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A lightweight recognition and detection method for Chinese herbal slices based
on FR-YOLOQ attention enhancement
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Abstract: Objective To improve the YOLOVS model and provide a high-accuracy and high-efficiency automated detection solution for
Chinese herbal slices in practical scenarios such as production, dispensing, and teaching. Methods Taking YOLOVS as the baseline
model, a lightweight residual depthwise-attention Bottleneck (RDA-Bottleneck) is proposed to replace the Bottleneck blocks in C2f, reduce
redundant computations and enhance the expression of channel features. To strengthen the discriminative capability of the detector during
multi-scale feature learning, a frequency-aware spatial attention (FASA) module is introduced to replace the Conv blocks in the Backbone
and Neck of YOLOVS. To evaluate the performance of the improved model, a dedicated dataset containing 10 categories of Chinese herbal
slices [e.g., Banlangen (Isatidis Radix) and Gancao (Glycyrrhizae Radix et Rhizoma)] is constructed, comprising 8 281 images. Results
Compared with YOLOVS, the proposed model reduces parameters by 39.5% and floating point operations (FLOPs) by 34.1%, while
improving single-threshold average accuracy mAP50 by 0.2% and multi-threshold average accuracy mAP50-95 by 0.2%. Conclusion
The improved model achieves higher detection accuracy and inference efficiency for Chinese herbal slice detection under complex
backgrounds and diverse appearances, providing an effective method for automatic detection of Chinese herbal slices.
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X-axis represents the training epoch value, and Y-axis denotes the values of each evaluation metric.
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Fig. 6 Training results of FR-YOLO
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Fig. 7 Demonstration of FR-YOLO detection effect
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T2 YOLOV8n (Base), {¥f# ] RDA-Bottleneck
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#&3 FR-YOLO 5HERBHIXT L LI 4E
Table 3 Comparative experimental results of FR-YOLO and other models
P P1 R1 mAP507 mAP50-957 SH /M| FLOPs/G
YOLOv8n 0.979 0.958 0.985 0.864 3.01 8.2
YOLOV9t 0.955 0.950 0.981 0.850 2.66 11.1
YOLOv10n 0.967 0.958 0.982 0.857 2.71 8.4
YOLOv11n 0.969 0.964 0.983 0.854 2.59 6.5
YOLOv12n 0.959 0.948 0.983 0.843 2.52 6.0
YOLOv13n 0.961 0.954 0.984 0.853 2.46 6.4
FCOS 0.968 0.956 0.982 0.858 32.02 200.5
TOOD 0.972 0.960 0.984 0.862 31.98 201.1
RetinaNet 0.963 0.953 0.983 0.855 37.74 95.7
FR-YOLO 0.975 0.965 0.987 0.866 1.82 54
P FRRIZIR AR BV AE
| indicates that the smaller the indicator value, the better.
# 4 FR-YOLO HRSLES%ER
Table 4 Quantitative results of FR-YOLO ablation experiments
B P1 R1 mAP501 mAP50-951 SHE/M| FLOPs/G

Base (YOLOv8n) 0.979 0.958 0.985 0.864 3.01 8.2
Base+RDA 0.972 0.961 0.983 0.862 2.30 6.5
Base+FASA 0.980 0.963 0.986 0.865 2.51 7.1
Base+RDA+FASA 0.975 0.965 0.987 0.866 1.82 5.4

i, Z%&EH 3.01 M [£% 230 M. FLOPs 182G
F% 6.5 G, AR R H0.958 #2714 0.961. %45 H
%1, RDA-Bottleneck it 315% 7 51 & v] 73 5 45
AT A RUPEACEE RS TUR TR, 300E T HE Rk
BT B %ok AUE ] FASA B, mAP50 5 mAP50-
95 73 IR TFE 0.986 5 0.865, P #ETHE 0.963, [A
245 FLOPs 7l K& 2.51M 5 7.1 G. it
] FASA RefSAE RIS EARHY T RESRAL R 2 35 [X 5k
(25 TI I N, 38 AT 4T - 1 s P T S 10 2%
S AE ERAE, NI SEAG R4 ) 52 4% 8 s TR
FEETHANRLEE S B mT 431, UE B 7 AR AR
. 24 RDA-Bottleneck 5 FASA BE& 14 (Base+
RDA+FASA, Bl FR-YOLO) i BU /5 e 4 A 1k R -
Z¥ 5 FLOPs it — 142 1.82M 5 54 G, A
FIRTFE 0.965, mAP50 5 mAP50-95 %) %ilik F
0.987 5 0.866.

FikgE B K 0H, RDA-Bottleneck 5 3= AR F)
RS =S FLOPs J7 T, AR EN T
T EBABIFHIACR; FASA ARG B8
AN, % R. mAP50 Al mAP50-95 18RI —5E
FRAER . WHEBEE, BARERAREEEN,
{EAE RIS A FLOPs 235 [, Wi AT 70 5 1%

PR FE PR R R BE R [RII, AT5ER 4 1 LT
(RS DA BE o
4 g

AHFEFESE T — A T 250w i
1A FR-YOLO, %7712 4E YOLOv8n HESE LAl F
7 2 Akt (1) $2H RDA-Bottleneck ik DL #
e C2f H IR #E Bottleneck, #1315k 2% SR EA]
FEGREOTRIE, HeGmEERE RS
RO R (2) $RHY FASA BEH B 4 32 44 0 2% rh
(1) Conv 7T, L2 (A1 = S8 4N 15 1 5% by )
SRS SIS RAE, NI FR BN ST
HIHIRE /1 SARLEE SN P e . SRIe s AR, 1E
B 10 B2y #disE b, FR-YOLO fE{R ¥k
DU REFE AR 2 B RIS BUAS T LT s 2 Uk
AHET YOLOv8n, #RAIZ%E 5 FLOPs 73 Al F#(IK
39.5%%41134.1%, mAP50 5 mAP50-95 H52 3 1 0.2%
[P/ FETF o JH B sLI6dE— 20 3R B, RDA-Bottleneck
55 FASA 1 FARAR AL 5 4 FE AR RFor i 14 58 77 i
A2 HAMER, fERAERS SRR 2 A 1
U A

RERG TG T — & R, (BT
B RBRTAEKEMCLT 2 ST (1) #5575
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RN ERE 5, MR B, 2RI
AR, FETINESIINA LA R G P B 2 A e

(2) T SRR A, ¥ FR-YOLO #3848 F5k
A SR AEE S s T R TSR, RE
PEAG AR SERR R A s v FRoe e mT F .
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