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Abstract: An improved YOLOv8n-based target position detection algorithm is proposed to address the in-
efficiency of target detection in non-cooperative robotic arm gripping tasks. First, the Large Separable Ker-
nel Attention (LSKA) mechanism is integrated into the Spatial Pyramid Pooling Fusion (SPPF) layer to
enhance the model’s multiscale feature aggregation capability. Second, a novel lightweight module, RGC-
SPELAN, is designed to reduce the computational cost and runtime of the model. Additionally, the aver-
age pairwise distance intersection over union (MPDIoU) is restructured with an inner transformation con-
cept, which is further combined with the weighted intersection over union (Wise-IoU) to develop a new
loss function, Wise-MPDIoU ~inner. This loss function enhances both the training efficiency and detection
performance of the model. Finally, using target position detection and depth information, a real-time coor-
dinate system is constructed to determine the target's 3D spatial attitude, enabling the completion of robot-
1c arm grasping tasks. Experimental results demonstrate that the proposed algorithm achieves an accuracy
ol 96.5%, an mAP@0.5 of 96.7%, a 16% reduction in parameters, and a 33% improvement in infer-

ence speed. The algorithm effectively balances model accuracy and computational efficiency, meeting the
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real-time requirements of the URS robot for non-cooperative grasping tasks.

Key words: robotic arm; grabbing detection; lightweighting; YOLOv8n; posture detection; loss func-

tion
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BOE, m 48 Bl A 2RI B A8, c ROR MR — K
Bl T B B ), SR R R

BRI 25 1) B VE = 58 Windows 10 R 4t ,
CPU %15  Intel Core i7-12700KF , GPU %I 5 %
NVIDA GeForce RTX3080Ti, % H Py-
torchl. 13. 1 7R & 2% > HE ZE H gt 5700, I3 i CU-
DA 11.7 s Il %k , % & 35 855 4 python3. 8. =&
56 B 36 A QR B8 BN 300, W1 R 2% 2 K 8 0. 01, 3l
GRE RO E N 32, A B v RSE ol 640X 640, 28
FERCN 4, 518 B8N 0. 937, KU I R I B N
0.000 5,
4.2 ARREREFIL3TEE L

S A 8] RO B B Wise-MPDIoU™
5 % PR BN 35 £ AR AR (1% 5 M), DA 3 A5 3 11 il
Bl i1 4 DB e BT 2 Ak R ) AR SCRL 0.2 b

R 1B HOREE BT L, 2R AT S5 X L

AN ) RUBE PR F B A 52 56 25 S 0 be 3 1
Ao MR L ratio=0.6 B, R 5
mAP@O. 5 LA J 4 B B FPS A% 5 24 ROEE 7
Fb ratio=1. 4 B, 45760 1) ple a5 2R e A R Al R o
96.0% , mAP@0.5 4 96. 5% , #i ¥ 3% &F FPS 0|
IRE) 91 7 M EE AR AR T AR AR 70. 9 W AERD , 42
129, 3% 5 R F L ratio=1. 6 B}, i 3
5 mAP@O. 5 LA} #E B 3 fF FPS A &L T ratio=
1 AR A BT REAG . BRULZ A0 A6 RO A 7
Fb R 04 340 FHE 5 2% A 15 AT 0 L AT B 45 2 i £k, o
B8 i . Hoh, RUEE 7 H ratio=1. 4 i (1)
% PREICFR R A U, R 0% S RS Y 1) R N R 5 0KG
JE o BRI, Sy 1 a2 R R R e A5 B AG I 114
e 5 SR M AR S 06 R B R TR L ratio=
1.4 DIk B2 p Y

®1 REETFIILIERE

Tab.1 Scale factor ratio comparison experiment

REBRTFI  KifE/% mAP@O.5/% FPS
0.6 95.1 95.9 70.9
0.8 96.0 96. 1 86.2
1.0 95.8 96.3 84.2
1.2 95.1 96. 4 80.6
1.4 96.0 96.5 91.7
1.6 95.5 96.3 84.6

Box_loss

g 0 50 100 150 200 250 300

Epoch

K8 Ak
Fig. 8 Bounding Box Loss
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5 BiFormer™ , SimAM, CPCA (Channel Prior
Convolutional Attention) , BiFPN, SE (Squeeze-
and Excitation Networks) fll CBAM (Convolution-
al Block Attention Module) 4 ¥ & 77 MLl 2F 17 %)
L AR IR 2 TR .

x2 AREEAVEIRTLL
Tab.2 Comparison of different attention mechanisms
e K%/ % mAP@0.5/%  FPS
YOLOv8n 96.3 96.5 80.0
SPPF-LSKA 96.4 96.3 97.1
BiFormer 95.9 96. 4 91.7
SimAM 96.3 96. 6 90.9
CPCA 96.7 96. 3 71.4
BiFPN 95.5 95.8 72.5
SE 94.6 95.9 66.2
CBAM 95.0 96. 2 68.5

H1 2% 2 TR, AN TR A T 0 AL A X A 2 = A

MR T 1.3%,1.7% F10.8% ,mAP@O. 5 43 Il [
£ 0.3%,0.6% F10. 7%, ifij 4 F 2 5 0] 53 5 B
i 14.4% ,17.3% F9.4% ;% CPCA ¥ & J1 m
A YOLOv8n A AL vt fiff 75 J5 455 70 (1 K5 iff 3 42 55
T0.4% ,H mAP@O. SRR T 0. 2% , #f 24 3 &7
FEAIL T 10. 8% 6 SImAM FE & S A YOLOvSn
BEAL RS R 5 mAP@O. 5 B AE 3 AR AE (1
PR E R T 13. 6% ;5 #f BiFormer 3 & J1 N
A YOLOvSn £ # v b 8 % 5 mAP@O. 5 B 5
M A 28 I, I 4f 3 3 B 4 v T 14. 690 5K SPPF-
LSKA VE S A YOLOvSn #5 51 v f o R 48
BT 0.1%, mAP@O. 5 FFAR T 0. 2%, {H #fE B 3
BEARTE T 21, 4% . £ L nak 5 H A vE 2 AL
HH, SPPF-LSKA 7 & 77 78 £ 15 458 5 I K i
AL /N ST, B R T TR,
I, % 5 SPPF-LSKA & 1 o el iff Ik 25 455 74 2t
AT .
4.4 HRLZLIE

R T VEAR AR SCHE M AN [R) e A B sk A

(e AT . K CBAM, SE #1 BiFPN #: & 7 Kz P4 E A4 52 ), 7E 3 T YOLOv8n W 2% 1) 3L it
A YOLOv8n B 1Y v fifi 45 Ji7 A5 R 1) 4 ff 23 53 AT T AL, SER A R AR 3 TR
*£3 HEXW
Tab.3 Ablation experiment
LY LR mAP@O0.5/% SR /M IR /G FPS RN/ MB

A 96. 3 96.5 3.00 8.1 80.0 5.96

B 96.4 96. 3 3.28 8.3 97.1 6.48

C 96.1 96. 0 2.20 6.1 91.7 4.48

D 96. 0 96.5 3.00 8.1 91.7 5.96

E 96.1 96.8 2.67 6.8 94.7 5.41

F 95.3 95.6 3.00 8.1 87.9 5.96

G 96. 5 96.7 2.67 6.8 106. 4 5.40

A SCBETE T 7 2 Rl S g, ATl AR A Y S
A A e L B R A AR R LR R YO-
LOv8n, ## Bt 5] A SPPF-LSKA Bk, 1517
C %5 A RGCSPELAN #iHe B #1 D f& 5] A
Wise-MPDIoU™ $it 2k pR % , 155 A E 48 3% [7] &) 5
A SPPF-LSKA # 8t 5 RGCSPELAN # He | £
R F 35 A MPDIoU #2k pf £, f8 G AR A
SR B SRW-YOLOvSn A& Al

N 3T LLE 5 R LR A M EE , 515 B
MRS R 5 mAP@O. 58 LA K, S8 5115

WA RT  H e AR R T 21.4% . 15
B C RS i % 5 mAP@O. 5 He 3 2R 1R A BEAIG,
SRR T 26. 7% T EBEACT 24. 7% 4
RIFCE N 4. ASMB, #fE B B4R 7+ T 14. 6%, iX
UL RGCSPEL AN #5314 5] A fff 15 5 28 451 A0 7%
YOG AP A N R K R %) ) B, R AT T A R Y
KNG IR A 3850 7 AR A SE s . BT D
FRER T LA A, LR DUDRG J 5 A5 0 R /N JL-F-
ARAR B ERTE T 14.6% . BRI E M T
BB A, HmAP@O. 53T+ T 0. 3% , B 5 &
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FEAR T 11% , iH A SRR T 16. 0% . $6HH SPPF-
LSKA #idh 5 RGCSPELAN #iHe iy 5] A, #] LA
T W& T 4R TR B A [l BF oA 28 0 1330 R A 5 K
INHEATREAR o AU F A T LA AR A | FHORS 6 %
5 mAP@O. 55 A%, {H Hi 0K I B L 2R AR A
T 9.9% . B GARE THLBAL A, HOK i %
BIT0.2%, mAP@O. 5427+ 17 0.2% , 2 ¥ &
FEAR 7 11%, iF 5 & BRI 1 16.0% , AL E
5. 40MB, #fE 3 3 B 5 fe KL T T 33000 X
B SRW-YOLOv8n 5% 7Y 0] L e Joi & i kG 5 5 4
PR, AT DAAR G M 2 S PR 2 — 25 IE
TR SR A 5 A A B AR R T R A% R Y A
D280 2 VKRG B2 7 T HL A b 250 3
4.5 fLEEIE

SRy B UE AR SR A RO f I A 2 R
B br ko A8 3 AT X L, S0 45 R 3 4 s .
i AT AL, YOLOvSn B A ) mAP@O. 5 5 HAth
F U BRI A A A 2ZE AR H SR SRR

F4 bR

Tab.4 Comparative experiment

mAP@ ¥ IE

e 0.5/% M m/G
Tood 95.0 32.02 123.0 25.9
Faster-RCNN 95.6 41. 36 134.0 32.5
Cascade-RCNN 95.8 69.20 162.0 25.6
YOLOv5s 96. 3 7.10 16.5 78.1
YOLOv7-tiny 96. 8 6. 00 13.2 87.2
YOLOvVS8s 96. 9 11.10 28.4 64.9
YOLOV9-S 96. 8 9. 60 38.7 68.5
YOLOv8&n 96.5 3.00 8.1 80.0
SRW-YOLOv8n 96.7 2.67 6.8 106.4

-

udgrabs2 0.85

(b) SRW-YOLOvSn

(a) YOLOvVS8n

BN H A A e, HEE O AL T YO-
LOv7-tiny, # A8 3C 3 £ YOLOvSn 1 fy 3 £k
AL,

5B £k A8 YOLOvVSn #H [t , SRW-YO-
LOv8n #5 &I () mAP@0. 527+ 17 0. 2% , & % &
FEAR T 11.0% 3R R BEAIR T 16. 000 , 4 30 3 i
P8 T 33.0%. 5 HATHE M YOLO &5 & %
YOLOv5s, YOLOv7-tiny, YOLOvSs, YOLOv9-
S A EE , SRW-YOLOvVSn 1 A iy mAP@O. 5 {8 AH
AR, S HE I WAL T 62.4%,55.5%,
75.9%,72.2% , it B a4 0 BE AR T 58.8%,
48.5%, 76. 1%, 82.4%, #f H @ B £ J+ T
36.2%,22%,63.9%,55.3% . 5 W By BL AR A
Faster-RCNN, Cascade-RCNN #H k. , SRW-YO-
LOv8n # B ) mAP@O0.5 A #& & T 1.1%,
0.9% , i H0 8 B $2 980 17 2. 34, 3. 2% , Rl i B 8%
WA RE/ANNTWNBERE L. 56—
4k Tood A0 1L, SRW-YOLOvSn # 5 () mAP@
O.5fHER T 1. 7%, MR IR T 3. 115, £
TR AR SR 1 B R AR R SRW-YOLOvVSn
FIE 07 1, 56 J0 6T AL K e A5 AR 1% 5 8 4G 4T 5% o
4.6 HWMELRFLE

YOLOvS8n 5 SRW-YOLOvSn i1y # J1 & %}
LB 9 s . B 9(a) 5B 9(b) 2R AT T
Mg . FEE 9(a) H, YOLOvSn W 4% 5%
T XA 8, R A KOG TE N = . 7EE9(b)
1, SRW-YOLOv8n W £ 3¢ 14 X I 4L 7 il K 2%
T HA T ST OeTE . B 9(e) 5B 9(d) S —
RS T /NI, 7EE9(e)
YOLOv8n W £% ¢ i i i 48 h 3138 o iy 2 A48
M b, B BH TE /N B bR RIT R 25 BE 25 5 1, YO-

&

.
Ungrabs2'0.84
N Ug

(¢c) YOLOvSn (d) SRW-YOLOVvSn

F9 YOLOv8n SRW-YOLOvSn iy #4 g %t H
Fig.9 Heatmap comparison between YOLOv8n and SRW-YOLOv8n
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LOv8n [ 2% 24 At 35 €549 & 55 I\ R 2 A K 2%
wEAR, EE9(d)H, SRW-YOLOVSn [ 2%
1) 1 3 4R R AR T R 2 b I R 6T At 25 € AH S
Py R P A 6 B SRW-YOLOvSn 8 3 75 fify
KA s A i A W AR
4.7 EBRIMENELG

S INELSE 56 /5 URS MLAE D435 IR
FE A ML LA & Robotiq2F-140 — 48 J& VAL & .
J5, #F SRW-YOLOvSn 5 2 % fiff K 2% #5580 ik
%k, LAGRBUBERY | 4 A4~ X3 A s s Ak b, I
bl A bR 5 AR B A GBIl = dE A bR H
U, DA AY b 1 4 s AL bR A A4S 1 T ) 3, B S

.028214,

558,00 oA

Fi A T T R RS T ) % 1 i LA 3 H B
Yy 00 S AR AR 2R SR, S W 9 R BIL i AR i A
AR, HE ARSI RSP N LR R
&, BE i RPY #1552 B0 AR R 28 22 0] 19 2225 5 4t
(5] Fsf 18] R AL A7 " B T e 745 T AL A 2R 5
Ji 4 T HLBROREF S8 AT K A8 150 B A JTOBRAE 55 0 5%
PRI RN E 10 B, 56— A7 A W SE 3R 58 Y
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R A AL R ) S 57 0 AN T A R LR,
BB S TCIE X A % 4 5 20 4 1k, B H A5 9 44 2
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TR PREUT 55

K10 SEPrymipest R
Fig. 10  Actual grabbing results
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