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Abstract The use of multi-spectral cameras is essential for day and night pedestrian
detection. In this paper, a color camera and a thermal imaging infrared camera were used to
detect pedestrians near a crosswalk for 24 hours at an intersection with a high risk of traffic
accidents. For pedestrian detection, the YOLOV5 object detector was used, and the detection
performance was improved by using color images and thermal images at the same time. The
proposed system showed a high performance of 0.940 mAP in the day/night multi-spectral (color
and thermal image) pedestrian dataset obtained from the actual crosswalk site.
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el ZHe] Fhelele] Hg o] thAl diFE A
t} (Ling et al., 2007; Jung et al., 2013; Cho et
al., 2014; Zhang et al., 2020).
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Fig. 1 Conceptual image of a crosswalk monitoring
system
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et al, 2011). ¢ 24
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A= NMS(Non Maximum Suppression)”} 23}
t} (Papageorgiou and Poggio, 2000).
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S A= 9 AFE¥th Region Proposal UE £ Holow, 257t v AlFA Bt EA
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T 324 FH29 AR 349 X A8 & HAE FatAY A B4 FAYddE AA Wk
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mAPE HojFt} kA% Cascade Mask R-CNN-& A'ls B SAAREY ot F Al HYAHS
Ag&Ert 29 69 fpsel WFH YOLOvHxE 82 A&skd e (Kim and Jung, 2021).
fpsE HFT} (Youdong et al, 2019). Auved & A7 A wvidel] A
A HEXAAE FAld AREste] BaAE A8t
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Folghes AS gl 2yt FEA A7) &9 St (Joen et al., 2018).
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Fig. 3 The Structure of the Pedestrian Detector
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Fig. 4 Example of Multi-spectral Pedestrian Data
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Data Augmentation 7]|HS Al&3th. 22
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Table 1 Experimental Hyperparameters

Parameter Value
Learning rate 0.01
Learning rate decay 0.999
Learning rate decay step 1

Weight rate decay 5e—4
Momentum 0.937

Batch size 200
Number of iterations 1000

42 st 23t

ko] A3 mde YOLOvSs, YOLOvVSm,
YOLOvV5], YOLOv5x 47FAE At&atdvt. zt
249 Depth Multiple} Layer Channel
Multipleo] wW#} z}eo]E& F11 9t} YOLOvSs=
(0.33, 0.50), YOLOv5m-2 (0.67, 0.75), YOLOvV5I
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& (1.0, 1.0), YOLOvbxE (1.33, 1.25)¢] H]
L Rde] AV7E AEFE A
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2ddz st4%e = 1000 Epochg # 3o
YOLOv5s9 7} Stepell w3t Validation 1@
+ Fig. 59} #o] veylt. s 945 §F HE
E ol & BlAEd Ay g 2
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Fig. 5 Learning Curves of mAP@0.5 and
mAP@[0.5:0.95]

st Z71dAl A E mAP7E b E A S}
st shFol MAESFE FHsteE A%E KBS
t}. Table 2014 Ul 7} =g mteln
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Table 2 Performance of Different Models

Model mAP@IOU0.5  Params(M)
YOLOvbs 0.927 7.2
YOLOvbm 0.935 21.2
YOLOv5I 0.938 46.5
YOLOvbx 0.940 86.7

Table

)
=
o
AN o)

2 welFth A AU AL§H FS okt o
AolA MamA e e welFglon ds
4 Qg AEEAS A% dFEANEY B
gl A% we 4% med

Table 3 Performance of Different Channel Models

Model mAP@IOU0.5
Color 0.312
Thermal 0.887
Color+Thermal 0.927

Table 4= 2o F37+ 2 o7t HAE Ay}
E YETh H2E diolE Al F ofF Aol
5le] st<5Hd YOLOvSs RS Algs] =54
mAP®] 79 0933 o2 F7 it v =&
AEEE HAFAT ozt div] F3F 3o
% 9 e AFEE BHoFE ddS EA%
A, g T ol EAS] WIETF ofgk v o
HAsHA BgAE vte A As dATs

Table 4 Day and Night Test Results of
YOLOvb5s Model

Model mAP@IOU0.5 mAP@IOU0.5:0.95
Day 0.911 0.484
Night 0.933 0.505
Day-Night 0.927 0.592

Fig. 6 Examples of pedestrian detection and false
detection
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