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A Study on Intelligent Emotional Recommendation System

Using Biological Information
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Abstract As the importance of human-computer interaction (Human Computer Interface)
technology grows and research on HCI is progressing, it is inferred about the research emotion
inference or the computer reaction according to the user's intention, not the computer
reaction by the standard input of the user. Stress is an unavoidable result of modern human
civilization, and it is a complex phenomenon, and depending on whether or not there is
control, human activity ability can be seriously changed. In this paper, we propose an
intelligent emotional recommendation system using music as a way to relieve stress after
measuring heart rate variability (HRV) and acceleration photoplethymogram (APG) increased
through stress as part of human-computer interaction. The differential evolution algorithm was
used to extract reliable data by acquiring and recognizing the user's biometric information,
that is, the stress index, and emotional inference was made through the semantic web based
on the obtained stress index step by step. In addition, by searching and recommending a
music list that matches the stress index and changes in emotion, an emotional
recommendation system suitable for the user's biometric information was implemented as an
application.

Key Words : Biological information, Emotion, Recommendation system, Ontology, Zigbhee

1. N2 Asolgt= M2 nlg7|&o] £+ Qltt. E3] 2l
A s} (Cognitive Science)dt ICT (mformanon

and communications technologies) £oF9] §3-&

FT 43 AT Az el wet 2 1E

*National Program of Excellence in Software center, Chosun University
*Corresponding Author : National Program of Excellence in Software center, Chosun University, (tykim@chosun.ac.kr)
Received June 11, 2021 Revised June 12, 2021 Accepted June 15, 2021



olr

B A7t A Ak AT 4= A= ATA
sk IcH1l.
Computer Interface) 7|1&2 $870] gL AA L
Qo™ HCI (Human Computer Interface)ol] thgt
A7t Ko et AR ARl Ao 9Jjt
AFE §R3o] ofd A FE S22 AR Yo o
£ AFE vh3ol gk A7 S7HE L SiTH2l
ES A AT 4 A9 Y &, At B
Qe A FEERE AZEHA AEHAS A3} A
7l W AEA A5 S0 gt A7} ohekst
A olFofA 1 Qit}. &4 WY F shbe AdhHol:
(HRV : Heat Rate Variability)?} 7I&= w1 (APG
. acceleration photoplethymogram)& &3t &
Eg A A5 FHctke AoItH3I4]l. APGE 4kt
FLEAY FHY 43S & 5 A= 5%t ol
3L HRVE] #A412 Wik 4517 ollA] Srubs FAjof) 2
off k] AHEZOR Wikl AR, Hudalg &
Az, A4S B4 ol A4 dsYy
HAE BA45o] HAIGE A o] AEF A R|4o|t], o]
of Wt Q17+9] LA IgH 7P dgstA TH &2
= B¢ AEH A 9435} gijo] ffgh A o]FofA| 1L
Rom ujg] AR Yok FETES dl&ste] 34
S AlAFlo] S ATtEL QU
Ao 2ot A 4 A AR R AR
7F ok k& S5k fIsiA w715 e 7]
S A3 AREALS) 2 HHO| FAIETRE &7
Z2IE +EE BFol= A|AH0]7] wfiEo] AME

AlA T2 AREE FA= ZIB6).

AN

2. NAE 4 2 HA
B A 2= A2 A E(HRV, APG)E 18
sto] ok 4517 YalA ARE 49 sk 44371
Hio] ey 7 ARSs| 29 BAES A

WA AEA &7 SE7|E o]85te] HRV, APG,
Stress 4= HOJE|7} A DB A= 22715}
A& o|dato] ssE HESH DATAZE sHA|=
33 dlojg] DBOl| Yo| "t 1 2, TEFolA
£ 24 E DBOJA AR A EeL ARG
o] sgohs Seto 2t wjAste] BAES /IS
ot olgA E mYL AR BAFESL A
59| ook &< YAES Edl= HE DBOA
H 3o PAEE FHsH Ht 2 AlARS]

| Emation Module,
Filtering Matching

A -
EH Standardization Data

Standardization
Data DB

Smart Phone

-1 AR e
Fig. 1. System Configuration

2.1 4AEs 7o

W FHANAEE gt YAPEY P AR
9] ID, A, Uo], HRV, APG, AEHA A4 FHE
TET A AE= VY LEEAR Fodf o
AR8ALS] HRV, APG, 2EHA A& Zigbee B4
53to] A DB A=t

AR 7|9k} /g 2ot i AARE AR
o] At B, tfet A 55 YAEoR A5t
7] 9J5to] AlHEl A(Semantic Web)ollA] AFSEHE &
EZAZE 9 gt AAZto 7 Sof ujH o) AR EHE=
LEZA] 2ol OWLE FA-IHT).

2.2 Zigbee Sl

Zigbee= IEEE 802.15.4 ZigbeeZ 7|HIO=Z 3t
AL A&, A AE ARE AMdole B4 ZTREEER
A AL HiEy AR, W2 HolEE, YEYA HY
A& 88 sl &8 5ol FMHE £ A #A



Al 71e(ME 255719 k&= dZ)olth E 1

Zlgbee

EQa g
S4olr

MAHEE 0|25t XI5 24 FHEAAHY et g 217

H 3. BZ H0|H DB EOlE
Table 3. Standard Data DB Table

STAND_DATA
_ Stand_id Varchar(10)
H 1. Zigbee?| E4
Table 1. Characteristics of Zigb Stand_age Integer
aoe . -naractenstics of 2igoee Stand_sex Varchar(10)
Division Characteristic Stand_stress Integer
868 MHz : 20 Kbps, 915
Data Transfer Rate | MHz : 40 Kbps, 2.4 GHz 2 - -
50 Kbps HRV, APG Eﬂ ]E1 01‘9‘6]'0:1 Aﬂ/\ii ‘E‘Ei =
Application Distance 10-75 M AEHA A4S H 49} Zo] sTAER BE231 5 1
Incubation Period Down to 15 m/s =
Frequency Band Physical Layer 868/915 MHz < dlol8 DBell A=
dueney and 2.4 GHz AEFA A7) 3001512 e A9 Bzt A%
868 MHz :1ch, 915 MHz :
Number of Channels 10ch, 2.4 GHz : 16ch 9] ¥}oJut-8-2 9Ju|s}ly] wio| X A% 44
CSMA-CA and Slotted 0

Channel Connection

Utilization Temperature
Range

CSMA-CA
-40 to +85(

F

Zighee?] MAC AL A AY ARE 93t thafst
WAES AlFstal 9o back-off 348 o= W
H, Super-frame TZ= FAGR= W,  short
address& ARESH= W, Data request frame At
|5t drios Adsta qItH8]
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Table 2. Biological Information DB Table

Bio_DATA
Bio_id Varchar(10)
Bio_sex Varchar(10)
Bio_age Integer
Bio_hrv Integer
Bio_apg Integer
Bio_stress Integer
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Table 4. Stress Phasing

Division Stress Index
Phase 1 00-30
Phase 2 31-40
Phase 3 41-60
Phase 4 61-70
Phase 5 71-100
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Table 5. Differential Evolution Algorithm

obj = 100* (z(2) —z(1)"2)"2+ (1 —z(1))"2;
fr‘nsc'nfunc(aj‘l) = 100(1? _%)2 + (- Ty )?
—2.048 < z, < 2.048, A3k, 1.1) =0

esenfune (

Table 6. Evaluation of the Suitability of Differential Evolution Programming

for I = 1'np

[x obj] = feval(fname, cross(i, :), parm); // Object evaluation

tmepfit = obj;
nfeval = nfeval + 1;
if(ftype == 0)

if(tempfit < fit(i)) // Compare to the Objective function value of the previous object
// If smaller, the new object is recognized as the next generation object (child)

pop(i, 1) = corss(, 1)

fit(i) = tempfit; // Save Objective Function Values

if(tempfit < bestfit)
bestpop= 1,

bestfit = fit(i); // Store Better Objective Function Values

end
end
else

if(tmpfit >= fit(i)) // Compare to the Objective function value of the previous object
// If larger, the new object is recognized as the next generation object (child)

pop(i, 1) = corss(, 1);

fit(i) = tempfit; // Save Objective Function Values

if(tempfit > bestfit)
bestpop = i;

bestfit = fit(i); // Store Better Objective Function Values

end
end
end
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Table 7. Emotional Music Matching Indicators

Stress Index] emotion Music
00-30 Antonio Vivaldi - 10 other
Tired Songs besides The Four S
[phase 1] )
easons (Spring)
Depressed Wolfgang Amadeus Mozart
31-40  |(Degraded p|.
[phase 2] |hysical stren|® Concerto No. 1 = 10 So
P 4 ath) ngs besides The Allegro
41-60 Franz Peter Schubert - 10
Normal [Songs besides The Lullabie
[phase 3] S
Excess |Franz Peter Schubert - 10
61-70 ) .
(Immunity re|Songs besides The Ave M
[phase 4] ) )
dugtion) aria
Robert Alexander Schuman
71-100 ) )
Excitement |n - 10 Songs besides The
[phase 5]
Dream
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Fig. 3. Sequence Diagram of Intelligent Emotional
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Table. 8. Performance Evaluation of Recommendation
System by Stress Index using MAE Algorithm

Stress Index Accuracy (Unit @ %)
00-30 [phase 1] 88.7
31-40 [phase 2] 89.7
41-60 [phase 3] 876
61-70 [phase 4] 86.8
71-100 [phase 5] 88.4
Total 88.24
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Fig. 5. Intelligent emotion system (Application)
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