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Abstract

This work offers an end-to-end automatic detection of poles and number identification technique
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in high-speed railway based on YOLOv3 for the intelligent monitoring task of poles in high-speed
railway. To begin, the algorithm recognizes the pole and the number area, then crops automati-
cally based on the detection findings of the number area’s coordinates. Then identify the numbers
in the number area. Finally, the results of the pole detection and number identification are inte-
grated automatically. By building the picture data set of poles and number region in high-speed
railway, a great number of experiments were carried out. The experimental results show that the
proposed method’s detection and recognition accuracy for the pole and the number on the pole is
97.50% and 95.30%, respectively, indicating that it can effectively complete the automatic detec-
tion tasks of the most optimal pole and the number on the pole in high-speed railways.
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1. 5|8

ERE R E BRI R gt KE R BT s 77 E N AT € I A 4E 9, (Hm Bk 2k B S04
S B AL oz sy, DRI AT BB AL T NME RS o ik BRI AT 2 F R4 e DL it e ) i vl
A%, JBT EE IR . SRR A, R ERER 2 B, mE NI E AR R . &
BRA g A7) A r i A ad e L4 g ) ik R SR IR Y o B X — ELAE E, BRI ZE L S
fil AN B, AH 200 21 2 Rt e = AR 5o o RT3 ik DX ) o B RN AR IR W B R W = kS ZE RS %

BTl 2 B R W, A A, 2R B I SRR R B B A R DML IS AT T W i 2k B 2 A AR AL,
T, WS )T EA AL O R R ST R ST H ARk, A4 Bk e ) RS AR O A O LR N
JISAIEN, FRFHE B, RO T ORE s R4 Bk 1) 1B TAEE&H AR AR, JF X1
IR IEH B A 48 RV = S ok, K& B EE 115 B0 A7 it A A8 K B 1 2 ) o F i) i L& 3
PR 2R AR I R, DR G 0E e v SR S AR R e A L BT AR 34T 1 Bdar - OR A7, R AR OR k2 3R
VBB AEAE S R ) G, AN B A7 it 2 8] AR AR 25 R 2

FEGE ) H bR 8, 2R T N TIRICE X BARIARHIE S B, XFHEM RPN TEA . FEER
22 ST HUR B THE AR T R T AR KR o ARG B AR I B0 L AN BB ARG FE 5 B B2k
BETIREE 2 20 1 EARR N B - B4y RS L YOLO R4 (1] [2] [3] 9483 One-stage /45 il
DL Faster RCNN [4] 9X3R 1) Two-stage 4% . Two-stage H Frfill 5% : R-CNN (Regions with Convolutional
Neural Network Features) & %1[4] [5] [6], A A MRS &, (HFERS S, ASBETH 2 SR I Y 75 2K 5
One-stage H a5 %: SSD (Single Shot Multibox Detector)®7%[7]. YOLO (You Only Look Once) % 4
[1][2] [3], —FrB H brks A5 A 0 2 oy 2 o A28 , - oy 380 o BKs — M PG N B A v, B 2 L%
FEEE N B H) B AR AL E S0 BRI, — i BOS AL 6 A IIRS FE R R I AR Rl B TR 4534
T R SR I ) 75 5K, S A B T TR AS

2017 SEEBH S N [8 1) FH ek 1 AR X AT () fd BORAS BEAT VAL, $2Hh 7 — Pl T2 iy S e i
JibFI S S 5 A BREOR (P B 2R AT A MR RS N TR AR RS, X RG R T %
W) 17 R 577 1 DA B 3 a3 43 BT AERLBISE 3 38 SR IS SRR AR, TR FRLZRAT R g BEIRZS #4717k . 2017
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CEZRVE SR N[OV BT Xt W A WA F 1) LR AT S S P4 X el ) R, I P U006 38 . HSV BA ik LSD H 26k
W, PR T — PP T SOH 2 B BRI 595 o 107 VA SR AR T F AR AT I R DX SR, O T R M
RRAT A 4 L 2R AT 34 (015 L Bk ) R, IR St 5E 2 1) FLZR AT JEAT AN . 2019 4EVT R ZE N (1015 A =S B
AR 7 VEEAT TR TS, 3R T — DTG 710 I i 2 AT R 1 5. AR A s s sk
FFR AR T 2 A T B LT E , TRl 48251 75 A7 CE B B O 1 25 B AT B SR AR W ) S B H R AR
X — IR I T AL G I BRI S LR B A T, IRIE A R ZE IR 2 7R B8R, A
REAR L S A T B0 1 K S i Al A

DA I 98 5 e e T AR G i AE 5 A By LA 22 S 7 X, IR S BRI, ok T 4%
GUHLES LS T IEAFE R A R . 2016 4 A IE S5 N [1 1A I 5 i) s b 1 FE R, 18 A YOLO R 8 x e
JILR IR 1 BB B R AT HEAT RN, SELEZRAT B SR S e L. (HAT BRI 737 kg, #ELDH
PR (S B AL B AR AT 450, R REXT e B AT AT R E AL . 2020 AEPE T [12]38 H T 2 T IR
22 ST e R AT B 1 A AR B, 1% 778 b Faster RCNN 550325 R0 2% 45 ¥ 9 JE ik, F ] ZE-NET M
ZEPEES HEMG R I, R EARAE SRR, AR G IE DI, THREAS NG DA B S 8. SR 7ESL
P, AU ERE, FHEE, ARSI T RTERIMT B, H JURM AR, FHEA
2, IXAERIRN S SRR 5 ) R BICORE, FEUR A 0 ARE D2 . 2021 AEXILARSE N[13]2
F Faster RCNN XH L ZBFFREATRE I, B2 7 1895 Tk LH R = EUR, HTFEEIRI& AT BIE
KA R T S E AN, S AP R O v B, IXAE SEBR S 3 55 o AN BRI .

UbAh, A KRR TAER T YOLOV3 58S B - 228 Ak i AH SR AT 2% . 2020 4F JinLiu 1
Dongquan Zhang [ 14 %5 4255 H bRk AT 552047 7 0EFC, AlATTRR9E S2 PRAg R M 3R 200K, sl v i R
S JZ FF 455 K-means++5HEHR S 0RO, #2172 T YOLOV3 %40 H bRl 552 F-YOLOV3,
B T B IF Ik Re, M2 EAE AT S . 2021 4F Huazhou Dou %5 A [15]0 38 il b5 A M BEAT T A AT 5T,
flfi @ 22 YOLOV3 [ FHRHMEFR UM 2%, &t —Fp 5T YOLOV3 AR sk, Sl 1 sert . 1
(28 AR E R . 2021 4F Dongying Gao %5 A [16][FIFE & X 28l As EFEAT R IR R H T8 AN AT, ik
i@ 45 & EfficientNet-lite 4% 5 YOLOV3 fRE A, TEATIURS & MR RTIR T, s/ T8 R SF A0
X VA M RE RO, (R A IR D 4

ARSCARE H bR R Tk LT BT SR, B TS AT, uh BN 1) YOLOV3 #i%Y
[3], 5 H YOLOV3-tiny fRASX 8k FLZe AT S A5 3047 2 H skl (OB 72, AE sl H B8 S A5 IR Bk il 1 07
e PR EE S AT, ik B L AR ET SE R AT IR . SR s Bk AT B, FZRATE
HNRKER, BFFSER/ N BARIRRERIE Y, BLEAE FH S o B A BEAT VIR, 23 B A BE AR,
NEARTCVER AL, Bk, FRATE R BB B AT H ARSI, A8 A R BB 24T YOLOV3-tiny
BERLHAT SR B AE VIR MAGIE FERT, A K-means SRIEBIE[1717E [ il (1) B AT EdE 4 ExHoR56
MEBEATE RS, 159G A T 3RATM 1 R 2R SR AR (M 5B 50 A8, YIZRd REAEBE Epoch Y01 IR DARR AL
UEER IR AR AECRAT B A A o B 20 35 — B B Y 7 FH T A0 5 67 H R AT AT 5 X 88, FEAERT I 2
WA B BT A5 XA T S B BB A TR AT S XA 3, AT S IR R, R
B HZRAF RN 25 SR B 3l & F

FAEET YOLOV3 M5B B v FLZ AT A I S AF5 1R 50 R G, i ) S SR IR B0 1 T % vy Bk PR AT LR AT
EAFS AT B B I 5 RO (0 T v 3R A i 21 i EL SR v A LR AT AR I R G ARSI AR A
SRR TEEE 2 AR T YOLOV3 [, 28 3 3 IR T Wiy B v 2R AP AS I B AT 5 1R i e 72,
B4 Wy AT BIREME . I BRI A R K DA R EES, AR, B S e H T IRATTR R
R FIEAEAERIA 2 LL R AR IR 7877 1) 6
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2. HXFENA

YOLO ZRF52& R PR B B 4 R 28 22 A5 R AR A IO B HARA DI 4% . YOLOV3 242
HRPIZE P 45 (Fully Convolutional Network, FCN) [18], H 75 MG 2 LK R 2= FEH N T RAEE E A,
BERPEA 2 MERRERRHEEEBET TR, SRUERE T 5 m AR R 4s, @EECR Y k. Mgt
WA=, Bk 7T RGRHE 2k, BRI SR 8. R R, FRAES A= 1y
TEEIHHEE, bR FOARHE SRR, R RHIE S 38 0T DUEAT 2 RBERRFIERL G, SR EH B 2801
FRAE, AT BT W0 28 25 ST AR BEARR AR, 35 BRI/ B b . M4 iR fG — B AR Z BRI R 2+
1><1><(k><(5+C)), B I RBREIIK AN, & R W R BT T AT (32 FHE B (AN
3), "WAURHER 5+C/I\E‘f$[%ﬁ(tx,ty,tw,th)\ BEE. C MRANBIEHEZ], RIS 2 %)
(5+C)xk KA I PERUZHHAT BRI, A BRI R AR A B . BT EH T Ix1 B8,
AT S FHUI AR A P PR R ANAS SR AR AR A

YOLOV3 (el AR 2 REERFIER I, & =DMRIEZ: 13x13,26%26,52x52 KREMFRHEE, H
By A 0 AE o BN ) H bR o AU, S N A UK T A 1 FAE AR AR R R A OK B 4
(Non-Maximum Suppression, NMS)iLJiE4x N HIIAFAE, B34 S0 Sk LSBT HeEF, REHHESE D
He e PRI A AN A FAE TS TOU {, LA TOU {E A & A B G R, it o 5 PR IR S AE o
YOLOV3 [P 2k R an A (DB, FEE B =5 4R 55 —35 (Ibox) Al H bRt A7 B B = A (1) AL b
TRAMRT 02K, 58 855 (loby) Ayksr il B bRHE BAS FE B = AR A 2%, e 88 — UMy IERE A IHE (1) BAS
FERR, B IR AR AR AR () BAS PR, 36 =304 (lels) AR I 2R 2 iy P AR 4 %, X =849
SERZE AL T H bRkl g YOLOV3 FIdi 2k s 4L

KxK M

lbox = ; ;)I;bj (2-w *hl.)[—xl. *log(xl.*)—(1—xi)*log(1—xf)}
+§21§bj(2—m*hf)[—yi*log(y,-")—(l—y,-)*log(l—yf)]
x| ) )
+ Zl;bf(Z—m*h,.)[(m—wj‘) +(hl.—hi*)J
i=0 j=0
lobj:KZX]fiI.‘?’?’ [c *log(C.*)+(1—C.)*10g(1—C.*)]
par i ij i i i i
+3 1] € 1og(C7 ) +(1-C, ) *log(1-C7) |
i=0 j=0
KxK M )
lels =3, 217" 3 [ 7,(c)*1og(p] () ~(1-p,(e))*log(1-p} (¢))]
i=0 j=0 ceclasses

loss(object) = lbox —lobj —Icls (1)

Heh, KxK A NE GRS G TE MG, 7E YOLOvV3 H1813%13,26%x26,52x52, M
NEEA WS LS A AE (anchor box) 4T, I;;bj FT I 2 @ SRR 5 7 AN AE (anchor box) & 77
Al BRI B bR, WERAEAE, WO 1, WA 05 1Y 18 LS MG X,y wi kL ClLp! () 43
FORASARERERALE . FOF BAEERERME .,y w,h, C,, p, (c) BTN HAER L E . R
BEEMENMR . FEEBRE: x,p,w,h HAEEFRHER L0 &R, SCA XS T RS A7 B
FSEIAE R A RHE -

YOLOV3-tiny 5 YOLOV3 [ KA FTEFHHEFREUNZS I, YOLOvV3-tiny (1) 32 45 F 2 H X 4% 5
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7T AMERYE 6 MRAMLERNIZTHS, FHERNREHR R AP 13x13,26x26 , MG aE 1
B~ BRI YOLOV3-tiny (A RS B2 23 B A5 RHAE JZ2 ) T IE R N T BRI . [ 1E K2 YOLOV3-tiny /2
BREREA, R ALE T Mg mE SR, tHEREVN, MR, 7 ER 3 B & i i 1T,
R T I A . AR SR T IR BEFE S FEER, A YOLOV3-tiny #5888 347 5 A i 2 A Ao il
ST g 5150

| - : ’ E @@@@@@@ ‘
[] convolutional layer [l connection layer '
[] pooling layer B output layer
[ up-sampling layer

Figure 1. The network architecture of YOLOv3-tiny
& 1. YOLOV3-tiny FR4&4E4)

3. AR BT K AT SR

9T (RIS VA 5 A7 Fm e FEL AT PO o D B PR AT AR X S B 37 T B A ) L R e DL B AT 55 B
F) AT B SR R AYE, Wl 3, dataset-1 Fivn, A SEFH-SAHIE, P RADNEREBK,
TN HARECT AR I A B A AR 0SS, TRIAE S By YOLOV3-tiny A7 v, A8 EE [ b A0 1 B 20 AT
FFRB AT 5 B — @A . X — R SEI P A BI0IE, AT HAREOR, MIRCREAE, 7
HXTEGT S, FAsi/h HARRIC, RRCRIR %=,

BT VA PARSAFAEMIAESE , FRATTEE R I BEAOAS N 5 R 5005, & 56 20 ) 8 56— B B Bkl
LATHAEAR . 28 B BOFF 5 DX A B Bl SR VN ZR 58 P YOLOV3-tiny B8, 453 360 LA, #T5
DR A AR AL A 26807 B AR, PIBCE AR I 5 R RO E S 5. SRS PIR BUBE R RTINS, 55 —Fir
BT YA FE AT B AT 5 X3, I E Sh B BT e A7 AT 5 X, SRR IR N B B BO R iR
RIS, ARG R Qg &, 3B AT IF A TS IR 45 R I AT R 45 2R .

SRJE FATIE I AR A YT T AT AL JE R AR LLRAS R AT A TN &5 2R, 35 (7] — AT 5 R AT AR
2 aRER, MEATX -y A, B A Sh0fE R AT AT A 45 2R 15 Bl i KBS ) 5K ]
BAR BT SR o 5 AR R E EE RS R AT R, WAREAT LA, B RAFX I IS
o W LI, BATB I RTINS AT 5 IR PIB B SR, AT BLSE s AT AS AT 55, RIS T
LAt KRR FE R TH 22 R R A o AR SSRAR AN 2 P

3.1. St RMBRERAL

YOLO #FIM YOLOV2 FF4f5I N “HEHE(anchor box)” MLAI[2], X BT Bh Tk GBS 24 78 Y1 25 (1 i
S Hith 34k Hor, MDA SGERE . YOLOV3 ] K-means SH9k[171fESIRE TG FEA I E
SCHE R IER, AR BIHE . 0T HERER AN B, PEE SR SEER TR, 2l AN R & 1Y) anchor N H B,
SR IGTERR Y A A B R sy A 16 2[RI B B A 19— 4H. anchor box, Fx 2453t anchor box [ & 9 B R i
fE. YOLOV3 fAfE =M REER M, BT 9 ANMEHE. 78 YOLOvV3-tiny b, RAMWAREMHH, K
It anchor box HIM4CH 6.
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Figure 2. The task process of poles detection and numbers recognition in high-speed railway

B 2. SERBEEN AT SIRAIESRIZ

BT BRIA (Y anchor 77 & FE X VOC H¥s 8 o A I B AR M 508 1, AR R I B bR A A £
X, FESRR A PTIIE . F B PTR AR R R Re L, BIZESE — B H skl S5 b, HiRs&H S
5 XK/ ZE SOk, HESMEEE Y 2, WE 3 s, N 7THRFARNREE, 3 A1EH K-means
RREVE, 1R BEE bRV I FHE(i.e. Bounding Box of Ground Truth)ff3&aili | &3S, REHFAEAL
FNEMTEE, B “45HE” (anchor box). HHHEMIME I SLbr_FA2 X T B bRya BT 2490, JEImA T R
JIRAR, MMSEIZ RS ST H B

3.2. BABHITEMLER

FERE— R s b, AR IO R s S kAT AR, WA BRI E R . 2 M T
S ST XER R DNERER, BHEHEMED, KR —, FRHRREEMEZAKR, RSP HEE
o W RAGE T K-means 228 5k 5 R R4 0 (U AE (anchor box), RUFHABURE S, JUTHZEAR
Ko K TEEAEL YOLO #5892 ]OEE S i A [R] A FRAT T R 30 4 22 v AT L 2 5 2845 380 0 Al A R~
Ko XFEFEAE SR R B RTE & SN T N HER) 2 REVE, (8 2 & RAN A RBER B AR, FRAT
8T — POl B HEEAT 26 Ve ROBE R4 T80 7 2, BIDRE SRR BTG BAE 1) RS EAT A 4, 4 TS5 B Ay )
B X —ERAENLH RO LI A DR IE . it E AKX W) AR, SING AL, B AE
AR ST BEAT R A

BN A~

DOI: 10.12677/csa.2022.1210237 2323 MR 5 R


https://doi.org/10.12677/csa.2022.1210237

5 4
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X, — X

‘xn _xl

(x,', —xl')+x1',

)

yA
f=x

%y, FFiEE Kmeans BEFIOWIAHIE S RIS 8, X,y Tl G 480 Hi A 1 5 7 05

» BATBH R EE T PR SN EON 6. a, B NEER LB 5

#, BUERXIEAL0, 1], £528, FATKIEIEEN 0.5,

4. W54
4.1. BIRERE

N T ORUESEE I 2R, AT WP 2% s R Ak b, 35 14 NS B B RGOk A e B 4R
WEEHEEM 67346 5K LR AT MG AT IfIE, H&A5 3 BEE RN 11040 5k EE, A 9439 5k A
TEINZREE, 497 SKHIMERIESE, 1104 5k HPEINAER, JE(EH Labellmg 77 YOLO TR bR ZEs R {3

%Ul’ (xmin’ ymin)’ (xmax’ ymax)’ %%UZ’ °

Yo FEATCH, BRRr BRSO dataset-1, IZEUHRAEIIHL

BRI 3 s . ARSI BUHRLZAT BT 5 XA I St SR AR 2 i b, RS EARAT 5 DX A2 b
BT R BURBUESE, 20fk /a3 7833 SKIEME, JFxI AT AR AR AR, b 6697 5K

FENIZREE, 353 sk FHMESRIESE, 783 sKHAE
IR 4 B R & 4 fTos .

MikdE. A3, FREE I B SRN dataset-2, %44k

M R4 1 PR R i L ) F AT TR, DR e B v A7 A P R 22 S R B F R AT AR, A 3
Fizs o RIS XIS E B B AL B DL AT S B AN E A B R e B DO A s = 5k 5, A
FHRSI = CL 805, i 4 Fs. 55— BOB B2 0 AT ST 5 XIEAT — 7028, 28 — R Bosi L2

3K,

X DT R B AT T

H){H ] Labellmg 5 H HSEHREE PRAT Y xml SCHF, SRJEXS H bR R

SARESN S ID FHEARFREATHREL,  RAFY txt ST TR, B0iE L2l i34

Figure 3. The partial images in dataset-1
3. dataset-1 Ep53 Bl %

Figure 4. The partial images in dataset-2
[&] 4. dataset-2 EB45r B &

HE -
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4.2. SLIGIREE

TR AT T AT SR R GEI 25 5 IR A GPU #£45 5 NVIDIA GeForce RTX 2060, ZbF 3% A
intel i7-10875H, #:1E RGN Windows10, 4iEH355 9 Python3.6. AT ZEMITE Tensorflow [19] 13485,
IR AL N BB E T 5N Keras, JF[AIF %% 7 CUDA 9.0, CUDNN 7.0.4 LA3Z#F GPU K.

4.3. anchor 75 R %L SCIE

TE/NALEHE S (320 TR M8 Bk AT AR IRE B, B RSN LR M OAE BT SR A3 AR I AE , 6 ARG B A
RARHIFRTE, MBS AR 1 FR. TATLSFIUER . (mAP) M A B Z (Recal ) E T EAr . W& 125
—47H T LLE i, YOLOV3-tiny 75 VOC 35 F 3RS HEE, JFANIE FH T BAT BT 8 1) el 2R AT S8
£, FEFFET VOC HHREPFEAM KL, RPA—, RAAEERKR, REHRMLIHET R
R, FKRIET YOLOV3-tiny £ % B R AEA I AR 35 o

BT FRATEE — B B A I B AR R A BT 5 X8k, 2R, HXWRERR RN ERK, KL EE
18 BRAA FOBHE F TN SRR AT B R AF R S ARG B . e 1 BB AT 45 R PTR, Wi BARIIFY
RS FEANAT 66.93%, Toikifi e TSI Ko AL, BATEARFIH K-means RTINS —Pr B2k
FREGRAE T IR, FIFE G H — I B AR AT AR R e I0AE, SR S50 R IAN ZR 2Rt T AL )
PETFHTCRCR, FATRT LAV 2 20008 b 5 28 1M Te kA7 28 4 FOst () F 2R AT AG ISP 240 K6 B M 0.00, £ 43 #T,
AT F 0t R RGBS e /N R AR B I G i /b S SO 2 ST RHE A R 4y, HK
TR B A @3 1), ALK IR EH AT RS E TR, PRERREFFMHER A —,
M #5220 R H ARSI AT YOLOV3-tiny #E8 JEy R B0 2 ROBERS IR 35, BURAS BUAG I BOR B0 2%, I
UEIRATE L 455 3.2 TTRIR LR MEE L], PR AT B A, T B HOR S I AR R RAE, i
HARTHRZAT R H AR PS5 XIBUD HFR)BIR 2. 0 | =475 BPR, 0 KB & 2k 45
TN, X2 H A5 0T RS P AR ER A anchors, #2825 anchors 4> MIEEFH T 16.74%. 59.59%, Hi
Uhstt b st JnT LUE T s gk i AT B s I 5 10 5, B R BAE A LR 4 Ol R b3 T 7
RUP) 2 ST OR SRR S . FRAT BT Ja 2 KAV 4 4k Sy 7

Table 1. Influence from different anchor box set for the first stage of the model

1. TRIMEEREX T H—M BRI

HERE T & 5 X 4/AP HLZEFF/AP mAP
YOLOV3-tinyER A HHHE 75.52% 58.33% 66.93%
IR BAE 48.16% 0.00% 24.08%
HREINL AR 80.59% 86.74% 83.67%

4.4. PR ESCIREERE ST

HT T FRATI SRR FLZATAS I AT AR50 22 PR B2EAT, BRI B PIANE BEr T se B 46 R o &
SRR — W BoR A AR A, 32 B LT LR AT 5 DXt AT A I, O B S BYA7 £ A B FR i 7 X
R, PRAUE AT S TS DX RI AT 1), XA A RT DLIK S e AT AS I ) AT, R B 0 A5 5 23 it
e FEL AT 8 B T O AR —

MGG 2 AT UAE Y, FEORRR A IR AR 1, PR BOBE RS R 8 RN B (T 2R R, Ao
B R I g PSR ANl 5 s BT 5(al)~(ad) Al LU Bl K& IR, BT AR TR
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HLZR AT FIRFAE 22 S DL R AT, BEIX O AN AE R LR AT, FRXTAT 5 X B sl 7 B HE e fr. 28—
BRI N T B 2R AT R AT 5 DX IR R VR 0 5 S HE A R 3 A B T 97.50% 94.91%. {55 BB, 3%
B B AR B B 8 LR 20K 95.30%

Table 2. Detection result of two-stage model

= 2. WM ERAREEIR SR

SEmgER 0 B AR R W5 R S A R IR A [E
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Figure 5. Detection results of two-stage on real world. (a) Results of first stage; (b) Results of second stage
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Figure 6. The qualitative results of different experiment design. (a) Detection results for eleven categories (poles and ten
numbers); (b) Preliminary detection results of two-stage model (b1, b2): Detection results of one category for first stage; (b3,
b4): Recognition results of numbers for second stage); (¢c) Manual narrowing of the pole number area and recognition results
of numbers; (d) Detection results of two categories (poles and number areas) for first stage; (e) Detection results of two cat-
egories (poles and number areas) for first stage after enlarge the number areas
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Table 3. Detection results of two-stage model on two high-speed routes
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