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Abstract

The detection and counting of maternal and fetal peripheral blood cells provide efficient and reli-
able technical support for prenatal diagnosis of medical personnel. In this paper, an improved
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YOLOv5s6 target detection model, REPYOLO-TS2, was proposed for the detection of maternal fetal
peripheral blood cells. First, we added disturbance to hue (H), saturation (S) and brightness (V) in
the HSV color space to enrich the environmental background of the dataset, so as to achieve image
enhancement and improve the generalization ability of the model through Mosaic data enhance-
ment method. Secondly, we replaced the C3 module of the original model with C3TR module at the
tail of the backbone network and replaced the first two C3 modules of the backbone network with
Repvggblock module. Then, an efficient S2Attention mechanism was added to the neck of the model
to improve the detection accuracy of cells with different environmental backgrounds. Finally, we re-
place the coordinate loss function CloU with alpha-CloU, so that the detector can learn the high IoU
target faster. After parameter debugging and experimental verification, the «a value is finally de-
termined to be 0.15. Final experimental data showed that the mAP@0.5 value of maternal and fet-
al peripheral blood cells induced by REPYOLO-TS2 model was 94.2%.
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1. 5|8

REAR A1 JE 140 ffd (maternal peripheral blood cells, MPBC) & #8220 41 i i 4776 I AR ) LR IR O 4i i, 6
TR TR B4iiE. Gl T AR AN, Kb, ARRA4MEIE S AN, 2k
AEERMAAME, EEFEELTY, REET ARG B, EEgRIAN, AL gfon LG
Rl BHAIEIR NS R L, S UREE S T A TR A E A A b . BEARSME A R ) LA R AL
4L (FNRBC) 134 & & VG IR L & % A ACTFB. AR JLIES, 6 LA A F8E1E
BERG AN & M2 AR DGR AR A A, 16 ) Lot TS VERG LA 2R AR, R 2040 M 2E iz kP38 i, ol
BRI AN A i, FNRBC FIRCEIEIN[1] [2]. Ik, FNRBC FR B AT TS0 TE 617 fi 12 i B 2L R3]
B 1R T REIRANE AN, FRATE X LAl g oy =R, BUZL4iie. Ff ) LA R 2040 i A Ath 2R 3L )
M. ATLLEH, AN, 10 FNRBC MIEEARE D, SR, B3k =Fham i i 7 A 41 2 b
BURT, O T 3RASIG ) LA 2040 R AE BEIG A1 & A i i B ], a8 7R B KRB S5 shliAs . PRk, FRAiTie
V75— B BN 75 2R B = B2 55 N R TS 3R AR S 2

Figure 1. Three cell types in maternal fetal peripheral blood
B 1. BHARSNE M A H) = MR AR LR
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HAT, BEARMES MR A HEALE A0 MR I SR B T T 2 N [4] [5] [6], 1B ARMER 2 —Fh A 21
FNRBC §iffiik /7 %, Xfi454% 40 i) UG AL BE D7 vE M DAAE K & B4 B R3] FNRBC. SEIS2, BEEIR
FEIME R R, BRME M EEUR e g5 B AR B T/ B RS RH, IR T &80
(6 HFRKEIN[7] [8] (9], HerP AN B = 4H A4k 101 [11]. 25 HFRKE TR 2 21 R 2, & RhR 7Y AR 4k
B, e e HER AN R T TR AR RIS 5. B, Zhang 25 A F YOLOv3 S vi -4 i As il
AIH[12], T YOLOV3 Bk THRKEMHEA S, MUUNHTBRARK S N1 PHAA ) 4 A
KRG RE, Xu SEANFRH T — RG] YOLOF 322t Y, DLV KRG FEAN R /N, RO A vy 1 A5
R R IIR BE[ 1310 ARSON T S m g iR iiRs B2, $2th 7 —Fh2ET REPYOLO-TS2 B A1 M40 i
AR DB AL o AR SO B2 AR LU S5 R

1) FIFH HSV B3 58 moasic 241G 51 /7 VAR 2 HRAEN LR, ez 1Lag

2) A T —FhEET YOLOVSs6 (1A BEAN A A MBI, 454 Repvggblock ¥, Transformer
RN 2% [R) 7 H B3R T b
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Figure 2. YOLO series target detection process
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Figure 3. Schematic diagram of the original YOLOvV5s6 network structure
& 3. %A YOLOvSs6 Mg &R EE
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2. JE#4 YOLOv5s6 (=&Y

YOLO RINFFAEN—FhZ ) BARIM R, ZR KK E % . YIMIAZE H Redmon 55 A $i
HEI[14]. B 2 8787 YOLO R4 HArt M EEmAE, FEE RIS S x S MM, Rz IS thO it
G B AF FE AR IIAEZEAT il . 40l 3 o, BolThRARIK) YOLOVSs6 EEAFE =5, 7l
FEFW RIS o, FE WS G C3 B A SPPF B, PR BRI G
FJZ(Conv). HEALHH—1b)ZBN)FI(SILU) BTG BRE L . 55— NSRS Z BRI KN 6 x
6, HMERN 2, HAEN 2. BIEXH 4 Conv BRI A BEIME 512 x 512 x 3 #HATEAUEEE, 133 256 x
256 x 32 K/NHIRFAERE . % Conv HEHUEUAR T JER A Focus #HHR, EAMUARBEAL M BE A1 Il N 3 — 042
TSRS AT I . TERTARAN ) YOLOVSs6 H, 1E# K BottleneckCSP (302 )B4y C3 Bide, I
ZEMTIRE S CSP S5 A F, (HARIERICIIERA AR EaHE 3 MrdtEREM 2 A i,
C3 MiX}T BottleneckCSP A E 142, 28 ik bk Z % 5 1) Conv B 245 17, Concat J5 AR HES
FRURRER o FR 38005 bR BB ) LeakyRelu 258 7 SiLU, AR BUE X 5E 2R AEHEAT 22 5] i - Bipsi bk, HLgEHy 4y
NP, — S T EiRTEE £ Bottleneck HEB A 3 M BE, 55— ANA T — AN IEA BRI,
HE WA 73 34T Concat $:4F . SPPF A5k 3E T SPP A BT T kit 78 SPP #Herh, /1 k=(1 x 1,
5%5,9%9,13 x 13), SRJEXANERFERIFFAEEHEAT Concat #:1E[15]. SPPF Z5 4 2 4 N IE 2@t 2 4
5 x 5 MaxPool JZ, FBIA 5 x 5 BRURMERH 9 x 9 BAERME, H 345 x5 BAERIES# 13 x 13 BRI
TEo I ARFEAAST, SPPF BLHUER AL T IR E T IR . YOLOVSs6 HISIHR4k S f#i ] FPN 454 )\ F 3
AR B RFE IS SURFIE[16], 456 PAN 250 R T b A& 18 8 0 REAE , 32 T S IRFIE SR &R 1171
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Figure 4. Schematic diagram of the improved REPYOLO-TS2 network
& 4. 24 fEH9 REPYOLO-TS2 MG LEHREE
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BEAR M A 20 A A I A T B0 T3 28 LSRG B2 I B S, R R AN R R A R .
Forr, BEAGAME M3 i 0 ) £ 0 FR 2 s H M R PE . 8 R R AR SRR B B A 14
FFEAR R, ARG IR AR AP SR 45 M AR DL 1R 25 5 5 S04 Fi 1) st e A0 B S A
W w4 Frox, FAIMGHE T YOLOvSs6 4, @i Repvggblock B, C3TR BN S2Attention
A TE YT B AL DLER =y BEAG A0 I 4 A U ASE 28 ks K

3.1. HiEEE

116 ) LA A% L0 A0 AE BERR S0 20 e o (g LB AR /S, SRATHIE R Bl SR e A R . Mg sty
B FBATA Bt g T EARE K KA, FEA R m TR I AR . B T ARNLA BRI ISP BEEAN A,
PLRBAMBEIRN AR, AR S S R B S A IRRNE R . WlEl 5 Pros, FATHEE 7
BRI HSV 8, AR A FLR 7 = TR B R B FeE . thdh, AT 5 38 s B g o
BAREES T 4 KA EIMR[18], XHRIWEE 1 AR )3 55

(d) (e)

Figure 5. Data enhancement method. (a) (b) (c) Mosaic, (d) (e) (f) HSV
5. BIEIESE TR (a) (b) (0)BFER, (d)(e) (HHSV

3.2. Transformer Block &R

B ELALNE 1 &, Transformer ZZHR I BIMLACSUR[19] [20], FATH YOLOVSs6 41 C3 bty
Bottleneck block ¥ Ay Transformer Block, 2 C3TR #&bk, C3TR #iHpg4s =B 6 fias. BT
I 245 A R PR NN 9 T JRUTT MR AINBERL 1/, A1 UK S TS — 22 O3 B ey

DOI: 10.12677/0rf.2023.132116 1133 1B 512


https://doi.org/10.12677/orf.2023.132116

BAEI 2%
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Figure 6. Internal diagram of C3TR network structure
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3.3. Repvggblock &R

Repvggblock & — M MG, EHEAD M —A3 x 3B, —1 x 1 H/HS
SCRI—AN R S BRAR 70 32 o IX =00 S e 12 e AR5 FHE L ReLU 30 B K. A SCKE YOLOVSs6
EF RIS C3 BB i Repvggblock #5Ek, Repvggblock #Eml LATE I Zkist {3 F 2 A58 43 S0k
AR RFE SR IRE 7, FEHEFRIN S 2 AN EAR 0 SRl B — NS OB RZOR FEACTHER &, T C3 BEERAE I ZR AN
HEH A A R R B 2 2 45, IXfHi15 Repvggblock FEERL7EHE BRI EL A B i Al 3 B2 A SR A ) A7
TH#E. Repvggblock ] DAAEMF I8 45 AR W 2% F 3k 31| 5 5% 22 W 26 A0 4 HL = T S RS FE, T C3 BTG RK
T 5% 25 R ARAE PR IR B NP e . IX U] Repvggblock #RHRLELAT 5 i K A Aa e HORFAE SR ENRE /1. [
7 &7~ T Repvggblock BEHALE Y ZRR B ANHE BRI B 254 «

(a) Repvggilll Zifbibh (b) RepvegifEEfHiHR

Figure 7. Repvgg’s training and testing module
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34. DEFEZTENE

T AE SR A TS T R DU BE R A A LA R, FRATTEIN T — B R A R R L
(S2Attention) [22], S2Attention & —FfFEF MLP )= [A] %@?f%mﬁ?ﬁﬁﬁ% ik 8 Fran, S2Attention B
JeAdi F MLP B AE B I 4E R TT 3 Ik, SR G K SR TT IRAAE B 2 B = AN 43, X 43 BRI AN 23 A o — 38
I3 BEATANR 7 0] ) 73 (A A% B A o (RN, R 20 B EM/F/I%JXE%J\%E’J%{Ei&ﬁ%@’a\, I Jmidt MLP
AR BV YEFE R B o FRATR I, A m LA B E LI as &, TR A R il 3k =
2R E R, RS 1A Rl 2 [ AL SR R AERE I, ORI 1AL K

Figure 8. Schematic diagram of spatial translation attention mechanism module
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A CH YOLOVSs6 AL kR CloU B A a-CloU [25], Hidh p NIKRFEES, ¢ S/ bbox X} 2k
K. Yoa>1 0, o @R AR 90 2 A, AR AL BE SCvE = ToU HAR, A BY T-HR00 45 58 P 2%
> oU Hiw, AMRACHTE Z R H ARG 75 22500,

4. SRR
4.1. BIEEKES

S T EROE S 1) AR 9 NE9SO BLAL s, BEAG AN M A i Bl T a4 g =
Beitfit. CMOS FMINLLE BAEE b B KRN 5472 x 3648 155K . BATTIEHE S AE A i@ b BERG 1A
MRS BT 20 5K RREE T, REWE, VR 240 557 0 125 BR300 . BT FNRNC
FEAMRILFEN, JANEE T I A RSEEMEE 1, BRI 5472 x 3648 EURDIHI K Z A 512 x 512
BIg, Sa NEDT ik UG g 1100 5KANMIE] . BATIRYE 7:3 B LLEIR B0 4623 I SRde fBniE 4,
HAIGEME 21,628 N4, 570 MG LAZLLANMLART 332 NI AB S AL fr 4 i .

4.2. VEIRER
TEZ AT AR A, 1 FAIE A REA IR 0 40 sl ist i, RIS 2 (PR (8] 2R (R) Wk P A &4 At Al

IR
T,
P=—r )
T,+F,
T,
= (©)
T,+F,

Hrh, Tp (True Positives) 15 BRI 285 R ANFR A 2 4H ML A5 L, Fp (False Positives) 7 75 A4S far il 45
S HEARZE S T 5 MG OL, Ty (True Negatives) s 5 AUk il 25 J N SOm bR 25 WM 1) 1550, Fy (False
Negatives) & 75 A 25 S A 48 Ha T A5 25 R S s ol

AT BRI AR T R RUR , 45 & precision (P)F recall (R), H-F-3J¥ & (mean average precision, mAP)
PPN B RE . mAP 2T A QSR AL~ A5 FE(AP) I3 . X BLIRAT 0 = Fh R B A0, A5
RBC. FNRNC 1 OTHERS (N =3), mAP £/ N:
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5. SCISFNEER
5.1. a-CloU

TEARSEG A, B JFALFRIR R CloU Bl a-CloU. FRATTHL 4 4> o {HHEAT ELASK K, 4 4 a0 43909 (1.54
2. 2.5, 3), BEIMEE YOLOVSs6-a-CloU 55451 YOLOVSs6 BEAUEXT . g 1 fiok, M a N 1.5
i, BRI, mAP {H AR E R 0.5%.
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Table 1. Comparison results of a-YOLOvSs6
# 1. a-YOLOV5s6 KILLEREER

P £ EAET T a-CloU map@0.5
YOLOV5s6 \ x 0.903
a-YOLOV5s6 \ a=15 0.908
a-YOLOV5s6 v a=2 0.901
a-YOLOV5s6 \ a=2.5 0.893
a-YOLOV5s6 \ a=3 0.899

Table 2. Ablation results
2 2. HARSLIOEER

i 1 5 a-CloU (a = 1.5) Transformer S2Attention Repvggblock map@0.5
~ X x X X 0.903
N N x x x 0.908
J J N x x 0.925
v V v v 0.935
v v v v v 0.942

Figure 9. Maternal fetal peripheral blood test results after cutting
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AW TR —FIET YOLOVSs6 HIXGHE 5% REPYOLO-TS2 KA i B iz 5t T BERG A1 & I 4G )
. REPYOLO-TS2 MBI FEABA M. EEMAK. 2. SAAHML B IS b 4 3515
TR A GE B, SEIG A LA S R W], REPYOLO-TS2 HLJR YOLOvSs6 BEAYE TR KM so, sk
Je WA R B AER R IA B 94.2%. TERFIEMEIZ R T, MBI ZNE MUREA b3R5 40 iR AE A 58
A, RO 2 R AR . AT AR AR IO AR SO A R — N A RS S
PERIRETY, DT 2B Y 7 BB A 8 20 B R AN RV 33 55 A e e R U RS B
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