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Investigating Haptic Perception of Air Vortex Rings on a User’s Cheek
by Haptic Display to Support Affective Office Work
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Abstract: In order to realize “affective office work”, which supports office workers to navigate a better and
comfortable mental and physical condition implicitly with a haptic perception, we propose a personal haptic
display presenting air vortex rings to cheek. As a first step of study, we evaluated subjective impression of
different stimuli pairs of haptic perception generated by air vortex rings.The result suggest different stimuli
pairs give different impression of intensities and emotion.And as a first step to evaluate the effectiveness
of haptic stimuli for office work support, we conducted the experiment to evaluate the effects of different
combinations of haptic stimuli on the subject’s responses in terms of LF/HF changes, brainwave activities,
task performance, and subjective assessment.The results suggest that haptic stimuli of air vortex rings of
different conditions give different impressions and affect physiological responses and task performance.

Keywords: cheek haptic display with air vortex rings, subjective impression, physiological responses, task
performance, affective office work
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Fig. 1 Application image of cheek haptic display.
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Fig. 2 Cheek haptic display diagram.
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Fig. 3 Cheek haptic display.
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Fig. 4 Acceleration speed of eight air pressure values.
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R 1 JVEMEOM SIS 55 % KB 2 A7 [24)
Table 1 Adjectives pairs for determining the impressions of in-

tensity of the haptic stimuli generated by air flow [24].

+3 0 -3
(1) (YA - Y2 &9 7
(2) BELW - v
(3) wHrt ko - REWTBIO L
(4) i 7 - R 7
(5) #HETOHNDZELO® - M2is &9 7%
(6) LN - o
(7) SRS - L
(8) §50 - BR\
(9) FH D0 - AV
(10) Sbok L7z - AN

% 2 ERGEORIBN IS % KB 2 BAT [24]
Table 2 Adjectives pairs for determining the emotional im-

pressions of the haptic stimuli generated by air

flow [24].
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ZBEELRELF 2L =5 ORKEHERETHRE L.
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Fig. 5 Impression of intensity of ten conditions (The numerical letters of x axis are

equivalent to those of Table 1).
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Fig. 6 Impression of emotion of six conditions (The alphabetical letters of x axis are

equivalent to those of Table 2).

FIER 213 /%) (1S LITo 72, BEBREOH LG E TO
PREEIL 40 cm S — L 72, iR OFOREE K (T
7o, BEREIIEARTA b A XA LN ) A
Ay v¥) 7~y K7+ (SONY : MDR-NC600D)
A SR MR EIC L 5 E T CooERTD
FHEML TS Lo,

4.2 ERFHMOEEEBRDER & EE

X 5 (2R OE S OMSICE D % 10 THH O F A
WZOWTORREEZRT. N— Ly MEE TS5 2%
ELMRNESHTH D I ENREENT-DTERLAIEL
FESTRIME O 2 BRI X 2 ZInBCE S E T 2 A IEE 2D
WTATo 72l 2ATRTOHEE CELAEDOFEUNFAET
otz (p<0.0001, (1)n%=0.492, (2)n?=0.454, (3)
n? = 0.416, (4) n? = 0.492, (5) n% = 0.484, (6) n® = 0.493,
(7) n* = 0.560, (8) n? = 0.548, (9) n® = 0.383, (10)
n? = 0.386) A%, FHMEOZEM, B L OEKE L FEHMH
WOLHAERIAEE TR » o7,

CIOLREHEMREICE ST, EREOMSICL )RS
TALT 5 Z EDWL N5 72, RICE 6 ICE OKIED
FNIZIZEI 5 6 JHH O ZIREF 2DV T ORI O
RERT. N— Ly MRETESHE HE LI RDES
BCHh b EDPPE ENT-DTLREKE &S8RO 2 B
2 &2 2R ES BN SHEIZOW T T2 728 2 AT
NCOHEH TELREDFHPEETH 572 (p < 0.0001, (a)
n? = 0.10, (b) n? = 0.148, (c) n? = 0.304, (d) n* = 0.321
(e) n* = 0.370, (f) n*=0.343) 7%, ZHAEMHIIHETER
ol F72, 6 HEF 2IHE [(c) LT 5], [(e)

© 2019 Information Processing Society of Japan

W ] ORI IEFEROREPFEIC R 572
((c) p<0.05, n*=0.018, (e) p<0.01, n?=0.028 =
ENDZRIEDRRIITIE L TRR BB RS %25 2,
FREHERORENICL > THORICE & & EARBEN 72 1%
HRIUCED BRI EAT 2 W HEED D 5 Z LAVR S
7z. F72 T(a) &FFb RV-AFFHE V] & [(b) PuliZ A
Pezz | o 2 HE M OTEF I AR TELIEDOBEEIZ X
LEHIGEHEOZED/NE VT &2 S o E RIS
T - R EOBIEWIC AT T 4 THREIRES 212w
A3, WHIZEZ D L O ERIBUIA PR 2 B 12 Wil
WThy, T 74 A7 =27 #HELLERMOFHTHA
PEx 525213 hnweEz o605,

EBRORERD SR OZEAITEBREDR S IR T 5 2
EDBWHLRII o7z, £ T, REOEBRTEI/RT il
il F R D 22 T % 5h S DFNG A R b X IR 72 2 FH %
BEPBEAZ. FEBARE LTI 2 2250 % 2 fiE®R
WL 7B S RIOEBRP IR § A 78T =<~
A, FBEHEOEEZ RRDL0O TOERD =0, filiifl]
WAMEE R 2 MEICT A2 LT, BRE O RIRME
LG, TOEDEEICHET S X)) REthzikET
HROWHH -7z, B, EORS OMSICET
5 10 HHOEEGAN & 2 KL LET VY » OMBERE %
HIHL, TNENOEEANPAREICEOHENRSH S 2 &
HERR L 72 (F=0.8, p<0.001), 10 HH$TXTOH)
SEHMOMEREZ A L2 EL Lz, N— Ly MRE
TEG R BE LIERDPESTTH B 2 EDME SN0
T, ZBRELREFHERO 2 ERIC X 5 ILhE 58T &
Tolz. #RDPS, BREDFUEVEETH D I L 2R

312



[BHRNIBFERIGE Vol.60 No.2 308-317 (Feb. 2019)

L (F(7,8) =129.9, p <0.001, n?>=0.58), #xdyg\El
LOMMERBTH 5 0.06 MPa & iz b8V O 0.18 MPa
EREOFERTHBGEL L THWA BRI L7,

5. RERMERBOERICLZIEERE, 22X
JINT +—< > X, FEFHENDRE

5.1 EBREMEFIE

TR E R A SR A 2 & TGRS A7 8T & —
TUA, FEEHMECED L) BEEND L P EWAET 572
B, ¥ ATEERT)WEE O EREZRE L, O
BEH DA N L RIREE &HE S N3 A SR F 721k
Ty b=Vl LTHERRE BR L7e. BRI
BEOERLY 2 FEHOZEKIE (0.06 MPa & 0.18MPa) &
L7z, Z#hz 2 BEOBEHE QL 58) Llde4
Gk & L7z, B ORIREFMFEER O R T I 05 S (12
M5 A5 TIEFE MR O X B EBIIREN LD -
723, EIEHE T 2 HE IZF R OE W THE LB
Ao, Bk L72E B0 23] OFMFEBRTRL 2 IG5
2 &) IBDENDRNL RN H o 72720, KRERT
b ERIEDEM721T Tl SR 2 MlA G D754 T
EBRA AT - 72,

F72, EBCTHWIHEHE T A7V TR, VL /A
RNV 7T OF % Bl S FER A A EIN T 5720, FEEHHICR
ELBEVHEAET L. 4 BOEBRTHEBREITFTIA P4 X
ERLI/ARF Yy ) US4V R U 2EEFEL TV
A, AR OFEREICH ST LIETE R o7 £
CCAREBRTHETAHEBIILR Y AT 8T =< VA
AR IR MO ETH D I L RMGET 5720
e R O FEET S A FANCERE L, TOFRE ALY
(Gateway Edison 2.0) 254 L, 2 ¥ bu—)L&ffe
L7z, FAHEIE 0.06 MPa/5s Ol D555 12— L,
A Y= DIFHEE T 1 AT VA & RGOS
40cm B LE%E Lo, EBIIEEE 11N (BrEe A, ik
5N, FHER21.8 ) ICRL, Iy ba— V&L 4o
D EM T & 1 HTO/R 5 B T 72, HFERNEZ 72
F720, WEHICL > THRUEDIERFIZT v 5 AL .
FERITDHEED T  Bil 25 IR - 1288 R Ty, EER
HIZREPFAD RIS R 5 R E ) BB D AR— 2 % B —
7 v THY) o 7oL BB o RFRH & L TR H ORI T4
MEIRA &0, FEBRO 1 KA E CICASE & 2 220 % &
CWIREETEMNT A L) R L7z, EBRORTZE 712
I

F2ER Tl SPI B & TOEIC #BRICHED IR L7268
ME30Dx 17 A7 &L, GRt4 Y A7 %4757z, 30 4
OREHEHFIRAICHEZRIELTL S ) 2 & TEMMIZA K
VAR &5 272, 5 A7 RBEIE RIS G b
B LERH L IE) MEEZRELTH o7z, £HE
TS ICIE Uik S & IC R B RIARMZ R EL, WA

© 2019 Information Processing Society of Japan

Task Displayed on Screen
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Fig. 7 Experiment setup (Air vortex ring is synthesized for the

purpose of explanation).
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Fig. 8 Experiment flow.
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V—t % M-00-S) & HWIEfF L, 204Hz D> 7)) v 7
L— M CLEZIS LG RR 25 A ML AEEHE
L7z, BARIYIZIE TCP/IP 13 T3 L7z RRAED 55
W7 — 1) TR X o TR LF (0.04 Hz-0.15 Hz)
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Fig. 9 LF/HF change of each condition.

HIEME XD O EWEDT 30 B2 Sz 0% B e T
BaAPLRAIRRETH B LER L, 60 Frikie L Tl
WEITERHE BRI, ZO% 60 BRIZARIEXE &
L, MR E 72 3 E R E R L e o 7.
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7= %1%, EMOTIV #AYHED 7 )V T XL TED 24D
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Meditation) % %54 0-100 O#ipH CHMEZHR Y 5 SDK %
v 256Hz > 7Y v 7 L— FTidgk L7z, EMOTIV
%72 HCIF3E D% < 1, Wik D ET— % % fv 728k
BRATIC & o TRIB R HEE L T %27 [27), 28], [29], [30],
AR IR LI Al E R0 X B i DAL D A M & MREE T
%Pk L LT, EMOTIV A3t L T v % &iE i %
SHTRIE & LTV,

5.2 XREER

a2 = VESEEED 30508 A 7 SRERIE T ]
WEREREN-NEOTFHIE 120 (SD=1.9) T, EEh
T RTOEMETRIEAZER SNz, DUTFRHIIN AN i
REIRT.

5.2.1 LF/HF (&3 X bL X{EDOZEAE

FHEERE DLFE 5 43O LF/HF O % Ll L L,
YA 26 40 LF/HF OEGFH2EHR L. B9 12
ZMB 0 LF/HF OZAb% /R T .

KRz N— Ly MRETESHRE L7z 2 AR
FDEHEN 2720, 7FAAN -+ AREICEL D )~
INT ANy 2EOGEG R T ol 8 CAKFE TH o727
® (22 =82.329, df =4, p<0.0001), EHIZAT 4 —)b -
Ko7 2B L DL ERBMEERITo728 25, T 3 IR
F X912, 0.06 MPa/2s LAt ol 4= (0.06 MPa/5s:
M = 1.025, SD = 0.312; 0.18 MPa/2s: M = 0.984,
SD = 0.364; 0.18 MPa/5s: M = 1.026, SD = 0.362) (il
R Loay ba— L4 (M =1.144, SD = 0.362)
EHBLARICA b L AEZ A S/ 0.06 MPa/2s D
& (M =1.108, SD =0.406) $2 > ba—4fhe it
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£ 3 LF/HF ; £ E Ll
Table 3 LF/HF; multiple comparison method result.

%Mt HEMR  RE
control vs 0.06 MPa/2s p=0.053 r = 0.09
vs 0.06 MPa/5s  p<0.01 r=0.35
vs 0.18 MPa/2s p<0.01 r=0.44
vs 0.18 MPa/5s p<0.01 r=0.35
0.18 MPa/2s vs 0.06 MPa/2s p<0.01 r=0.32
vs 0.06 MPa/5s p<0.01 r=0.12
vs 0.18 MPa/5s p<0.05 r=0.13
0.06 MPa/2s vs 0.06 MPa/5s p<0.05 r=0.23
vs 0.18 MPa/2s p<0.01 r=0.32
vs 0.18 MPa/5s p<0.05 r=0.22
2.1 1 H Absent ™ Focused Mean + SD

EI.S 1
S1.5 4
%1.2 1
=0.9 1
L
20.6
=
0.3 A
0 - : : - :

control 0.06MPa/2s 0.06MPa/5s 0.18MPa/2s 0.18MPa/5s

10 Absent & Focused DRt
Fig. 10 Absent and focused index value.
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HEETRl =R Ny i B AR A (AR S R T
FhERL LT, EMOTIV #t25BEO 7V T X 4T
REL TV D 4 DDRIEHREZ AR E LR T 5
Mrize, BBREEZ/RTIHEL L TEMOTIV O REEHE
D 2 88, Meditation/short-term Excitement O HZE
% Absent & EFR L7z, T2, EPREZRTIBE L L
T Engagement/Frustration ® I3l % Focused & %7 L
7z, 10 12 &5 d Absent, Focused D H % /Rd .
Absent, Focused D &R a /N— ~ L v MEE T8
MRGE L7z & & AIRMREATN I N2720, 72T AH) -
A AKEILL D S 8T XNy 2 EOGEGT %
Tolb ZAHFETH 727280 (Absent: z? = 50.108,
df = 4, p < 0.0001, Focused: z?> = 110.06, df = 4,
p<0.0001), ES5IZAF 14—V Fv I AFEICEBLER
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a2 b — & (M= 0841, SD = 0.623) & H#L,
0.06 MPa/5s (M = 0.765, SD = 0.819) & 0.18 MPa/2s
(M = 0.735, SD = 0.471) D 2 &3 EICHRIRREZ
P L TV AR REAVRE N7z, Focused Tlda v ha—)u
- (M = 1.548, SD = 0.841) & H# L, 0.06 MPa/2s
(M = 1.205, SD = 0.864) & 0.06 MPa/5s (0.06 MPa/5s:
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x4 ik L ELERR
Table 4 EEG; multiple comparison method result.

Absent
St AEMER ARE
control vs 0.06 MPa/5s p<0.01 r=0.10
vs 0.18 MPa/2s p < 0.056 r=0.19
Focused
%At AR R
control vs 0.06 MPa/2s p<0.01 r=0.57
vs 0.06 MPa/5s p<0.01 r=0.15
0.18 MPa/5s  vs 0.06 MPa/5s p<0.01 r=0.53
Mean + SD

Mean Task Performance
Difference
NP NON N0

control 0.06 MPa/2s 0.06 MPa/5s 0.18 MPa/2s 0.18 MPa/5s
11 ZAZT =< ADFH

Fig. 11 Task performance of each condition.
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L7:& 25,018 MPa/2s & (M = 3.389, SD = 7.671) »°
I b a— b4 (M = —3.6543, SD = 10.290, p < 0.05,
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Fig. 12 Results of task performance over time.
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Fig. 13 Subjective assessment.
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