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Intelligent flow cytometry analysis system method based on
improved ResNet-50

Xu Kongchen Tang Huaifeng Yang Haigian Su Xin Lu Xiaochun
(College of Information Science and Engineering, Hohai University, Changzhou 213022, China)

Abstract: Flow cytometry is a high-throughput detection technique widely used in life science research and clinical
diagnostics. However, conventional flow cytometers exhibit suboptimal performance when handling complex data
dimensions and severe noise interference. To enhance the capability of flow cytometry in processing multi-parameter,
high-dimensional data while ensuring timeliness and accuracy, this study proposes an intelligent flow cytometry
analysis system. The system encompasses hardware design, software architecture, and algorithmic frameworks for
flow cytometry. At the hardware level, a real-time data acquisition system was developed based on the cooperative
operation of FPGA and ARM. On the software side, an embedded system with a Linux-based architecture was
constructed, incorporating a suite of preprocessing, parsing, and batch normalization methods. For intelligent flow
cytometry data analysis, a self-organizing mapping algorithm was introduced for dimensionality reduction, combined
with an improved residual network from the field of deep learning, resulting in the development of an SE-ResNet-50
deep convolutional neural network model. Experimental results demonstrate that the SE-ResNet-50 model achieves a
4% improvement in overall accuracy and a 3.8% increase in precision compared to the original ResNet-50. The
collaborative workflow integrating SOM and SE-ResNet-50 effectively processes the vast amounts of high-dimensional
data acquired by flow cytometry. The findings validate the superiority of the proposed approach.
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0 3 T 25 0 4 A L 22 2 ORI [ g L s 00 ST 7
VETIRE N G | i 5 S U B 8 B WIS SR AL T OCHE R
TN T BRSBTS B MR A B S R S,

il

W H 199 :2025-05-13
* FEWH . FEHARPEE 4 (6237118 T B % B

o 4]



94548 % W a

T # K

T AN Ry — Fh 2 2 80 B BRI AR B
SRR RGO E S AL P, X 240 i K F- 1 ) PR
n 4 e A RURI 200 PRy SRR B2 2% B2 LA % A g A= 4 s A
AR VAR W A SRR T RS pH B K
I 587 A Al 28 S B e ]2 A . AR SO AR i
WEF SR E Y T AL BA B TR E 2
I 5 SR AR ZR G AT LUK B 2R R 240 i A A 1 S5 S K
B 9 ML R GE AN 12 W L G 88 3 B 0 A 240 iR 2 E A 5 B
(LR 8 €/ R

7 X 0 A — ol T 0 e A % BRAC 48 M 2
BrAX s 858 7Ot B T5 B A S 1 R LR
FIAHSEALE AR . 40 A ORI 3 A 3 ) 27 R R &
T OE R DX SO A 7™ A B I 1) FCES 000 1) A AN 22 €
POUMR TS L RGBS . h i R B B9 O 5 PRI
(e A G 00 g A1 1% 540 1 i 2 T AL AT R A4
oM. TR 2 B A M AT SR T O /R Ot L X
TE—E R LR 7 PRSI, H AT L e e HE A i
S A 2 ZE A R TR R S RO B R 3 L A B M 2
DT BT T

T R 2 N A g i 5 B i X S e i R A =R
TR e L A G U CH A B Y T2 JORG I R & CRI 1) /)
1] IS+ = 50 TR I PR AR vh O 45 3 5 B
Ui A By I [ 67 38 b 10 B3R S 9 e ot 1 = B BR Al 5
B2 50+ 75 1 A6 ) 204 0 5 D' i it X0 3 i 4O 1
fitp BT A 5 R AT A2 15R 22 , i O 8 PR 2 o A I A S
R IR . e b SR R A SR — R A S AL e
U A AR S B AR B B e A A B TR
5 R 2 4SS RE £ 3t B — A U O A O £ S
(7 815 e 40 A 8 A i 3 O 3l 1) 40 b AT s e
FWAR GG Z A DOERRC Y NI FL AL 40 i 18 25 2 £
SN B iC W ) 2 6] Ao 3 (A5 15 4 i A e A8
(7 Fof A5 200 i 1 50 A0 1R85 B B R 4 58 1 U X
20 A A 0 23 B P R R T . R AR A AR
GPE 27 R BT 5 A5 U R A FE 2N U HC R A A i I A
R B 202K 40 e Sy REAE 5 R B0 A v L BE RS R 41 B Oy =
R 22 4 Y RO SR R A A PR A i 1R R R
i G U A A e 200 2R T RS B P ST AR A T
ST I AR PR

Uit 20 73 BT A 8 3 B A W ik AU R S A
(R TE o 4 K 7 5% T I o NG B R L TR A I
CURBEARANEAS 5 U 3l A A= M PR AR 5 45 5D 50 6 08 7 i 1
PREURAEAR R A T 5 s of £ TR XE S Dk f . N AT 5 IE
AL ATSE RO CINTR BE 2 > B2 | 22 B 25 800 e 1 L
PETR G St i 20 FAR o A B A s 5L Chn A 2 4 i T
T 3R S AE TR B PR AR | A TR g R B BAR )
5 o o AR LE T [ A0 O A0 AR A kR T P X
240 J ASCA A TR0 A B 2 B B . H R N IE AR #E AT A S

o« 42 .

TAEMBER M AT IE B 2
1 #HxIE

skt Bl R A3 WA B 58 AR ) 43 A T
3 B TG K12 W SRR SR PR AR ALK . BB
UG T O R TR AW E B R R s A
A B IR B T A BE 23 BT T 5 HEAT T AL R A A
fife Bt . Dimitriadis 55 48 1 9 2 H AR 1 ) 05 2 8 0 & 5
Y TR . R A A R R — AR = Al A T S B
PR AR W T R I, 5P 5 o e ik i
A8 B A I e R e R A% RS =K A R Y A
T AE 3K K 42 T, Rees %773 2 5 R EMGOR 226 8, 7T
VLAE A i s i sl B il 5 N 2 M B LSS B IR (S
KL Kanno %5 78 AN 52 i 55 65 B 1Y R S 1 S I 3 —
P BRBA AT T 1 I ) 48 AR S O Al IR A5 4 AT 4 1 B
Jn 4 TRV 20 19 2 B 8 S — 20 3 T HORS B RN AT S
Yamamoto 55" | F 58 4 807 Ak K I J5 32 Ay 3t 2K 40 i A
PROLTOE A L BE J1 . Wong 2D 58 5 B b B L W
AN AL BAE 5 1 2 Ak, Lewis %4 ATHAR BB
e 378 X A0 TR AU 1) R R Ak L BB A% S I 43 AT A2 2 IR O B
AL B2 . O e BT T S A i A & ok TR
JCHRABUE RGEARIE T OCIR AR E M FOC IR AR Pk .
KA g 7 2 A M AHOE 8 B LR R B
T BE B i A /IR S G ), R TG AT RN LA
AE WIS, Lugli % 82 1 4% G2 /9 B0HE 43 7 ME LA s 2
FI BT (e 200 R 09 23 T 5 0R o Ry 1 i Dl — [ B, i AR
I G BE 27 > S — iR R Y KB 70 M vk L e g A dhiR
BOR B H0H0E T 10 S A R AL S AR 0 0 A 1 5 A i X AR
B 0 3 BT B AL T — T B A e T 58 L BT i 4E 52 A oK
S B 59 2 M1 75 oKk, Halpin®™ 7 3801 T “HL 4% & BB 7 HE &
Orhan %" A 28 7 JES0HILASE B 1Y) S5 B BE 58 T b 28 0 4% 1Y)
Femh . BEJE B K AR IAT | DL A SR P AR A A O W
B2 D AL R ) I A L IR T SR
B R o LeNet-5 AGH H Bl o 5 FUM 4% %
(g HLRR AR, 2R AR HR A Oy vk R AR A B A B Y
[FI A, G 25 52 T+ FPGA Jin 8 #% 09 580 R R w8 R R T 2
T b e Sl A it K A A 32 A T T v S R T
. B R 2 HOLE E . WE 1 TR BD
FACSymphony™ S6 431 5 3 2 40 g 1% A 4% Wil & ik
120 w~150 w ¥ JC.

FRAE LA 1 28 0 PRI 5 Sy G Rz 37k =X A4t i 45 % 30 R i
B, B — 25 T 2 40 N AR T X A2 2% 40 AR 4 R 7 Y
M 7™ 2 B 114 S 58 55 3 RO B, AR S0 B AE R i A N EOR 7
TP R 2T 55 Ak B RE 7 5 DL KT R RN R AR O T B AR
e B vt K20 S R B 5 Ak B 5 U A R
R AR 5 AL PR GRAR A A R T X A B A A R G S R
AT BT R — B R MM RS, AR



#F3LR & & T it ResNet-50 69 % 4% 7% X I 57 7 &

18

1 BD FACSymphony™ S6 43¥E %1 3 =X 4 (X

Fig. 1 BD FACSymphony™ S6 cell sorter flow cytometer
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