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Abstract: An intelligent welding material distribution device based on a domestically produced SoC (CMC series) chip was
developed to address the issues of cumbersome processes, record loss, and poor data traceability in the manual distribution
of welding materials in nuclear engineering. The device integrates intelligent drying control, precise temperature insulation
monitoring, face recognition authentication, and IoT data transmission modules. A priority-deadline dual-factor dynamic
scheduling mechanism is employed for multi-task concurrent processing, a combined fuzzy PID and feedforward compensa-
tion algorithm is adopted for three-axis positioning, and a lightweight MQTT-LW protocol is proposed for data transmission
in narrow-bandwidth industrial scenarios. Embedded high-precision temperature and weight sensors collect key parameters
including drying temperature, insulation status, and distribution quantity in real time, which are encrypted and uploaded to a
cloud management platform to form a full-cycle welding material data chain from warehousing to usage. Test results show
that the device achieves a three-axis positioning accuracy of £0.08 mm, a face recognition response time of <0.3 s, a data
transmission delay of <300 ms, a counting accuracy of >299.9%, a temperature control deviation of <+1.5 °C, and stable op-
eration for 72 h under full load, with a 100% domestic content rate for core components.
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Fig. 1 Technical architecture diagram
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Fig. 2 Business function realization flow chart
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Fig. 4 Thermal insulation bin structural design drawing

B BRI K B2 PT 100 IR R i 5
PID [ 38 0 01554k | S i Wil O 2 435 6 N TR 7
120 °C5 °CHE I X [1] 5 B i 25 5 11 R G A2
RERS B B 254, b7 1 AR %32
1.3.2 &Mkt

THEOHLAL R RS 25 B bIL v RS A
EF AL IR PR B S e £ A A K

A H AL 3 A 2 U 2 K Bl 7 A ) U R
T i By —H , W B A 1T A H Rk 1 W B — AR AR 2%, 58
R T 2% 5 JCET AL AN S PR AT 2% 28 3 Hsf 114 38
el IR BIPRE X 99.98% , SLHURE T4

W BBt 2583 1T St (MR PR 5 254 3 AN [R) B AR



555 1]

VI, 45 FETF SoC(CMC)E F 1A% TARIEA & HOE e 25T 121

5 R R UL 5 % 4850 38 e 1) A 1T 45 % o 1
T Y K 2R 1 AT S A s 0 IR LA R
S E SRR I TERZE T TR S
A X5 2R P v e B T S ARk 2 3 e ATk 1R S
PP PR S, AT RS 4 E TR 57
MR IAIE , V- IR B2 17 [R]EE 12 000 h; T f i
SR8 1 PS4 B P AIE , FER R SR A = i
eI BT AR IR S B RN ek Tl B A v € 1)
WK s s

SR AR

— .

P
E

rpC il

E5 tEEeigt

Fig. 5 Counting structure design drawing

133 AWK EZ 5@ zH%

ik 455 58 7% 57 2R 1 10,1 31 Tl 9 Bl % 6 L 2%
B, SCRP B RS 2 5 A T WPSAL
BRe T B B E ] L A2 BRSPS TR R AR il 2k
(]9 0 FH A0 S 38 0 B S 45 L DO R A% 0 T
fE, B PR AR AR AR UL 1] Pl A DRI 4% TR T .

ey H A A SN R BIRE AL, SR ZL M AL
TS ARSI B3, TR e S0 Fsf 1] <<0.3s , P )
J& B Bhfil & IR TR R, I RS R EGZ A 5
3 540 R , 76 Bt sl A U RS S R . &R
SEACHT X ST S TR SR A, A R ) 5
Tl RIS KRS , 2R IR 2 = i s e

5 1) 22 G5 45 3% WK% ARMARTOS 52 B #:4E &
4t , A 55 9 R e 0 A8 SR IR TS 10 ms ;388 {75 5 4R Bl
LoRaWAN 5 RS485 WA 4% I, Jfe %5 £ it MES/ERP
ARG, RGN 5 W W B4 5 T A il 45 2 24
AES-256 I L s R 2 2 e nl 51,
14 HERSZIET

Linux #/E 2 48 B PERE R e RIS Al A%
Al gk AT AL S T AN B RS
AT AR T AL Linux 248, R AH

PRI 73 DUk w58 BB, B8 - B A% i mT
SEPES AR IRBIRS B, SEELAAMLAC B4 RE AL fE
LS % 21k
1.41 A ZR |

FEXIAZ TR HAE N L TR R 2 -
DIRE T A — 1R A" =2 it . ER R
N ORES (GRIRIRE SRS BT IRE)
IRe—F S 6 SR B B AR RR A A
TIRg , VRN A s BRSO Sl

SIS THAR Ry B S A AR s 2o 43
A SRR RN GALE, AR TR AR

Res
curr 5
Res,, (5)

K Size W27 R T ; Size, MARED R T
FIFEAERST s ReSon A 2 TR0 73 PR, Res o MARIE

FHHAZ O R AT - ORI IR B S R 5 24
BB IR RO B S I Gt R A TR R
s GROGIRE R s ) A 5 S
NSRBI S A A L 2RI, 55 T o g R i) <
200 ms, FEAEIRMMAR<1 % , 18 e A [7] 7R 25 1) 4 sy
IHZE<2 mm,
1.42 4B W AB A% f thasl

WA T LI IR R AR R B T IR S
BE St B AL JROE R SECT ko 15 MQTT B
WAETEAG TR & BOE AR 5 T RE R [l R
ANIE G TG 780 58 SRIIFERIE T K o A3
&G MQTT Wh il i 4738 57 54k, 48 th x4k
MQTT-LW 3, AL s F

(1) 3% 87 Pp WL IC 4% - Bt o M B CONNECT .,
DISCONNECT 4" /& 7 Bt , B B sl it Sk 1< 5 A 16
SE TE R N L R C T

(2) 51 A B3 R BRAIL ] AR i E5 i 1 i AR
Bl IR U Bk 1] B (fE 5 A ZE i O Bk MBI B S s, JE2K
LR BRAIBE 30 ), MR & T .

(3) B K A 3 5 AL ML . R CRC-16
R 36 A o A i A e AT AR B, R B 22 i Xk
0x8005 (LA 15 Wi P AL B ) , KL g A AW -

CRC,,= > (data, < 8)®poly (6)
A data, WAL HECHE 2T s poly WAL IS 205K ;0

Size = Size, -



122 @igﬁg\

2026 4F

FEHR KB . AT R H 2 35 0xA001, 0x8005
TEARVE 7S 56 (1 Mbps) ARA5E H (20 dB) 0L
I T R o A O W k% TR Ik 2 R
3%,

SIS, ST AR R BRI, MK ER BT Sy
Tk #7555 96 (1 Mbps) AKAF M L (20 dB) |, 4t
BARIT AL FE R <300 ms, B F405<0.5%, 1)
FE B AIK 28%, B 48 1% iy 1t B AIK 40%, AHEE T1E 5
MQTT PR, 5805 5 vl S vk i 25 48 7, 58 20
P R 23/ 278 € e N Y R Y3 & S i 1 B
FEMQTT B e 7 % .

143 ARBIRA 5L LA A

FPRBE A B L 4, By 1R AR AN LR 1
28 CAn R A O IR R B RS 2% ) , 2T Mobile-
NetV2 P45 T8 8T, 3 B i A =005 7 5 %
SR IR RS U S A R A B

(D ABRAE S TiAb# i 5 Sk R
FUR (5 P12 640x480 150 3 ) , HEAT K BE AL 5 = g
P A AL B I N H

x4y’
Gxy)= 2no?

e (8)
A o NmE IR AEZE (LS HCLS) 5 (x,p) W R
FAR; G(x,y) MBI 1R R E.

(2) NGRS L . MobileNetV?2 [ 45 (1) 45
FRZHOE 32 )2 8087 2 16 2, W/ HH 8 [ 5
AFER TP, 5 0 A OCHERAE (AR ARG 5 +)
PTG

)ALFRAEHE KRN G0 R = AR - 4
PG A R ERAE AR, A U A R AR UL S AR
AEWRR , U5 B A RS AR . ABR(E S
FERTEA M BAHE PR, 5 NS5 R0 .

144 #¥EiLx5wiE

BEAS T B IE SRR AR SLE 5% (A L ST HL
B R ) ) ORI R AR Ak 1 SR (R[] 3R B
) A THR I 57 (R | B ) | g o
R ), I W% 22 = v iR 55 4 , (8 T8 HE N DB
W5 38T . A SCR RS 5 A8 10 ok 5 R4 el 4%
FHES G 7%, AR 25 18] o T 5 S 2 o

(DGR IC %, (OeB 2 ba,
PRI B RPN AR AN 8 52 0 s) , A SRl B AR b

sf 220 BB 5 st ] Dl A s 1] o5
(2)LZ77 FE4a 51k . Xhic st EE w17 46 (&
4t 118 kB) , i LT A AR

Slzeorigina] - Slzecompres

. sed
Compression p,,, = = x100%

Sizeorigmal
(9)
K Size g N IR EE TN 5 Size ompressea NS
JE BRI 2RI, B R4 L TT K 65%~75%
(3) 5 W +fik & 2C Il o IEF 1 0T /Nt [
e — U 5 Hh B A 5 B b ek 3 S 1sf 57 BRI fh
Bl o1 4% B B D R 48 15 A SRS
S EAE B A R AE 2 8 MB IR 2L
P, R4 J5 29 2 MB, £E0if25 8] 7 FHREAR 75% ; £t ol
&I ] <10 s(1 Mbps s 5 ) , 1% 12 %£299.8% , 72
/N S A I B SRR, TR R

2 REEMSLWIIE

RS U A AR YRR S TR A M, 43 et
THEOKS B2 R VERE TRV IR B N RGE & Sis AT ]
SEMERE TR . MR TEAZ T RIS AP B 1 T
PRI - 15~45 °C, AHXHEE 10%~90%RH
2.1 iHEThEELR

FHECHLA % 223547 72 h, 515 3 Fh RS H2 45 %%
5 000 AR AT ZE RPN 5 RitH4, 25 ] sk 1 pr
o s Tid AR R BRI S ZEILS BB
FETE 0.5 s/R . A TE-15°C5 45 °CRUTH T
SERL 72 hiELLIEA T, TR PEIE R o
2.2 REMREMNR

INFBEHCR H PID & e i 50k 76 25 °CE il

1 BN EIE

Table 1 Counting test data

I HUPE SIS (P
TR @3.2 mmx5 000 H2 RZ O
TR @4.0 mmx5 000 4R R2Z 0
TR 5.0 mmx5 000 4R R0

KT = FELAS 0.5 s/

R T -15°C,72h THEE R
[ R 45°C,72h THEE R
T 90%RH,72 h THEE R

T ROE A 100% A A K15 000 4R m K25 R ARA A TIOLRIME,



555 1]

IS, %5 FET SoC(CMC) T IR TR AR B AR BEBE s W5 123

WL R IR s, = RS K5 2% 0 IR ) 5 42 RS

FEANFR 2 i . SRETEI A R AR R A B

ZLAMARAGAS I 7R B N ¥ S M TR 96.7% , T

S GB/T 3609.1—2023 i #2 #4 B4t T F R 8
F2 ORESMAEILREIR

Table 2 Counting test data

sl @3.2 mm 4.0 mm 25.0 mm
Tt % 350 °CIr TG i a] 15 min 18 min 23 min
FHIR A A 22 (100 YR +1 min +1 min +1 min
PR sh +1.2°C +1.2°C +1.2°C

TE RGN 4 5 8 THETEE A 100 °C 150 °C,
200 °C ,250 °C .300 °C 350 °C/S kY T. 2 B4k, 52
AU 5 T R 22 P <£1.5 °C, THR LR M i R
0.998 ; 24P 55 IR B 28 A5 410 °CI , R G AE 42 s WK
BE Y, i E<0.8 °C.
2.3 FEIhEEMLR

RGN EZRIENLH], AE 72 hi#E2Lia 17
HIIE TR R R S TR R Rk s
BEDURP TS 5, G5 AN SR 3 BT o S I )
A< s, IR0, IR 0, T H 5 {4 se it
PRIRAL B, S SA 0 07 Ah B 23 55 RS A S A
B [ S S Ak S R SR IR A I H e
S AFA IS0 13849-1 4 e B M AE g PLA 2E3K

£3 EDEIRIIE

Table 3 Test data for early warning function

TR ik 2 %1 M 7 i i)
TRE i B AR >5%RH <2
I T i B AE fH+2 °C s
PO RIH>10 s/AR ALl
WA B H>1 min ALl

24 REESITITAIEMENLK

WAL L81T 72 h, & D RERLH b [F] T
YEIE® , AR BRI G815 T W el 5 2 2k 31
%o HOPEREREARIC BNFR 4 iR .

3 Z5ig
(1) LLE = SoC(CMC F51) s i AL R

TR BEHET DR UE DRI IS THEC AR AIE B
IR R R0 A i 25 D REASE B, A ke 1 A GEAR A i

R4 REESIBTROEREIERCE
Table 4 Summary of core performance indicators for system

continuous operation
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