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A Literature Review for an Emotion Evaluation Protocols Based
on Skin Temperature for Home Appliances

Eun-Jin Jeonl), Seung-hoon Leel), Hee-Eun Kimz), and Hee-Cheon You"!

“Dept of Industrial & Management Engineering, POSTECH; Pohang, Korea
)Dept of Clothing & Textiles, Kyungpook National University, Daegu, Korea

Abstract: This study reviews studies that used skin temperature in order to establish an emotion evaluation protocol
based on skin temperature for home appliances. A survey of skin temperature evaluation papers was conducted by the
following five stages: (1) keyword search, (2) title screening, (3) abstract screening, (4) full paper screening, and (5) rel-
evance evaluation. Selected papers were reviewed for: purpose, recruitment criteria of participants, the number of par-
ticipants, apparatus, procedure, measures, analysis methods, and major findings. Thermistor sensors and thermography
are used for the measurement of skin temperature. Skin temperature sensors are attached to 4 — 10 locations on the body
and their mean of skin temperature is calculated by Ramanatan’s 4-point or Hardy & Dubois’s 7-point method. Semantic
differential (SD) method and thermography measuring facial surface temperature have been used for emotion evaluation.
The SD method provides a set of adjective pairs related to a product and evaluates changes in emotion from the use of
the product. The range of facial surface analyzed is defined in the thermal image and temperature changes before and after
the evaluation are analyzed. The evaluation items of home appliances include form, color, material, aesthetics, satisfaction,
novelty, convenience, pleasantness, and excellence. Many existing emotion studies using skin temperature do not apply
physiological and psychological methods. This study provides basic data to establish a skin temperature and emotion eval-
uation protocol by examining literature for skin temperature and evaluation of sensitivity.
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HhHoltH(Jeong & Lee, 2006).
4 Blood pressure), 4% % (Electrocar-
diogram: ECG), @+ (Pulse), JF2(Skin temperature), 3|3
718 (Electrodermal: EDA), %% (Electromyogram: EMG),
] 3}(Electro-encephalogram: EEG) 5°] Uth AE|gH4 Eﬂ7}
WS L g e 84S E8e Rl o]
H(Semantic Differential Method: SD)3} Valence & Arousal
(Scherer, 2005) 5°] 2 AME-H I 3T},

52 oo JF2A LA ARAZO|Y AMH|EHE
L& e AEHRI B2 S4o] 7lssi, 7 XAl 7
ARt P2 Wt A Tl 4 k. ey H7 Al
AXAE 3ol A3 FAgro= 5‘1 Ax 2] o] BT
o, IRt FHol| Ak Fof o7 F99 FF2S F
Aloll Z7gst=dl SAI7F 2 E]-(Bach et al., 2015). HIHZ2] A
BaguE &gste] TReg Wi A9 9iRe] E5S
AFslA] efown, ghie] Fgo g thge] HolEE I5&
AUTE R 24 A] Asiital gel 2 QlE] @R A Al
TS 5 dom, B &% o] Evlstal Wt &
Aol GA dIFe S F AUvks Dol At theeE vk
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L3o] AF AR Al BEFHE 7MY Y BEE Hrie
Pk 44 o]W(Jeong & Lee, 2006 53], 7HAIE AR
Hrte] B9 AE TPz 7 7

_l RS
S A8 Bl T B R geR AAEY 2

14E gsle] e
o) Q5 W AVE shelsb i 9 L A
gslel 91E e WSk Wl /1E dre

al, 2018), 9% A] o
(Quesada et al, 2016), Ho8 28 A] yE H7} 75_4—— g

g3t AR oEFrdg Ee A (Richmond et al., 2013)
‘E‘—E TEE IR 3 dye 9E5S g & IR

S AL sk Tieke S8dlel A4 RS 248t
AR B9E B3 2 B dslE detsie Stsol
ti-Eelc). 7R ek 24 W7t A o] BEge

%}%f& W (Jeong & Lee, 2006; Kim & Lee, 2012; Kim,
2016, Na et al, 2012; You, 2006)7} SFAR D3Py olm|=]¢]
W3l 3K Mizuno et al,, 2015; Salazer et al, 2015y #7135}
= AFEE TR AF AR Al A7k S AHHo
2 k] Heike AR wgel: I8, AE)E 4
& Wil 243 E7he Walsle] Frpt eEofof 5
U 71E A7Ee & e 1K adtie A7 A
b, Z Aors mEe 9 7 vt 3 FelRAE
Slo] WEL Wrp by w
9ol o3 7|ZA8
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0

= Xﬂ %3}1%} Riss

Result
No. Key words
Yy Al Tournal Screened by Select.Gd to
relevance  review
Title-abs-key((“skin temperature” OR “thermography” OR “clothing microclimate”) AND
1 w S, « . - « - 1099 284 0 0
(“home appliance” OR “electronic device” OR “smart device”))
Title-abs-key((“home appliance” OR “electronic device” OR “smart device”) AND
2 (“sentiment analysis” OR “emotional evaluation” OR “sensitivity evaluation” OR 1060 255 4 0
“sensitivity analysis” OR “sentiment classification”))
3 Tltle:‘abs-key(( .Skm tempera.nfe OR “clothing microclimate”) AND (“thermography 4056 255 40 10
OR “Thermal image analysis”))
4 Title-abs-key((“skin temperature” OR “clothing microclimate” OR “thermography”) 1620 109 14 |
AND (“emotion” OR “sentiment classification™))
Title-abs-key((“home appliance” OR “home product”) AND (“emotion” OR “emotion
5 - o P o . 209 98 2 0
evaluation” OR “sentiment classification” OR “sentiment evaluation”))
1001 60 11

Fig. 1. Key words in paper search.
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com)E g3 om, seA =7 A A2KSI: key word 7
, S2: title screening, S3: abstract screening, S4: full paper
screening, S5: HHE HI7HE T3 FHEIL =2 S A

A3FATh(Fig. 1). =2 AEe] A A dASHolM= =
(Skin temperature, thermography, body surface area), 7+7d

i=]
ne

¥ 7HEmotional sensibility, sentiment analysis, sentiment classi-

o FHETL A2 =2 ALt AHE =i AREes
a5 AFE de] ABde Hriste 39AI, 5, 3D
2 R 24 43 s1 A 1001709 journale] 7
AP oM, $2~83 HAE AX 60HES Ao, s4 &
A H7he wel AdE AT 11U 39, T 39, 8k 59

o] =9 Fd sl 4% AU (Table 1). =1 32

fication), 7} A E(Air purifier,

home device, home product,

e R HIAE A B B B

e AMsl] H=E 9

home appliance) T 71 =E A3 AME =2 & He] #38S Aeslon, HRe Wt 22 eI AF 24
A HE7E 4900] AE(S2), Z5(S3), A4S w2} A=) 7y el thdt W8-S ZAISISTH(Table 2).
Table 1. Final selection of international thesis through thesis selection process
No. Author(s) Year Title Source Relevance
A Comparison between Conductive and Infrared Devices for PLoS One
1 Bach et al. 2015  Measuring Mean Skin Temperature at Rest, during Exercise in the o . Medium
Public Library of Science
Heat, and Recovery
2 Corona et al. 2018 Chetracterlsat.lon of regional slfm temperatures in recreational Ergonomics Low
surfers wearing a 2-mm wetsuit
3 Quesada et al 2016 Effects of the cycling workload on core and local skin Exp.erzme.ntal Thermal and Medium
temperatures Fluid Science
4 Liu et al. 2013 A study of human sl.<m and surface temperatures in stable and Journal of Thermal Biology Low
unstable thermal environments
5 Quesada et al. 2015 Effects of'graduated compression stockings on skin temperature Journal of Thermal Biology Low
after running
. Insulated skin temperature as a measure of core body temperature . . .
6  Richmond et al. 2013 for individuals wearing CBRN protective clothing Physiological measurement ~ Medium
7 Lopez et al. 2015 The mental and subjective skin: Emotion, empathy, feelings and Consciousness and Cognition  High
thermography
8§ Yang e al. 2015 A coupling s.ystem to predlct th‘? core and skm' temperatures of Applied Ergonomics Low
human wearing protective clothing in hot enviroments
9  Fournet et al. 2011 Skin temperature mapping in the cold the role of subcutaneous fat Interngtzonal Conf erence on Low
Electrical Engineering
10 Mizuno et al. 2015 Facial skin temperature fluctuation by mental work-load with Elefctromcs and Software High
thermography Science
Wearable biosensor network enabled multimodal daily-life
11 Dai et al. 2017  emotion recognition employing reputation-driven imbalanced Measurement High
fuzzy classification
Table 2. Final selection of Korean thesis through thesis selection process
No. Author(s) Year Title Source Relevance
1 Kim 2016  Emotion evaluation analysis on the design of air purifier for home Korea Society of Design Trend ~ High
2 Jeong & Lee 2006 Deyeloprpent of tool measuring the user’s emotions expressed JOI{mal of Korean Society of High
while using a product Design Science
Investigation of the emotional characteristics of white for Korean Journal of the science .
3 Naetal 2012 designing white based products of Emotion & sensibility Medium
4 Park 2014 The fieve}oprpent of sensibility evaluation tools for user oriented Journal 9f the l(.orean Institute Medium
housing interior space of Interior Design
. . . . . Journal of the Korean Society .
5 Kim & Lee 2012 Analysis of thermography on skin temperature during exercise of Clothing and Industrial High
. Evaluation of the wear comfort of women's fitted sports T-shirts Journal of the Korean Society .
6 Kim et al. 2017 made from cool-touch fabrics of Clothing and Textiles High
. . . Unpublished master's thesis, .
7  You 2006  Study on consumer emotional changes of pattern design Hongik University High
8 Choi & Park 2002 Pred'lctmg consumer emotion evaluation of white Thg Koree}n Institute of Indu- Low
appliances strial Engineers
9 Suh & Lee 2010 The emotional sensibility estimation system Korea Academia-Industrial Low

for front-load washer

Coo-peration Society
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ARFE FHE2] JHE-2 A|(Thermistor) S A3 A&
8~461, B2 54-:—% 4] (Thermography)s AME-3F 73-9=
4~120g01 e, e 7R Aol g-1208o= =

Al e, AE % O%XM AA HFe 405+32940=2 v}
O} A THTable 3). 71& A9 AF oAzt AE 7|EL
Table 33} 7o) 32 o)X 43 22 A3 A 2573t
7t e A= tiiEe] AF Forpl dAd] ZeE mioty
SIthBach et al., 2015; Corona et al, 2018; Quesada et al.,
2015, 2016; Richmond et al., 2013). RFH, Lopez et al.(2015)
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Table 3. Number and characteristics of subjects by survey thesis
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A A 71ES i Zell, = AR A4, F9(Ba
et al, 2015; Quesada et al, 2015, 2016), A=A = 3
Asgto] gli= AbgBach et al, 2015), H<&40] glar 2123
o] gl AFgH(Salazar et al, 2015) o= FetET). A3
A AT A AB 1207 A & B8 B4, 48 207
72l W A=< L FD A, A9 =
A, vhERA 39 A B4, 48 244k A FES A
A 8% B4, AF 20 A H=F AN L R BE FX)
Foz gk
A Bt B A A SRS Bpels iR
24 Sre s vHEY Hre AU g,
VN BFE AREE A= Bach et al(2015)9] 7R SRIE
ek, FF2E 7IRke® I WIHE SR A9 Dai et al.
(2017), Mizuno et al.(2015), Salazer et al.(2015) S°]31oH,
e B Bt olgle] E WrF FEOEE Effort
perception, TECA(Cognitive Affective Empathy Test), Core

ach

e r@ —(11 8

R

Hn

temperature, Heart rate, EEG(Electro Encephalo Gram) <!
702 5jobE|Q{Th(Table 4).

32 mF2 "Wt 9 24 "ot Z|

FHRAL AY SR BrF s AR FEA oFe ¥
7t ARl A 2B e} A oldS &8st vFEA] o Wt
Aol MRageE BEREct Au|AE H7 AHE L
8A(Wire)2} iBotton(Wireless) 3H]7} F2 AREEHJom AR
Zzky] 7} AH)E FLIR System(E-60, A305sc)s} A =w| ek

Participant 2
Author (year) Age (mean =+ SD) BMI (kg, kg/m”)
Total Male Female
Bach et al.(2015) 30 30 - 25.0+2.9 787114
Corona et al.(2018) 46 46 - 30.6+14 245+04
Quesada et al.(2016) 17 17 - 29.9+83 72.8+10.6
Quesada et al.(2015) 44 29 15 293+5.8 65.5+7.8
Richmond et al.(2013) 32 Police(11) 41.1+6.1 83.7+£9.0
Firefighter(12) 372+64 82.0+13.4
Ambulance service(9) 352+6.0 79.6+12.4
Salazar et al.(2015) 120 60 60 342+6.9 -
50 25 25 253+2.8 -
54 - - 354+9.6 -
Mizuno et al.(2015) 4 4 - 245+3.5 -

Dai et al.(2017) 8 -
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Table 4. Skin temperature and emotion evaluation items by survey thesis

Skin temperature Effort TECA Core
Author (year) ] Emotion . (Cognitive Affective Heart rate  EEG
Thermistor  Thermography perception Empathy Test) temperature
Bach et al.(2015) (0] (@)
Corona et al.(2018) (0] (0]
Quesada et al.(2016) (0] (0] (6]
Quesada et al.(2015) (0]
Richmond et al.(2013) (0) (¢} (0]
Salazar et al.(2015) o (6] O
Mizuno et al.(2015) O (6]
Dai et al.(2017) (0] (¢} (0]
Table 5. Measuring equipment of skin temperature
Thermistor(conductive) Thermography(Infrared)
LT-8A (wire) iButton (wireless) Thermistor Infrared Camera Infrared Thermometer Infrared Calibrator
(Data Logger)
o
f _\.7
ELY)
®
®
&
DS1922L-F50; Maxim
Gram Corporation, Japan Integratedb, USA SQ2020-2F8; Grant E-60; FLIR Visiofocus 06400; Black body(BX-500 IR,
Precision: 0.01. Precision: 0.5. Instrumentsa, UK. Systemsc. Tecnimedd, Italy. Shenzhen, China).

htp:/Minkjapan.co.kr: https://www.alphaomega- https://www.amplicon.com. https://www.vfds.com. https://www.tecnimed.it. https://www.amazon.com.

electronics.com.

(Visiofocus 06400)%2 FAF=ATHTable 5). HE2] 52 H7}t
e AERA AME T FRlele] fies Wrlehe
WA og oliuje] R o] rhsalal Wt 71T A%
231 T2 W3} AEkS ke 4 Qlths Aol lth(Bach
et al., 2015; Corona et al., 2018). ¥ AlA <=4 vbags) &
2 WA e Ll gk S o] rhssiths A A
om, FAl o] 9 SAAAE 7172 A% &5 &
Ho] gtk wo] 2th(Richmond et al, 2013). BIHE4]
TR Yot gHlE AYds dgate] IS S4sk= A
o2 FRe] FH| Aofo] glom 13 BPo=Z vkt #
21¢] dolHE 5% 4 Urks Ado] Ath(Quesada et al.,
2016; Lopez et al., 2015). ¥H, 32 =4 A] go] ez
gsFo M FJFAA FES F 5 AL oHfe] I
282 Bk, AR w4 Al 9 W7 Avke gl A
Y (Mizuno et al., 2015).

4 W7 e dsd TERE ol 8ate] A=l oigk
= HY 25 ¥slE EMske WA A o3E 283
2 oJu| A= FEH(SD: Semantic Differential Method, Valence

& Arousal)© 2 ZALERIT. 1 Bl = G5 ThHleke

S

FLIR System(E-60, A305sc)e AME-slom, 744 o3& &
3 FHA ouHE FEEe Hrk AF] sk FEAF 2
Hrejo] 5ol A o3& AAT § 57+ HEH(scale: 2
~2)s B8ato] Hrk AlFgel g S Brkske Zle®E =
AFE 9l tHJeong & Lee, 2006; Kim, 2016)(Fig. 2).

RS 7Ne R g 7hdAIEel e 18 ke 7HAA
5 2Aske 57 w9 92 WstE Brgle g 3
7FE QIgE AR Fsrb A9 glo] FAISH ol A%

oo Wahs wlEl ekt wald, 7FAAE 239
vH-2o] Hale A=Y, Precisiony’} JUe S AL
ato] ARk v)Fe-o] Wsks vlefd 5= lojof it} F5- )
g R & Y ke AT A wree] 24 4
HE w2 2 dojxe 27 B v TR0l &

2ke Aoz mebE LT-8A(Gram Co. Japen, Precision
0.0)E ARgo] FHdct. g, 7PAIF ARAlS] 7 7t
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v

| Adjective word input |

| Evaluation using scale |

|Multivariateanalysis l——-l Factor analysis |

| Emotion category classification |

| Emotional database building |

END
(a) Flowchart for Selecting Standard Adjectives

Fig. 2. Example of emotional evaluation method(You, 2007).

3.3. EW7} iy

33.1. IEe ¥yt v 2 g3}

HEA -2 F7P] 232 A]] F-sH(Workload)t $=
APe] A 2= 240+12°C, FE 56+8%°] 2HoE A
Aakglon, A Ralrk Qe AP 218+0.7°C, 394+
45%2] ZANA Falsks Aoz ZAME|YTE HEe Wt A

AA Fz2 2ol 47 F9(Bach et al, 2015), 771 #¢

rlo

Table 6. Sensor attachment location of skin temperature

245

Simple | | | Complex
Refine | I | Corny
Stuffy | | Cool
Funny | ] | Not funny
Fancy | ] | Shabby
Normal | I | Special
Pretty | [ | Hate
Distracted | I | Unity
Neat | I | Filthy
|
2 y 0 1 2

(b) Equal interval scale

(Yang et al., 2015), 87 F%|(Corona et al., 2018), 107] F-
21(Choi & Loftness, 2012) 522 3} I TH(Table 6).
B YR (Tg)e AA) A A=ol] thdt 7+ 47
W AHEEI X E AEete] ARtedon, tRAeR
Ramanatan 47 % (Ty = e % 028 + Toggputn X 028 + Tygng % 0.16 +
Tyin x 028)3 Hardy & Dubois 7% % (Ty= Troehead < 007 + Ty
% 0.35 + Ty X 0.14 + Tygng X 0.05 + Typign % 0.19 + Tegypx 0.13 +

=]

Bach et al.(2015) Corona et al.(2018)

Choi et al.(2012) Yang et al.(2015) Hardy & Dubois

" -
N e -
(\\ ql ..\. : W
¢ S Vg - : 9 '_ o
\ 1 ‘ ‘ * ,‘5 {' ; l
' I \{ - } o
Y i o0 s
Part 4part 10 part 7 part
Head top
Forehead @) O @)
Neck O
Shoulder O
Chest @) O
Abdomen O O O
Upper arm @) @)
Lower arm O O O O
Hand O O O O
Bally O
Thigh O O O 0
Calf O O O O O
Posterior calf O
Back O
Lower back O
Foot O O O
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Thot  0.07)S ARS3R= 2102 SERIFUTE PSS FF-2
7HA 9] B2 AU 2EE 7SR 0.89+0.56°C(Quesada
et al, 2016)= AR oM, HARREE= ISO 18434-1:2008
BEFE 7IEoE YIS e Hrlol ARREE AR
23] dspd FHHEre] A4 =% 18~40°C(Lopez et al.,
2015)%0H, AT = AP} FHOE 2m, Tt 1A
= vl 110 cmE A AT I3 37 Al E3d 7t

wte] BIALE At 94 B W] FF, DY OB,
g9 92 VFow AQe] ZAS T F GYolol &
ati Az,

§ ANA Thetd FaA Azl Wi HriEe
Pereceptlon of fatigue, ASHRAE-PMV, PANAS(Positive and
Negative Affect Schedule) 5% FAMESIt}. Brog RPE scale
2 203 likert scale(0 =nothing; 10=very strong; 20 = very
hard)2 Td=o] o™, ASHRAE-PMV-S 74 likert scale
(Cold -3, cool -2, slightly cool —1, neutral 0, slightly warm
1, warm 2, and hot 3) 2¥7+& H7istlH.

SReg e & 24 W 59 A BAee AR
s7F Qe A 270R 2k 24, Oi12°C T 56+ 8%2
B Zlo] AR A P Belsh B wRe A
dukx o 2 AME-E= Hardy & Dubois 73980 F3HH,
| AFolde 23 didst A3 B4 HHE aeske] Al
2} 915 Adgstelof dt). B3, EW‘ 7hiet A4 2=

18~40°C(Lopez et al., 2015)2 AHo] FHgH, ¥ &
7F 18~40°C H91E Hloju= Aol 1Y 5=
9ol Agsieicr A 1 -5 1 29,
& T 2 B L5 B S
3 Ao elulv} gle ASR ARE
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(a) Example of thermal image evaluation(Mizuno et al., 2015)

Fig. 3. Emotion evaluation method using thermal image.

 FHEE ol& 7 v e =
H 607l oJv|R] MEZS tIXY o= AT F d= &
250] W3l BAste] #xte] 1M Wk, T4, At
#HE Hotste WPHolti(Mizuno et al., 2015; Salazar et al.,
2015)_ Oeﬂi}le- 7].111];1,].5'_ o]_Q_tS‘]— 711\4 ﬁﬂy]-g] 7%_7,]_ T,E‘J\-l (] &ELO:I
H g d3P olm|Rol] #A H9E FIHE R T %
7t S 2& HslE gotsiglon, 34 e olvl, w
9, =2, W, P& To8 FEIR= Aoz RIHAKFig 3).
gt 2 Al Bt L 25 18-20°C, FE 50%E A3
om, GaPd FimEle] AAEE 18~40°CE ZAE I
=g Al FHEl Eole g ® HE 110 cm, AP}
i‘____Log Hﬂl—\: 60~100 cm=. M;Hs}z:ﬁo , i\:l— 85":31]010
A& Fslatint. 5 dst AHE 28ste] 1 E7t
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Arousal
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Negative Positive
[ ] o) = 7= # -
5 £-3.0-5 0.5 0.5
1 3 5 7 9

Fig. 4. Valence-arousal plane & 2-D self-assessment manikin(2-D
SAM) questionnaire(Dai et al., 2017).

S1. Emotional Word Collection
and Classification

l—.

S2. Semantic Differential Method

v

S3. Selected emotional words for

evaluation

N
Y

S4. Equal Interval Scale

Evaluation

Fig. 5. Emotion evaluation method using

differential.

Table 7. Examples of final adjectives for emotional evaluation of home appliances

1st screening
- Word selection
- Exclusion decision

2nd screening
- Excluding similar
words

3rd screening
- Adjective and
antonym selection

subjective semantic

Molding Material Color Aesthetic Usability Newness Discomfort  Pleasantness  Distinction

1 Round Hard Bright Pretty Contentedly Unique Inconvenience  Pleasure Excellent
2 Modern Solid Neat Cultured Careful Unworn Dullness Cheerfulness Best
3 Balanced Harmonious Warm Luxurious Natural Novel Difficult Like Stand out
4 Curvilinear smarmy Luxurious Clean Reliable Peculiar Irritated Enjoyment Preferred
5 Special Bright Urban Charming Efficient Dynamic Flustration Refreshing Exclusive
6 Angled Flexible Dark Cute Useful Sensual ~ Disappointment ~ Colorful Cultured
7 Classic Weak Sordid Pretty Stable Tidy Complex Joyful Luxurious
8 Unbalanced Crude Cold Harmonious Simple Newest Artificial Cheerful Differentiated
9 Straight Rough Cheap Attractive Satisfied Funny
10 Common Matte Loutish Friendly Convenient Fresh
11 Swank Elegant Practical Individual
12 Romantic Futuristic
13 Modern New

B} 4me AS F A% APW 24 o3l o e 4.4 =

5 onkelolo]l thal F7HA H =R (scale: —2~2)S 8- W7}

AZ i e Brksn Wk ARk Fig sob 2ol 2

[e]
4 olF) £4 % BR,
A4, A% WIAE 4 ol
4 Bkl oz sierEglet,

W W7 Y F sk kS ol8et] d=

a

lo

(R
oX |
n Fe
N
N oE

7he 3PS 283 WEtke BV i 7RAEl
. _

offl 44 W AL FH UHE BUYS B85
=
2

QA AN sieke 37134713, Ad, A
IS 9 BB, AR, AT, B, 49
B, ¢l Ud w7 3R AE A%

Table 72+ 7T},

el

AF

ATolAE TR 8 AAE W
=]
R

A AFHOR B3] RS WO R FF 74

A A7l tid 71xARE s

ZA(S1: key word

ZAA S2: title screening, S3: abstract

screening, S4: full paper screening, S5: AT Hrh) A¥ =

Az APsigon, I5e, HAAE,

g 7t A TI9=

i=

2 Ahgslel 2Bk 13 ANE BRe AR} 4Ee 5

3 #HF =9 £ 1937 = £ o
o AdEE 2 .

A, AR FolA, W7 A=, B2
=

59

AR gEow

49

2, 37k o)y,

@A A 715 7 Aol FeAks 54, 24, AR

g, 7ol gl Al Wil §1T

Jadse] g Al

¥ 5oz sl Bk gl ARy 1454 gre 3

7} 7] (Thermistor)2} 2 <)4-8 -3k 0

EESEREIE:H



248 SOl F{Y SR A22H A2S, 20204

78] (Thermography)2 EFEIATE 24 H7F vl gsPy
Fhete 283 U Y o3 E &89 T ouF=
Y 52 ARG H@A 199 WS 40.5+329
o|fom, FEF4 FIF- FHE ARSg A7(8~46 )1t H]
2 D72 TS AR AT (E~1208)0F I HUHE
oF AF(8~120%)°] HFAF 7F B2 AoR AT
52 e 3R IR 19 AME st 3ot
A B2 Qo] FAPAE R & Hrldle et
Zlog RIFATE v, HFE2 F5-2 = @At
S OPFe=E Ag, Eol, 2= 55 AAT T tge sl
Aol Zedo] 7hsal FFAL Al Algto] gllew, 1
7te] A% Gt 7HEE &EstAY U AERE 28
srogx I} e st Alofo] gle AR SIS
52 7 WY S HE IR Hrke AYieke
ol wEt S AR o, g2 AlA FAES=
107 Atele] H-= sots Qi) Wt 35722 Ramanatan 4
A3} Hardy & Dubois 73HS ARS-sle] sl HIEE
2 IR Al S EE AFEke] S Ve E
sl on, MAREEE 1SO 18434-1:20085 7|02 A%
stk 344 717 H7R= Pereception of fatigue, ASHRAE-
PMV, PANAS, ASHRAE-PMV 522 ERI= ]t} 74 37}
e g 7R €8sl e 3W _2EE B8k
WHI A o3 E &85 TR rH 555
he Zlog AL el 1S WUt WA T3
A 77+ PANAS AEA], Valence-Arousal plane & 2
Self-Assessment Manikin(2-D SAM) ZEAE &8sl ZH4
I 32 T el il Briske Ae® ERIHAUTE 7k
AlFol gk 74 E7F e 23, A, A, A, AR
WA, A, ERA, fEA, 998 5oE AR H,
al g of3lell gk F-EAL B wrejolE AR S
T 574 A=Y (scale: 2~2)S T-g3lo] Hrlsle Zloz wt
)

o2 ¥ of

i

i

o |

o

0 o

L
.

il

2 R

N

B7P} ol %

2
ro,
ot
N
1
=
&
_|2£
i
ol
N
N
of
o,
8
o

™, Salazar et al.(2015) 1
TFoAlE AAAQ HrtE dsbd ARl B4 E =34 EE
Hegste] AFE FPsi ot AR HrkE A= @R
2, Wik AAE, 5 SHoA Y] FAL2 o] RARA] et
= AVE Stk 2 dAFelxMe w9 A W 3 &
A Fste] JEA A4 71E, e o] e,

8738 49 Wel, Bk, B, 97t ZRES, o
AR} 5S Helsiieh. Ea, JPAE 2 Bkl i 2

_1
o
~
>,
o
ol
o
o2
Ach
ol
P2
o
oX,
o
N
N
fﬁ}
i
i
iy

WO FAAE A A s g Wl oe Tees
2 YT F U4 TS IO @ BIE AWPoeA

%03t el Aol o Aol Beasit,
#HAle| 2

2 A7e ARSI e AR Ao AH|
ZIRERAARR ] Al ol e A2 34 (R0004840,

o] ¥R 2017d% AR (@ET)e] Ao dHATAT
o] Y& Wl FE 7]xAT ARIYNo. 2017RIDIAIB

References

Bach, J. E., Stewart, 1. B., Disher, A. E., & Costello, J. T. (2015). A
comparison between conductive and infrared devices for
measuring mean skin temperature at rest, during exercise in the
heat, and recovery. PLoS One Public Library of Science, 10(2).
doi:10.1371/journal.pone.0117907

‘CEM BX-500 infrared calibrator’. (2019). Amazon. Retrieved July 30,
2019, from https://www.amazon.com/CEM-BX-500-Portable-Infrared-
Calibrator/dp/BO1AIUF7K4

Choi, H., & Park, M. Y. (2002). Predicting consumer emotion
evaluation of white appliances. Proceedings of the Korean Institute
of Industrial Engineers, Korea, 10, pp. 101-108.

Choi, J. H., & Loftness, V. (2012). Investigation of human body skin
temperatures as a bio-signal to indicate overall thermal sensations.
Building and Environment, 58, 258-269. doi:10.1016/j.buildenv.
2012.07.003

‘Compact InfraRed Camera’. (2019). VFDs.com. Retrieved April 15,
2019, from https://www.vfds.com/flir-infrared-camera-i5

Corona, L. J., Simmons, G. H., Nessler, J. A., & Newcomer, S. C.
(2018). Characterisation of regional skin temperatures in recreational
surfers wearing a 2-mm wetsuit. Ergonomics, 61(5), 729-735.
doi:10.1080/00140139.2017.1387291

Dai, Y., Wang, X., Zhang, P., & Zhang, W. (2017). Wearable biosensor
network enabled multimodal daily-life emotion recognition
employing reputation-driven imbalanced fuzzy classification.
Measurement, 109, 408-424. doi:10.1016/j.measurement.2017.06.
006

Fournet, D., Voelcker, T., Ross, L., & Redortier, B. (2011). Skin
temperature mapping in the cold the role of subcutaneous fat.
Proceeding of the International Conference on Electrical Engineering,
Spring Conference, Indonesia.

‘Grant SQ2020 Wi-Fi series’. (2019). Amplicon. Retrieved July 30,
2019, from https://www.amplicon.com/products/grant-sq2020-wi-
fi/



TPEL SRR 3 IRINES 2HY B} ZEEF 7HE I EAh 29

Han, H. T, Kim, M. K., Park, M. K., & Lee, S. S. (2002).
Measurements of temperature distribution on human body surface
using multi-channel skin temperature sensors. Proceedings of the
Korean Society for Emotion & Sensibility, Korea, pp. 205-209.

Jeong, S. H., & Lee, K. P. (2006). Development of tool for measuring
the user’s emotions expressed while using a product. Journal of
Korean Society of Design Science, 64, 19(2), 343-354.

Kim, J. S. (2016). Emotion evaluation analysis on the design of air
purifier for home. Korea Society of Design Trend, 52, 157-168.

Kim, H. E., & Lee, A. R. (2012). Analysis of thermography on skin
temperature during exercise. Fashion & Textile Research Journal,
14(1), 130-135. doi:10.5805/KSCI1.2012.14.1.130

Kim, J. H., & Lee, J. S. (2014). Reliability analysis of emotion
evaluation EPA-PAD model in each design field. Korean Journal
of the Science of Emotion & Sensibility, 17(1), 79-92. doi:10.14695/
KJS0S.2014.17.1.79

Kim, S. Y., Choi, J. Y., Lee, H. R., & Hong, K. H. (2017). Evaluation
of the wear comfort of women’s fitted sports T-shirts made from
cool-touch fabrics. Journal of the Korean Society of Clothing and
Textiles, 41(5), 929-938. doi:10.5850/JKSCT.2017.41.5.929

Liu, Y., Wang, L., Liu, J., & Di, Y. (2013). A study of human skin and
surface temperatures in stable and unstable thermal environments.
Journal of Thermal Biology, 38(7), 440—448. doi:10.1016/j.jtherbio.
2013.06.006

Lopez, E., Dominguez, E., Ramos, V., Fuente, J., Meins, A., Iborra, O.,
Galvez, G, Rodriguez-Artacho, M., & Gomez-Milan, E. (2015).
The mental and subjective skin: Emotion, empathy, feelings and
thermography. Consciousness and Cognition, 34, 149-162. doi:10.
1016/j.concog.2015.04.003

Mizuno, T., Sakai, T., Kawazura, S., Asano, H., Akehi, K., Matsuno,
S., Mito, K., Kume, Y., & Itakura, N. (2015). Facial skin
temperature fluctuation by mental work-load with thermography.
Proceedings of the International Conference on Electronics and
Software Science, Takamatsu, Japan.

Na, N. R, Suk, H. J., & Lee, J. 1. (2012). Investigation of the
emotional characteristics of white for designing white based
products. Korean Journal of the Science of Emotion & Sensibility,
15(2), 297-306.

Park, J. M. (2014). The development of sensibility evaluation tools for
user-oriented housing interior space. Journal of the Korean Institute
of Interior Design, 25(5), 112-121. doi:10.14774/JKIID.2014.
23.5.112

Quesada, J. 1., Martez, N., Palmer, S. P., Psikuta, A., Annaheim, S.,

Rossi, R., Corber, J., Anda, R. C., & Pez-Soriano, P. (2016). Effects
of the cycling workload on core and local skin temperatures.
Experimental Thermal and Fluid Science, 77, 91-99. doi:10.1016/
j-expthermflusci.2016.04.008

Quesada, J. 1., Lucas-Cuevas, A. G., Gil-Calvo, M., Giménez, J. V.,
Aparicio, 1., Cibrian Ortizde Anda, R. M., Salvador Palmer, R.,
Llana-Belloch, S., & Pérez-Soriano, P. (2015). Effects of graduated
compression stockings on skin temperature after running. Journal
of Thermal Biology, 52, 130-136. doi:10.1016/j.jtherbio.2015.
06.005

‘Registrador de Datos Econdémico Thermochron iButton’. (2019).
Alphaomega. Retrieved July 11, 2019, from https://www.alphaomega-
electronics.com/

Richmond, V. L., Wilkinson, D. M., Blacker, S. D., Horner, F. E.,
Carter, J., Havenith, G, & Rayson, M. P. (2013). Insulated skin
temperature as a measure of core body temperature for individuals
wearing CBRN protective clothing. Physiological Measurement,
34(11), 1531-1543. doi:10.1088/0967-3334/34/11/1531

Salazar-Lopez, E., Dominguez, E., Juarez Ramos, V., Fuente, J.,
Meins, A., Iborra, O., Galvez, G., Rodriguez-Artacho, M. A., &
Gomez-Milan, E. (2015). The mental and subjective skin:
Emotion, empathy, feelings and thermography. Consciousness and
Cognition, 34, 149-162. doi:10.1016/j.concog.2015.04.003

Scherer, K. R. (2005). What are emotions? And how can they be
measured?. Trends and Developments: Research on Emotions, 44(4),
695-729. doi:10.1177/0539018405058216

‘Thermistor’. (2019). Link Japan. Retrieved July 11, 2019, from http:/
/linkjapan.co.kr/shop/item/1317511/

Suh, S. W., & Lee, C. G. (2010). The emotional sensibility estimation
system for front-load washer. Korea Academia-Industrial
Cooperation Society, 11(3), 821-826.

“Techni Med Vizio Focus’. (2019). Danawa. Retrieved July 15, 2019,
from https:/www.tecnimed.it/en/shop/uncategorized/visiofocus-06400/

Yang, J., Weng, W., & Fu, M. (2015). A coupling system to predict the
core and skin temperatures of human wearing protective clothing
in hot environments. Applied Ergonomics, 51, 363-369. doi:10.
1016/j.apergo.2015.06.002

You, J. S. (2006). Study on consumer emotional changes of pattern
design. Unpublished master’s thesis, Hongik University, Seoul.

(Received 16 January, 2020; 1st Revised 20 February, 2020
2nd Revised 6 March, 2020, Accepted 13 March, 2020)



	피부온을 기반으로 한 가전제품의 감성 평가 프로토콜 수립을 위한 문헌 조사

