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[Abstract]

In an experiment where students learn electrical and electronic theory and apply it, students have difficulty in connecting
circuits. To alleviate the above difficulties, we first propose a circuit analysis service. The proposed method detects an electric
device using an object detection model in which electric devices connected to a breadboard are labeled with data. To verify this,
we connect to the breadboard circuit and create a custom dataset through photographs. The proposed method is divided into two
processes: electric device prediction and electric device position detection. The electric device prediction model was compared
using five object detection models, and the Faster R-CNN model had the best prediction performance. The electrical device
position detector extracts features from the object detection model through transition learning to predict two coordinates (x1, yl),
(x2, y2). A comparison of each model confirmed that the ResNet model has good location detection performance. Through this,
it was confirmed that the proposed method alleviates the difficulty of first-time students learning electric and electronic

experiments.
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Table 1. Custom Data Labeling list

Class name Detail

Line—area Area of line in the breadboard

Line—vector End of line points

Line—endpoint | Area of line’s end object

Resistor-area Area of resistor in the breadboard

Resistor-body | Area of resistor value expression with color

Resistor-vector | End of resistor point

E 2. ol MAE| S5
Table 2. Data preprocessing list

Pre process Detall

Image resize (640, 640), padding: black

Image Normalization | Histogram equalization

Image mirroring Randomly Vertical, Horizontal variation

Image rotating Randomly £15° rotating

+25% change in Hue, Saturation, and
Image color

Exposure
Image blur Opx ~ 0.25px randomly variation
0,
Cut-out Randomly crop up to 3 of the 5% area

of the image in the form of a rectangle
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Line Lo V213 F2 NaN 0| R1 2 1 100
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Resistor B2 Glo G4 w00 3| No o 2100
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.end
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Fig. 4. SPICE code of detected circuit, (a) Prediction and
the location detection result of electric element, (b)
Circuit network configuration result, (c) SPICE
code
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Table 3. Quantitative analysis result of electric device
prediction model

Model mAP | AP50 | AP75 | APs | APy APL

0.970 | 0.966 | 0.603 | 0.443 | 0.519 | 0.589

Faster R-CNN 6 8 4 8 9 8

Cascade R—CNN 0.970 | 0.963 | 0.649 | 0.482 | 0.558 | 0.723
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Fig 3. Acquisition data transformation process for training
electric device position detection model, (a) Bread-
board Vertex Selection, (b) Perspective image by
vertex, (c) Visualization of training data for electric
element position detection model, (d) Training data
structure of Electric element position detection model
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Fig. 5. Comparison of detection performance of electric device prediction model, (a) PR curve, mAP=97.06%, Faster
R-CNN - Res50 - FPN, (b) PR curve, mAP=97.02%, Cascade R-CNN - Res50 - FPN, (c) PR curve,
mAP=97.50%, YOLOX-small - 8X8 grid, (d) PR curve, mAP=86.99%, SSD - VGG16, (e) PR curve, mAP=51.72%,
RetinaNet - Res50 - FPN
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o] =215 eIt} kX9 AP75, APS, APM, ~1]a APL Table 5. line-area detailed detection result
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Table 4. Detection results of each model on the test data Table 6. line-endpoint detailed detection result
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area endpoint area body
Faster R—CNN 5 11 3 3 Faster R—CNN 3 T e e e T s e e O OB I
Cascade R—-CNN 4 11 3 3 ’C\iascade R-CN 1010111111101 111111]101
YOLOX 13 12 6 7
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Ground Truth 6 12 3 3 RetinaNet 1ty1jo0(1t 41|01 (1111100
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a8 6. AXMZE MM HZE HAE, (a) Ground Truth, (b) Faster
R-CNN - Res50 - FPN, (c) Cascade R-CNN - Res50
- FPN, (d) YOLOX-small — 8X8 grid, (e) SSD -
VGG16, (f) RetinaNet — Res50 — FPN

Fig. 6. Overlapping wire detection test, (a) Ground Truth, (b)
Faster R-CNN - Res50 - FPN, (c) Cascade R-CNN
- Res50 - FPN, (d) YOLOX-small - 8X8 grid, (e)
SSD - VGG16, (f) RetinaNet - Res50 — FPN
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Table 7. Electrical element (resistance) position detection
model performance results according to the com

bination of feature extractors
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Fig. 7. Distribution of pin coordinates detection based on median by feature extractor, (a) ResNet152V2, (b) DenseNet169,
(c) Xception, (d) InceptionResNetV2, (e) EfficientNetV2B3, (f) MobileNetV2
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A= MZE, (h) InceptionResNetV2 A& A, (i) EfficientNetV2B3 ZAZE MZE, (j) EfficientNetveB3 A& Ao, (k) MobileNetV2
A& M3, (1) MobileNetv2 H& Aloj

Fig. 8. Detection success and failure results of electric element position detector for each feature extractor, (a) ResNet
152V2 detection success, (b) ResNet152V2 detection failure, (c) DenseNet169 detection success, (d) DenseNet
169 detection failure, (e) Xception detection success, (f) Xception detection failure, (g) InceptionResNetV2
detection success, (h) InceptionResNetV2 detection failure, (i) EfficientNetV2B3 detection success, (j) EfficientNet
V2B3 detection failure, (k) MobileNetV2 detection success, (I) MobileNetV2 detection failure
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