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ゑçñÑñÖóñ 
Ɉɞɧɢɦ ɢɡ ɧɟɞɨɫɬɚɬɤɨɜ ɦɟɬɨɞɚ ɭɩɪɚɜɥɟɧɢɹ ɚɧɬɪɨɩɨɦɨɪɮɧɵɦ ɪɨɛɨɬɨɦ ɫ ɩɨɦɨɳɶɸ ɫɟɧɫɨɪɚ 

Kinect [1,2,3], ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɛɟɫɩɟɱɟɧɢɹ ɫɬɚɛɢɥɶɧɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɜ ɯɨɞɟ 
ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɟɧɢɹ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɧɟɤɨɬɨɪɵɟ ɞɟɣɫɬɜɢɹ ɨɩɟɪɚɬɨɪɚ, ɛɭɞɶ ɬɨ ɪɟɡɤɨɟ 
ɞɜɢɠɟɧɢɟ ɪɭɤɨɣ ɢɥɢ ɧɚɤɥɨɧ, ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɞɟɫɬɚɛɢɥɢɡɚɰɢɢ ɪɨɛɨɬɚ ɢ ɟɝɨ ɩɨɜɪɟɠɞɟɧɢɸ. 
ɇɟɦɚɥɨɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɬɚɬɢɱɟɫɤɢɯ ɩɨɥɨɠɟɧɢɣ ɪɨɛɨɬɚ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɭɞɟɬ 
ɪɚɫɫɦɨɬɪɟɧ ɨɞɢɧ ɢɡ ɫɩɨɫɨɛɨɜ ɨɛɟɫɩɟɱɟɧɢɹ ɫɬɚɛɢɥɶɧɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɪɨɛɨɬɚ ɜ ɫɥɭɱɚɟ 
ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ Kinect-ɭɩɪɚɜɥɟɧɢɹ. 

 
だîñÖ¡í ïöíßó¿áÖÜïöó äÜ¿Ü¢ñÖó　 
ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ ɨɛɟɫɩɟɱɟɧɢɹ ɫɬɚɛɢɥɶɧɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 

ɩɨɥɨɠɟɧɢɹ ɪɨɛɨɬɚ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ ɫɬɚɬɢɱɟɫɤɚɹ ɫɬɚɛɢɥɢɡɚɰɢɹ ɤɚɤ ɫ ɭɱɟɬɨɦ ɜɧɟɲɧɢɯ 
ɜɨɡɞɟɣɫɬɜɢɣ, ɬɚɤ ɢ ɛɟɡ ɧɟɝɨ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɫɬɚɬɢɱɟɫɤɨɣ 
ɫɬɚɛɢɥɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɬɨɱɤɢ ɧɭɥɟɜɨɝɨ ɦɨɦɟɧɬɚ (ZMP – Zero Moment Point), ɩɨɡɜɨɥɹɸɳɢɣ 
ɨɩɪɟɞɟɥɢɬɶ ɭɫɬɨɣɱɢɜɨ ɥɢ ɩɨɥɨɠɟɧɢɟ ɪɨɛɨɬɚ ɢɥɢ ɧɟɬ [4,5]. 

ɋɭɬɶ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɱɢɫɥɟɧɢɢ ɬɨɱɤɢ ZMP, ɜ ɤɨɬɨɪɨɣ ɫɭɦɦɵ ɦɨɦɟɧɬɨɜ ɩɨ ɨɫɹɦ X ɢ Y 
ɪɚɜɧɵ ɧɭɥɸ (ɪɢɫ.1). Ⱦɥɹ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨɥɨɠɟɧɢɹ ɪɨɛɨɬɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 
ɩɪɢɧɚɞɥɟɠɢɬ ɥɢ ɧɚɣɞɟɧɧɚɹ ɬɨɱɤɚ ɨɛɥɚɫɬɢ ɫɬɨɩɵ, ɜ ɫɥɭɱɚɟ ɧɚɯɨɠɞɟɧɢɹ ɪɨɛɨɬɚ ɜ ɮɚɡɟ ɫ ɨɞɢɧɨɱɧɨɣ 
ɩɨɞɞɟɪɠɤɨɣ, ɢɥɢ ɧɚ ɨɬɪɟɡɤɟ, ɫɨɟɞɢɧɹɸɳɟɝɨ ɰɟɧɬɪɵ ɫɬɨɩ, ɜ ɫɥɭɱɚɟ ɞɜɭɯɨɩɨɪɧɨɣ ɮɚɡɵ. Ʉɥɸɱɟɜɨɟ 
ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɦɨɦɟɧɬ, ɫɨɡɞɚɜɚɟɦɵɣ ɦɚɫɫɨɣ ɫɚɦɨɝɨ ɪɨɛɨɬɚ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜɵɱɢɫɥɢɬɶ ɷɬɨɬ ɦɨɦɟɧɬ 
ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɬɨɱɤɭ ɩɪɢɥɨɠɟɧɢɹ ɫɢɥɵ ɬɹɠɟɫɬɢ – ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɦɚɫɫ. ȼɨɫɩɨɥɶɡɭɟɦɫɹ 
ɮɨɪɦɭɥɨɣ: 
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ɝɞɟ im  – ɦɚɫɫɚ i-ɨɣ ɬɨɱɤɢ, ir  – ɪɚɞɢɭɫ-ɜɟɤɬɨɪ i-ɨɣ ɬɨɱɤɢ, cr  – ɪɚɞɢɭɫ-ɜɟɤɬɨɪ ɰɟɧɬɪɚ ɦɚɫɫ.  
Ȼɟɡ ɭɱɟɬɚ ɜɥɢɹɧɢɹ ɜɧɟɲɧɢɯ ɫɢɥ ɢ ɫɢɥ ɢɧɟɪɰɢɢ, ɬɨɱɤɚ ɧɭɥɟɜɨɝɨ ɦɨɦɟɧɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɟɤɰɢɟɣ 

ɬɨɱɤɢ ɰɟɧɬɪɚ ɦɚɫɫ ɧɚ ɨɩɨɪɧɭɸ ɩɥɨɫɤɨɫɬɶ (ɪɢɫ.1). Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜɟɤɬɨɪ ɫɢɥɵ ɬɹɠɟɫɬɢ 
ɩɟɪɟɫɟɤɚɟɬ ɨɫɢ X ɢ Y, ɬ.ɟ. ɦɨɦɟɧɬ, ɫɨɡɞɚɜɚɟɦɵɣ ɷɬɨɣ ɫɢɥɨɣ ɪɚɜɟɧ ɧɭɥɸ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɰɟɧɤɢ 
ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɨɥɨɠɟɧɢɹ ɪɨɛɨɬɚ ɧɟɨɛɯɨɞɢɦɨ ɥɢɲɶ ɨɩɪɟɞɟɥɢɬɶ ɥɟɠɢɬ ɥɢ ɩɪɨɟɤɰɢɹ ɬɨɱɤɢ ɰɟɧɬɪɚ ɦɚɫɫ 
ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ ɨɩɨɪɵ.  
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づóï.1. づíïäÜ¿Ü¢ñÖóñ öÜô¡ó ZMP 

 
ȼ ɤɚɱɟɫɬɜɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɟɩɟɧɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɜɭɯɨɩɨɪɧɨɣ ɮɚɡɵ ɜ 

ɛɢɨɦɟɯɚɧɢɤɟ [6,7] ɩɪɢɧɢɦɚɟɬɫɹ ɭɝɨɥ ɭɫɬɨɣɱɢɜɨɫɬɢ (ɭɝɨɥ, ɨɛɪɚɡɨɜɚɧɧɵɣ ɜɟɪɬɢɤɚɥɶɸ, ɨɩɭɳɟɧɧɨɣ ɢɡ 
ɰɟɧɬɪɚ ɦɚɫɫ ɬɟɥɚ ɢ ɩɪɹɦɨɣ, ɩɪɨɜɟɞɟɧɧɨɣ ɢɡ ɰɟɧɬɪɚ ɦɚɫɫ ɬɟɥɚ ɤ ɤɪɚɸ ɩɥɨɳɚɞɢ ɨɩɨɪɵ (ɪɢɫ. 2)). ɑɟɦ 
ɛɨɥɶɲɟ ɭɝɨɥ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɬɟɦ ɛɨɥɶɲɟ ɫɬɟɩɟɧɶ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɟɥɚ. 

 
でÜ£ÑíÖóñ âó¿áöëí äÜ¿Ü¢ñÖóú 
ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɪɟɲɟɧɢɟɦ ɫɬɚɛɢɥɢɡɚɰɢɢ ɪɨɛɨɬɚ ɩɪɢ Kinect-ɭɩɪɚɜɥɟɧɢɢ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ 

ɮɢɥɶɬɪɚ ɩɨɥɨɠɟɧɢɣ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɨɬɛɪɚɫɵɜɚɬɶ ɧɟɭɫɬɨɣɱɢɜɵɟ ɩɨɥɨɠɟɧɢɹ. ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɡɚɩɭɫɤ 
ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɢɡ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɨɝɨ ɭɫɬɨɣɱɢɜɨɝɨ ɩɨɥɨɠɟɧɢɹ, ɩɪɢɦɟɧɟɧɢɟ 
ɮɢɥɶɬɪɚ ɩɨɡɜɨɥɢɬ ɪɨɛɨɬɭ ɫɨɯɪɚɧɹɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɨɥɨɠɟɧɢɹ. 

ɉɪɢɦɟɦ ɡɚ ɨɫɧɨɜɭ ɮɢɥɶɬɪɚ ɦɟɬɨɞ ZMP. Ⱦɥɹ ɪɚɫɱɟɬɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ 
ɦɚɫɫ, ɞɥɹ ɱɟɝɨ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɮɨɪɦɭɥɨɣ (1). Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɚɫɫɚ ɡɜɟɧɶɟɜ ɢ 
ɤɨɨɪɞɢɧɚɬɵ ɢɯ ɰɟɧɬɪɨɜ ɦɚɫɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɤɪɟɩɥɟɧɢɹ ɢɡɜɟɫɬɧɵ. Ɍɪɟɛɭɟɬɫɹ ɪɚɫɫɱɢɬɚɬɶ 
ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɨɜ ɦɚɫɫ ɡɜɟɧɶɟɜ ɜ ɫɢɫɬɟɦɟ R, ɫɜɹɡɚɧɧɨɣ ɫ ɨɞɧɨɡɧɚɱɧɨ ɡɚɞɚɧɧɨɣ ɬɨɱɤɨɣ, ɧɚɩɪɢɦɟɪ, 
ɫɟɪɟɞɢɧɨɣ ɨɬɪɟɡɤɚ, ɫɨɟɞɢɧɹɸɳɟɝɨ ɩɥɟɱɟɜɵɟ ɞɜɢɝɚɬɟɥɢ ɪɨɛɨɬɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ 
ɮɭɧɤɰɢɸ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɤɨɨɪɞɢɧɚɬɵ ɜɫɟɯ ɤɨɧɰɨɜ ɡɜɟɧɶɟɜ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ 
ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɫ ɫɟɧɫɨɪɚ Kinect. ɂɫɩɨɥɶɡɭɹ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ⱦɟɧɚɜɢɬɚ-ɏɚɪɬɟɧɛɟɪɝɚ, ɞɥɹ ɤɚɠɞɨɝɨ ɡɜɟɧɚ ɡɚɩɢɲɟɦ ɦɚɬɪɢɰɭ: 
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ɝɞɟ i - ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɜɨɤɪɭɝ ɨɫɢ Z, i - ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɜɨɤɪɭɝ ɨɫɢ X, ia -ɩɟɪɟɧɨɫɚ ɜɞɨɥɶ ɨɫɢ Y, 

iS -ɩɟɪɟɧɨɫ ɜɞɨɥɶ ɨɫɢ Y. 

ȼ 4-ɦ ɫɬɨɥɛɰɟ ɦɚɬɪɢɰɵ 1 ... nA A A   , ɝɞɟ n –ɧɨɦɟɪ  ɡɜɟɧɚ, ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɤɨɨɪɞɢɧɚɬ 
ɤɨɧɰɚ ɡɜɟɧɚ. Ɂɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɨɜ ɦɚɫɫ ɡɜɟɧɶɟɜ, ɩɨɥɭɱɢɦ ɤɨɨɪɞɢɧɚɬɵ ɜ ɫɢɫɬɟɦɟ 
R. Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɚɟɦ ɩɨɥɨɠɟɧɢɟ ɨɛɳɟɝɨ ɰɟɧɬɪɚ ɦɚɫɫ ɪɨɛɨɬɚ ɢ ɩɨɥɭɱɢɦ ɟɝɨ ɩɪɨɟɤɰɢɸ ɧɚ ɨɩɨɪɧɭɸ 
ɩɥɨɫɤɨɫɬɶ. 
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づóï.2. ばïöÜúôóçÜïöá ç ÑçÜêÜäÜëÖÜú âí£ñ 

Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɪɨɛɨɬ ɧɚɯɨɞɢɬɫɹ ɜ ɞɜɭɯɨɩɨɪɧɨɣ ɮɚɡɟ, ɩɨɥɨɠɟɧɢɟ ɹɜɥɹɟɬɫɹ ɭɫɬɨɣɱɢɜɵɦ, 
ɟɫɥɢ ɤɨɨɪɞɢɧɚɬɵ ɩɪɨɟɤɰɢɢ ɛɭɞɭɬ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɨɜɚɧɢɹɦ: 

0a b  , 

ɝɞɟ a  - ɜɟɤɬɨɪ ɫ ɧɚɱɚɥɨɦ ɜ ɬɨɱɤɟ ɩɪɨɟɤɰɢɢ ɢ ɤɨɧɰɨɦ ɜ ɬɨɱɤɟ ɨɩɨɪɵ ɥɟɜɨɣ ɧɨɝɢ, b  - ɜɟɤɬɨɪ ɫ 
ɧɚɱɚɥɨɦ ɜ ɬɨɱɤɟ ɩɪɨɟɤɰɢɢ ɢ ɤɨɧɰɨɦ ɜ ɬɨɱɤɟ ɨɩɨɪɵ ɩɪɚɜɨɣ ɧɨɝɢ. 

ɋɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɷɬɢɯ ɜɟɤɬɨɪɨɜ ɜ ɤɨɨɪɞɢɧɚɬɧɨɣ ɮɨɪɦɟ: 

1 2 1 2 1 2( )( ) ( )( ) ( )( )a b x x x x y y y y z z z z          , 

ɝɞɟ 1 1 1, ,x y z - ɤɨɨɪɞɢɧɚɬɵ ɨɩɨɪɵ ɥɟɜɨɣ ɧɨɝɢ, 2 2 2, ,x y z - ɤɨɨɪɞɢɧɚɬɵ ɨɩɨɪɵ ɥɟɜɨɣ ɧɨɝɢ, , ,x y z - 

ɤɨɨɪɞɢɧɚɬɵ ɩɪɨɟɤɰɢɢ ɰɟɧɬɪɚ ɦɚɫɫ. 
 ȿɫɥɢ ɭɫɥɨɜɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɵɩɨɥɧɹɟɬɫɹ, ɪɨɛɨɬɭ ɩɟɪɟɞɚɟɬɫɹ ɤɨɦɚɧɞɚ ɩɟɪɟɯɨɞɚ ɜ ɧɨɜɨɟ 

ɩɨɥɨɠɟɧɢɟ, ɢɧɚɱɟ ɨɩɟɪɚɬɨɪ ɭɜɟɞɨɦɥɹɟɬɫɹ ɨ ɬɨɦ, ɱɬɨ ɩɟɪɟɯɨɞ ɜ ɞɚɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɧɟɛɟɡɨɩɚɫɟɧ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɮɢɥɶɬɪ ɫɬɚɬɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵɯ ɩɨɥɨɠɟɧɢɣ ɩɨɡɜɨɥɹɟɬ 

ɨɛɟɫɩɟɱɢɬɶ ɫɬɚɛɢɥɶɧɨɟ ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɚɧɬɪɨɩɨɦɨɪɮɧɨɝɨ ɪɨɛɨɬɚ. 
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