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Objective: This study aims to apply the concept of aging metaphor to personal
service robots to deliver new experiences to users.

Background: Personal service robots such as Softbank's Pepper and MIT Media Lab's
Jibo have begun entering our lives. These service robots have the important function
of interacting with human beings.

Method: The robot aging metaphor is to transform the shape, color, motion, voice,
and texture, which are visual, auditory, and tactile components, by applying the
concept of aging to the robot interface. The robot applied with the concept of aging
metaphor forms a close relationship with human beings and provides emotional
value to them. We summarize herein the concept of robot aging metaphor and
propose an application method using the system and feature of the natural aging
process in the real world through the prototype.

Results: Robot aging metaphor structure and applied researches of robot aging
metaphor are suggested in designing robot interfaces.

Conclusion: The results of the design framework of robot aging metaphor will help
users to experience emotional value interacting with robots. The framework which
is suggested should be applied to social robots in appropriate contexts.

Application: Types of aging process which provides optimizing user experience for
users should be validated through an experiment.

Keywords: Aging metaphor, Personal service robot, Robot interface design, Sensory
design, Emotional design
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2. Definition of Robot and Aging
2.1 Classification of robots

ERE 9|F A2 QMsin, Mg TEsto] XEHoR FAste VAR, A MYE BRRN MH|A RROE EF3HCHSmall and
Medium Business Administration, 2017). t%8& 222 MY HHO|M HE MZO| O|8E&|= 7|4 0|0 MHA 2E2 AZO|L} AlY
0 S88tAH 0|2%|= 7|A0|CHISO, 2011; Small and Medium Business Administration, 2017). A{H|A 282 280| £38l= 20| A
PA HAZ JHX=7t0f o5l JHQl AMH[A EE0F ME MH[A 2ROZ2 FREICL

191 7t72| S71et nE3t Ale| S2| KQlo= JiQl MH|A 28 AIFO0| d&ta ULt 7Hol MH|A 22 A|F2 %2 6H7t HEH
16% S50 Yes 202 S HE0| 71 7|0iE|&= 20F0|CkSmall and Medium Business Administration, 2017). 7iQl AH|A Z2&
2 QI7tol M= B 7oA KEt MH|AE KSSte 222 W&, T, 07X Y, @A 0, AEHHAHE SO 20t0| Ol EICt

f
FoRQl Mb|& 28 S0A 2lztne] 4248 7|50 SR04 HE&=
2ot ZROZM, AR 222 SR AN

(Small and Medium Business Administration, 2017). O|
22 A8 20D L A8 2R ALSXIY ALY
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2E 24 ot |% ddste 9ol &

Y 5% YAE BHE0{7tCHFong et al, 2003). A8 222 QI7HE HjASIH £ YRE Ft a4 A F3st= A Qo=
oL w715 Solf Qztat 71LstA nFste 50| Z3tEl ERO|Ch Fong et al. (2003)2 Al2|E #ZEE 7|50 F% 2
RO| EMOE M2H HAE FHstn RAlSte &8, AoAn R BY Yo MAN 59 AHg of, =53 d2u iy 89 &5
2 HMAISHRIC

QHOo|Zt AlEQ| ZZY L= ZOoZ it YME LHHCHNaver dictionary Home Page, 2017). 229| Q2 2£9| o|F HEX 2
200 HEf, Ma WEH So2 PHE0] UCHKIm et al, 2006). AFE2| 2/F2 AFEC| EXut 7|50 5% HHAME MSstCt CHEX QI
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£ one Jjol M2 270149 TrlHiOI S A8 ZRE T WOIS MBSIDX BITh fQl M BZlojats Faol A% 121
A4 2ROBHE CIAS AIBRISL 28 70| ASKE 7150 5242 £ Ao BUEL. 5 A8 2% 7t 4BEB0| 5
Q3 WELD} CjAloR O WIS K30l REO| MBSt ZAE K ARKIO SHE HHS MUY 4+ Qe Folo) 2 o
T= Mg uxt s,

2.2 Change and aging

2.2.1 Concept of aging

Lots Ye[Hol 9 2 1P89| of HARM AjZte] SE0| M2t Lofits W=t AE| S4O0|Ch(Waneen et al, 2006). =2t

TH2 Lo|eh & SSHz Bists Aoz YOI 3ol Sz E SEHQ Ao[ot Latet 80l= {7I4| £t otz 7

71M7E AlZtel SEOf| mE Eﬂ% E.ﬁ_ﬁfh ol A 2= QlCHRobert and Caleb, 2006). & YoM = L3tE AlZkel S50 e
A L ne
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2.2.2 Concept and components of senses
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CHDoopedia, 2017). §17t2 ZZ2 Sdff 2F MAE Mgt XP—W_FE K| Z(perception)O| 2t Z42t0| MA=t PYL 2, 5=

Lo MO s lXI(cognltlon)Oh g TSCHMIn, 1995). H242 A2, 82, 524, 014, 224 52| 22z &

e 28 MAL| XFE AlZ2ZE 60% HZALE 20%, f%‘OE 15%, O|ZtQ 2 3%, T2 & 2%E HOFEICHYang, 1999).

QI7Zto| tLt ool ZZtE 0|83t AlAat 1% |?1|0|_ QIEH| 0|~ 2ES £ Multi - modalO|2t1
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tCHYeom, 2004).
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ot gae M, Hol ol 7tEet MEZE THE 2Atol BHE X|HStH, FEjE THEt ME, 20] o ofsf £uE JHEl 3%

O[CkMin, 1995). FEiE EXQ QF, 37| S0 oo TS Helh M2 Y2 EEH L2 M0| X0 HIF0f HhAL 28l &

M QO Ak A|MZA KFECEZMN Z2E|= HAO|CHMIn, 1995). F, 0| Mo ME Dt ZAol mEo)| o3|

Zto 2 ZX|Z|lE ZHOICHMin, 1995). QI1ZH0| X[Zte &= s Hlo| T2 380nmOf A S2E| 780nm7tX|O|T O|F 7tA|&Mo|ata sich
HM2 T ZMO ATHEYZ ELIE MO| 3542 My, Bk, =2 XA S ACHLee, 2012).

Fo|gS Zot = 42XM Off 7|Z-0| X3 A= =Ml AXI7H AlZre] Batet HE0 Bidhs oiyo|Ct
(Doopedia, 2017). FX Y2 Stk A[Zhs HHZ o 7jgoz &Y, £ 59 f42 B

= &9 HXl= BoE A=22 FX[EL

Hzto|2t oLt 37| 5 £ =¢|d 2422 oO|dict HZ @ARM A2l AR HZ
2 29o7|& Fht= Y9l k&S LPCHDoopedia, 2017). AFRO| 2 = Ue 22(Q HE 7HY Fhtetd otH 7HY FhieE
5474 16~20,000HzQ! ¥ 0|CHDoopedia, 2017). £22|2] 324 & 22|29 0| (pitch), M 7|(loudness), & Mtimbre)O|CH(Lee, 2008).
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2712 98 S8 LTIt TR 22 Voin FY 94t B, HEf 50| UL WAL UHR 202 fyo EHES 2X|2HL}
2t SOl W5oR ¥ 4 Ak MO WYOR Afjol £, £, 2, £F, 7, 01 £y 50| FHS HCHPak and Kim,
2001).

2.3 Aging metaphor theory

2.3.1 Definition of aging metaphor
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AtRof Al QIZkat AFZ2 AlZHO| IO et g#iststn] 0] Z240] XtH0| EXdts &4 0|CHMaggie, 2012). L3t HEFE O[22 At
of A ot pieds CIXIE QEIO|A0 HEBFo2M 27t AIL- 7o] 22 ¥2 SES F7O0h kot HEZE Y29
o Lo} sigS AI%”E. 2 9240 H83t0f Foioitt F, Lotof IHE ROl Wi} X|oF HEjO| OtRe} mRo Akt S5 1
i QIHEO|A0 MY, HE, HZO| HRX|O TSt Z0|ThLee, 2012).

CIX|E QEHO| A0 MEE w2t MEIZE AlZte] SEI AL BTt S71eto Wt Hotth AL8AL7L QB I 0| A8 AR AlZtat
CIHIO|AE E{Xoh Sl4=0f ofsl D2 QIE 0| A0 MY, HE, ZHE FAY A= AAH Hat LEHHTHFigure 1). 5, AlIZH
aE A7t SEO ME Lot S BHSE 0|, A8 Hes BF S0t ¥5 U0 OE F2Y o) s Bl

CHLee, 2012).

Input

Passage of time Circulation Aging of
Frequency of touch [ame of interaction il Shape, Color, Texture

Output

Figure 1. Aging metaphor theory (Lee, 2012)

2.3.2 Value of aging metaphor

=3t HEIZE AFSAIQE QIHTO|AT} & A7t 2L AZEE0| dojLts a0 FESCL Carrolle] =2|0f IHEM QI T 0|
A HEFEO| QIX] IPY2 Al Hidt, n&T M| 7EK|2 LEFOIRICHKIm, 2013). FAHES 7|82 MEFETL HAIZ/H o2t gt
2 NEHQ Sgo| ojEo| O|FO{ZICt OiX[ae 2 UM F HHAO|M I El 222 tfHo= FetotChKim, 2013). CarrollQ] O Ef
I Y2|e AHERIe AEg 7|dteR o ojn] MEYO| FX0|H L3t HELES| 2= Ql7tnt A|AH 7to] ¥BEEE St o0 &
E0| 2H0| UCE F, MEXZL 3K 2 HEtZO| o0 X|St= O HHREX| Y1 AEXZL QHH0|A #5EES Sl i
Qoto] 22 ZE2 s8XHeR UE0 7he Aol = EE M2 Q17to] ojAlo| Zste F=of mat FAME CXtelE 265
CIxHQl, HEH CIRHl, BHd ™ CIXtRIC 2 2/SHRACHPark, 2008b). Park (2008a)0fl H2H 25X, HFH, HHEH TRl M &2
AlzZtel Jige g FHEDE 255, WSH CIXtIolM AFEXE dX2te AlZH 7HE QoM HME 2| ot 7|52 AHgS & &8¢
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do17Lt 3 EME D[S FEYH2EMN O|FO{TUCHPark, 2008a). =&t
Z180| LojLts 0| TEEHCHLee, 2012). =3t HEIZE ARXIO|A £

3. Emotional Feedback of Robot

3.1 Robot aging structure

2R Lot HEIZOM Eotzh AlZle] B0 ME tfyol 221N Hatz oM HE0| 0|2 2E IFds Zelth 2X L3t o
EfZ CIXtQI02t 4=ty 2E dds 2R M 0|0 HE3t0 AZAF 2RO 481} & W¥E st/ st= Aol &,
S Y 25 S 2RO HEYLZN Zte| AYH HZE O|FO{U Azt 2R 7to| ¥4 SES FCL

CIRLQIOM B2 AtEALet tHE el 2581t Ol2fet 4=XES Sl P XM ME LetChPark, 2008b). ALEAH BEe| 2
HoM dd2 AR Rl Z242 83t X[t £ BEE Fots FoM FEECHung et al, 2017). AlZte] S5O
£ A2 R 2ROl L3hE AR 42 A8 &S O/X|1 Ol ALEAISl Z8H &Y Hetz 0|0fTL. &, A8Ats 2&9

—
= o 02 = =
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(=13

EX Lo HEZIL §EE 2R QEH0|AE AZtel SEO| el dYotn Lofottt Yoty d81 kot @40 SYS AF, F
2 &2 @40 MB350 2R AHEHO0|A 9 =3t HEZS FBCE AlZe] SEO Wl AAEE 71 2R Lo HEHZTt &
of CHAEE NSECL 5§ 2R ko HEZE AlZte] Zatof ofsh Zysete|n HE, M, S5, 4, 2Hol Lot u-y #stz mEd
= ECHFigure 2). O[213 IFE S S3f AF8AIet 22 749| Y285 FEES 71T 28X 4oz US07= Aol 2% Lot b
Bz xolC
Input
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Passage of time : . Motion
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Figure 2. Robot aging metaphor structure
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= CRpQIoHRIC,

]

HEXQl AN 22 Hujo| Q¥ 19t RAE X3 J—LEEEt o Motz 22 o3t HEtZO| HES TSI RUCHFigure 4). o
=0 QMK AL 7|2 B80S EME 2RO oY 948 M| 5, 8 &, & 2|, 22 720t 2 949 38s 89
AL
MM

St CHSize Korea Home Page, 2017).

¢ e e o - Head
\j/ Neck
; ’ BOdy
Arm -
3 5 -
: - 3 Hand ¢
> »

A, -,) -Leg

[ AN
- - Foot
—
_.1 = = =
Social Robot Pepper Prototype

Figure 4. Pepper (Left) and Prototype (Right)

3.3.1 Visual robot aging

2RO YA AlZt 400 HE{jet M FH A2 Q401 FE0| L3t A £ BHSIALCE A2 LI
7t S0{Z0| ek MMl HENTL HlT) QIZH2 HES StHA 2EQ| 235 "7 715t0] 2E| 25 Hel= 200 SHH|A FHE
Lto| cHOlM 7+ 2 ZHS ZHRI Lto|7F S0{ZHof| et At ZHABHokWaneen et al, 2006). M3 052 K30 FA TS (curve)O|
AHED SHoZ LS = WYO|Ch LY A3 RS2 o oot Mol ElHY Myl Lold S03E S0l Qs e
QlRCt 50| B2 MEfE USHCHKorea Centers for Disease Control and Prevention Home Page, 2017). ‘=3t0f| 2|8l 20CHEEt 55~64M]
Zttol M 208t240] 9k F7HFCHKim et al, 2003).

2R gH Lols 2RO QEIE A2t SE0 W Q=Moo BMYPAF|= AOILh 2R YH 4= 2RO 7|2 7WHIONH

=gt 8H 7127] SR FHgetthFigure 5). 0t TAMAM = XM2| BSboE LIEFLER] R0t oto] 3THAOM = |

CIZE Z= $2 YT Y2 JI20XEE 1028 HQ0t =otof 4t 0N = 22/9f LIEE Z& S 10 7MY XHHIOH

Hoto Al 712719 gts 102 =0 ofof 2%t 2ROl YEf HalE T H=fsict

olzto] Bt My, Sl BH MY, LIRS MY, Otz Myl AlE Sof 2R Mde totE PSSR FH7F ALEEHAM

AIZEOl R|'=rof| [e} ESFE AtQMof oot BAHO] LO{LL FAOA CHZMoZ Hatk]D OpX|2of= 2[M0| ElChlLee 2012). 2tE
x 7t

A
of ol SX ETHO| SZHCEZ NAE M2 Lo ofs HAMO| Tj1 FHE 2 EICHKim, 2012). QIZt2 =
S}0f| ol REHO| NRAO|N S|M L= s|MoZ HSICHKIm et al, 1999). LIRS A|ZH0]| 2 24 £=0| H3lof| o HEo| 1t
oM = Mao| oKD wato| HHE 4ol & il
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| L)

P time

) 4

Step1 Step2 Step3 Step4
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Figure 5. Posture change in the aging process
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Figure 7. Gesture angle and velocity change in the aging process

3.3.2 Auditory robot aging
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3.3.3 Tactile robot aging

Voice pitch level
(Lee, 2012).
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