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Abstract

With the development of deep learning technology, object detection algorithms have achieved sig-
nificant progress in the field of image recognition. Focusing on the recognition of oracle bone script
images, this paper proposes an efficient object detection and classification method based on the
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YOLOv8n framework. Through stages such as data preprocessing, data augmentation, model training,
and prediction, and by integrating the CSPDarknet backbone, PAFPN feature pyramid, and CloU loss
function, the detection accuracy is effectively improved. Experimental results show that the object
detection model achieves a precision (P) of 0.855 and a recall (R) of 0.807, with an mAP@0.5 of
0.876 and an mAP@[0.5:0.95] of 0.53. The classification model attains an accuracy of 93.6%, repre-
senting a 6.6% improvement over YOLOVS5. This study provides a novel technical solution for the
digitization and intelligent analysis of oracle bone inscriptions, and explores methods to enhance
recognition accuracy, classification performance, and model generalization capability.
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Figure 1. Main trunk of feature extraction
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Figure 2. Target distribution characteristics
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Figure 3. Main trunk of feature extraction
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Figure 4. Model workflow chart
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Figure 5. The training variation diagram of the YOLOv8n model
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Figure 6. Training variation diagram of the YOLOvS8n-cls model
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Figure 8. Classification test images
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Figure 9. YOLOVS Standardized confusion Matrix for Object detection
9. YOLOv8 Bt iir LR B FERE

Wl 9 Brzn, YOLOvSn H A b 4 VB G R B S 7R T AR BT S 2 I A0 R o B PR AR S Y (11
B, RERRAE CHECT KR, HARIER T 86%, A 14%MHEIRTININE R, “BE” KRR
AAER 2 =1L 100,

10 278 T YOLOvSn-cls 73 FAE M (R br ik A VR R . BURRIA, TER MGG, BN K2 5
FFRAERANRE IR 2) T RERT, HEXNMLHERE, RSB URCETRE, REBI T RIN
e, @ IR A E, AT LLE S B R A A R

DOI: 10.12677/jisp.2025.144043 476 & 555 Ak #


https://doi.org/10.12677/jisp.2025.144043

SRIRSC, TR S

Confusion Matrix Normalized

0.8

I ) I I

0.6

Predicted

.

,

) ) ) A

I

background = v v v v -00
5 e

background

True

Figure 10. The standardized confusion matrix of the YOLOv8-cls classification model
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Table 1. Hardware environment and related model parameters
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Table 2. Comparison of YOLOv8n experimental results
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Model Precision Recall F1
U2 NeT [15] 0.738 0.721 0.729
SSD [3] 0.748 0.758 0.753
Faster R-CNN [3] 0.754 0.778 0.7658
The improved Yolov3 [14] 0.794 0.808 0.8009
Yolov8n 0.855 0.807 0.830

Table 3. Comparison of YOLOv8n-cls experimental results
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Models Accuracy (%)
YOLOv8n-cls 93.6
MobileViT 90.6
AlexNet 87.9
GoogleNet 89.3
ResNet 89.3
ResNeXt 90.2
EfficientNet 89.8
MobileViTv2 91.6
MobileViTv3 91.8
FM-MobileViT 923
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M F

(SEAMCE

1. BARFUEEHRE 1:

Fk: WESCEREHE YOLO & Ui is

BN IR EUE SR RS (TR, KA P)

Bt -

kS / BRIFEEG(#4%: P/processed data/images/{train/val})
YOLO ¥ bR (H44: Plprocessed_data/labels/ {train/val})

Ab P H E(D:/H & S 3/2_Train.log)

Procedure ConvertToYoloFormat(P: string)

var

valid_pairs: E%-JSON X %1/3; train_set, val set: 7> %I 5 43 5
Begin

/1. BIEG A E %

BUEIIZR / TR ER . bREE H sk SRR AE H 3%

112, WA R *

For 3CfF in P 1T 3 Do

If SCHEREBSCHE Then

json_path :=P +"/" + LA EY fEL) + "json"

If json_path f77£ Then

valid_pairs += (314, json_path)

Else

W E S HECE AR JSON)
End If

End If

End For

/13, KI5y | BRAEEE(80%-20%)

(train_set, val_set) := HARELR] 7 (valid_pairs, WRELLE] = 0.2)
/4. REPRE AR

AL H 4 £ (train_set, "train")

A H B (val_set, "val")

End ConvertToYoloFormat

TR (R )

Function AbFREIELE(file pairs: 513, dataset_type: string)
For (img_file, json_path) in file pairs Do

Begin

/1 BB S R TR

img ;= EHEUE P +"/" + img_file)

If img = %* Then
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AR H A BUR SR Continue
End If
annotations := f##HT JSON (json_path, FMETEE, FE1E &)
If annotations = %5 Then
1O EE HAEC A RARE"); Continue
End If
11 PRA7 BB S hREE
RAZ MG (img, P + "/processed data/images/" + dataset_type +"/" + img_file)
{RA7 5% (annotations, P + "/processed_data/labels/" + dataset_type +"/" + BN EY EA) + ".txt™)
End For
End Kb %dE4E
I B R 2L
Function f##T JSON (json_path: string, w: int, h: int) returns F5yE%] 3R
/1 B JSON SCAF,  $REURRTESS B
/] BSUEARAR A R 0<xi<xo<w H 0<yi<y,<h
/] 3N YOLO #K: Fb s AR (x,y) e mi(w,h) H—HE] [0,1]
IR [E] B JE ARSI 3R
End fi##fr JSON
B ARAT 2:
Fk: WA SCEURRHE SRR
N JRIEEUE U B AR (FERF R, 12 P)
v -
Qb H 5 FG 4R (M 1% P/processed _results/processed images)
HFEZR (P/processed results/features/features.csv)
Hi% H & (P/processed_results/error log.csv, # A fHiR)

Procedure ImageFeatureExtraction(P: string)

var
img_list: EMESCHFFIER; error_log, features: #(4H; i HEAL
Begin

/11 Mg B 353513k

@117 H 3% P/processed _results & F H3%;
img_list := Jifiike P Hkg A jpe/.png 1A
/2. fLEAL IR

Fori:=0 To len(img_list)-1 Do

Begin

img_path :=P +"/" + img_list[i]

/I FALB (LR + M o)

processed_img := Preprocess(img_path)

If processed_img = %* Then

error_log += (img_list [i], "FALEERIK"); Continue
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End If

/] FFESR IR R+ JLRIRFAL)

feats := ExtractFeats(processed img, img_list[i])

If len(feats) = 0 Then

error_log += (img_list [i], "JoH AHF1E"); Continue

End If

Il ARAF4G

RAE B G (processed img, #irth H3); features += feats

End For

/13, 4

{R17 CSV (features, FFEREEIL); TRAF CSV (error_log, iz H &)
End ImageFeatureExtraction

TR )

Function Preprocess (img_path: string) returns 14

/) FWE JESREMEM=12); H5E: CLAHE(clipLimit=4.0)
IR A g (3 5 (152 HY ] 4 (img_path)))

End Preprocess

Function ExtractFeats (img: FE{%; fname: string) returns FFfE%ZH
/] BEBRIHE(E A > 100); HFE: D AHE(Xy,w,h). TR whe HHFER S/(wXh)
W[A] T RARFIE (R S B (A AL (img)))

End ExtractFeats

3. yolov8n VI ZRE S

Begin

111 B AR

model := MIEIIZEEAL("yolov8n.pt")

12, TEE GRS

epochs := 50; imgsz :=640; batch :=8

1r0 := 0.01; device :="cpu"

113, IAashiIgk

model. IIZ5(

#8412 = data_path,

K = epochs,

KGR =imgsz,

X = batch,

IG5 21 % =1r0,

B4 = device

)

/4. IIZRTE B B B IR AT)

Output "YIZREE T, B ORAF BN BRAE"

End TrainYOLOv8
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4. YOLOv8n-cls Jl| AL

Begin

/1. BE YOLOVS 4y 287!

model := N IYIZRHE AL (model_path)

/2. BEE IR BN

model. IIZ5(

¥ ¥ = data_path,

¥R =epochs,

KRR = imgsz,

LR K/ = batch,

BIE31% = 10

)

/3. I ZRas R A

Output "ZR5E ! BLAALE fRAFTE: runs/classify/train/weights/best.pt"
End TrainY OLOv8Classifier

5. YOLOv8n BEEITH:

Begin

/1. IR g i H S

model := I TN A (model_path)

A% H 3% (txt_output)

B H 3% (img_output)

/2. HEEFRIN (L R B RST)

results := model(image folder, save=true, verbose=false)
/3. ALBEREASTIIN & R

For result in results Do

Begin

1/ SEBR I B

boxes := result.boxes

classes := boxes.cls // 255 ID

xyxy := boxes.xyxy // FHEAFR [x1,y1,x2,y2]
conf := boxes.conf/ Bi5H

1 ARG RS T IH— 1k

w, h :=result.orig_shape[1], result.orig_shape[0]
/4. fRAF YOLO #% &

txt_path == txt output +"/" + ALY EL) + "txt"
FTIF A (txt_path) Do

For i := 0 To len(classes)-1 Do

/1 EA b AT

x_center := (xyxy[i][0] + xyxy[i][2]) / (2w)
y_center := (xyxy[il[1] + xyxy[il[3]) / (2h)
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width = (xyxy[i][2] - xyxy[i][0]) / W

height := (xyxy[i][3] - xyxy[i][1]) / h

HN (f"{classes [i]} {x center:.6f} {y center:.6f} {width:.6f} {height:.6f} {conf [i]:.6f}\n")
End For

End FJH 3014

115 ARAFHASIIAE F) B

img = BFEE & (result.path)

22 H I (img, boxes.xyxy, Bt = Zkfh, 8% =2)
RAZE G (img, img_output +"/" + X HF42)

6~ YOLOv8n-cls il :

Begin

/1. HrgaA S SR

B4 H 3% (output_dir)

model := HN#AEA (model_path)

valid_exts = ('.jpg', 'jpeg', .png', .bmp', "tif")

/2. 38 IR EE AT R

For filename in $H{H 5 344 %% (input_dir) Do
If XfF4 (filename) PL valid exts 45 Then
img_path = input_dir + "/" + filename

/3. BEEUEHR GORE SR AR)

img ;= ZHUEZ (img_path)

Ifimg = %% Then

i A (T E L HUEB " + filename)

Continue

End If

/4. BERLTR

results := model(img)

pred_class_idx = FRHUR =M 2500 & 5l (results)
pred_class := FRELZE ) 4 FR(model, pred_class_idx)
pred conf:= FREUE (S [ (results)

/15, SREUERARZE(ERIN "R

true_class = true_labels.get (filename, "A%1")

116, PRAFHRVE G I BB GRSk AT)
output_path := output_dir +"/" + filename

{#47 EZ (img, output_path)

f RIS B (" E AL EE:" + filename + "— £RAFZE" + output_path)
End If

End For

End BatchPredictAnd Annotate.
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