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Cloud-edge intelligent control and high-precision SOC estimation for
vehicle power battery pack
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(1. School of Mechanical Engineering, Zhengzhou University of Science and Technology,Zhengzhou 450064, China;2. Zhengzhou
Industrial Design Center of Intelligent Equipment,Zhengzhou 450064, China;3. School of Materials Science and Engineering,

North China University of Water Resources and Electric Power,Zhengzhou 450045, China)

Abstract: In order to improve the real-time performance, state estimation accuracy and intelligence degree of vehicle
power battery pack monitoring system, a monitoring system architecture of vehicle power battery pack based on cloud-
edge collaboration is proposed. By deeply integrating edge computing real-time response with cloud big data analysis
capabilities. a multi-level collaborative monitoring system is built. The system utilizes STM32 series chips to build a
high-precision hardware architecture, integrating data acquisition, equalization control, insulation detection, and 5G
networking location modules. An innovative dynamic compensation open circuit voltage-ampere hour integration
algorithm is proposed, incorporating multi-parameter correction mechanisms including temperature and cycle count,
achieving SOC estimation error << 4= 1.2%. The experimental results demonstrate that the system achieves dynamic
accuracies of £0. 11% for voltage acquisition and £0. 4% for current acquisition, with cell voltage variance reduced by
99.1% after equalization. The key indicators are superior to the national standard requirements. This research provides
a cloud-edge collaborative solution with high-precision, low latency, and scalability for vehicle batteries safety
management. The system has certain engineering application value.

Keywords: cloud-edge collaboration; power battery pack; monitoring system;equalization control; SOC estimation

0 2 ﬁﬁﬁméﬂﬂ"ﬁﬂvEﬁﬁ%ﬁ%ﬁ%ﬂ‘ﬁ%biE%’)ﬁf”‘iiﬁjﬁﬁjf%ﬁﬁE
R AR HL B T A AR SR R (EL ) i L A

Bl % 4 2R AE IR AE 16 IR AL AR5 B 07 o) R R B AR A S DR e 7 e SRR A R — 3 B s A S R
HWETERFZEZFREBICES T TR SCRF M8 A KR ISR i, G245 AT A i I 7= <22 4y o

il

Y B 9 :2025-04-17
* BT H R A E AR S GRHE B0 R (242102240005) 70 B 45 55 55 AL AR S T 2O 5 75 3R (2023GGIS186) ] 79 44 1
ALef KT E RHIF I H 3R (25B460017,23B480003) ¥ B

« 79



949 B 2 F o

T # K

—ER RN A e E R A EE
M8 L L Bl e 4 9 AR e A Tt T B R A
JE R AV T AT S U0 S R AR RS A
T 89 A s ) DL i o T S, DA A K L b 14 15 T i
Vol D2 AT R AT

AR, W5 5 AE R A REIL M POk & R BH & X
3y 7 o A PR WS B T IR AL 5T . Wang
BHET—METZFAENBRBANERE R ik, @il
PR SE BT X L 4 45 15 8 S B0 SR 4 L i RS
(state of charge,SOC) fli 71l % 4= 37, I 28 F HHE il
FAZE A B AR b (5 B F A B R Gl =
-5 AR ST O FE T A Y G R W A, A S O SIS IR T
FC AT AT . (R X SOC Al #EAT 8O M, B A4
Y XK 00 77 7 R A2 i o SR AT | S R e A )L R R A
SEF PR, Jura) 25U R H T — A 5 F MATLAB/Simulink
F14 £ b, St B A 5 2 A A TR R S 3 i ad  H b 1 ER
Wi fs B A AS B M BA () SOC .t B AS A R . 4R
T2 A6 80 0 AR 56 FH T % #2015 8 5 B0 A 340 AGE T
of Al s TR B R b ) R L LA TR G R A R T AL
RV W 95 R G0 S B R B B SR IR TR i — T IR W iE . Tang
SOV X o b A PR AR G A AT A T RE 0 A PR B I
PRIHE S5 [A] B, 1 R T — i B TR 28 AR 19 8 ) r i 41
EHIFRG, SEIL T E AR B 25 A A Y B S R
T4y 2 A U 5 R T B A A A B TR A U Ik
B SOC MAELANIT . HIZRGETY Rk, LA £
K 16 HA B U H v 0 W A T R R e e 0 AR R N
THEE M, H SOC i RIRZEHT 2%, Li SRl T
— i it 2 A PR R SR BT 6 L gk R R A R 4 B
JC LRI A5 MUK B 1) 28015 8. T A% 45 2= i, 76 2= i i g
FEER ST T FL L A B M L OR AR IS T — P S N PR H
TG 55 e RSB SOC WAt T, H I 77 78 50 1 A58 10 A
XTI R %, 43 35 TN 2= v (4 67 HHORN S R S B L T HL SOC
itk B e K 2ZE N 3%, Xk [ 124 7 — Fh 3 F
FreeRTOS MM E M R G H L, AL T 6 5
B ER b 2 ) B s o S R R R T A R A AR
Vi 2 1 A5 O I 3A 7 SR FLO5 LR SOC Al T B AT ik
2.7% ., CHRCISTHR M IF T T —F 2T 4 G EEHEARNY
i 7 AL Bl 7 At T 2R L 22 06 F L A A S BT R Sl IR
5 RSB0 SR WE I B G IE AN A8 78 43 o AR R HL R L ERL I
B K SOC AT il & Ay 31 15 22 047 W0 B0 HE . A Y
A%t 8l At W 4 R G O WF S AT, B Y B0 J b
WE¥S R GE L2 R AR b 4 v AR A 1 3 R BB AL R B2 R
58, 52 BRF i AR & A IR ST SRR T DL SE L &
Az A JE IR B0 A3 AT | 22 2 B IR A % R R B RS AR T
LA T GT E R T A A B A A TR T 2 L SRR R S
PREL .

M 5 7 AR AE

¢« 80

2y 7 H i f) A R At i R

TR EOR AR . FR B — ) 2 A R A O T 4%
M L7 50405 1% i 7 T8 78 5 B3R A WL Y 22 4 W 4 T A
SIS A e 5 b TR] I 3 A 4 S A R B 5
R 55 A0 A BEAT 155 7T LA 28 558 A Wi 1oz A 1) H9 . 46
(BT TR L 5 O B2 24 I A7 A S %1 05 5 0 M L) S 4 Y
I . AR 5N Tz U IR (9 97 3 58 B = i o B A
1% M A9 S5 6 o S5 14 8 JEE 285, S 8 g v b AL Y A R
BOTHRME T — AR

P A SCHE T — b 5 T 2= 1 B[R] 89 42 1 3 1 A itk
AW RGO TSR R G s AR BUBAE R
FFAE 7 3 S5 B HL It 9 W 4 S R a2 T L ) I R i
Ui 58 SO R Y Y G R A S B AL . SRR AR AR R T %
R GUAEARUESE R B [ I mDRE L SOC iR 22 B R =
1200 AN BT RE SEHIORAE AT 3 SR i

1 BABRMARERGRENY

ARSCBETT I3 ) A A Y R G AR N P 1 R B
ARG AR AL R VR = A B2
R A BT D AR G I B e U L BE A% T 20 g i Tt
(RS2 B AT SR AR L B A P BT RE S S8 I 2 16 48
E AU R Tt B M0 O AT 3 7 D RE L RTE A% ER I AR AR L
P S 22 80 R A1 0 R 3 P4 7 2% B A i il ) R A%
O B AR )Z A R )Z 5 R B R L RE
i 58 SO 2 55 ORI R 22 1) B il e ffe . 1o )2 3
V- 50 Bl vt 2 A e R A K 0 L R e A

GRS SE.
gF'i?‘ml\

SR —

L2 I
Y= SGP‘—XJ%[&

A
= e o
‘ CAN & |

BRE [ | AME®T | QL +[ | AEBEEN | .

By /7 it )77 s ith 2

1 sl AN RG24 E
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Fig. 2 Block diagram of power battery pack monitoring system
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