n &, y AR g i ) £
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T A8 S8 451 2K 1R 5005 A o 17 SR AR TR MR AR B R EAT X 4o BRI HMERE AR BRI R0, LA ] LA
AEZ, XWGFEOANT 2 MR R BREA IR, B HME DL o) R R AR IR . [RIEE AR SOOK AR
WU R GEAE J5 S8 2 0 RO R K R B R AT WOER, FRIAT R R OR, AR AE SE bR R, X T
PR KRR e 2, X0 T 5 SR R O 23 0 I RE AR AN I A 1) . BT IR A1)
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I RIH 7K R 42 55 FruitVeg-81 [26]. Fruits-262 [27]. Fruits-360 [28]4%, Hrp3rr Q3 itk
Sk MR, K5 BR T Bk REGEEME R . 7T UG HRE Fruits-360 7K RFIEARZ
EARS T HABEE S TR, ANEA LT N . FruitVeg-81 BEER T/KRE f, 8
TERE R, HHREEENEBEARR T Fruits-262 /b, FULTEATFEHESE S, Fruits-262 i 4 5 i
BAE AR TR R G R SR A 4R

JRUE Fruits-262 403 KK BRI F, B5AHE T K SR AR 2B 2200 B, AHb#E T (93
FRRAFER TN E £ IR £ e OB 20 s 1 B/ N ER, T Fruits-262 7145 apple (B 4). elephant
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apple (%3 5). malay apple (3K3E5). otaheite apple (JE #2305, KK AWK 6 frx. BARHAM=
FOKRLE apple #5¢, (HGAME W3R 2 RER, MLCAF—2 . BUEBAE ALK R A7
fE. B, Fruits-262 REMEL, (HARGHE, HARE G AMET RIS, Fit, MEEH T A
BT K SR AR T KRR R G B R H T,

FruitVeg-81 Fruits-262 Fruits-360

Figure 5. Sample Images from the public dataset

5. ATFHEERIE R

malay apple . » otaheite apple

Figure 6. Images of some apple varieties from the fruits-262 dataset
[ 6. Fruits-262 BT HERERMLEE H

AR SCil I R R TN R BALE, T e bolE HOK BRI R g, IF BAE A AR &
Fruits-262 46 R 7 5002 b SO A 80 o 7 S8 bl T R FH I e, Ak R SR 2[RI AR AR AL 2 Al o) 3,
DRI Dy 5 T ) S RS P AR BRI 7 s T BT M KR, R B R I 2 FEE . A SCHR 4% 49 Fikd
HKR, ESLPRRBR h, BIAYK I 5 KA R R AT . B TR R BERRSHFEER, B
FRAS AL G AL RIS 55, DRI AR ST HE 31 SR A8 B A TR K SR 0 AS )60 26 AT #0485, B B AL Pz A
XA K R PRSI, Wil 7 A/ NEAAR FARAE R i A

HARAEY A B TR AR AL E RIS B, B b B4 . Meta FHUETY SAM (Segment Anything
Model) [29] 53 T 76 FAmiE B AT 5 UG P AT AT R 04T 53 B o ARSCHE T SAM 501 T /K SRR S8
Ik BE N SAM, BENLVEREZ AR, WEGHEAT 5 H], BR15 RIS RIER 5 Ex 5
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Figure 7. Photoshoot of cherry tomatoes in different states
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Figure 8. Fruit image augmentation concept based on SAM
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4.2. FIERR
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). FEfifiZ (Precision). 74 [81% (Recall). F1 7»%(F1 Score, F1). #ERIZR. Kiix. HRRHEE
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Fisn(3). @) G)Fim. # Lk T hn R BRI

TP+TN
acc =
TP+TN +FP+FN 3)
TP
pre =
TP+FP 4)
TP
recall = ®)
TP+FEN
F1_ 2x prexrecall
pre + recall ©6)
Table 1. Table of precision and recall explanation
1 1EHEME R RFERER
X4y it Positive il Negative &l
SEBR Positive TP (True Positive) FN (False Negative) TP +FN
SR Negative FP (False Positive) TN (True Negative) FP+TN
it TP +FP FN+ TN TP+FP+FN+TN

F1 O BORAS I A A R AT Y, G365 08 1 0 RA PR A |2, & —DERa tERiE
fabn, WA NSRS 7R i ERe . HArERIA XA (4)Frr .

4.3. HRASCIE

NIAIE SRR AR (R 2, AR SCAE A JFBE 48 Fruits-262 HEAT W Rl SEEG, B0 Sk oo i 2kt
S Fruits-262 Fis 5 52 bR B A 250K, (R WEVEA I, EREURIKRGIES B ME. NIFHA
SO G A B, % RMA 8. ViIT Block. Focal Loss HEAT W ENSEH:, g4 Ran& 2 Fix,
FH R AT FIAR A T2t TN 4%, 3 PPkl 7 RIA Rk, BEAL 2% Accuracy. Precision. Recall. F1 &y
75.28%. 75.84. 75.37%. 75.60%, AHETALIRIN RMA ik, BORSHIRAG TR, (B2 H R RS
PERE FL A TR, VLRI AR M T REARANIIM, BT 7RI ZR-6VERE, 1IEP] Focal Loss B0t iA
Rt o [FIB 6S B SR AR 1 45 DenseNet-169, s S AR e (1A 84 14 BE 35545 FIT$2 71, E W] DenseRAM_VIT
S A R

Table 2. Ablation study results on the Fruits-262 dataset
= 2. £ Fruits-262 RS _EAVHRRSIIN AR

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

IR AT BRI IN RMA BIRCR LG, anl&] 9 i F sk B S830E 4 XY Fruits-262 FdiE 4 3 o
B 5% X 1852 eI R T AL e o, EEE — 475 Ebml &0, AT T JR 6455 DenseNet-169, ¥ T 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, RUEY 1A ST E ) RMA KA Rk

() RIGE R (b) DenseNet-169 (c) DenseRMA

Figure 9. Comparison of heatmaps with and without the Introduction of the RMA module
B 9. 5IA RMA RIRH S EXTEE

4.4, GEEIFEL

N T U A SO RS BT A o, B B AR T 1 [R) 2K SR AT AL kAT X B, S5 SN 3 AT,
JUEH S TR A REIR I, (HRMMATRI FOK BRA R EHE R D>, SEFREM . 7£AHFEIRE Fruits-
262 I, ACHATIER DenseRMA_VIT P BEART T R4 K A% Minut [28)4 BERIRTE. 18 A 4L

Table 3. Comparison of related studies on fruit recognition

= 3. ARRIRFEXARIIEL

ik A HmE KEF AR Topl Acc/% Top5 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% _
DenseNet [30] 2017 Fruits-262 262 225,640 73.63% _
DenseRMA_ViT (our) 2024 Fruits-262 262 225,640 75.28% _
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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BB PR SO AT 2801, RN A S0 78 2 (/K R B SR VE L R, /T 5 SRR AIRE LB 3 99.73%, IR R % i 2
SEBRAE K o ZR b AT AR SR BT B AR TR SRV AE /K SRR ) S B A N P 18
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Figure 10. Framework diagram of deep learning-based fruit detection system
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Figure 11. Fruit photography device
E 11 kRBRE

4.6. SCRREBTZKRIIE

NEGAE DenseRMA_VIT /K SRR BV A 2400, fEARHEE T #4717 e B At . 2=
JEER, oK RATEE, Xf 28 MTE & /KRBT, B 45K, 70 DUESSERECE 1.3 14, 4t 112 5K,
W FE PR e e R . AR S, DARE IR . RS SR E R, Top5 AEBIEM, (HALARE, Wa
J A Topl PRI R o B4R B, 157 Topl IR AR 22 04 84.82%, Topb 4 96.43% . #H LL AL fili A5 1 DenseNet-
169 [1] Topl #:Hfi% 79.46%. Top5 #HEHfi% 90.18%, A /34Tt T 5.36%F!1 6.25%. /R AFEIRIN
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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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1. 518

FEMRAN ARG, F Al 0 & BN Z IS I R G0, SRR i IR R SR e e T IR it
SR A TR B I ) R G AT TARIRAS, R RS M RGNS R IR ISR,
H DRI 25 7 SUSE B[] AR Z TN AR T iR S 7 e, DML GENLas 2 S IR
FEE SN EETNIR[2] [3]. WRAEITAL AR SE “AEREE” AU ATZ RAN I AR, AUAT DAL, kit
TR VEG . X TR ECREE RGUSAT I HPRES, A0 s B 20 D5 3R AT AT RERO S . R T HLAR
SR Al TTEIE T RAE S R o ATt AEAT R, NXPL ST, ADI &Sk H - T A 24 w78 57 5 Kl 77
#Z AR, IFHIRMORE]. S5 % HEREAK R i

FERA IR 8% LA T LA 2 S AR 2 Bt AT 2 25, B ERETH ST 5 (WA A PC
55 F B 2 ) b TS S8 R LA o IR I, i I e PR R 2 25 A e % (U A ) %) o K
TARGRRER FERE A 2 ICIH I, PO 8 T SR, XECLSCER RN ZR P, mH, H
FNGRz KRG NThAE.

SE B BN AE I B S HLE 2 2 vh 4 S AL, (B m AT I St A R A0 35, U
FEAE N S TLAE )\ I AR 25 AR AR A 28 S K ok S WA I 0, AEIX A T, et i I R A A g
AR SC I ORI R S A R, SR e B S AR I RE AT o X T IR BE AL 25 BRI 7 2R R (A
DU NEE ., BRICLASL, B GBI TAR SRR EE AT REAN R, B0 S I ZRRENS B X4 R e 2 HEAT LR
DOAL,  F e S e N0 A A ik L AT 0o 12

N T LB U ZRANHE R, BRPFREZR AT = 1) L 4% LU RF

1) SRR fbf2 100 ELLNAIREARRITATIIZE, LUl 2 MCU LRI A 7R

2) HERESRLHTARNE. EHRNREE 2T ERE, HERAXRSE - BAEEH TR L.

3) /NITFEIRAN G TR ML 5%, 1 SVM.

4) BEEINGSI . LSRRGSR Z RS R, KBEhES NSRS, B E KK
HelE R, AR AL R EEE G (o A AX L8 K (Bl R 7 B A 6 B AT A AL

5) fIZA T i AL B AL ] o LR R AR AR 1Y) FIFO, @ IR 5 T Se B MR AESR B, AT 4
PRAFAH TIAR B 5 (R AE T R SR 46 Hde 25

2. BHEEMEIER
FEF IR BARFIZ 0, AT AE B35 3 7 ) 'L (One-Class SVM, OCSVM) [4] [SIHL &% 2 > 5y,
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Ka %

I+ HiR EER AP Libsvm FEMSEINT MCU AT Libsvmeuo. FF B AFH AR XENEE, RIE
FULE A IR AT R B2 P E ARSI 20 b8 4 o BRATTHE 2 T S A2 B T 30AE, Wi 1 Fi.

-
Figure 1. Anomaly detection device

Bl FEENKE

R T A R R —ANE 3 AN RS TR I USB XU o 75 B I B AN RTHI N 256 T /N = Hh
TN AL R ES, B 12C #: 0 MCU 4B S - MCU E & FRDM-MCXN947, ' L& NXP (1)
MCXNO47 Tz til#%, HHy ke T 3.5 9i~t LCD st MBI - S, & ff fH—A> = LED R4
AT IR IE 2 R R . BA RGN ENEEIIE 2 B,

3- axis accel

MCX No4
MCU LCD Panel
RGB

¥ module glued

Figure 2. Block diagram of anomaly detection
2. FEWRNIERE

3. MZFHEIEHEZE-Libsvmcu

N T ST S ER A B HL(SVM) IIAE & IR, FeAi 19 35 44 PR S5 B WL Libsvm
[5], #HATZ W EMMERL, 2T Libsvmeu . Libsvm 7£ MATLAB, sckit-learn 5 Ax 22 &4 HE4E R
BENTZNA, HEEES MCU LiRMXALeE . BT Libsvmeu F1ERR AT Libsvm i ELfg T
PAFE .

1) ZPXHEALERAKA . AR Libsvm s T A SIS R K IBERE . AP DURIR A E K
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FEI) buffer #48 H C++(%) new/delete 5% malloc/free. FATiH I kB % 7 BC AR U IS ASF & 1285
W7, b R HE R AEIARORE,  AEE AT T DA E SRR ER S T TR I N AE o X TR RENE L e
PEL PRI BRI B I St

2) SEPLSE R AT (XIP) FIAR AL PP SIAL L o ZERA O BT S04 7= A 1 S Bl A T BB py A7 () ik
y FRATE R Libsvm HRRIRS G o 18 = BT s Indi B2 B, SR AT Fa 5 A R B 2 B AR
SEfE . CAONEERE, SEBL TSRO RIGE @, (F AT A7 B %onT DL BT S B B
P 2% N B 1) 99999++Flash 1At a% 3 HLSZ FF7E Flash L ELEZEUHL A (XIP), JE 75 T IN# E] RAM .
Xl AL 28 SR T 75 05 P A ST A A Bt S i I 2 AR B B S A LR b, BRI R L)
SENLJE I AT EHAE RAM BB S 2 Flash 1Mtk T H . A 1 IXEH T HE AL I 7 5 SO S BoR
BATEHRRR T Libsvm H 5 5648 H I3 T304 11O IR BLUAE A A I 2 L] o

3) FFHE M. Libsvm [ 5 R SCREAR A AT I AR AR B A G 3R, DA SR 4R 50 1Y)
Mgk, X T- 100 4EREA T A JIANERC RSN SR1R, X BRI 2 7 2 B 4 FAT R
FFEREIEAR TR E . XA TN R G 55 IR 4E B 4E 50RO A
BN . FRATAI TR E B S, 9D T 2 B 2 )R ORAF I R AR 22 3] H SR )
TR

4) VAL BELRAT I N AE T8 o Libsvm A5 X a] 4 2 S — A3 T el fe 8 (LRU) 5 4 SRS 1Y)
R 2247 (Kernel Cache), 33X /M AR R & % VI 5 ] 2 7E 00 A% o 250y 4 S5 5 45 B TR 7E AR . 1) P AR i A
JRARRE S T B R B B, ZRAF AR A B A ECE A2 I ZRIn 2N TSR LRU S22 38 FH br kB X017
BERRAFNE AR LRI 3 I L& B FIUB A 77« FRATTARIEAE MCU _E on-device training B K #8431 150
AT 256 MIGRFEAIIRE AL LA 25 G TSI B AR sU N A2 BN, s piE T 8 AR 51—k ik
Iy PR GEAT e R 2 B 1 B

5) CHF 32 LA 16 AriF A E. Libsvm JR G N S2HE 64 7 X0 BT 3. FATIH0 & 50s s FF 32 A7
AL I HAE/NEEEH 16 f07F AR5 Libsvm KA C++3EB, CH++1ig HAF S0 T-FRATSEI 16 £i7
T RR TR T AR BBV FE W), ff Libsvm FARAHS JLTTE 7R 15 .

Z BAF BT AL S5 1 libsvmeu 32472, 52 One-Class SVM 1Y 7 Zi+ 43 KB 27 A-fiti s it 23 [l
HH— RN T 17

4. AMA SVM BEERFHE R T

SVM AL 2 ik, TR T IRGE S AEEHRE T Al . RIS E S, RETR
%2 T & TE TAEBIA 2 7= AR N URIR SN o FATTRI =l ookl B A% SRR RS s, @ VR N W i
5, FRICT MR 1 (RMIS) R I 25 4t o £ 35 126 O A Ot I 1 7 (FFT Top ) fE S BRI
SCRFIEAL BEOE A RUR B A B ATIRES, R S BORI SR AR .

AT R FRI(RMS, FETTopL)RFIE, FRATEUEE — 8 KR AL RA I, ATk e & 256
% (a_x, a_y, a_2)f5 TAL L U3, 256) M 4615 5, Horh 3 R 3 ATyl SRS, XH AR 2 5 RMS
I FFTTopl, /it &H) RMS F1 FFTTopl HUF).

FETHE RMS B, S 7 HGIH 505 ) s B (s i), FRATT 0 &Nl b B0 48T B T R A B

X BFRATAE SRR, XPOOCRFAE 9B 7 vE R A2 R ) —Fl, 280 S0 I 4 R BIx T 38T
(T B AR ARG IR (B, SVM S0E AT DASCHFm e 58 & 4E RRFAE 23 1], B P 4 SRASE A ) A
F, B W R R IBR I X B AR IE A 2 AL TE S R (AR Y, 3 75 LA i) LR A 3 T M v AR
FLFIRAE . TELHE SVM & MLEE 5 I Bk, RRIE LRt R 4R BRI .
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Figure 3. Software block diagram

3. BHAEE

BARAES: £ E R FIEA T, FIRIENEI GG SREUT 25 R B bt H . 45655, A A AL IR A8 11 FIFO
Srpp DX &, THRE SR R, ISR IR SO AN I G2 b X T R ) EE
I AN [ A B AT AR B, BB M AT E AR B AAAE R 5 — NP IX, AR DR CEA SR E. %
Bl BB BRr e KEEGH 2 —A FFT &R KR, 83T — RIVBER AT ERAE, SRR 1
IS B AR A T B s P38, X B AT vk 2 B AL fE 1T I T IRME(RMS) . 2 Nk, SHXBES
FLHBLT R, ARG HAT PO B A e, R H R AR A K (W AR BT AE A B (FFTTopl) . Ab3 5 1) RMS F
FFTTopl /22 B II4FIE, HAFNFFEE AL, Jilid FreeRTOS MBS RI% H RAEHIETS . 25, X
BT AN AL B, BB ) A B — AN e K B R R AR G R B R, REBUE S S5 R et 4
R AT 55 JE2 AR PAA T ) 1) 5 4 52 ISP 1) 1) L 2 5 SR VR AT 2% SR I [, A CR 500 A 25 PR B A T DAL 5 1) 1 223k
AT o BUHBAT 55 1 JE) 106 2006 T4 SR8 1) FIFO 2% 36 B 75 [ B[]

HEAES: EEIEES M EEAE, HIhae R . BRI SR TR () T SR 242
E =20V ITR

e, AT —NTERRIEH T, AW —ANBAF S s . BRI T 4G, 183T FreeRTOS 1)
A1 API BRIH K E B AT 25 (1 REAE A B A SREUCRFAE B0 - OR AT, 85 T B AR RS BT AR AR £ mT
H.

BRR, ARAE R A FPRS AT AR A . M0 T USRS, 2 Z 5K B R R SR A7
AN—ANRHEECA T . R BRI R B i, S TR, WME e TR, WE R
AR SCRr I B, SRS AR I BAE AT O (SR & DRI GRERY . INZRERn, TR AR
NEEAFIR ]

AT IPRAS BA VI GREF BB, 7 28 RIS BT KU AR o SR5 a8 1 FH S 2R T o 2504 FH A%
AL, RIS R RFAE SR AT IO, A3 BT S5 A . AR T A5 R TR R G R A AT A, AR e
55 58 BUAE 1 LU IR I XU T AR RS o SR U RS R A B4, e 4R HI LSRRI K, DLE
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Figure 4. Workflow regarding to data task and algo task
E 4. BBESSEXRESHIER

BRES: RS IDIRE L Z A%, BBl 7 — M T LVGL 19 GUI RiH o T ZA05 1A I F 1
WZRF T, LARZHBE M. o E55 e HIPT, & BRI AR B O A ol F RS 8k,
I SHEESBAHEE. RSP HRITRUR, A —MEEHIGE eI eSLIRTHE
SRS, G E T SO A 55 AN BE S A B EE AT, X AT RE & B AR IR Bt . AEBAT M TR

X 22 — AN bug.
6. EZiTig
6.1. MEFE>]

FERZAGTHUTZAERER RS G, ROMEEDEES T AT ORI, £ XU
AETORHL. LR 284, 3RURPIRE T, WIETIER. T2, AT 7B EIXFIRH P SEhri 2, Wk
— P E DR AL .

RN, WRAGT OLOE T 2RI ERR TR, BATSEEN BB RIS
WIREAR — B EF SR, I A NIRRT ERN RS, JF B B IAEA . X PSR 2 A
I FIRES.

6.2. One-class SVM sy S %A

FEA ALK one-class SVM FI T 5 AGIIIN , A7 W93 4 SR 4R H K 24, Gamma 1 Nu.
Gamma (p)EMZ B — NS, ERE 1 EEM B e R A A L. FEA% 9 2 bR BU(RBF)
BOK K Gamma BRI BUNRI R SFA ST, AR SEOQTE I 25K 1) J= RS Ak s T/ Gamma fELRE W
FRCRMRACTL T, TP A — AN AR, U ZREE o (0 5 B sl A R BUK . Nu(v)2— D
E XIS H FOREREUE w0 ERRAL IR PR o XA S B BT R SO ) B B DL R R
JAFRIGERRE o T EORE, BN Nu ELAERERY ST 17+ R B 22 ) i (B, SRR 5 AR,
BOKH) Nu (B AR BE A 1) 00 35 BE 2 OB A, BRSO A
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ERZHFE R E P, BRIME(Gamma: 50, Nu: 0.1)3 F 7 BB M: N 78 25 22 IA) S8 & B A 11

Nu BRI, AR S 2010 B RURR, (H B R Nu B (40>0.4) 7] g 2 (AR B — e 25~ 245 1)
WIGFEARN S8 . BRIk, G SR AR S s s M AN e B (93, mT DA K Nu (40 0.1 21 0.4);
R0 SRy By o0 B AL B S A TP LA RS, T REASE AL /N ) Nu {i (%1 0.03 £ 0.1)

Gamma BRI, BERMG )-T K I 2R B0 A 3R 2 A SRR AR 1A OB AR /N . BTL,
WRIE RS AL B 2 A FRAS (91 JRUst 6 AR XU FF 5 12 1E AR ), AR R A FBOK 1) Gamma (4
20 1 200); {HECKH Gamma fH 22 R R T I REH I BEALMEAS R AR, DR, W SRR 552 3
P IETE TAE M T RN HR N« B KU 51 i 2 SR B BHEES N, ) R A5 /N 1)
Gamma fE (41 5 £ 20).

NTEFHERSHTESE, BATER S SR Bf A ) g 510 S AT 4R (0 25 m 2R nT AL,
HikhFx FFTTOPL IRMEATX M IAIR, HHE R RMS. ZEmkr, Se-15 G p i X 2 155 X,
ME ., EMEEMNEE X R R R XiR. £ 18R 78S E R R A0 E K,

Table 1. Hyperparameter tuning (Gamma and Nu)
F 1. BEHAIEE(Gamma 1 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.

7. 858

PEAYCE 28 b0 38 S5 A U [ 5 DL 7 v A A R B LA 2% I A PC R TRYINZRAR AL o SR, — 287
HSE I (4 ) RS2 AN A 72 S s K, B ME DR S W S LIRS . O TR — I, RSO T — ik
TR R ENL(SVM)EIE B EIZRI R W k75 IR T SYM BVEAE/INEEA A = 445
¥ ek RE, GEId R BEE A Libsvm B, G0N AEE BRAVELRY T A0 AR, R RIRAN MCU KU
Libsvmeu FE, IR T —BEHAN FARESETE R & BT ISR, SRBL T KU 533 1A R0kl . [FIR, 1%
TR SRR 5], AR GE S B A I [B) PR AT S8, LLE AR A R R R AR

AR A 7R P https://github.com/nxp-appcodehub/dm-on-device-training-fan-anomaly-
on-mexn947.,
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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.
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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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