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RABL-YOLOvVS8n: Lightweight Algorithm for Nighttime Pedestrian Detection
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Abstract: This study proposes a lightweight detection algorithm,A RABL-YOLOvVS8n, to address the problems of target
blur, feature weakening, and small-scale target omission in pedestrian detection under low-illumination nighttime scenes.
First, a lightweight RGCSPELAN module is designed, which significantly enhances the ability to capture small targets by
optimizing the feature extraétion process, while effectively reducing unnecessary computational and storage overhead.
Second, attention for ﬁne-grained classification (AFGC) mechanism is introduced in the 10th layer of the backbone
network, which utilizes a multi-branch local perception strategy to enhance the recognizability of fine-grained features
such as pedestrian clothing texture. Then, a bidirectional feature pyramid network (BiFPN) structure is adopted in the
feature fusion layer, combined with an adaptive feature weighting strategy to further enhance the interaction capability of
multi-scale features. Finally, the LSCD detection head is used to replace the original detection head. By decoupling the
localization and classification tasks and introducing a lightweight context-aware module, the accuracy of small-object

detection is significantly improved. The experimental results show that on the self-built NightPerson dataset, compared
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with the baseline YOLOv8n model, m4AP@50 increases by 0.3%, precision decreases by only 0.013, recall increases by

0.009, while parameter count and floating point operations are reduced by 58% and 42%, respectively. Compared with
YOLOvV5n, YOLOv6n, YOLOv10n and other models, the proposed algorithm achieves the best balance between detection

accuracy and model lightweighting.

Key words: nighttime pedestrian detection; RGCSPELAN; attention for fine-grained classification (AFGC); bidirectional

feature pyramid network (BiFPN); LSCD; lightweight
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AL SHIE AR 2 Pros.
K2 ERBH

ZH [LGh:
optimizer SGD
img-size 640%640
epochs 200
batch-size 8

2.3 TENIERR

T AAIE S S A TRIAT N B — R B A,
UE 8 T o0 S8 n) . E AR Y PP AL I, kR TORS A
(Precision)~ A BIZ (Recall) VI E (mAP@50)-
BRI SH R 7R (FLOPs) MRS 4L (FPS)
X 6 ANFEbR, DA THIfE SAR A A BE S5 T R

R 6 B2 2 40 AT 55 vl iy B A R ol &5 SR v T 2R
A PR AERRVE AR AR, RS B 52 e SR o5 A5 A T gk 3%
FIREA R, FLIE IR SRFEAS I EL 48 e, 4 [ Fag g — Fol
FAT P £ 3 SHE 0 4, B LT TR B f IF
FKFEA ﬁﬁﬁﬁiﬁ\'ﬁé’éﬁéiﬁg EEA, 1 B
B Gt R 0 H BE 2 B IR SRR AR, R T Rt 3
AR (BPE 2 BB ). 78 B ek AN 2 45 25 0 K55
{1550, P8 & (mean average precision, mAP) #%]
2R, AEREEE TRV TR bR, Rl ERE T S T
[m] 2% 7 8] PR~ 46T ) @ L. mAP@S0 38 R R TEAZ IE L
(intersection over union, loU) B{E AN 0.5 K1 F1HE
(01 35005 B AR br 32 B T P4l E AR AT 55 %
AN RS DA ., I i (A 0o A5 20 8 kM e ) — S
Y. mAP W 15 3R B A Y L A BE 22 28 il A D AT 55 1)
fEJE It BE A0 B 1 1 e B 1Y 2 0 R R 1 2 K

Ao 22 I 2% 14 A 0 EE M L ) A A, R A R R

A B A B BR L . B ORGSR 77
SR VAR 7 LR R R A A % B B4R
B, I R B AR 1O Rk R A, R, iX
T B4 1 1 & overfitting) [R5, J6 3L 76 U125
AR A RS T . % S HE & (floating point ope-
rations, FLOPs) & VEA A B 75 AT — KT A% 36 B
L FE R I T 75 A 3 A6 R, LB 10 120
VR BB, SR T DUR WO TR (50 Z B, R
SO P A B A 1R S 95T R . FLOPs {8 B2 i B 0058 3
LA TR BT, I FL7E IS 5 R R A A AL I
S HE. A6 FE] FPS SR U R, & B 05 P BRI ST
L A A 5 1 0 57 8 0 2 3% 3B Ak 2 1tk
@)= (7):

194 4R 5% Software TechniquesAlgorithm

TP
Precision = 4
recision —TP+FP ( )

TP
Recall = ———— (5)

TP+FN

1 N
mAP@S0 = D AP, (6)

i=1
FLOPs = H'xW'xCou*K?*xCiy (7)

Hrh, TP (true positives) 7~ IEFA TN Jy 1 28 B FF A
S, FP (false positives) #% H AT J9 T2 AR A
HHE, FN (false negatives) 2755 S8 b IEFE ATy
2K ) RE AR SR, APTIL B X4/ 26 B 10 P SR B, N
LR H, H W AT B RS, Coge A0 3
W, K RAERULIKAD, G AN,

3 iR 50H
3.1 jHELSCIS

N T IRAIE AR ST R R S B AR B 5 SOk H bR
DRGSR 520, JFJE T I Rl g5 R IER 3. v LR H,
KA E LG YOLOv8n #5251 53 28 (1)~ F 340k, BEAE mAP@50
9 °0.923, K FEAIH 1253555 0930, 0.822, 24 &
AF SR 518 3.006M il 8.1 GFLOPs. 554
YOLOv8n A AH L, Fl RGCSPELAN #iHe & 4L C2f
B (7 52 1) {875 35 2 B8 15 G R QN A N0 G 8 1 1)
fF, I FE ARG T B K /N S SRS, mAP@S0 B
1 0.2%, KEHHEERRAE 0013, 74 1% _EFF 0.002, Z4kk
T S5 MRS 26.9% A1 25.9%. 3] A AFGC
R IVLE (5 X 2) B, mAP@50 EFt 0.2%, K
&A% 0.028, A B3R ETF 0.017, ZEERD, iF HitHHE
BARAZ. R BiFPN 4t Neck H1f#) PANet B 5 (7
2 3), 52 EE TP 4 i AR A AR FH 0 B2,
mAP@50 Tt 0.4%, &0 L B#1K 0.028, A [H1% 7t
0.017, ZHEFTF R E &5 HID 33.7% A1 12.3%.
2 YOLOv8n [AG ISk & i 7 LSCD Al sk (F7 %
4), mAP@50 £ 0.3%, & FZ AL 0.015, A B % [E
fi$ 0.008, ZH & MV fUTHE & 2 2> 21.4% H
19.7%. 7% 5 /& RGCSPELAN #filt, AFGC 1/
HL#| . BiFPN BHAH 45 &, mAP@S50 EFF 0.1%, A5
FEREA 0.028, #1813 L TH 0.030, SHR AT ST AR
I3 k> 45.4% F127.1%. 77 % 6 & RGCSPELAN
ik, AFGC = IHLEl. LSCD kil sk #H 45 &,
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i H AR SN A

mAP@50 [FA% 0.4%, ¥ % FE4% 0.032, A HIZ FFt
0.012, ZH & MF ST E B D 46.1% Fl 44.4%.
J7% 7 /& BiFPN #ik. AFGC {3 /JHl#l. LSCD
MM LA, mAP@S0 T+ 0.4%, K FE F#1K 0.018,
HEZE EA0.016, 58 &P STHE R 55 AR D
43.7% 1 25.9%. 77 % 8 TN T BT A 1 etk 77 A
B, BT R4 YOLOVSn 8, mAP@50 F 7 0.3%,
RS P BEAIC 0.013, A R BT 0.009, S8R I N

TR IR 58% M1 42%. BN T & 8 AR FEF1
W EE S ORGff BE AN A (B 2R AR B /N TR B, 2 5 s/ T
SRR ANE RO R, RS TR R B N
FPS ¥4l K F, ehidk )5 i) RABL-YOLOvSn #7 B 4Rk
B R B FPS, (H FHORS B2 AJG A0 A 25 16 388 58 ] R %o
58 B 3 R B IR IE P B4R, RABL-
YOLOv8n 75 i H 58 5 A4 it - 7 1l R AL 17 56 e
LEAiES]

# 3 JHRESI AR 4
SR _ ZHRE (M) FLOPs(G) JEWiE  AFE  mAP@30 (%)  FPS (fs)
P RGCSPELAN  AFGC  BiFPN  LSCD -

YOLOv8n x x x x 3.006 8.1 " 0.930 0.822 923 96
UED! N x x x 2.197 . 60 0.917 0.824 92.2 82
&2 x v x x 3.072 8 0.902 0.839 925 73
E X x x N x 11991 7.1 0.902 0.839 92.7 93
EX x x x \ 2.362 6.5 0.915 0.814 92.0 76
THES v v ! X 1.639 5.9 0.883  0.852 924 88
TR 6 v i ¥ x v 1.620 45 0.898  0.834 91.9 82
E 0§ v v v 1.692 6.0 0912 0.838 92.7 80
JE 8 " v \ v 1274 4.7 0.917 0.831 92.6 96

T VFOR ALY OLOVSN P AH RS A 5 4, 3% JFUR ALY OLOV 8 AR B S 48 5 0

3.2 ¥tEbsIg

Y B WML E R RABL-YOLOvSn I, 4
Wk 7Lt SR IR, A S I 3 4 A AR [R] ) 2R
. WERMSH, LT JIMA I YOLO B S
RABL-YOLOv8n #H47 LLEL. H15€ 4 AT LAE H YOLOV3t
SRR AT SRR S, RSP BRI mAP@
50 Lt YOLOvS8n fik; YOLOvV5n 5 YOLOvSn #H L 2%
BAIVE SR E S MK T 16.7% 1 12.3%, {H524

H#E 1 RABL-YOLOv8n A U PR BB IR i A58, HFE

W HAFRE. mAP@S50 #{& T RABL-YOLOvVS8n;
YOLOV6n 5 RABL-YOLOvSn A HeZ# AT it
BR0E BT, K. mAP@S0 T %, 4 al ZR0g M - TF;
YOLOV10n 12§t F1i% /531 505 5 YOLOvSn #iLk
T B 24.7% 1 19.8%, {H5 2 f5 1) RABL-YOLOv8n
mARELL, BREHE . AFEZE. mAP@S0 U4 RABL-
YOLOvSn. [AlHt, A% 3t 1) o A 8Y RABL-YOLO-
v8n, LA B R (R Sl R RN B AL R R AR, B IE A
L F RN %l AN R AR A YOLO A2,
AT DAV SR B il 2 42 R AR Ab R0 2 A B T S i, A Y
FR) 41 R 33 5 3k 79 242 FF. YOLOvSn Al YOLOv6n 178
—EFRE FORRE T B A%, YOLOvVSn fl YOLO-
v10n W 7E AR FE 5 FPS [ [RIF F— 2B A4k 7 A AL 4

F, AR BT AE H b ke 0 S0 A e A T HE B O FE S R
5 2 [ R 4F~F 4. 2t J5 1) RABL-YOLOvS8n 5 i
YOLOv8n 7EHERLER FE b AR LY 35 B T 5tk J v %)
YERERICRFEIE ), I HAE AT %% A i i

F4 LR

¥ ELOPs b mAP@350 FPS
] A 3 %
R M) (G) i (%) (175

YOLOv3t | 12,1287 18.9  0.901 0.762 85.6 159
Y\OLOVSfl 2.503 7.1 0911 0.822 923 71
_YOLOv6n 4234 11.8 0906 0.833 92.2 92
YOLOVI10n 2.265 6.5 0.909 0.814 92.5 93
YOLOv8n 3.006 8.1 0930 0.822 923 96
RABL-YOLOv8n 1.274 4.7 0917 0.831 92.6 96

3.3 HEELZMIEE

N7 %AE RABL-YOLOvSn B2 ALAE F1, A
TERA B AR AHHE R NI %A 5 A B A AT T
XFHLSEES . 2 5 B A N % R B A 4, LS AT N
BATZE . BEARA. KA. AIREIX 525, % 6 $udls
ERNELRA (WK TR FRE) ERREREE, 4
TATAN BT RS RE ARE. KE. BT
. ATFIX 8K HE S, R UEN, ZHES
JRAA R AR L, S 3B T AU E k> 58% Al
42%, MIAEHAE . AR, mAP@S50 2L AR &, iff H
SRk S A () FPS 5 R B AR LU AR AN K, #RARFFEL
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mKE, X — 45 17 /0 UE ] T RABL-YOLOV8n 51
A R S AR Bz AR
x5 EZFRKEMBERE ERRIEE R L
ZH&E FLOPs , ., .. mAP@50 FPS
A KW AR
15 ™M) @) KRS ARER %) )
YOLOv8n 3.006 81 0774 0634 713 93
RABL-YOLOv8n 1275 47 0749 0615 694 86

K6 (EGHRAIEBEIEE LIRS Fxt L
Z¥& FLOPs ,, , .. AP@50 FPS

] S g gEz "M@
™M (G (%) (fls)
YOLOvS8n 3.006 81 0334 0.124 8.9 89
RABL-YOLOv8n 1275 47 0326 0.16 7.7 95

4 25

(1) A 3CAE YOLOvSn BEAL [ 50 |, itk il
B RGCSPELAN, 7E8 T W 2% [ 56, 10 2 3 gk £
I3 R IER 7] (AFGC) MLl I BiBPN #H8E Neck
fi11f) PANet 455 LSCD BN 8 5 kil ok, e
3T YOLOvSn [FIB# 5 ——RABL-YOLOvS8n #
A B R R AR AT 0 LSRR, 45 SR B ol
S5 BRGSO 1 R A IR B 3 st b AT AR B
FRARS R AIE 5540 A0 /N ROBE R A 8, () B gk /b 17T
RAEE. BASHAE S E R, 187 T YIZEERM
TN FE, BN SEBL 1 AAT N 24k TR0

(2) TH ARG 45 AR B, AN R SO AR B Y [ 2
e, WAOTER. KA. GREMFRES A
TR, 256K 4 MRS, B8 B S50
SUTH L 70 B R AR B8 T 58% FH 42%, 1T A

JE A R RMPSR EARAR D, O B . 5 AR

RN L g5 R 27, 2o ) RABL-YOLOv8n 15 4
TEIR /D> S BORT i E R 7 TR PR, H BB PR RF
CTPNEEITESIRSS ) Sk Z X e SUE T
RABL-YOLOv8n FASFE 4 [ 47 A Aar il o 22 30 e 1. i
Jaid iz A S, 45 78 E T RABL-YOLOvSn &
TEIOA O B AR Rz Ak g
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