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Ⱥɧɧɨɬɚɰɢɹ 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɨ ɩɪɢɦɟɧɟɧɢɟ ɫɨɜɪɟɦɟɧɧɨɝɨ ɦɟɬɨɞɚ ɨɛɧɚɪɭɠɟɧɢɹ ɨɛɴɟɤɬɨɜ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ – Single Shot Multibox Detector. Ɉɫɭɳɟɫɬɜɥɟɧɨ ɨɛɭɱɟɧɢɟ ɫɜёɪɬɨɱɧɨɣ 
ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɜɵɛɨɪɤɟ ɢɡ 3000 ɢɡɨɛɪɚɠɟɧɢɣ ɫ 
ɪɚɡɦɟɱɟɧɧɵɦɢ ɨɛɥɚɫɬɹɦɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɟɣ. ɉɪɨɢɡɜɟɞɟɧɚ ɩɪɨɜɟɪɤɚ ɤɚɱɟɫɬɜɚ 
ɪɚɛɨɬɵ ɫɟɬɢ ɧɚ 7000 ɬɟɫɬɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ. Ɍɟɫɬɨɜɚɹ ɢ ɨɛɭɱɚɸɳɚɹ ɜɵɛɨɪɤɢ ɫɨɞɟɪɠɚɬ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɫɞɟɥɚɧɧɵɟ ɦɨɧɨɤɭɥɹɪɧɨɣ ɤɚɦɟɪɨɣ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɜ ɬɪɚɧɫɩɨɪɬɧɨɦ ɫɪɟɞɫɬɜɟ, 
ɞɜɢɠɭɳɟɦɫɹ ɩɨ ɡɚɝɨɪɨɞɧɵɦ ɲɨɫɫɟ ɜ ɫɜɟɬɥɨɟ ɜɪɟɦɹ ɫɭɬɨɤ. ɉɨɥɧɨɬɚ ɢ ɬɨɱɧɨɫɬɶ 
ɨɛɧɚɪɭɠɟɧɢɹ ɨɛɴɟɤɬɨɜ ɧɚ ɬɟɫɬɨɜɨɣ ɜɵɛɨɪɤɟ ɫɨɫɬɚɜɥɹɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɨɥɟɟ 88% ɢ 78%. 
Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɨɞɧɨɝɨ ɤɚɞɪɚ ɡɚɧɢɦɚɟɬ 28,5 ɦɢɥɥɢɫɟɤɭɧɞ, ɩɪɢ ɷɬɨɦ ɜɵɱɢɫɥɟɧɢɹ 
ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɧɚ ɝɪɚɮɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɨɪɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ NVidia CUDA. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɜ ɫɢɫɬɟɦɚɯ ɩɨɦɨɳɢ ɜɨɞɢɬɟɥɸ ɢ 
ɦɨɧɢɬɨɪɢɧɝɚ ɞɨɪɨɠɧɨɣ ɨɛɫɬɚɧɨɜɤɢ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ; ɝɥɭɛɨɤɨɟ ɨɛɭɱɟɧɢɟ; ɫɜɟɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ 
ɫɟɬɶ; ɨɛɧɚɪɭɠɟɧɢɟ; ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ. 
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Ⱥbstract 
In this article we consider the application of the modern object detection method – Single Shot 

Multibox Detector. We have trained the convolutional neural network for vehicle detection on a 

sample of 3000 images with marked areas where are the vehicles are placed. A network quality 

check was performed on 7000 test images. The test and training samples contain images made by 

a monocular camera mounted in a vehicle moving along suburban highways during daylight 

hours. Recall and precision of object detection on the test sample is correspondingly more than 

88% and 78%. Recognition of one frame takes 28.5 milliseconds. Experiment was performed on a 

graphics processor using NVidia CUDA technology. The obtained results can be applied in driver 

assistance systems and monitoring of the traffic situations. 

Keywords: image recognition; deep learning; convolutional neural network; detection; vehicle. 
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ȼȼȿȾȿɇɂȿ 

Ɉɛɧɚɪɭɠɟɧɢɟ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ ɷɥɟɦɟɧɬɨɦ 
ɫɢɫɬɟɦ ɩɨɦɨɳɢ ɜɨɞɢɬɟɥɸ, ɦɨɧɢɬɨɪɢɧɝɚ ɞɨɪɨɠɧɨɣ ɨɛɫɬɚɧɨɜɤɢ, ɛɟɫɩɢɥɨɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɚɜɬɨɦɨɛɢɥɹɦɢ. Ɋɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ ɦɨɠɟɬ ɫɞɟɥɚɬɶ ɜɨɡɦɨɠɧɵɦ ɢɧɮɨɪɦɢɪɨɜɚɧɢɟ ɜɨɞɢɬɟɥɹ ɨ 
ɬɟɤɭɳɟɣ ɨɛɫɬɚɧɨɜɤɟ ɧɚ ɞɨɪɨɝɟ, ɧɚɩɪɢɦɟɪ, ɨ ɩɪɢɛɥɢɠɚɸɳɢɯɫɹ ɚɜɬɨɦɨɛɢɥɹɯ ɢɥɢ ɞɪɭɝɢɯ ɭɱɚɫɬɧɢɤɚɯ 
ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ. Ɍɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɬɢɩɨɜ, ɨɬɥɢɱɚɸɳɢɯɫɹ 
ɰɜɟɬɨɦ ɢ ɮɨɪɦɨɣ, ɩɨɷɬɨɦɭ ɧɚ ɩɪɚɤɬɢɤɟ ɡɚɞɚɱɚ ɢɯ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɧɚ ɞɨɪɨɝɟ ɧɚ 

ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɣ ɞɨ ɫɢɯ ɩɨɪ ɨɫɬɚɟɬɫɹ ɨɬɤɪɵɬɨɣ. 
Ɂɚ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɞɨɫɬɢɝɧɭɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɩɪɨɝɪɟɫɫ ɜ ɨɛɥɚɫɬɢ ɨɛɧɚɪɭɠɟɧɢɹ ɨɛɴɟɤɬɨɜ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɬɨɱɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. ɋɨɜɪɟɦɟɧɧɵɟ ɞɟɬɟɤɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɫɟɬɟɣ, 
ɬɚɤɢɟ ɤɚɤ R-FCN [9], Faster R-CNN [3], Multibox [12], SSD [15] ɢ YOLO [20] ɫɬɚɥɢ ɞɨɫɬɚɬɨɱɧɨ 
ɛɵɫɬɪɵɦɢ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɩɪɨɞɭɤɬɚɯ ɢ ɞɥɹ ɪɚɛɨɬɵ ɧɚ ɦɨɛɢɥɶɧɵɯ ɢ 
ɜɫɬɪɚɢɜɚɟɦɵɯ ɭɫɬɪɨɣɫɬɜɚɯ [14]. 

ȼ ɦɟɬɨɞɟ Faster R-CNN [5] ɨɛɧɚɪɭɠɟɧɢɟ ɨɛɴɟɤɬɨɜ ɩɪɨɯɨɞɢɬ ɜ ɞɜɚ ɷɬɚɩɚ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɫ 
ɩɨɦɨɳɶɸ ɫɟɬɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɪɟɝɢɨɧɨɜ (Region proposal network, RPN), ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ 
ɫɜɟɪɬɨɱɧɭɸ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ (ɧɚɩɪɢɦɟɪ, ɚɪɯɢɬɟɤɬɭɪɵ VGG-16 [13], ResNet [4] ɢ ɞɪ.) 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɢɡɜɥɟɤɚɸɬɫɹ ɩɪɢɡɧɚɤɢ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɞɟɥɚɸɬɫɹ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɜɨɡɦɨɠɧɵɯ 
ɦɟɫɬɚɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɛɴɟɤɬɚ. ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ, ɧɚɡɵɜɚɟɦɨɦ ɤɥɚɫɫɢɮɢɤɚɬɨɪɨɦ ɨɛɥɚɫɬɟɣ (Box 

classifier), ɤɚɠɞɵɣ ɢɡ ɧɚɣɞɟɧɧɵɯ ɪɟɝɢɨɧɨɜ ɜɵɪɟɡɚɟɬɫɹ ɢ ɤɥɚɫɫɢɮɢɰɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɟɳɟ ɨɞɧɨɣ 
ɫɜɟɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɩɪɢ ɷɬɨɦ ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɭɬɨɱɧɟɧɢɟ ɮɨɪɦɵ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ.  

Ɇɟɬɨɞ R-FCN [10] ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɞɥɹ ɭɫɤɨɪɟɧɢɹ Fast R-CNN, ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ 
ɝɪɨɦɨɡɞɤɨɝɨ ɜɵɯɨɞɧɨɝɨ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ ɧɟɫɤɨɥɶɤɨ ɫɨɬɟɧ ɪɚɡ. ȼ ɦɟɬɨɞɟ R-FCN (Region-based Fully 

Convolutional Networks), ɜ ɨɬɥɢɱɢɟ ɨɬ Fast R-CNN ɨɛɪɟɡɤɚ ɨɛɥɚɫɬɟɣ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɜɵɯɨɞɟ ɫɟɬɢ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɪɟɝɢɨɧɨɜ, ɜɦɟɫɬɨ ɷɬɨɝɨ ɤ ɜɵɯɨɞɭ ɩɟɪɜɨɣ ɫɟɬɢ ɞɨɛɚɜɥɹɸɬɫɹ ɫɜёɪɬɨɱɧɵɟ ɫɥɨɢ ɞɥɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɩɪɢɡɧɚɤɨɜ ɢ ɨɛɪɟɡɤɚ ɨɛɥɚɫɬɟɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡ ɩɨɫɥɟɞɧɟɝɨ 
ɫɜɟɪɬɨɱɧɨɝɨ ɫɥɨɹ. Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɬ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɫ ɩɨɦɨɳɶɸ ɜɫɟɝɨ ɥɢɲɶ ɨɞɧɨɝɨ ɢɥɢ ɞɜɭɯ 
ɩɨɥɧɨɫɜɹɡɧɵɯ ɫɥɨɟɜ ɧɟɣɪɨɧɨɜ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɢɥ ɞɨɫɬɢɱɶ ɬɨɱɧɨɫɬɢ ɫɪɚɜɧɢɦɨɣ ɫ Faster R-

CNN ɩɪɢ ɛɨɥɟɟ ɛɵɫɬɪɨɦ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ. ɇɟɞɚɜɧɨ ɦɨɞɟɥɶ R-FCN ɛɵɥɚ ɬɚɤɠɟ ɩɪɢɫɩɨɫɨɛɥɟɧɚ ɞɥɹ 
ɡɚɞɚɱɢ ɫɟɝɦɟɧɬɚɰɢɢ ɜ ɦɨɞɟɥɢ TA-FCN [18], ɤɨɬɨɪɚɹ ɜɵɢɝɪɚɥɚ ɡɚɞɚɱɭ ɫɟɝɦɟɧɬɚɰɢɢ ɷɤɡɟɦɩɥɹɪɨɜ 
COCO [7] 2016 ɝɨɞɚ. 

Ɇɟɬɨɞ Single Shot Detector (SSD) [15] ɛɵɥ ɨɩɭɛɥɢɤɨɜɚɧ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɞɚɜɧɨ. Ɍɟɪɦɢɧ SSD 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɢɫɚɧɢɹ ɚɪɯɢɬɟɤɬɭɪ, ɜ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɞɧɚ ɫɜɟɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 
(feedforward convolutional network) ɞɥɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɩɪɟɞɫɤɚɡɚɧɢɹ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɛɥɚɫɬɟɣ ɢ 
ɢɯ ɤɥɚɫɫɨɜ, ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ. ȼ ɷɬɨɦ ɦɟɬɨɞɟ ɧɚ ɜɵɯɨɞɟ ɧɟɣɪɨɧɧɨɣ 
ɫɟɬɢ ɮɨɪɦɢɪɭɸɬɫɹ ɧɟɫɤɨɥɶɤɨ ɬɵɫɹɱ ɩɪɨɝɧɨɡɨɜ ɞɥɹ ɜɨɡɦɨɠɧɵɯ ɪɟɝɢɨɧɨɜ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɛɴɟɤɬɨɜ 
ɪɚɡɧɨɣ ɮɨɪɦɵ ɧɚ ɪɚɡɧɵɯ ɦɚɫɲɬɚɛɚɯ, ɡɚɬɟɦ ɫ ɩɨɦɨɳɶɸ ɩɨɞɚɜɥɟɧɢɹ ɧɟɦɚɤɫɢɦɭɦɨɜ (Non-Maximum 

Suppression) ɩɪɨɢɫɯɨɞɢɬ ɜɵɛɨɪ ɧɟɫɤɨɥɶɤɢɯ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɯ ɨɛɥɚɫɬɟɣ. Ɍɚɤɚɹ ɟɞɢɧɚɹ ɫɬɪɭɤɬɭɪɚ, 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɭɱɟɬɨɦ ɪɚɡɥɢɱɧɵɯ ɦɚɫɲɬɚɛɨɜ ɢɡɨɛɪɚɠɟɧɢɹ ɨɛɟɫɩɟɱɢɥɚ ɦɟɬɨɞɭ SSD ɧɚɢɛɨɥɟɟ 
ɜɵɫɨɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨ ɫɤɨɪɨɫɬɢ ɢ ɤɚɱɟɫɬɜɭ ɨɛɧɚɪɭɠɟɧɢɹ ɨɛɴɟɤɬɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɬɚɥɶɧɵɦɢ 
ɫɨɜɪɟɦɟɧɧɵɦɢ ɩɨɞɯɨɞɚɦɢ [14]. 

Ɍɚɤ ɠɟ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ 
ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɣ ɦɟɬɨɞ ȼɢɥɵ-Ⱦɠɨɧɫɚ [1, 19, 21]. Ɇɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬ ɫɤɨɥɶɡɹɳɟɟ ɨɤɧɨ, ɤɨɬɨɪɨɟ 
ɞɜɢɝɚɟɬɫɹ ɫ ɧɟɤɨɬɨɪɵɦ ɲɚɝɨɦ ɩɨ ɢɡɨɛɪɚɠɟɧɢɸ, ɢ ɫ ɩɨɦɨɳɶɸ ɤɚɫɤɚɞɨɜ ɏɚɚɪɚ, ɨɩɪɟɞɟɥɹɟɬ, ɟɫɬɶ ɥɢ 
ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɨɛɴɟɤɬ. ɗɬɨɬ ɦɟɬɨɞ ɢɦɟɟɬ ɬɚɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɤɚɤ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ 
ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɢ ɯɨɪɨɲɚɹ ɫɤɨɪɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ. Ɉɞɧɚɤɨ ɷɬɨɬ ɦɟɬɨɞ ɢɦɟɟɬ ɞɥɢɬɟɥɶɧɨɟ 
ɜɪɟɦɹ ɨɛɭɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɵɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɨɩɢɫɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɟɣ 
ɨɛɴɟɤɬɨɜ ɫ ɩɨɦɨɳɶɸ ɩɪɢɡɧɚɤɨɜ ɏɚɚɪɚ. ɉɨɷɬɨɦɭ ɦɟɬɨɞ ȼɢɨɥɵ-Ⱦɠɨɧɫɚ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ 
ɤɚɱɟɫɬɜɟɧɧɵɣ ɞɟɬɟɤɬɨɪ ɫɥɨɠɧɵɯ ɨɛɴɟɤɬɨɜ (ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ ɚɜɬɨɦɨɛɢɥɢ ɩɨɞ ɪɚɡɧɵɦɢ 
ɪɚɤɭɪɫɚɦɢ), ɢɦɟɸɳɢɣ ɜɨɡɦɨɠɧɨɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɭɱɟɧɢɹ. 
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ɉɈɋɌȺɇɈȼɄȺ ɁȺȾȺɑɂ 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɨɛɧɚɪɭɠɟɧɢɟ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ 
ɡɚɝɨɪɨɞɧɵɯ ɲɨɫɫɟ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɚ Single Shot Multibox Detector (SSD). Ɉɛɭɱɚɸɳɚɹ ɢ ɬɟɫɬɨɜɚɹ 
ɜɵɛɨɪɤɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɞɟɪɠɚɬ 3000 ɢ 7000 ɢɡɨɛɪɚɠɟɧɢɣ, ɫɞɟɥɚɧɧɵɟ ɦɨɧɨɤɭɥɹɪɧɨɣ ɤɚɦɟɪɨɣ, 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɜ ɬɪɚɧɫɩɨɪɬɧɨɦ ɫɪɟɞɫɬɜɟ, ɞɜɢɠɭɳɟɦɫɹ ɩɨ ɡɚɝɨɪɨɞɧɵɦ ɲɨɫɫɟ ɜ ɫɜɟɬɥɨɟ ɜɪɟɦɹ 
ɫɭɬɨɤ. ɇɚ ɤɚɠɞɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɪɚɡɦɟɱɟɧɵ ɨɛɥɚɫɬɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɟɣ. ɂɡɨɛɪɚɠɟɧɢɹ 
ɜɡɹɬɵ ɢɡ ɧɚɛɨɪɚ ɞɚɧɧɵɯ ɨɬɤɪɵɬɨɝɨ ɤɨɧɤɭɪɫɚ ɩɨ ɪɚɫɩɨɡɧɚɜɚɧɢɸ ɚɜɬɨɦɨɛɢɥɟɣ, ɩɪɨɜɨɞɢɜɲɟɝɨɫɹ 
ɪɨɫɫɢɣɫɤɨɣ ɤɨɦɩɚɧɢɢ «Ʉɨɝɧɢɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ» [2] ɜ 2015 ɝɨɞɭ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɢɡɨɛɪɚɠɟɧ ɩɪɢɦɟɪ ɪɚɡɦɟɬɤɢ ɷɥɟɦɟɧɬɚ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ, ɧɚ ɧɟɦ ɩɨɤɚɡɚɧɨ 
ɢɡɨɛɪɚɠɟɧɢɟ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɦɭ ɮɚɣɥ ɪɚɡɦɟɬɤɢ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɬɚɤɢɟ ɞɚɧɧɵɟ ɤɚɤ: ɢɦɹ 
ɮɚɣɥɚ ɢɡɨɛɪɚɠɟɧɢɹ, ɟɝɨ ɪɚɡɦɟɪ, ɢɦɹ ɤɥɚɫɫɚ, ɤɨɨɪɞɢɧɚɬɵ ɜɟɪɯɧɟɝɨ ɥɟɜɨɝɨ ɢ ɧɢɠɧɟɝɨ ɩɪɚɜɨɝɨ 
ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɨɛɴɟɤɬ. 

 

 

Ɋɢɫ. 1. ɉɪɢɦɟɪ ɷɬɚɥɨɧɧɨɣ ɪɚɡɦɟɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɨɛɭɱɚɸɳɟɣ ɢ ɬɟɫɬɨɜɨɣ ɜɵɛɨɪɤɢ 

Fig. 1. An example of the reference marking of the images of the training and test samples 

 

ɉɊɂɆȿɇȿɇɂȿ ɆȿɌɈȾȺ SSD ȾɅə ɈȻɇȺɊɍɀȿɇɂə ɌɊȺɇɋɉɈɊɌɇɕɏ ɋɊȿȾɋɌȼ 

ȼ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ ɢɫɫɥɟɞɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ SSD (Single Shot MultiBox Detector) ɧɚ 
ɩɪɢɦɟɪɟ ɦɨɞɟɥɢ SSD 300 [15]. ɇɚ ɜɯɨɞ ɷɬɨɣ ɦɨɞɟɥɢ ɩɨɞɚɟɬɫɹ ɢɡɨɛɪɚɠɟɧɢɟ 300x300 ɩɢɤɫɟɥɟɣ, 
ɡɚɬɟɦ ɤ ɢɡɨɛɪɚɠɟɧɢɸ ɩɪɢɦɟɧɹɟɬɫɹ ɫɜɟɪɬɨɱɧɵɟ ɫɥɨɢ ɢɡ ɭɫɟɱɟɧɧɨɣ ɫɬɚɧɞɚɪɬɧɨɣ ɦɨɞɟɥɢ VGG-16 (ɧɟ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɵɯɨɞɧɵɟ ɤɥɚɫɫɢɮɢɰɢɪɭɸɳɢɟ ɫɥɨɢ), ɞɚɥɟɟ ɤ ɜɵɯɨɞɧɨɦɭ ɫɥɨɸ ɞɨɛɚɜɥɹɸɬɫɹ 
ɫɩɟɰɢɚɥɶɧɵɟ ɫɜɟɪɬɨɱɧɵɟ ɫɥɨɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɢɡɨɛɪɚɠɟɧɢɟ ɜ ɪɚɡɧɵɯ ɦɚɫɲɬɚɛɚɯ. 
ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɪɚɡɦɟɪɧɨɫɬɶ ɭɛɵɜɚɟɬ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɫɬɚɧɟɬ ɪɚɜɧɨɣ ɟɞɢɧɢɰɟ. Ʉɚɠɞɵɣ ɢɡ 
ɫɩɟɰɢɚɥɶɧɵɯ ɫɜɟɪɬɨɱɧɵɯ ɫɥɨɟɜ ɩɨɡɜɨɥɹɟɬ ɫɮɨɪɦɢɪɨɜɚɬɶ ɤɚɪɬɭ ɩɪɢɡɧɚɤɨɜ ɞɥɹ ɪɚɡɧɵɯ ɦɚɫɲɬɚɛɨɜ 
ɢɡɨɛɪɚɠɟɧɢɹ (ɫɦ. ɪɢɫɭɧɨɤ 2), ɜ ɤɨɬɨɪɨɣ ɞɥɹ ɩɢɤɫɟɥɹ ɤɚɪɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤɨɣ ɢɡ 
ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ɜ ɨɛɥɚɫɬɢ 3×3 ɥɭɱɲɟ ɜɫɟɝɨ ɫɨɜɩɚɞɚɟɬ ɫ ɷɬɚɥɨɧɧɨɣ ɪɚɡɦɟɬɤɨɣ. 
ȼɫɟ ɷɬɢ ɤɚɪɬɵ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɟɞɢɧɵɣ ɜɵɯɨɞɧɨɣ ɫɥɨɣ, ɫɨɞɟɪɠɚɳɢɣ ɢɧɮɨɪɦɚɰɢɸ ɨ 8732 ɪɟɝɢɨɧɨɜ 
(ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ), ɜ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɨɛɴɟɤɬ [15]. 

Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ ɤɚɠɞɵɣ ɢɡ ɷɬɢɯ ɪɟɝɢɨɧɨɜ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɪɨɝɧɨɡɟ 
ɤɥɚɫɫɚ ɨɛɴɟɤɬɚ c1 (ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɤɥɚɫɫ – «ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ»), ɨ 
ɤɨɪɪɟɤɬɢɪɨɜɤɟ ɲɚɛɥɨɧɧɵɯ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ cx ɢ cy, ɚ ɬɚɤɠɟ ɩɨ ɲɢɪɢɧɟ ɢ ɜɵɫɨɬɟ 
w ɢ h (ɪɢɫɭɧɨɤ 2). ɂɬɨɝɨɜɵɟ ɨɛɥɚɫɬɢ ɜɵɛɢɪɚɸɬɫɹ ɢɡ ɷɬɢɯ 8732 ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ɫ ɩɨɦɨɳɶɸ 
ɦɟɬɨɞɚ ɩɨɞɚɜɥɟɧɢɹ ɧɟɦɚɤɫɢɦɭɦɨɜ. 
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ɚ) ɢɡɨɛɪɚɠɟɧɢɟ ɫ 
ɷɬɚɥɨɧɧɨɣ ɪɚɡɦɟɬɤɨɣ

ɛ) ɤɚɪɬɚ ɩɪɢɡɧɚɤɨɜ ɞɥɹ 
ɦɚɫɲɬɚɛɚ ɢɡɨɛɪɚɠɟɧɢɹ 16x16 

ɜ) ɤɚɪɬɚ ɩɪɢɡɧɚɤɨɜ ɞɥɹ 
ɦɚɫɲɬɚɛɚ ɢɡɨɛɪɚɠɟɧɢɹ 8x8 

loc: d(cx, cy, w, h)

conf: (c1)

 

Ɋɢɫ. 2. ɉɨɹɫɧɟɧɢɹ ɤ ɨɛɭɱɟɧɢɸ ɞɟɬɟɤɬɨɪɚ ɨɛɴɟɤɬɨɜ SSD: ɚ – ɞɥɹ ɨɛɭɱɟɧɢɹ SSD ɬɪɟɛɭɟɬ 
ɬɨɥɶɤɨ ɢɡɨɛɪɚɠɟɧɢɟ ɢ ɷɬɚɥɨɧɧɚɹ ɪɚɡɦɟɬɤɚ ɜ ɜɢɞɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ, ɛ, ɜ – ɞɥɹ ɤɚɠɞɨɣ ɪɚɡɦɟɪɧɨɫɬɢ 

ɤɚɪɬɵ ɩɪɢɡɧɚɤɨɜ (ɧɚɩɪɢɦɟɪ, 16ɯ16 ɢ 8ɯ8 ɜ (ɛ) ɢ (ɜ)) ɫɬɪɨɹɬɫɹ ɲɚɛɥɨɧɧɵɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɢ 
(ɧɚɩɪɢɦɟɪ, ɩɨ 4 ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɩɢɤɫɟɥɹ ɤɚɪɬɵ), ɢ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ ɭɤɚɡɵɜɚɟɬɫɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ 
ɤ ɤɥɚɫɫɭ c1, ɚ ɬɚɤɠɟ ɜɟɥɢɱɢɧɵ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɲɚɛɥɨɧɧɵɯ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ cx ɢ cy, 

ɚ ɬɚɤɠɟ ɩɨ ɲɢɪɢɧɟ ɢ ɜɵɫɨɬɟ w ɢ h, ɱɬɨɛɵ ɨɧɢ ɫɨɜɩɚɞɚɥɢ ɫ ɷɬɚɥɨɧɧɵɦɢ 

Fig. 2. Explanations for learning the detector of objects SSD: a – SSD only needs an input image 

and ground truth boxes for each object during training, ɛ, ɜ –in a convolutional fashion, we evaluate a 

small set of default boxes of different aspect ratios at each location in several feature maps with different 

scales (e.g. 16ɯ16 and 8ɯ8 ɜ (ɛ) and (ɜ)). For each default box, we predict both the shape offsets and the 
confidences for all object categories c1. At training time, we first match these default boxes to the ground 

truth boxes 

 

Ɋɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɚ SSD [15] ɨɫɭɳɟɫɬɜɥɟɧɚ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python 3 ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɛɥɢɨɬɟɤ ɝɥɭɛɨɤɨɝɨ ɨɛɭɱɟɧɢɹ Tensor Flow [16] ɢ Keras [6], ɚ ɬɚɤɠɟ ɬɟɯɧɨɥɨɝɢɢ 
NVIDIA CUDA [3].  

ɇɚ ɜɯɨɞ ɨɛɭɱɚɸɳɟɝɨ ɚɥɝɨɪɢɬɦɚ ɩɨɞɚɟɬɫɹ ɨɛɭɱɚɸɳɚɹ ɜɵɛɨɪɤɚ ɪɚɡɦɟɪɨɦ 3000 ɢɡɨɛɪɚɠɟɧɢɣ, 
pickle-ɮɚɣɥ [8] ɫ ɪɚɡɦɟɬɤɨɣ ɷɬɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɫɨɞɟɪɠɚɳɢɣ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɢɦɟɧɢ ɮɚɣɥɚ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɤɥɚɫɫɚɯ ɨɛɴɟɤɬɨɜ ɢ ɢɯ ɩɨɥɨɠɟɧɢɢ. Ɂɚɬɟɦ ɚɥɝɨɪɢɬɦ ɩɪɨɯɨɞɢɬ 30 ɢɬɟɪɚɰɢɣ (ɷɩɨɯ), 
ɫɨɯɪɚɧɹɹ ɩɪɢ ɷɬɨɦ ɮɚɣɥ ɫ ɜɟɫɚɦɢ ɞɥɹ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ 
ɡɚɝɪɭɡɢɬɶ ɜɟɫɚ ɭɠɟ ɨɛɭɱɟɧɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɬɪɟɧɢɪɨɜɤɢ ɫɟɬɢ ɧɚ ɧɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ. 

ɉɪɢ ɬɟɫɬɢɪɨɜɚɧɢɢ ɧɚ ɜɯɨɞ ɚɥɝɨɪɢɬɦɚ SSD ɩɨɞɚɸɬɫɹ ɜɟɫɚ ɨɛɭɱɟɧɧɨɣ ɦɨɞɟɥɢ, ɧɚɛɨɪ 
ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɮɚɣɥɵ ɪɚɡɦɟɬɤɢ ɜ ɮɨɪɦɚɬɟ xml ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɦɟɬɪɢɤ. Ⱥɥɝɨɪɢɬɦ ɧɚɯɨɞɢɬ ɜɫɟ 
ɨɛɴɟɤɬɵ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ, ɞɥɹ ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ ɫɨɡɞɚɟɬɫɹ ɦɚɫɫɢɜ ɫ ɢɦɟɧɟɦ ɤɥɚɫɫɚ, ɤɨɨɪɞɢɧɚɬɚɦɢ 
ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɢ ɜɟɪɨɹɬɧɨɫɬɶɸ ɨɛɧɚɪɭɠɟɧɢɹ. 

Ɉɛɭɱɟɧɢɟ ɢ ɬɟɫɬɢɪɨɜɚɧɢɟ ɦɨɞɟɥɢ SSD ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɧɚ ɤɨɦɩɶɸɬɟɪɟ ɫɨ ɫɥɟɞɭɸɳɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: ɩɪɨɰɟɫɫɨɪ Intel Core i7-4790 3.60GHz; ɨɩɟɪɚɬɢɜɧɚɹ ɩɚɦɹɬɶ 16,0 ȽȻ; ɜɢɞɟɨɤɚɪɬɚ 
MSI Nvidia GeForce GTX 1060, ɱɚɫɬɨɬɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɨɪɚ 1594 ɆȽɰ, 6144 Ɇɛ ɜɢɞɟɨɩɚɦɹɬɢ 
GDDR5, ɱɚɫɬɨɬɚ ɜɢɞɟɨɩɚɦɹɬɢ 8100 ɆȽɰ, ɪɚɡɪɹɞɧɨɫɬɶ ɲɢɧɵ ɜɢɞɟɨɩɚɦɹɬɢ 192 ɛɢɬ, ɱɢɫɥɨ 
ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ 1280. 

 

ɊȿɁɍɅɖɌȺɌɕ ȼɕɑɂɋɅɂɌȿɅɖɇɕɏ ɗɄɋɉȿɊɂɆȿɇɌɈȼ 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɩɪɨɜɟɞɟɧɵ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɞɥɹ ɬɪɟɯ ɪɚɡɥɢɱɧɵɦ ɨɛɪɚɡɨɦ 
ɨɛɭɱɟɧɧɵɯ ɫɜёɪɬɨɱɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ: 

1) ɫɜɟɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɦɨɞɟɥɢ SSD 300, ɭɠɟ ɨɛɭɱɟɧɧɚɹ ɧɚ ɜɵɛɨɪɤɟ Pascal VOC [11] 

(ɧɚɡɨɜёɦ ɟɟ SSD300_VOC), 
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2) ɫɜɟɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɢɡ [11], ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɛɭɱɟɧɧɚɹ ɧɚ ɢɦɟɸɳɟɣɫɹ ɨɛɭɱɚɸɳɟɣ
ɜɵɛɨɪɤɟ ɢɡ 3000 ɢɡɨɛɪɚɠɟɧɢɣ (ɧɚɡɨɜёɦ ɟɟ SSD300_VOC_Tuned), 

3) ɫɜɟɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɦɨɞɟɥɢ SSD 300, ɨɛɭɱɟɧɧɚɹ ɫ ɧɭɥɹ ɧɚ ɢɦɟɸɳɟɣɫɹ ɨɛɭɱɚɸɳɟɣ
ɜɵɛɨɪɤɟ ɢɡ 3000 ɢɡɨɛɪɚɠɟɧɢɣ (ɧɚɡɨɜёɦ ɟɟ SSD300_Cars). 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɨɛɭɱɟɧɢɸ ɢ ɬɟɫɬɢɪɨɜɚɧɢɸ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ.  

Ɍɚɛɥɢɰɚ 

Ɋɟɡɭɥɶɬɚɬɵ ɨɛɧɚɪɭɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɨɛɭɱɚɸɳɟɣ ɢ ɬɟɫɬɨɜɨɣ ɜɵɛɨɪɤɟ  
ɧɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ SSD 300 

Table 

The results of vehicle detection on the training and test sample based on the SSD 300 model 

ɋɜёɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ 
ɫɟɬɶ 

Ɉɛɭɱɚɸɳɚɹ ɜɵɛɨɪɤɚ ɢɡ 
3000 ɢɡɨɛɪɚɠɟɧɢɣ 

Ɍɟɫɬɨɜɚɹ ɜɵɛɨɪɤɚ ɢɡ 7000 
ɢɡɨɛɪɚɠɟɧɢɣ 

ɉɨɥɧɨɬɚ 
(R) 

Ɍɨɱɧɨɫɬɶ (P) ɉɨɥɧɨɬɚ (R) Ɍɨɱɧɨɫɬɶ (P) 

SSD300_VOC 0.475 0.889 0.727 0.597 

SSD300_VOC_Tuned 0.984 0.990 0.888 0.785 

SSD300_Cars 0.317 0.857 0.665 0.564 

Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɨɛɧɚɪɭɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɚɤɢɟ ɦɟɬɪɢɤɢ ɤɚɤ 
ɦɟɪɚ ɩɟɪɟɫɟɱɟɧɢɹ ɧɚɣɞɟɧɧɵɯ ɢ ɷɬɚɥɨɧɧɵɯ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ 
(Intersecion, I), ɩɨɥɧɨɬɚ (Recall, R) ɢ ɬɨɱɧɨɫɬɶ (Precision, R) ɨɛɧɚɪɭɠɟɧɢɹ ɨɛɴɟɤɬɨɜ [9]. Ɋɚɫɫɦɨɬɪɢɦ 
ɤɚɠɞɵɣ ɩɨɤɚɡɚɬɟɥɶ ɨɬɞɟɥɶɧɨ. 

Ɇɟɪɚ ɩɟɪɟɫɟɱɟɧɢɹ ɧɚɣɞɟɧɧɵɯ ɢ ɷɬɚɥɨɧɧɵɯ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ I (1) ɩɨɤɚɡɵɜɚɟɬ, ɤɚɤ ɬɨɱɧɨ 
ɫɜёɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɧɚɲɥɚ ɩɪɹɦɨɭɝɨɥɶɧɢɤ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɷɬɚɥɨɧɧɨɣ 
ɪɚɡɦɟɬɤɢ (ɪɢɫɭɧɨɤ 3). 

,
Igtf

I

SSS

S
I


  (1) 

ɝɞɟ SI – ɩɥɨɳɚɞɶ ɩɟɪɟɫɟɱɟɧɢɹ ɢɫɬɢɧɧɨɝɨ ɢ ɜɵɱɢɫɥɟɧɧɨɝɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ, Sf – ɩɥɨɳɚɞɶ 
ɧɚɣɞɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɨɦ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ, Sgt – ɩɥɨɳɚɞɶ ɷɬɚɥɨɧɧɨɝɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ (ground truth). 

ɉɨɥɧɨɬɚ R (2) ɩɨɤɚɡɵɜɚɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɤ ɨɲɢɛɤɚɦ 2-ɝɨ ɪɨɞɚ, ɬɨ ɟɫɬɶ, 
ɩɪɨɩɭɫɤɚɦ, ɢ ɪɚɜɧɚ ɨɬɧɨɲɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɩɪɚɜɢɥɶɧɨ ɧɚɣɞɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɤ ɨɛɳɟɦɭ ɤɨɥɢɱɟɫɬɜɭ 
ɷɬɢɯ ɨɛɴɟɤɬɨɜ ɜ ɷɬɚɥɨɧɧɨɣ ɪɚɡɦɟɬɤɟ. 

,
fntp

tp
R


  (2) 

ɝɞɟ tp – ɢɫɬɢɧɧɨ-ɩɨɥɨɠɢɬɟɥɶɧɵɟ (true positives) – ɬɟ ɨɛɴɟɤɬɵ, ɤɨɬɨɪɵɟ ɦɵ ɨɠɢɞɚɥɢ ɭɜɢɞɟɬɶ ɢ 
ɩɨɥɭɱɢɥɢ ɧɚ ɜɵɯɨɞɟ, fn – ɥɨɠɧɨ-ɨɬɪɢɰɚɬɟɥɶɧɵɟ (false negatives) – ɨɛɴɟɤɬɵ, ɤɨɬɨɪɵɟ ɦɵ ɨɠɢɞɚɥɢ 
ɭɜɢɞɟɬɶ, ɧɨ ɚɥɝɨɪɢɬɦ ɢɯ ɧɟ ɨɩɪɟɞɟɥɢɥ (ɩɪɨɩɭɫɤɢ). 

Ɍɨɱɧɨɫɬɶ P (3) ɩɨɤɚɡɵɜɚɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɤ ɨɲɢɛɤɚɦ 1-ɝɨ ɪɨɞɚ, ɬɨ ɟɫɬɶ, 
ɥɨɠɧɵɦ ɫɪɚɛɚɬɵɜɚɧɢɹɦ ɢ ɪɚɜɧɚ ɨɬɧɨɲɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɩɪɚɜɢɥɶɧɨ ɧɚɣɞɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɤ ɨɛɳɟɦɭ 
ɤɨɥɢɱɟɫɬɜɭ ɧɚɣɞɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɦ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ. 

,
fptp

tp
P


  (3) 

ɝɞɟ fp – ɥɨɠɧɨ-ɩɨɥɨɠɢɬɟɥɶɧɵɟ (false positives) ɨɛɴɟɤɬɵ – ɬɚɤɢɟ, ɤɨɬɨɪɵɯ ɛɵɬɶ ɧɚ ɜɵɯɨɞɟ ɧɟ 
ɞɨɥɠɧɨ, ɧɨ ɚɥɝɨɪɢɬɦ ɢɯ ɨɲɢɛɨɱɧɨ ɜɟɪɧɭɥ ɧɚ ɜɵɯɨɞɟ (ɥɨɠɧɵɟ ɫɪɚɛɚɬɵɜɚɧɢɹ). 

ȼɫɟ ɦɟɬɪɢɤɢ ɜɵɛɪɚɧɵ ɫ ɭɱɟɬɨɦ ɨɛɳɟɩɪɢɧɹɬɵɯ ɩɨɞɯɨɞɨɜ, ɢɡɥɨɠɟɧɧɵɯ ɜ ɪɚɛɨɬɟ [17]. 
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ɇɚɣɞɟɧɧɵɣ ɩɪɹɦɨɭɝɨɥɶɧɢɤ

ɗɬɚɥɨɧɧɵɣ ɩɪɹɦɨɭɝɨɥɶɧɢɤ

 

Ɋɢɫ. 3. ɉɨɹɫɧɟɧɢɟ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɦɟɪɵ ɩɟɪɟɫɟɱɟɧɢɹ I ɧɚɣɞɟɧɧɵɯ ɢ ɷɬɚɥɨɧɧɵɯ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ 

Fig. 3. Explanation to the definition of the measure of intersection I of the found and reference rectangles 

 

ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɧɚɢɥɭɱɲɢɟ 
ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɭ ɫɟɬɢ SSD300_VOC_Tuned, ɨɛɭɱɟɧɧɨɣ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɫ ɚɜɬɨɦɨɛɢɥɹɦɢ ɢɡ 
ɢɦɟɸɳɟɣɫɹ ɜɵɛɨɪɤɢ, ɩɪɢ ɷɬɨɦ ɜɟɫɚ ɧɚɫɬɪɚɢɜɚɥɢɫɶ ɧɟ ɫ ɧɭɥɹ, ɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɟɫɨɜ ɫɟɬɢ ɢɡ 
[11] ɡɚɪɚɧɟɟ ɨɛɭɱɟɧɧɨɣ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɢɡ ɧɚɛɨɪɚ Pascal VOC. ɇɚ ɜɬɨɪɨɦ ɦɟɫɬɟ ɝɨɬɨɜɚɹ ɫɟɬɶ 

SSD300_VOC ɢɡ [11], ɧɟ ɨɛɭɱɚɜɲɚɹɫɹ ɧɚ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɟ, ɚ ɧɚ ɬɪɟɬɶɟɦ ɨɛɭɱɟɧɧɚɹ ɫɟɬɶ ɫ ɧɭɥɹ 
SSD300_Cars. 

Ɍɚɤɢɟ ɪɟɡɭɥɶɬɚɬɵ ɨɬɪɚɠɚɸɬ ɮɚɤɬ, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ ɪɚɡɥɢɱɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɚɜɬɨɦɨɛɢɥɟɣ 
(ɨɛɴɟɤɬɨɜ) ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ ɩɪɢ ɨɛɭɱɟɧɢɢ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɬɟɦ ɜɵɲɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɤɚɱɟɫɬɜɚ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ. Ɍɚɤɠɟ ɪɟɡɭɥɶɬɚɬ ɞɨɤɚɡɵɜɚɟɬ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɩɨɥɧɟɧɢɹ 
ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɚɱɟɫɬɜɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɨɛɧɚɪɭɠɟɧɢɹ ɨɛɴɟɤɬɨɜ ɜ ɪɚɡɥɢɱɧɵɯ 
ɭɫɥɨɜɢɹɯ ɫɴɟɦɤɢ. 

  

 

 

Ɋɢɫ. 4. ɉɪɢɦɟɪɵ ɨɛɧɚɪɭɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɡɚɝɨɪɨɞɧɵɯ ɲɨɫɫɟ ɫ 
ɩɨɦɨɳɶɸ ɫɜɟɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ SSD300_VOC_Tuned 

Fig. 4. Examples of vehicles on the images of suburban highways using a convolutional neural network 

SSD300_VOC_Tuned 
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ɇɚ ɪɢɫɭɧɤɟ 4 ɩɨɤɚɡɚɧɵ ɩɪɢɦɟɪɵ ɨɛɧɚɪɭɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ 
ɡɚɝɨɪɨɞɧɵɯ ɲɨɫɫɟ ɫ ɩɨɦɨɳɶɸ ɫɜɟɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ SSD300_VOC_Tuned. ɇɚ ɧɟɤɨɬɨɪɵɯ 
ɢɡɨɛɪɚɠɟɧɢɹɯ ɜɢɞɧɵ ɩɪɨɩɭɫɤɢ ɨɛɧɚɪɭɠɟɧɢɹ ɨɛɴɟɤɬɨɜ ɢ ɥɨɠɧɵɟ ɫɪɚɛɚɬɵɜɚɧɢɹ, ɩɪɢɱɢɧɨɣ ɷɬɨɦɭ 
ɦɨɠɟɬ ɛɵɬɶ ɧɟɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɚɹ ɪɚɡɦɟɬɤɚ ɷɬɚɥɨɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɧɟɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ ɢɥɢ ɫɬɪɭɤɬɭɪɚ ɫɟɬɢ. 

 

ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɟ ɧɚɞ ɷɬɨɣ ɬɟɦɨɣ ɩɥɚɧɢɪɭɟɬɫɹ ɭɥɭɱɲɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɞɟɬɟɤɬɨɪɚ 
ɨɛɴɟɤɬɨɜ, ɩɨɞɚɜɚɹ ɧɚ ɨɛɭɱɟɧɢɟ ɛɨɥɟɟ ɬɨɱɧɨ ɪɚɡɦɟɱɟɧɧɭɸ ɷɬɚɥɨɧɧɭɸ ɜɵɛɨɪɤɭ, ɧɚɫɬɪɚɢɜɚɹ 
ɫɬɪɭɤɬɭɪɭ ɫɟɬɢ ɢ ɭɜɟɥɢɱɢɜɚɹ ɤɨɥɢɱɟɫɬɜɨ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɨɛɴɟɤɬɚɦɢ. 

ȼɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ 7000 ɢɡɨɛɪɚɠɟɧɢɣ ɫɨɫɬɚɜɢɥɨ 
200 ɫɟɤɭɧɞ, ɨɛɪɚɛɨɬɤɚ ɨɞɧɨɝɨ ɤɚɞɪ ɡɚɧɢɦɚɟɬ 28,5 ɦɢɥɥɢɫɟɤɭɧɞ. Ɍɚɤɨɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɨɞɧɨɝɨ 
ɤɚɞɪɚ ɩɨɡɜɨɥɢɬ ɪɚɫɩɨɡɧɚɜɚɬɶ ɩɨɬɨɤɨɜɨɟ ɜɢɞɟɨ ɫ ɱɚɫɬɨɬɨɣ 35 ɤɚɞɪɨɜ ɜ ɫɟɤɭɧɞɭ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ c 

ɭɱɟɬɨɦ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɨɛɧɚɪɭɠɟɧɢɹ ɨɛɴɟɤɬɨɜ ɩɪɢɦɟɧɟɧɧɵɣ ɦɟɬɨɞ SSD (Single Shot Multibox 

Detector) ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɫɨɡɞɚɧɢɹ ɷɮɮɟɤɬɢɜɧɵɯ ɫɢɫɬɟɦ ɩɨɦɨɳɢ ɜɨɞɢɬɟɥɸ ɢ 
ɦɨɧɢɬɨɪɢɧɝɚ ɞɨɪɨɠɧɨɣ ɨɛɫɬɚɧɨɜɤɢ. 
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ɑɭɣɤɨɜ Ɋɨɦɚɧ ɘɪɶɟɜɢɱ, ɦɚɝɢɫɬɪɚɧɬ ɤɚɮɟɞɪɵ ɬɟɯɧɢɱɟɫɤɨɣ ɤɢɛɟɪɧɟɬɢɤɢ 

ɘɞɢɧ Ⱦɦɢɬɪɢɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɬɟɯɧɢɱɟɫɤɨɣ ɤɢɛɟɪɧɟɬɢɤɢ  
 

Chuykov Roman Yurievich, master student of the Department of technical cybernetics  
Yudin Dmitriy Aleksandrovich, candidate of technical sciences, engineer of the Department of technical cybernetics 

 


