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The work is devoted to the study and selection of human emotions with the highest probability
of recognition for training neural networks using operator emotions as feedback. On the basis of the
presented program, experiments were set up and conducted to study emotions. The following emotions
were studied in the work: �anger�, �disgust�, �fright�, `happiness�, �sadness�, �surprise� and �neutral
emotion�. During the experiments, human emotions were determined, which are recognized by the
program with the greatest probability. The average values of the probability of successful or unsuccessful
recognition were calculated, and the similarity of emotions was analyzed. Assumptions are made about
the use of operator emotions as feedback for training neural networks. The problem of reducing the
time for training a neural network aimed at solving socially signi�cant economic problems is solved.
It is assumed that the approach will expand the scope of neural networks in non-core industries by
reducing the requirements for the operator/programmer and computing resources.
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Ðàáîòà ïîñâÿùåíà èçó÷åíèþ è âûáîðó ýìîöèè ÷åëîâåêà ñ íàèáîëüøåé âåðîÿòíîñòüþ ðàñïîçíà-
âàíèÿ äëÿ îáó÷åíèÿ íåéðîííûõ ñåòåé ñ èñïîëüçîâàíèåì ýìîöèé îïåðàòîðà â êà÷åñòâå îáðàòíîé
ñâÿçè. Íà îñíîâàíèè ïðåäñòàâëåííîé ïðîãðàììû ïîñòàâëåíû è ïðîâåäåíû ýêñïåðèìåíòû äëÿ
èññëåäîâàíèÿ ýìîöèé. Â ðàáîòå èçó÷àëèñü ñëåäóþùèå ýìîöèè: ¾ãíåâ¿, ¾îòâðàùåíèå¿, ¾èñïóã¿,
¾ñ÷àñòüå¿, ¾ãðóñòü¿, ¾óäèâëåíèå¿ è ¾íåéòðàëüíàÿ ýìîöèÿ¿. Â õîäå ýêñïåðèìåíòîâ îïðåäåëå-
íû ýìîöèè ÷åëîâåêà, ðàñïîçíàâàåìûå ïðîãðàììîé ñ íàèáîëüøåé âåðîÿòíîñòüþ. Âû÷èñëÿëèñü
ñðåäíèå çíà÷åíèÿ âåðîÿòíîñòè óäà÷íîãî èëè íåóäà÷íîãî ðàñïîçíàâàíèÿ, è àíàëèçèðîâàëàñü
ñõîæåñòü ýìîöèé. Ñäåëàíû ïðåäïîëîæåíèÿ îá èñïîëüçîâàíèè ýìîöèé îïåðàòîðà â êà÷åñòâå
îáðàòíîé ñâÿçè äëÿ îáó÷åíèÿ íåéðîííûõ ñåòåé. Ðåøàåòñÿ çàäà÷à ñîêðàùåíèÿ âðåìåíè äëÿ
îáó÷åíèÿ íåéðîííîé ñåòè, íàïðàâëåííîé íà ðåøåíèå ñîöèàëüíî-çíà÷èìûõ ýêîíîìè÷åñêèõ çà-
äà÷. Ïðåäïîëàãàåòñÿ, ÷òî ïîäõîä ïîçâîëèò ðàñøèðèòü îáëàñòü ïðèìåíåíèÿ íåéðîííûõ ñåòåé
â íåïðîôèëüíûõ îòðàñëÿõ çà ñ÷åò óìåíüøåíèÿ òðåáîâàíèé ê îïåðàòîðó/ïðîãðàììèñòó è ê
âû÷èñëèòåëüíûì ðåñóðñàì.

Êëþ÷åâûå ñëîâà: èñêóññòâåííûé èíòåëëåêò, íåéðîííàÿ ñåòü, ýìîöèè.

Ââåäåíèå. Ïîñëåäíèå äâà äåñÿòèëåòèÿ ðàçðàáîòêè â îáëàñòè èñêóññòâåííîãî èíòåë-
ëåêòà (ÈÈ) è ïðèìåíåíèå ìåòîäîâ ìàøèííîãî îáó÷åíèÿ ñóùåñòâåííî âëèÿþò íà æèçíü
ëþäåé. Â ÷àñòíîñòè, âîïðîñíî-îòâåòíûå ñèñòåìû â ðàçëè÷íûõ ñåðâèñàõ äëÿ íàñåëåíèÿ,
ðîáîòû è ñèñòåìû ïîääåðæêè ðåøåíèé â âîåííîé îáëàñòè, ñåðâèñíûå äîìàøíèå ðîáîòû,
÷åëîâåêîïîäîáíîå îáùåíèå ñ ñèñòåìàìè èñêóññòâåííîãî èíòåëëåêòà ñ èñïîëüçîâàíèåì ýìî-
öèé. Èõ óëó÷øåíèå ñòàëî áû çíà÷èòåëüíûì, åñëè áû ðîáîòû ñòàëè ñïîñîáíû ïîíèìàòü
ýìîöèè ÷åëîâåêà [1]. Ðàñïîçíàâàíèå ýìîöèé âàæíî äëÿ: ðàáîòû call-öåíòðîâ [2]; ëå÷åíèÿ
ïñèõè÷åñêèõ ðàññòðîéñòâ [3]; ëå÷åíèÿ áîëåçíåé Ïàðêèíñîíà è Àëüöãåéìåðà [4]; ðàñïîçíà-
âàíèÿ îáìàíà, îíëàéí-îáó÷åíèÿ è ðàçðàáîòêè ïðèëîæåíèé äëÿ èãð [5]; àíàëèçà ñòðåññà [6].
Ýìîöèè íå èìåþò ÷åòêèõ ãðàíèö, ñ ïîìîùüþ êîòîðûõ âîçìîæíî âûäåëèòü ýìîöèîíàëü-
íóþ ìîäåëü. Êëàññèôèêàöèÿ ýìîöèé ïðè ðàñïîçíàâàíèè ìèìèêè ÿâëÿåòñÿ âàæíîé çàäà÷åé
êîìïüþòåðíîãî çðåíèÿ [7]. Ýìîöèè ìîæíî ðàçäåëèòü íà ñåìü êàòåãîðèé: ¾ãíåâ¿, ¾îòâðà-
ùåíèå¿, ¾ñòðàõ¿, ¾ðàäîñòü¿, ¾ïå÷àëü¿, ¾óäèâëåíèå¿ è ¾íåéòðàëüíîå íàñòðîåíèå¿ [8]. Â
ñòàòüå èçó÷àëèñü íàèáîëåå äåòåêòèðóåìûå ýìîöèè äëÿ îáó÷åíèÿ íåéðîííîé ñåòè, êîòîðûå
áû ìàêñèìàëüíî íå ïåðåñåêàëèñü äðóã ñ äðóãîì.

Ñòàòüÿ ïî äîêëàäó íà XVIII Ìåæäóíàðîäíîé Àçèàòñêîé øêîëå-ñåìèíàðå ¾Ïðîáëåìû îïòèìèçàöèè
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Ðèñ. 1. Ïðèìåð ðàáîòû ïðîãðàììû

1. Îïèñàíèå ïëàòôîðìû, âûáðàííîé äëÿ èññëåäîâàíèÿ. Èññëåäîâàíèå ýìî-
öèé ïðîõîäèëî ñ ïîìîùüþ ïðîãðàììíîãî ðåøåíèÿ, êîä êîòîðîãî ìîæíî íàéòè ïî ññûë-
êå https://github.com/omar178/Emotion-recognition.git. Ïðîãðàììà ðåàëèçîâàíà íà
ÿçûêå ïðîãðàììèðîâàíèÿ Python ñ èñïîëüçîâàíèåì áèáëèîòåê opencv_python, keras è
scikit_learn è èìååò ñëåäóþùèå âîçìîæíîñòè:

� â ðåæèìå ðåàëüíîãî âðåìåíè ðàñïîçíàåò ýìîöèè ÷åëîâåêà: ¾ãíåâ¿, ¾îòâðàùåíèå¿,
¾èñïóã¿, ¾ðàäîñòü¿, ¾ïå÷àëü¿, ¾óäèâëåíèå¿, ¾íåéòðàëüíóþ ýìîöèþ¿;

� ðàññ÷èòûâàåò âåðîÿòíîñòü èñïûòûâàåìîé ýìîöèè ÷åëîâåêîì, êîòîðûé íàõîäèòñÿ â
êàäðå.

Ïðîãðàììà îñíîâûâàåòñÿ íà áàçå äàííûõ Facial Expression Recognition 2013 (FER-2013).
Â áàçå õðàíèòñÿ 35 887 èçîáðàæåíèé ðàçìåðîì 48x48 ïèêñåëîâ, ðàçäåëåííûõ íà 7 êëàññîâ
(¾ãíåâ¿, ¾îòâðàùåíèå¿, ¾ñòðàõ¿, ¾ðàäîñòü¿, ¾ïå÷àëü¿, ¾óäèâëåíèå¿, ¾íåéòðàëüíîå íàñòðî-
åíèå¿). Íà ðèñ. 1 ïðèâåäåí ïðèìåð ðàáîòû ïðîãðàììû.

Ïðîãðàììà èñïîëüçóåò àðõèòåêòóðó Mini_Xception [9], ïðåäñòàâëÿþùóþ ñîáîé ñâåð-
òî÷íóþ íåéðîííóþ ñåòü (CNN), âêëþ÷àþùóþ â ñåáÿ ÷åòûðå ñâåðòî÷íûõ ñëîÿ. Ïîñëåäíèé
óðîâåíü èñïîëüçóåò ãëîáàëüíîå ñðåäíåå îáúåäèíåíèå è ñëîé Softmax. Ñòðóêòóðà èìååò
îêîëî 60 000 ïàðàìåòðîâ. Èñïîëüçîâàíèå ýòîé ñåòè ïîêàçàëî 95 % òî÷íîñòè â çàäà÷àõ ãåí-
äåðíîé êëàññèôèêàöèè. Òî÷íîñòü çàäà÷è êëàññèôèêàöèè íàñòðîåíèé ñîñòàâèëà 66 % ïðè
òåñòèðîâàíèè íà íàáîðå äàííûõ FER-2013.

2. Îïèñàíèå ýêñïåðèìåíòîâ. Ðàáîòà íàïðàâëåíà íà âûáîð ýìîöèé, êîòîðûå ìîãóò
áûòü èñïîëüçîâàíû äëÿ äàëüíåéøåãî óïðàâëåíèÿ îáó÷åíèåì íåéðîííîé ñåòè. Ïðîâåäåíû
ýêñïåðèìåíòû, íàñêîëüêî òî÷íî êàæäàÿ èç ñåìè ýìîöèé áóäåò ðàñïîçíàíà, òî åñòü èçó÷åíà
âåðîÿòíîñòü, êàêàÿ èìåííî ýòî ýìîöèÿ. Â ýêñïåðèìåíòàõ ó÷àñòâîâàëî ïÿòü ÷åëîâåê ðàç-
íîãî âîçðàñòà è ïîëà: äåâóøêà â âîçðàñòå 24 ëåò (èñïûòóåìûé 1), ìóæ÷èíà â âîçðàñòå 25
ëåò (èñïûòóåìûé 2), ìóæ÷èíà â âîçðàñòå 48 ëåò (èñïûòóåìûé 3), à òàêæå æåíùèíà â âîç-
ðàñòå 53 ëåò (èñïûòóåìûé 4) è ìóæ÷èíà â âîçðàñòå 54 ëåò (èñïûòóåìûé 5). Èñïûòóåìûå
âûðàæàëè êàæäóþ èç ñåìè ýìîöèé ïî 10 ðàç. Ïî ïîëó÷åííûì äàííûì ïðèâåäåíû ìèíè-
ìàëüíîå è ìàêñèìàëüíîå çíà÷åíèÿ âåðîÿòíîñòè, ïîñ÷èòàííîå ñðåäíåå çíà÷åíèå, à òàêæå
äîâåðèòåëüíûé èíòåðâàë.

3. Ïðîâåäåíèå ýêñïåðèìåíòîâ. Ïðîâåäåíî ïî 10 ýêñïåðèìåíòîâ äëÿ 7 ýìîöèé ó 5
ëþäåé. Â òàáëèöå 1 ïðåäñòàâëåíû ðàññìîòðåííûå ýìîöèè, èõ ìèíèìàëüíûå, ìàêñèìàëüíûå
è ñðåäíèå âåðîÿòíîñòè, à òàêæå äîâåðèòåëüíûé èíòåðâàë.
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Òàáëèöà 1

Ïîëó÷åííûå ðåçóëüòàòû äëÿ èçó÷àåìûõ ýìîöèé

Ñðåäíèå
çíà÷åíèÿ

xmin, % xmax, % xñð, %

Íèæíåå
çíà÷åíèå

äîâåðèòåëüíîãî
èíòåðâàëà

Âåðõíåå
çíà÷åíèå

äîâåðèòåëüíîãî
èíòåðâàëà

¾ãíåâ¿ 30,40 75,90 54,80 51,60 58,00
¾îòâðàùåíèå¿ 0,01 95,90 49,10 42,10 56,10

¾èñïóã¿ 10,70 55,50 33,70 30,10 37,30
¾ðàäîñòü¿ 81,00 99,40 93,50 92,50 94,50
¾ïå÷àëü¿ 20,90 65,20 36,20 32,40 40,00

¾óäèâëåíèå¿ 15,50 80,60 37,50 31,90 43,10
¾íåéòðàëüíàÿ¿ 36,10 87,20 66,50 62,10 70,90

Ðèñ. 2. Ãðàôèê ñðåäíèõ çíà÷åíèé âåðîÿòíîñòåé äëÿ èçó÷àåìûõ ýìîöèé

Ïîñòðîèì ïî ïîëó÷åííûì ðåçóëüòàòàì ãðàôèê (ðèñ. 2).
Ëó÷øå âñåãî ïðîãðàììà ðàñïîçíàåò ýìîöèþ ¾ðàäîñòü¿, ó êîòîðîé ñðåäíåå çíà÷åíèå âå-

ðîÿòíîñòè ñîñòàâèëî 93,5 %. ¾Ðàäîñòü¿ õîðîøî èñïîëüçîâàòü äëÿ îáó÷åíèÿ ÍÑ, òàê êàê îíà
ïîêàçàëà õîðîøèå ðåçóëüòàòû íà âñåõ ëþäÿõ. Òàêæå õîðîøî ïðîãðàììà ñïðàâèëàñü ñ ðàñ-
ïîçíàâàíèåì ýìîöèè ¾íåéòðàëüíîå íàñòðîåíèå¿, ñðåäíåå çíà÷åíèå âåðîÿòíîñòè � 66,5 %.
Ñëåäóþùàÿ ýìîöèÿ, êîòîðàÿ ïîêàçàëà õîðîøèå ðåçóëüòàòû, ¾ãíåâ¿. Ïîëó÷åííûé ðåçóëü-
òàò ñðåäíåé âåðîÿòíîñòè � 54,8 %. Äëÿ ýìîöèé ¾îòâðàùåíèå¿, ¾óäèâëåíèå¿, ¾ïå÷àëü¿ è
¾èñïóã¿ ïðîãðàììà ïîêàçàëà ñðåäíèå çíà÷åíèÿ âåðîÿòíîñòè íèæå 50 %.

Íèæå ïðèâåäåí ãðàôèê ñðåäíèõ çíà÷åíèé âåðîÿòíîñòåé ðàñïîçíàâàíèÿ ïî èñïûòóåìûì.
Èñïûòóåìûé 1 � êðàñíàÿ ëèíèÿ, èñïûòóåìûé 2 � çåëåíàÿ, èñïûòóåìûé 3 � æåëòàÿ,
èñïûòóåìûé 4 � ôèîëåòîâàÿ, èñïûòóåìûé 5 � ãîëóáàÿ ëèíèÿ.

Ñëåäóåò îòìåòèòü, ÷òî åñòü îïðåäåëåííûå êàòåãîðèè ëþäåé, êîòîðûå îáëàäàþò íåÿð-
êî âûðàæåííîé ìèìèêîé, ÷òî è ïîêàçûâàþò ýêñïåðèìåíòû è ìîæíî óâèäåòü íà ðèñ. 3. Â
ýêñïåðèìåíòàõ ðåçóëüòàòû îäíîãî ÷åëîâåêà â áîëüøèíñòâå ñëó÷àåâ âûäàëè ïëîõèå ðåçóëü-



6 Ïðèêëàäíûå èíôîðìàöèîííûå òåõíîëîãèè

Ðèñ. 3. Ãðàôèê ñðåäíèõ çíà÷åíèé âåðîÿòíîñòåé ïî èñïûòóåìûì

òàòû (3 èñïûòóåìûé). Íà íåì ðàáîòà íåéðîííîé ñåòè âûäàåò ñëàáûå ðåçóëüòàòû. Îòñþäà
ìîæíî ñäåëàòü âûâîä, ÷òî ïðè ðàñïîçíàâàíèè ýìîöèé ïðèñóòñòâóåò ñóáúåêòèâèçì, è ýòî
òà ïðîáëåìà, êîòîðóþ â äàëüíåéøåì íåîáõîäèìî èñêëþ÷èòü â òîì ÷èñëå. Ïîñòàâëåííóþ
çàäà÷ó ìîæíî ðåøèòü òåì, ÷òî ïîâòîðíî ïðîâåñòè ñåðèþ ýêñïåðèìåíòîâ è óâåëè÷èòü èõ
êîëè÷åñòâî, ÷òîáû âûÿâèòü, êàêèå ýìîöèè ñóáúåêòèâíû ïðè ðàñïîçíàâàíèè, òî åñòü çà-
âèñÿò îò ÷åëîâåêà, à êàêèå èç íèõ ìåíåå çàâèñÿùèå. Ëèáî ïðèäóìàòü, êàê ñóáúåêòèâèçì
óáðàòü. Íàïðèìåð, ýòî ìîæåò áûòü ðåøåíî ïóòåì áîëüøåãî âðåìåíè ðàáîòû ñ ïðîãðàììîé,
÷òî ïîäòâåðæäàåòñÿ ýêñïåðèìåíòàìè. Ïåðâûé èñïûòóåìûé èìåë íåêîòîðûé îïûò ðàáîòû ñ
ïðîãðàììîé, à îñòàëüíûå ó÷àñòíèêè ýêñïåðèìåíòà âïåðâûå âèäåëè ïðîãðàììó. Â ðåçóëüòà-
òå ïåðâûé èñïûòóåìûé íà íåêîòîðûõ ýìîöèÿõ ïîêàçàë ðåçóëüòàòû ëó÷øå, îñîáåííî âèäíî
íà ýìîöèè ¾îòâðàùåíèå¿.

Çàêëþ÷åíèå. Â õîäå ýêñïåðèìåíòîâ áûëî ïîëó÷åíî, ÷òî ïðîãðàììà ñ âûñîêîé äîëåé
âåðîÿòíîñòè ðàñïîçíàëà ýìîöèþ ¾ðàäîñòü¿, ñðåäíåå çíà÷åíèå âåðîÿòíîñòè ïðàâèëüíîãî
ðàñïîçíàâàíèÿ ñîñòàâèëî 93,5 %, ñàìóþ íèçêóþ âåðîÿòíîñòü ïîêàçàëà ýìîöèÿ ¾èñïóã¿,
ó êîòîðîé ñðåäíåå çíà÷åíèå âåðîÿòíîñòè ïðàâèëüíîãî ðàñïîçíàâàíèÿ ñîñòàâèëî 33,7 %.
Äëÿ îáó÷åíèÿ íåéðîííîé ñåòè áûë ïðîâåäåí âûáîð õîðîøî äåòåêòèðóåìûõ ýìîöèé.
Îäíàêî, â õîäå ïðîâåäåíèÿ ýêñïåðèìåíòîâ, ñòîëêíóëèñü ñ ïðîáëåìîé ñóáúåêòèâèçìà,
âûðàæàþùåéñÿ â çàâèñèìîñòè ïðàâèëüíîãî ðàñïîçíàâàíèÿ îò ÷åëîâåêà íà êîíêðåòíûõ
ýìîöèÿõ. Íà îñíîâàíèè ýòîãî ìîæíî ñäåëàòü âûâîä, ÷òî äëÿ èñïîëüçîâàíèÿ ýìîöèé â
êà÷åñòâå ïîîùðåíèÿ è íàêàçàíèÿ ïðåäâàðèòåëüíî ìîæíî âûáðàòü, íàïðèìåð, êîìáèíàöèè:
¾ðàäîñòü¿ è ¾ãíåâ¿; ¾ðàäîñòü¿ è ¾îòâðàùåíèå¿; ¾ðàäîñòü¿ è ¾ïå÷àëü¿. Ïðåäëàãàåìûé
ïîäõîä äîëæåí ïîçâîëèòü ñîêðàòèòü âðåìÿ, íåîáõîäèìîå äëÿ îáó÷åíèÿ íåéðîííîé ñåòè,
óìåíüøèòü ïîðîã âõîæäåíèÿ äëÿ îïåðàòîðà/ïðîãðàììèñòà è ñíèçèòü òðåáîâàíèÿ ê
âû÷èñëèòåëüíûì ðåñóðñàì.
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