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Deep learning-based bus passenger flow detection algorithm

WU Hui-rong', ZHANG Jing-yi, GUO Chun-min
(School of Civil Engineering and Transportation, Northeast Forestry University, Harbin 150040, China)

Abstract: To address the issues of data processing latency and accuracy in bus passenger flow detection due to the
neglect of edge computing, a real-time and lightweight bus passenger flow detection algorithm based on a “cloud-edge-
end collaborative architecture” , bus passenger flow-DETR (BPF-DETR), is proposed. Firstly, RT-DETR-r18 is
adopted as the baseline algorithm to enhance real-time processing capabilities. Secondly, a lightweight iRMB module is
introduced to update ResNet-18 as the feature extraction backbone. Through the inverted residual structure, the model
effectively captures long-range feature interactions of passenger targets and local feature interactions of small object
targets, enhancing both lightness and accuracy while improving edge applicability. Thirdly, the SSFF module and TFE
module components from the ASF architecture are integrated to construct the multi-scale feature fusion module
(MSFM), further enhancing the detection accuracy under multi-scale and complex environments. Finally, to validate the
effectiveness of the algorithm, a ROI-based image stitching method is used to enhance the representativeness and
diversity of the dataset, constructing a bus passenger monitoring dataset for training and validation. Experimental
results show that the mAP@0.5 of the BPF-DETR is 96.4 %, and the model size is 32.6 MB, which are both superior to
current mainstream YOLO series models. In comparison with the baseline algorithm, the mAP@Q0.5 is improved by 1.1 %,
and the model size decreases by 16 %, meeting the accuracy and lightweight deployment requirements for bus
passenger flow detection.

Keywords: transportation planning and management; bus passenger flow; deep learning; object detection;

computer vision; edge deployment
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H b, 8] AR B 25 9520 PR s a0 1 4 5 B0 U A
Il 8. P IS IO SRR 2990 sk, JSF R/
9640 x 64018 2. A SCAff H Labellmg X #4813k
IThRiE, bR gt il 8 pion. B Eiai 7:1:2
B BRI 20 A I R4 . B0 AIE SE AN 2, 2
2093 7K. 299 7K A1 598 Hk EIE, XF B bR S92 &
53909 28853 AN\ 3917 ANFI 8405 A~ AXAE A RAT
g i A P e 0 A% Sk, 14 B R 9 RGB =niE B
RIS AT JE AL AMEAS Sk, Ta i & 2B a EIHA.

Pytorch2.1.2, Python3.10.8 1 Cudal2.1. SE5 ¥ & i
‘B~ CPU (Intel (R) Xeon (R) Platinum 8474C), GPU
(RTX 4090D (24 GB)). IS HEE T Ik
N 100, LKA 16, N BEUE R ST 640 x 640,
F2)E04 0.0001, ) FEEEN 0.9, FERH AdamW
AR XTI Rt FEEAT AL

N T BV BEAE A A8 3 5 v IR I 1 fig,
KHAFEHR (P)s #HBIZE (R). YAV IIKEE (mAP).
FEITE B (FPS)s #2 KN (size)s 4 & (parameters)
TS A4 (GFLOPs) 1E vy & 52 1% RE 48 5.
Hrp: mAP@0.5 K7~ 1E ToU (intersection over union)
BIE 9 0.5 B, BT 280 1 TR FE (AP); mAP@O.5 :
0.95 M /& ToU M0.5 ~ 0.95 (25K H 0.05) 7 A i
BT 35145 21 (1)~ 350K BE . AH DG A i F s

TP

P=_—
TP + FP’ )
TP

R= ———0, (8)
TP + FN
177.

AP = =N AP, 9
wAP = AP, ©)
1TL
AP@05 = =Y AP,. 10
m 0.5 nz_: ; (10)

30 e .
Hrdr: TPRRAENIERMIEFEAE, FPRRH
.% 20} ENIERMREASE, FNERH @ NS IERE
o ] AR, I RSB 1),
g 10} . 3.3 XTHSELS
h AT BB A TR BT A I
0 I [ #% A& ¢ % BPF-DETR 5 YOLOvSm.
1.0 0.5 YOLOv6m. YOLOv8m. RT-DETR # 47 % Lt. fr f5
: E . 0.4 SEVEISAE [F) —Hs 45 kAT I SR AR, St IR %
R T - P2 MR E R B, S8 R 2 R,
o 0.2 L N > N =
X | < o S 45 B W] BPF-DETR 78 = 8 VLG f 4x |
0.2p ™ ol ‘0 TR, Hd mAP@0.5 A% T 96.4 %, PERERAR,
0 04 08 0 04 03 FIE T34 H RT-DETR 5 K0 H 7 YOLOVSm
x weight SRR TET 1.1 % F1 1.3 %, FEESHIRE T 1.4 %
E8 BURSERZIEHEGIT 1.6 %, X —MERESRTE F B T AL 2 R
3.2 SEBHFBE5EMIRR AE A I, JE i T 2R3 il N DL S 4 Y b
ALK I B N Ubuntu22.04.3 8 /E R 40,  BEJu, BREW A RGBS R B AN B (1) H A, X%
F2  REHSRIMRIIE AR LE
R P/% R/% mAP@0.5/% mAP@0.5 : 0.95/% FPS/(f/s) size/MB ZHE/10° GFLOPs
YOLOvS5m 91.1 90.9 95.0 65.7 93.1 50.5 25.1 64.4
YOLOv6m 90.7 91.3 94.7 65.1 60.5 104.3 52.0 161.1
YOLOv8m 914 91.6 95.1 67.1 78.3 52.0 25.8 78.7
RT-DETR 91.6 90.8 95.3 69.5 71.6 38.6 19.9 56.9
BPF-DETR 93.0 93.1 96.4 72.4 62.8 32.6 16.7 53.6
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1E SIS 1% (FPS) J51Hi, BPF-DETR (1) 6 il 32 f&
LB T 62.8 fls, BARMGAK T #B4> YOLO R A H %,
L, JF v 00 T 2 5 4 i A2 A 58 s A I S B 4
3K. [ &}, BPF-DETR 2 8 K /MY K 32.6 MB, AH%
T YOLOv6m Z1i8/0> 7 68.7 %. iXJ4[XF BPF-DETR
KA IRMB FFAEHE B T, {815 0 28 7£ R AiE 42 BB
BORE R T R8E B, Wb 705 B2, gk
T T R INRE R S A 1, [R] Bef FARAIR T R TR A i A
THAE S,

It 4h, BPF-DETR 12 40 Al 5 2 4% FE 354K
FH A L, HIE A TR R 2RI S5 %
IEE. Hm A5 IR AR T O/ mAP AR B2 L3 1 [
B, 365 1 S Br S 0 R PR A IE A, S TR B
5T FE 5 R I R ) P . IX — e 1 {43 BPF-
DETR H5513& &3 8 T R IR 52 BR 1 I8, il 2%
RIS I R G AL S IS HE TR AR
— T T SRR R AT AT

N T BRI (A ISR, B 9 XL T
RT-DETR &% (K 9(a)) 55 &uidt 5 BPF-DETR &%
(&1 9(b)) (A I 25 5. HR 4t TRk [25] %S 1 2 X,
P AT UL € [0.65, 00) AR IERY, 136 T WLE e
[0.20, 0.65) Ay 5 5 Y. S5 45 K B, RT-DETR
FOEIRR TR R P AR, T ol S R R
PETt 7O RS e R U e 7. MR A R R, ek
Ji 592 554G RT-DETR Sk AH L, “FHiRAS R8>
T 2.17 %, TR IE 2] T B R Ao, X —
RS T SO B AE 5 2 A0 oG B A A W 1
T B A bR A E.

3.4 JHRLSEER

N T 3% E BPF-DETR 45 4 ook 98 Rk, 78 8
R B A X A U R RS DA B AR R K N A
i br HEAT T Bl SC S, HSRIe S5 SR 3 . W
F 3G g5 FnT A, A iIRMB R H S 4 R A
BackBone ' [ft] BasicBlock 1# 154 2 T+ T 1.2 %,
BEZRETHT 1.5 %, mAP@O0.5 $271 1 0.7 %, [FI size
WAL T 29 17.1 %, (R EEERE AL E L
G FA I AEAFBK 18N MSFM BLES , AHER
T 461 RT-DETR fERG B BRI T 1.4 %, 1%
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(b) BPF-DETR %A
E9 BHEFEHRERNE R

PTHT 2.4 %, mAP@O.5 FEEHE R T 1.1 %. 7] WLk
S I EEAERS BE L A B2 A mAP J7 T A 5 7,
[ B 9k 20 7 A AR Y /N R S K, AT P AL ) i
PRIEESK. BT & 2, AR SR sk FHe it 1 Al s
FEE RTINS B, 25 G Mk Rl A i, BDISAE T 276 gt &
A

N T IRNFANT IRMB RHAESEEL 3 10 2 Ry
fERA 5T H (MSFM) 75 A 22 % it s 45 UG vl e &
REAE ISR 1) AT AR 14, 1 ) Grad-CAM 7 v A2 U
FE RIS (10 FaR), LA B WL 0 52 53
E Ao W 3R B IS ()3 R 70 73 AT A 10 DA S ASER 6 AN 7] [X

3 HELLIOER
A P/% R/% mAP@0.5/% mAP@0.5 : 0.95/% FPS/(fls) size/MB S E/10° GFLOPs
RT-DETR-r18 91.6 90.8 95.3 69.5 71.6 38.6 19.9 56.9
RT-DETR-rl18+iRMB 92.8 923 96.0 71.0 542 32.0 16.4 49.1
RT-DETR-r18+MSFM 92.8 92.9 96.1 71.6 72.9 39.1 20.2 61.4
BPF-DETR 93.0 932 96.4 724 62.8 32.6 16.7 53.6
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BV ERLE . 78 RT-DETR-r18 + iRMB fit & 1, 7
R Sk 0 DX 3 0 R P N B o, R A R AR B X
HURIHR T+ T X PE B A0/ HARRHE 0 22 2 66 ). TR
i}, £ RT-DETR-r18 + MSFM fit. & i, il it 2 R
REAE Rl B R TE 2 A R E Al B ofe 5 40 715 (1 AL 3%,
S ESRTE T AR R R R ) B8 T 51N iRMB
A1 MSFM # £k 5, BPF-DETR REWE $2 B & & 2
AL FIAE SUAE JE IRFAE, X6 316 725 K B ARF AIE X 38k 1) K v
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I — S T AR R IR RS R R B AT
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E10
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(c) RT-DETR-r18+
iRMB
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[, 75 B b P B 17 AR xS B X3 PR SR AR RE ). X
SE P E AT PR Y SVA AR LA AR EAR L T2 26
SRR RE S, AP 1 FAE SC bR S (98 5.
3.5 g R

HRAE SCHR [26] 32 i ) 2~ FE AT e s BT
RAARAE (K 4 PoR), WA 5 R EEE A R B
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(d) RT-DETR-r18+
ASF

(¢) BPF-DETR
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i S100 ARG ARTIED, KL AR
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R <020 SSIRE IR, WG

B 11 ] UL, 5 F G 7 afe i N 0D i A
W BEAZEAN K. AR, ol N B0 &2 h S B 2 1,
Fr$¢ 4 2t BPF-DETR 57481 RT-DETR 531 1E
Wk AN %05 YOLOvSm BykFiln, fH2, Frid ok
i BPF-DETR Sk ks A4S R N 2035 /0 T HoAth 5
15, B T HR H R I A 5 I A 1 3 B B
[FIRE, 7E A R A 50T, B H oot BPF-
DETR %3 1) 1E A s N #5032 v 1 HoAth 032, 3% 9
T th BVETE G R 2 1 52 A A BT R RE R I R R
R )65 A R 3 I
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B 0 22 5 TG DN B8 S R 2 2 -1 - T
[F) ZEAE)7 A1 R 3 Lok, AN SCHE T RT-DETR #H47
Tk, SR T — RSz AR 220 BPF-DETR &
W I SR B IRMB J 28 AE A E R B T,
R T R Hbr KB B R IE R B B K/ H AR )R
R B, M T 2 REERHIE R & = RO &
Z U RGBS B, 3 7 2 REZRHMEM A4 68
71. % BPF-DETR f£ A & 2 Uit Wi 45 B4 4R dE AT 1 5K
SO U0AIE, SLI0 2 FL A BA B4R tH BVEAE A A8 & it ks
AR5 A ER T 1A DN (1)K 52 AN T RE ) IS 9 2
TG B R BT R, LR RR A B TR
WALIRS, PR AL RGNS E R, KK T
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