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[Abstract]

In this paper, we propose an efficient emotional relaxation framework using Dijkstra algorithm based
on anisotropic features. Emotional relaxation is as important as emotional analysis. This is a framework
that can automatically alleviate the person's depression or loneliness. This is very important for HCI
(Human-Computer Interaction). In this paper, 1) Emotion value changing from facial expression is
calculated using Microsoft 's Emotion API, 2) Using these differences in emotion values, we recognize
abnormal feelings such as depression or loneliness. 3) Finally, emotional mesh based matching process
considering the emotional histogram and anisotropic characteristics is proposed, which suggests emotional
relaxation to the user. In this paper, we propose a system which can recognize the change of emotion

easily by using face image and train personal emotion by emotion relaxation.
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II. Preliminaries
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III. The Proposed Scheme
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Fig. 1. Algorithm overview.
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Fig. 3. Analyzing mood of image using color histogram

2. Emotion analysis with facial expressions

& =M= Held 718 Emotion APIE 28510
HlwA =2 e S 2= A HolHE AFRAR =
APle 2 BE] AN[16], o]%a o]&sto] Z7go] Hgtk]=
Ade B4 AREAR] d= 27 A R A2 © A
AollA Ueit S BoE Eolu, A7l whE wet
HlolE7t Q7] wiwoll 7dQ) HapA] F4sPlole &
oAl et o] AIE ¥etAlZ17] $lsl -2} Emotion
APl Aoj7] T Hlol8 & o] &5t mEHALE AlLlst
A, O|2HE TR s ARG (84 2 AR).

(2)

e __ t type t type
6“/1 max( UI? 7Inw 1) mln(I()UI7 7Inw 1) (3)

. . —type 2
\/ E H/type(xtype — )
stype —

n—1

A7 == L o= AU B n2 AR B2
of AN, type ZF ARSY TR/ W2 TSRO

AL 0BT I Z7go] Wek

2ol Arteitt (24 4 FX).

92 e Aol o] Q
2 QIAFOD, ek of

o2

o

type . .
€= i) ” s' 78:I,OT‘7IL(J,Z ” (4)
i=

0:17]}\1 snarmal% % 71:1}6;]9] 319‘}\7}\ O-]J_L J?'j?l'_aj }E)}EH%
Uetiol, 921 2089] 77 ole watge S7siol
7 Zrso] WIS WOt Aljel 214 Wele AAsioic

3. Anisotropic features based emotional matching
2= OJUIAE FRE W ARESE S|AETRS VIRt
oz WS vls sl oiideit A/dS tid € die
aiiw 37]8cH vlgo] £a5P] feo) 5lAk
J880] =R 27191, Y&0] 3E2 Aelstel Abgsith. of
olxlolA 291718 AR 3 mje} opalabx 2 ThaE 2 5l
E7200] 7HRIZE 3702 o]R3te] ofgf Zalut 7to] 7HA
geitt (Fig. 4 A=),

werSo)sIy : SIXe- X

e3 el0  el6 e3 el0 el6

X-axis : emotion type

(a) Histogram (b) Normalized histogram (c) Emotional triangle

Fig. 4. Histogram normalization and emotion triangles.

Fig. davw= 24719 7/ 7HE2] 5 o] &<t S| AR TR
o|t, Fig. 4be Zrteld s|AEIHoR Y s %,
7V 2 Ao o] 3te Arelsiien, o] 2RojA X
2 2009 7 B ez e32 A HlolEolA 3
w71 Et)S UERALE Fig. 4dce Afebe S7001M 3
7ho] YRS o]&sto] A A Autoln], o] A7t
ol ofulx|oflA tmAQl Wide UEE Dl 44
Hizfolot. Az 4 A E A s 3.17800A AL
&3t ZA"E 7HE 2 S 7 1Y) S| AE Rt ARG
317] o] 744 WA kAl Azt ejg uhech

3.170|A Ag3di5o| o]u]jX] DBE AREsH= 1,200%F
of thsio} 72+ 747 tis1E Aldtstal, 247 tiafe] oizs]

A9l p 70 vl 2rEelet
smoothing)g- o]-8ato] AASHE (4~

A2 d(Laplacian
Al 5 &FR).

B E W.p;
pi = (1= p)p +p—<

~(la=a P el <r g

otherwise

W)=,
o 7]1A SPH(Smoothed
hydrodynamics)7 oA &85+ S4H(Isotropic) 7|
uto] 7}ER] kot pi= 7P AlZEalo] FA1 9]R]o] 1L
pe e sk BAEY HRlolt ZF A UﬂH
o] BA SARIE ol&ste gE2Aeh A8 YRS ALt

W, = particle



Efficient Emotional Relaxation Framework with Anisotropic Features Based Dijkstra Algorithm 83

gk o YA AGEIE pi 7HERI0l D
9IS Uehs x| golc.

(c) (d) Laplacian
smoothing position

Fig. 5. Laplacian smoothing position in histogram space
with emotional triangle.

Fig. 55 214 U415 ol&slo] Alet atZaixier A
91X 5 LERACY. Fig, Sa~Sei 24709) 7} 240] ot
A HRE AR Aatolt, Fig. bde 2F 747d iR
2pEetAt ARt HKIOIUr o] YRl 24719
& aeeh Aty & 4 AT 7 *é (IRARS
o] FHIE LHH X3 A E °*EH AZFA
TUsh FEHIZ U= 7é$5 URITE,
it ol %Klﬁ% FEfolet. 2= o] A7t
7] $fall vlSdPEIE A7 4
£ itste Yie Algkit
3 Altstz] st 2= A
& oitt 324 83E(Covariance matrix)S
Axtstal,  FAEERAM(PCA, Principal component
analysis)& $88st0] 744 AF7e 9] B1HOrientation)at
Al&(Stretching)e Altertt (4] 7 A=)

T u:i oD

A=
AL g
=

H 2ANA pe A AAES sk BAY AR
o|t, p, = AoJA A 7 t3 9] afSatolAt AR
Hxloltt (A 5 FAR). W= Y 718t Adde=
2hEefA0 YR 2 RE FRAR]0 ook 7Ha-AlolCt.

HE =30 PCA AAR SVD(Singular value
decomposition)S E5]] AAEIon, o] o]835ta] AA

g LQUElet n.9gke offel 2t (34 8 %),

G=RoOR" (8)
Q= diag(al,UZ) (9)

o]7]14 RE ZZE(Principal axes) ©o|gdlo] AAsH
gl 3PHoln], o= LRYO] S019= "R I, o]

GO HE HISWY BY ¢S AN, AnF oz bl

=9 7d(Anisotropic kernel)Ql weet X|EAQ1 7+

ko) T SIR] s ofelef 2] ARk (44 10,
12 &%),
W p, @)= Il GIl I Gp Il (10)
> W(p,.G)
PERE——T
p E W"(p,-/,G,-/) ( )
Fig. 62 ¢loflA det vl58d 7= ol8stod 4
A7Egol Tim YJAI9l p2 EFS ol B = 301]/\1

AFRBI= 71 ElZao 247) o|og, pr & 24707 A
M), Fig. 6a~c tUe] 279 A2kl uSu 71a
< B33t Zto|0, Fig. 6d= Fig. 59+ T2 B
Bjo} b5 7o) AtE g 2 4 9lck AupHoz
W A FEiRRE Al b 7HsAl0 o
2 2 wiale) ciE QR 7t ARt

v
> [
Anisotropic
kernel
(a) (b) (c) (d) Anisotropic
Laplacian

smoothing position

Fig. 6. Anisotropic Laplacian smoothing position in
histogram space with anisotropic kernel of emotion triangle.

AFRe) DA ololAl dolEolz0) gk RE
ololxlgol ThalA Adkect AR o] AuaEe HA
2 W2 23E)7] Theo] AA 29l Aol YRg

] epert. 92l 12008 olollolA (' Atsiod
ARIE prl 71 Azl H(—)]é o 5|AE I ojoio]

2R} B7I0lA shte] Floe mAL: cEeiAlolt,

(@) ®)

Fig. 7. Scattered particles (a) and anisotropic
Laplacian smoothing position and shortest path
(b) with Dijkstra algorithm.



84  Journal of The Korea Society of Computer and Information

RE oJuR|oA] 5 2AHY FXIol BAISI Fig. 7act IV. Results
#2 YA HlolH ZE fS 4 Qltt. o] F1tol] iRl
QRIS 0] OJx| B =TojA] HA|EH B]SuIA 7 7]uto] = ] AnES 7] sl A ¥ Intel
& 9JxJo]u, 01742 o|ujAP} Ymst Q)= Hopyj= oz Core i7-7700K CPU, 32GB RAM, Geforce GTX 1080Ti
2 9kt gqo]q ©ajL olo]o] 7+4o] Qlzioz So] GPUZF HAE AREIE ol8siit. fele & ==X
2 o, o] 37toflA A sH(Optimal solution)S 71]/%}7] AIershe R S47d2 HHsH| Sloh thefer 4= &
sl A= Txﬂoﬂzﬂ AER AMsHe clelaErt apals AS0A UEihe et S Adsion], oAl &
o]_Q_ it qomeg} IR ngag S E’i 7y A5} olulR|E ASHlRE AutE AT

0ﬂ7<lE Ol Q. Fig. 7b—444JHO ”J%OV‘J telaEzt
LRSS ARl Ao, dojo} d= w7
o= g2 o of o] 7HAAL A= E'1471011 AR 43
ojmAlE AT Al f2le HelaEe} du2igola
7V 7VEA 272 A7 o™ E AL 20 o] S
HojRs 2Pt Fig. Tbolw, of7]A] =abA b U
ojujxle] 7 YR, =AE2 4 ofujx|ef 271t RS i,
1 = I A HolHE 7L 2 ARolt. : (®) Proposed images
= AR 7ol ofd ke 4 HIolEE 71
1 7] sl Abdoll vl S0 *1i AuE o} o

(a) Facial image
{emotion : depressed) [N

Fig. 9. Result1 (input emotion type : depressed).

Elol2 tolelg olgict. o] ElolZe Aol ARl Fig 9= Fig 89] Q2! oju]x|2 o]@ato] AR o
ofsh geld ez ARAPE A B R 28T & A o 714 ojnjx|E o]q A 2Elo] Hlolsirs ¢hat 7+ o]
th oIS £°f, "2 olgke Aol "R ST nxjl=g wol, 025t 7o) YmEjo] 9= 9laiE o]n]
"ol AR WS BAskROl £ =R xjo) mopy= _Q}A];z]% Aol 712 2 2 9ot Aot
fi-wel dsh wRHlolE S INTALR SRS, Sk WolE 2144g o83 AT ERlg FARY

Fig. 82 APl gt 8 ARN AUHIAZ LARC ooy sprsi] o] Letel SdaE F AARE

0. @2 ol Yo SO0 AROERE W oo apaxjo) st 24 ojuR|E EMsReon, LLH
ARISE FAj2) oI AR THOlAER T2 Gy | oo apelo
&= 7lvteg A7 AL o] o QoA ATt
o} 27 o]0l 2JsiiAl U4 oJulx]of et et T4
Y= 7L & 4 9l Fig 8a0ﬂ/\1" U o] S0P
= lsoiolﬂ}‘- dol traE|SiaL, o] Z7d Alol| sHgst
AF BEES Bl OW_EJK = &oll 7HX]aL @A
H}. Fig. 8a0ﬂ/‘1‘: U= ojulx]of AvtE]= S0l
(Powerful, Friendly, Welcoming, Refreshing) £&%]910 iili?iilfiiils)
4, o] ol sligshe oJnlAlES 3. 17g0lA ARERE ofufX] Lwonh e, A
clolEfgo] 204 ZEX] 1A AREALOA] ZdsE T ) Poposed images

Fig. 10. Result2 (input emotion type : sadness).

e n>1 ru[o

N
it ru[o

R

rr

A . .
-~ * . 3 ..

IS4 T gypover Fig. 102 E C}2 714 Al Q2jog 33t 2
. ¢ .
<t \ w0 TiRRo] Aol 98 74 olujx|ES opgmoR
’ ‘ ’: 5 » Welcoming Refreshin =
7J e ARl Selt etk Qgeld oiRe Ryl
{emotion : depressed) * O]D]Klg— 1—101%3_11 _’Oﬂ ]:]H:H MNEES. 7w O]D]Kl =

o= - %
ZER12 aolsigict. SR 1 wiclel A9 ok

Shortest path with Dijkstra
algorithm

Fig. 8. Emotional relaxation framework.



Efficient Emotional Relaxation Framework with Anisotropic Features Based Dijkstra Algorithm 85

OI:}E—:!QE‘ = =2 w i . 1% o
3 2 9k olnlxIE Yo S me) Auoln,

(emotion : happiness)

(b} Proposed images

Fig. 11. Result3 (input emotion type : happiness).

V. Conclusions

= B2 AE FHst S ol
o W oAl ES AREATOIAl 730
ool 3 < Aoksict E35], ]S 2 H13] 7|
AER} A ES 085t
oF /42 whE AR Hiofl A2 4
Az 22l B
oflAf Al Hlﬂolur
AREoll 78 A 54
Q}QO]AEQ} o]——;axo %g—u;ﬂ
&4 dizle] teRl= 2stit A
ojxfol] Yz=of Qe 29171 719 sl A& 38 ARgstal,
o|2 X E YA 714 Akzbe o] »| Sl
7] o] 71E0] Supd Aduct esic

& oS ool Sl g 2t

Aokt 71 o
o2 gistel 714 oA 52 FAsIET. Salo] 7]y
e wu ARrS Bgsto] e B o] Ay

o]

a %S
9—} 22 a2 YAlsks Wigoly tAIAIE WaEstal A=
g2 j‘%E, AR

REFERENCES

[1] Jain, Neha, et al. "Hybrid deep neural networks for face emotion
recognition." Pattern Recognition Letters, pp. 101-106, 2018.
DOI:10.1016/j.patrec.2018.04.010

[2] Liu, Ping, Shizhong Han, Zibo Meng, and Yan Tong. "Facial
expression recognition via a boosted deep belief network." In
Proceedings of the IEEE Conference on Computer Vision and
Pattern Recognition, pp. 1805-1812, 2014. DOI:10.1109/CVPR.
2014.233

[3] Parkhi, Omkar M., Andrea Vedaldi, and Andrew Zisserman. "Deep
face recognition." The British Machine Vision Conference, Vol.
1, No. 3, pp. 6, 2015. DOI:10.5244/C.29.41

[4] Chen, Yang, Yu-Kun Lai, and Yong-Jin Liu. "Cartoongan:
Generative adversarial networks for photo cartoonization." In
Proceedings of the IEEE Conference on Computer Vision and
Pattern Recognition, pp. 9465-9474. 2018. DOI:10.1109/CVPR.
2018.00986

[5] Geng, Jiahao, Tianjia Shao, Youyi Zheng, Yanlin Weng, and Kun
Zhou. "Warp-guided GANs for single-photo facial animation."
SIGGRAPH Asia, pp. 231, 2018. DOI:10.1145/3272127.3275043

[6] Ekman, Paul. "An argument for basic emotions." Cognition &
Emotion, No. 3-4, pp. 169-200, 1992. DOI:10.1080/026999392
08411068

[7] Vogt, Thurid, and Elisabeth André. "Improving Automatic Emotion
Recognition from Speech via Gender Differentiaion." International
Conference on Language Resources
1123-1126, 2006. DOI:10.1.1.380.6411

[8] Nakasone, Arturo, Helmut Prendinger, and Mitsuru Ishizuka.

"Emotion

and Evaluation, pp.

recognition from electromyography and skin
conductance." International Workshop on Biosignal Interpretation,
pp. 219-222. 2005. DOI:10.1.1.104.4937

[9] NDimberg, U., "Facial electromyography and the experience of
emotion". Journal of Psychophysiology, 1988. DOI:1989-28675
-001

[10] Mase, K., "Recognition of facial expression from optical flow".
[EICE Transactions on Information and Systems, Vol. 74, No.
10, pp. 3474-3483, 1991.

[11] Cohen, L, Sebe, N., Garg, A., Lew, M.S. and Huang, T.S., "Facial
expression recognition from video sequences". International
Conference on Multimedia and Expo, Vol. 2, pp. 121-124, 2002.

[12] Yeom, Hong-Gi, Jong-Tae Joo, and Kwee-Bo Sim. "Emotion
Recognition and Expression System of User using Multi-Modal
Sensor Fusion Algorithm." Journal of Korean Institute of
Intelligent Systems, Vol. 18, No. 1 pp. 20-26, 2008.
DOI:10.5391/JKI1S.2008.18.1.020

[13] Hancock, Peter JB, Roland J. Baddeley, and Leslie S. Smith.

"The principal components of natural images." Network:



86 Journal of The Korea Society of Computer and Information

Computation in Neural Systems, Vol. 3, No. 1, pp. 61-70, 1992. Authors
DOI:10.1088/0954-898X 3 1 008

. . .. . Jong-Hyun Kim received the B.A. degree in
[14] Lu, Juwei, Konstantinos N. Plataniotis, and Anastasios N. g &

the department of digital contents at Sejong

Venetsanopoulos. "Face recognition using LDA-based
P en £ University in 2008. He received M.S. and

algorithms." IEEE Transactions on Neural Networks, Vol. 14,
No. 1, pp. 195-200, 2003. DOI:10.1109/TNN.2002.806647
[15] Comon, Pierre. "Independent component analysis, a new
concept?." Signal Processing, Vol. 36, No. 3, pp.287-314, 1994, in 2010 and 2016. Prof. Kim is an assistant professor in the
DOI:10.1016/0165-1684(94)90029-9 department of software application in Kangnam University.

[16] Del Sole, Alessandro. "Introducing microsoft cognitive services."

Ph.D. degrees in the department of computer

science and engineering at Korea University,

His current research interests include fluid animation and

virtual reality.
In Microsoft Computer Vision APIs Distilled, pp. 1-4. Apress,

Berkeley, CA, 2018. DOI:10.1007/978-1-4842-3342-9 1

[17] Eric Reinhard, Michael Ashikhmin, Bruce Gooch, Peter Shirley,
"Color Transfer Between Images", Computer Graphics and
Applications, Vol. 21, Issue 5, pp. 34-41, 2001. DOI:10.1109/
38.946629

[18] Youngha Chang, Suguru Saito, Masayuki Nakajima, "Color
transformation based on Basic Color Categories of a Painting",
Proceedings of Computer Graphics International, pp. 176-181,
2003. DOI:10.1145/1242073.1242170

[19] B. Berlin, P. Kay, "Basic Color Terms: Their Universality and
Evolution", University of California Press, 1969. DOI:10.1002
/c0l.5080170514

[20] Donald H. House, Gary R. Greenfield, "Image Recoloring Induced
by Palette Color Associations", Journal of WSCG, 2003, Vol.
11, No. 1, pp. 189-196, 2003. DOI:10.1.1.14.3993

[21] Jiaya Jia, Chi-Keung Tang, Yu-Wing Tai, "Local Color Transfer
via Probabilistic Segmentation by Expectation-Maximization",
IEEE Computer Society Conference on Computer Vision and
Pattern Recognition, Vol. 1, pp. 747-754, 2005. DOI:10.1109/
CVPR.2005.215

[22] V. Konushin, V. Vezhnevets, "Interactive Image Colorization and
Recoloring Based on Coupled Map Lattices", Graphicon2006
Conference Proceedings, pp. 231-234, 2006. DOI:10.1.1.178.3475

[23] Yang, Chuan-Kai and Peng, Li-Kai, "Automatic mood transferring
between color images", IEEE Computer Graphics and
Applications, Vol. 28, No 2, 2008. DOI:10.1109/MCG.2008.24

[24] Cho J, Pappagari R, Kulkarni P, Villalba J, Carmiel Y, Dehak
N. "Deep neural networks for emotion recognition combining
audio and transcripts". arXiv preprint arXiv:1911.00432. 2019.
DOI:10.21437/Interspeech.2018-2466

[25] Dominguez-Jiménez, J.A., Campo-Landines, K.C., Martinez-S
antos, J.C., Delahoz, E.J. and Contreras-Ortiz, S.H., "A machine
learning model for emotion recognition from physiological
signals. Biomedical Signal Processing and Control, Vol. 55,
pp-101646, 2020. DOI:10.1016/1.bspc.2019.101646



