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VIR P STt R X R e B —.

SR ST ) R AW B R L R HREEEHRIT N S SEYN RRAE . A
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Bl 1 (a) HFSHERM (b) PEHKER

Figure 1 (a) A Roman abacus and (b) a Chinese abacus

SEVIF P SRR RORAE R ANE, (HR AR MRS %R (HER) RRfEE —— eIy
T TUT LS.

HEN 21 thad, AT B AR B R SRk sGa v). m TUT W2 A~ —AR B 2R A ) E
Rz —. HEr AR AR iU A8 5oy A 28 &5 BRI N T /). U HAE — e E X
HRFERMBEFLTT 1A, TUT AT LR S B B /E . X SeyB /e (0 B FH L 78 R0 BT 40, I
AR AN 3 BB SEAYAR T () B S RIS RIE S AT Ak 7 TR S U8R A, 5 R X S
B, ROHR I B SR A AT HEVE AL AN SCINHE B RS B3 5 B P U8, T B AT S AR Y (1)
SR YD AL R G0 ENUBAE T A, T SE A B B S TR A — A, DARTE R SR HE A,
FF TUI ) STEAM #(H J715%.

ATLACH, SEAH ST R AR R 10 AR B A B A ALl —, AR T R AN B g
B R Ry . AR SO 38 e o 3 — 7 1) R J U BB AE AL L B FT AR 3 R OR S U THI AR
B BB g S P S R R I AR A R B B, R R SR I K R .

2 BRSXRRK

S R ST RS E B JE T LAY LA B, R 1 R EEAREE T S A P A R Rl AR )
ZBL, LARACRIEIIRT 5T T AR,

2.1 YR FAEAEIR

S FH P ST SR IR TAE T LLE IS 20 228 80 RN, Frazer 25 U 23 SR T+ 54
Bt (CAD) BT &, MR T —F#H K 3D B AL M-S, XA R%H, ATt
PR ST AT A, X (0 R PR U 2 EIUAE R B (B 2(a), ARIESCHER (1) BIA EZ).

FiAh— B LU A I R A T AR I « R B nfEas” (slot machine) Pl —— X —TAERH T
YIEE-R 34T Logo 155 difs; LA “BRERMZEHL” (marble answering machine) Bl —— XIS+ TAEH
HA R AR B R ok R oR, B — AR, s b th—A ek, s 48 B R s R R (A
B, BIE] B O B LG B (B 2(b), ARESCHER [3] B L), X RLIZR IR T AR 20 42 90 4EAX
T B SEAE B S B FR A T R BRI A

T3 24 iy 25 A G368 F (¥ S0 P S T A — RIS T 1995 4 HY Fitzmaurice 45 M S H AT
YREL T (graspable interface) T I — N TP AR i B S .
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*®1 ZYARAENERSKRE

Table 1 Tangible user interface: origins and development

FHIE RFMETLAE A RAEA
FHIIR TAE Slot machine |2/ {5 YR AT S e 1976
1970s-1997 R 2 Marble answering machine [3] 5 FH L SR PR AR B 1995
Graspable interface [4] EEt 2] 1995
metaDesk 0] ST _b B SEE A A 1997
TR SandScape 7] FHATEEENE RS2 2002
SLAP widget SRS A B SRR AL 2009
Tangible bits Topobo [12] PGS IEILZ 2004
ik Lumino JCET R G SEBLTCIR 2 Kbk 20 2 2010
1997 TwistBlock [14] B & P 2% S K SE L 2 AL 2017
Actuated workbench [9] BT B 37 SR 22 W PR B 35 R 2002
EEe) Tangbile bots [10] INHLER N SRR R B3 = 15 2011
zooids [11] S RGN N & 2017
PneU1[17] EhIEHIE R 2R 2013
Radical atoms Y e v inForm [18] T HIZ B PEF SE I B IR T A2 2013
5 bioLogic [26] ARSI AR e AR 2015
2012- TR EAR LIME [19] TSR SE I B AR SO AR % 2016
Programmable droplets?!) KR8 8 AR T 2018

1) http://tangible.media.mit.edu/project/programmable-droplets/.

(a) (®)

E 2 (a) Frazer #J “3D EiEHR%” M (b) Bishop K “HIRFEH”

Figure 2 (a) Frazer’s 3D manipulating system and (b) Bishop’s marble answering machine

R ELI T A Q220 B 1A B SC AR (S B BB A5 B Dh e, (HRARE N — R 52
Byua, HERHER R AT K.
2.2 SHMRAFRFENER

1997 £, Massachusetts Institute of Technology SEAARSZEG % 1) Ishii HAth & B L F AR T — @l
N “HIfill bits” (Tangible bits) (3 B 55 1 YR T Tangible — iR T iXFp FHZ A, “bits” —
M SCT RGN, Bk d TAERTEH P SRS . B8 53 2 a2 8 7 W, rd
PR AA HER R B REsE i, 1 <Rl fd MES A4 tH WO THT X — 368, T X—MEn
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S 7 ST U AT AR AR T SE AR I A N S 4 T 2

£ “Tangible bits” X—#E &IN5, SEVH P RHAE T 20 ZHERKE, TERCT BUEBRIR R,
SEVIH P S TR T I ) 102, A A fer i R A ) BE SR (tokens), P AE B IAZHIEA. B
1 metaDesk ) A F 4l SRR EAE GUT R EE (B 5) BIFH (handler). SandScape [
S TAREWITRAE 7 TUL 2002 5 i W) B S 1) R, A0 an 458 P VD1 S5 B o SE L AR ey s e 5
RIS, TUL B RERIERM (widgets) [IThREHBORER T, #1140 SLAP widgets (8 CLZ& 5281
TXERE GUL % ISR TUT JEAS. (HJ2IXEE TUT #G2 LIERT), —BAUE NN SR .
HEATS 7 I I R B ok R L

N T RS IEAE B AU R IAE PR R B AR s R THT, RS DA 207 A S, IR 4 T
FME VR T ZokE TUT AT PAshie k. 85 AR 7 TAERIAR R /2 actuated workbench ), JE it LR
Baksh i 77 ik ER I L) TUL /] BLE £i23)), TEAGa 3L R (kinetic feedback). Bl AL #
NEARR R, BB 2 1) B I)5) TUL KA T HLE AR D013 H S BARFUER RN, 5] AT
B PRTEOR S, SO A BRI E RE A

VIEH A2 TUL KRB 55— NS 3 HAZ O B AR £ et il il R @ R i 77 20 H BB
ORISR, I [ 47 (R ) 3D B E il &, B H B &S HLAE ). Topobo 12 KA T #hfE
1817 (kinetic memory) A, MFFURPHEA BB & T & 51058 TLIAE. Lumino 131 SR A 7%
PG, R 2 2 HE S AR D 2 B AL 2 K=, S T TCURIAEE T X 2 R R i 4
F B 7B & . TwistBlock M4 NI 51 N REF N8 AR, ST T 0 52 A LB A 20 fg R ) 5 STz e
Ma.

X G AN [ 73 S AT ) A J B A2 ) B Y TUT Fii A2 FLG U R B B 5. AT IR L8 AN W A J O UK
HRH, WiZE SR 7 TUL SRR MEABRE Y E A S5 8 AR 28, TUT ReRs BTt
ST ER A G ) Kt S AR, R DL b S AT S e A S RO A, (S
SAEHCFHE T b i o HoR ) B R 2, 18Rtz & T TUT EP 3 7 b RS AR AL ) B Hh 2. X —
SRR, — S (%) R RN 7 v A i 0 e R

2.3 YR FF EAFHILE

21 RSk, £0F TUT H 28 RIL R R, B 70 RS T — L83 i B W L. Holman 55 [19)
T 2008 fEHR I “HHLH 7 FLH? (organic user interface, OUT), $& A F 2 i 7] 25 4 1248 1) A
(ZRMLARTK) M2 Minuto %5 [16] - 2011 E3E 0 “BIREA B FLE” (smart material interface, SMI), 2
A B BE DR AL G T AR MR AR S. 2012 4E, 4E42 ) “Tangible bits” 2 J5&, Ishii 255
FH T “Radical atoms” BIHER (FEIL 3.3 /Y. IXESH B 342 TUT 5 ZEAE ) Bt 5 b 42
PEEE 2 R A S I PR, TR S SINGEARL g B LA T B, SEELA I A B I B
A B & R .

FEXLEFR TR S T, TS E I 1 — S A AR, O TUL B RFTIT 18 BALES. B, PneUl
AL BT T ) S5 AL R AK B) 7 AR SEI B A5 K 2503 B, bioLogic i 51 N HT AR L KT i) T2k
DA BT MEFRBDIRZAS IR 4. inForm M1 R 7 B 51 45 M ke SE IS A 1) 2 D BB A5 508, HE & 2
WL AR . LIME 291 f programmable droplets DUJIE It 51 N BAA LR BT ) 40 B 27 i 3 S B 6 R
AP BT AR P

AT, BEAE AR B T2 BORIIARE, ARSI R Fimis BoA 3 4 5 Y R 58
A, @A R S Y P P R R AR
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Digital information representation: tangible Digital information representation: intangible
(eg. video, projection, sound)

Control Rep-t ~ Rep-i

Physical
Digital

3 MCRit =&
Figure 3 MCRit model

3 IEpEZR

FESYI R S R R R op, BE B4R 7 T RGBS TR R BB HESE. X LT TN SE
Yo P R R AR At T B B R PR S A

3.1 MCRit &%

2001 4, Ullmer 5 Ishii 20 7EEFEH P ST MVC 12 (model, view, control) HIFERY I, iE—
PR T A SE A P A E MCRit #2288 (model, control, representation: intangible and tangible).
FHEC TR H P 5, MCRit BB smif RS HE B BRI SIS &, G —E R E L
B N\ B S L A B ZE .

MCRit #2843, i8R [20] B E2r) TR sy P SRS 4 Fbg

(1) SEYIX R 5HTE BEME,

(2) SV GARTR —Rh A T AR, XM i) 8 1 #8 3 B A X — SR 58 A

(3) LY REE AR (B, BURSE) KA S (perceptually coupling);

(4) SEVIX REPRAAEIL T AN RGUREKIZOT7 T (B EME T, SRR k).

XA R 7GR TUT BOPE BT SRAE. SRT, 3X — R AE ) Jmy IRt AR W2 X T
JoUR TUL FH, A —SeWxt REHREM I ERERAE. BRI A SRR 18 LSELSext & 540715
SRS, ERMKEESCF I B, AR AEAE S i R vh Se B S B RS

3.2 ATUI &8

N TAEAET TUL Fim o ol fe b, thRgsel B iy w5 B 5y i &, wHiE e
PR TUT B RERE B 5IN T IREhHLH]. Mi Y 7E 2011 845 7 BI85 F 7 FLIET ATUT (actuated
tangible user interface) f8Y (& 4, R¥ESCHR [21]) B EL).

ATUI BRERIA TUT B MCRit BEARUIER ESIN T 9KE) (actuation), MG — 82 EE (H1
WECT X REIALE L B8, RASE) AT UE SRS B SR Eil Y 5t (B3l st TR AR
%) K2R,
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Le
W
Ve
Kinetic feedback

\ shape change etc.

Ay Actuation
— ~ ( ]
. iy bty

Digital -
Digital Digital
objects parameter

B 4 ATUI 8
Figure 4 ATUI model

FHECTCUE TUL X RedR i 25 A W] R RV B S A4, ATUT B8] AAE — g B2 ESiiBl TUL 303
S B 53— TUT AR BT A B e B AL E K AR BRI, 1X— TUT R U L.
TSI B S AR 5 2 0 R iR AR

SR, e T IR BN AL P B S st A7) A Js R, AR B0 (8] b i e 3 AT B B, ATUT
HAT R SAGREEE L VAT R 9, £ 807 =S8 AN SEAR G 08—, B — D SRR RN, 4
SR S AR A SR L AT N S 5t

3.3 Radical atoms

Radical atoms MEZHTHBLE N T 8% “Tangible bits” PRSI RIBR. « ‘Radical atoms’ #& BE#E {4F
FORAR, NoRLH R g, I 25 HH P DI Re ) — M AR BT, ‘Radical atoms’ 2 ARK N — P52 B
B BT, U E B MR R, v L ER S A, BATHIE R B BT
i1, WA & B2 i 22

5 (MRESCHR [22] B L) HUKILS/KEC R B ER 1 BIEH P S (GUI). SEYH 4+t
i (TUI), PA X Radical atoms FIAFEAFLES. GUI (X RTFEENE B, Jt@TJEE #1077 N EAEEAT. 5t
R FATTIE I KA 2K T YR I AN GE B3R 5 HACH. TUL MR — 30K L, —/NEB 23 (5 20 H
TOKMEIEHAE TSk, BT LEESHAZE. 1 Radical atoms NI T X Ak 28 B 1) —F
3 —— FrAYESE BRI E B R R, Y .

Radical atoms BE&HUK 1 — RIGEHHF RS WRZ. —SHIO R TR OV Rl <)
JRRIFEE BRS AL
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GUI TUIL Radical atoms

B 5 M GUI 2 Radical atoms
Figure 5 From GUI to Radical atoms

3.4 SMARAEHTESHE

3.4.1 SMMIARFESLXSEARTS

Ullmer ¥ 76 MCRit BB 5EAL [, 3817 TUT 19 3 MEEATEA 231 aniE] 6 (R4 SCik [23) Bl
HZ) PR,

(1) “XHERIH” (interactive surface). 28 HR M — A8 I 22 BRI  HuTH o B H0SE. SC0 Gon]
DURCE AE A2 AT b, B rT 3 B AR, St S 2 (Al A B LA S AR ATT AR .96 ZR ] DL SR RAE R 4t
R

(2) “KIfFHEE" (assembly). AT HHEFRA, JEITW — HM R IETIERA S, WA AE X
IS, K B s )L B DA S S A A R IUFP 250 FT DL SR RAE R GRS

(3) “RAZIZR” (token + constraints). “ZJH” F5—FhHFE FIH GRS #758), TR AL A1)
SR 5 e AL RS R RIE 177 2RI E Bliz 8l X — 77 ANAT IO PR RS A2 .51 =

BEE T TUL B 507 MAR KRR, EIRJUMTEES R CEA me F R 78 iR # Il TUL
7. & ATUI Radical atoms SEHFRRBIAL 7] DK EOE 40~ B IR S 72 B0 TUL FiEsT
HR. i 7 B,

(1) “JUTEEYE” (geometry and relief). I 7EF1H b 51 AN—4H m BE TS B THAF R 51, mf DARSTHUL
FALT HIE i A i T, SEBL 2.5D B9EE 1.

(2) “iBB) M (kinetic feedback). TR SEYIXT RN H Ei23h e (Hlas NEOR), 155200
FER TR DA P RE A0, A DI R Gt 3 Tiash (8 M. = AR AE), #Em
SEPUE B AS St.

(3) “ThEEEAL” (shape-changing). &fE KM TNEEMEL (IL1ZE . BV R WA EIRSE) Wit
ST B, 8T AE S A A B IR 07 2K, S P S AR R AR 2R, AT I B B 22 R
TG BA R A B D fe.

3.4.2 HBERE - BhfEEE

P B o () S B R R S B AR TUT (AR, B E R A RS
s, OUIGH AR (B 3D BIT&) | shas ok (WUAISE) . RIS E (Mifa. M%), 4 Hass
M (2SR %,
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Q ,,
/@4 f; %

6 JE TUI By 3 fEAREES

Figure 6 Classifications of passive TUIs

7 TUI 9 3 FEIES

Figure 7 Classifications of new TUIs

KR GG BTAE B 5 0T LLE I AR R A BB RUE (embodiment) G My 2k 5
(metaphor) 24, PEES RUEEBAT 4 ANREIK, 435l

(1) “HJQEA” (fully embodied). F5%iH & 2% Bl 25N B 4%
(2) “UEEEES” (nearby). fifath EILAER AN RALAL;
(3) “Hiulj\]” (environment). fif i 52 IAE ] A
(4) “IFE” (remote). FH%H LB BUE I (B0 55— RBERE 2 55— P51,

T I iy 4 J52 2 A A S 2

(1) “ZIAHEFEMR (metaphor of nouns). fi& LT L% RITZAR;

(2) “BHIAVEFSMT (metaphor of verbs). #i§ IRk T-SEWIRT RIS B B X H AR AE.

HeA, RGN R G FE B A B S KRR, WA LUAG N — R TUL etk p %
e 20,

(1) “KFSYRE” (static binding). i H1 ARG HE XHIME R R, A LIESRX —#a;

(2) “BIAYRE” (dynamic binding). FEHEG KR AT LU P BATE L.

X — R R — BaE e Y mT DASE DD #E R s I8 R0 23 At TUT 1) Dl e A S AR

3.4.3 REEMSAR

/NAETE (affordance) #& AWLAE HAFRH I — N B ENES, — T3y — DX A2t 7 —FhifE
Ty RE. Wﬂﬁﬂﬁ/\f”%ﬂ%ﬁtT s D RE; T — MRS T Hash i DhRe. XTS5 - i,
ANRETE AR — R R B . — AN SRt R AR it it e AL RIS BEVEAS B HBAR . KA
5T, LA R RIS B AR A e g Y P AR AT 4R

2 (constraint) J& 75— MNEEME. HonretE ik, QRS T EAER T RENE. WS URRENER
YRR AT Mg A7, B AL R SR P AT LA B <R mr D40, —ﬂﬁﬂ%l}ﬁ, ZN
REME S 29 A0H W AL RIR & 2 —A 5 A 2. s e gH B2 — MR I i 6 1
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B T e SN A& R BRI 2 3R, — 283 (O 0S53R 7E TUT IIBEiE s FH TR, P2 A8
LIREAS. 10 53 F A P Bl PR o X 42 R 70 W A% 1 (280 o e ek A e ™ S ) v P T BAS R
Rz seA Jy 0L 8 i VR BEVE S 2RI &, KA mT REBLTH R A SR KT RERT TUL

4 STHEAR

B TUT BYSEBLECR KSR DL IR L AR DAL HE, DU IREIHAR 3 KK,

4.1 BRHFEAR
BANE AR FEHTX TUL 1 ID. A28 B8 AT 55 R Fh B 2347 K0 5 1b 1l T 95 Ab B )

%,

4.1.1 RFID

S (radio-frequency identification, RFID) J& —FB&IEFEHIR. EildSE 5 A 3R
5185 HARMA RFID A28 R0 R, —ft RFID 2 M TR Rg i), 75 EoR A AR5 ik B T s
Hid RFID S8 (RFID reader). Bx TR A—4R%E, SRCEREAL, —SL R 245 AT LRI R 2 AR
2, B AR ZE N H AR

£ TUT [8ciE, RFID BORSEME 7 —Fhfal A€ AR S HLIRL. 545 10 SE Xt R Id RFID Fr
B ERBCTE RYRE, W ASEELE I se R B AW E DI #e. B RFID HOARH) E 26t
M T BRI AR, DA AN BEAR T SCRPAS SEIRT G2 (R B RS AR ELOG R I3,

4.1.2 M5

TE TUT 9, HLESALSE B P 23 (058 B, FIFMLEALSE, BT DO b1 it 2 A i ik
FPSERE EAr, IR RO B Bt K/ FRE(E B THE N AT 4 e g i B 2R X DR 1 B 4
ARG HA T S IAE 2P B 07 BRTE A% AR P WLAS 0D R SRV X e S P R Tk AT T & 11
16, BRI AT PGS T HLE8 2 ST 10 R G0 i, S ERf, AR 75 SRR, RLAH T TUT ML R4t
W RS 3 AN — SRR AL, — TR A ST B S A, PR E A I IR A

FEF LA R AR AR T — P A BT SE RS S LA, P DK SEA0 G i) 25 (Rl AL BDIRES
FAH LR R AT IR, I R3S 2 f & 130T R 4.

Aid, B THLES LI TUT PERE A AT SEPEZS ) 52 296 4R K740 ANIE Bl AR 52 0. A8 FH 2 € ok 1l
o GRS B ] S, (EAN R /D B R 0 v B R B, 4R e A T AR 1 3 ) — b 7 2k e SR T R R
WAL A RS B, HONAENL 3 L0 A e R

4.1.3 HBEAFEAR

B 1 DAL A LR RIBOR, AT — S A i RN SR B2 FY 21 TUT Beit- 5 N . Bilhn:
PR ERSOAR | ARIRER B EOR L S gASEOR, DLREE T LA 2 015 5 AL BEEOR SR,

398



HEB FERE B A8 E 4

4.2 WMAREBEELIE

IRARE BACPE T E A T TUL Bt /£S48 TUL H, i iR AP H 8%, RER ARG
MBI T AE B, s AT 4% S A R TR 5 Gl 4 w] DUBRSZ. AR, dn] DL 5L
ATIEAE . (R IE S 3500 TUT AAE B A5 BAC B P B2, DLR B A SR B 45 55 Sk AR 181, 7 —
2 TUT it th /i Za IR (ToT) BoR. X+ 24 TUL WA TARRR A5, A& 2 TUT 547
LIRS, il A7 R R (ZigBee BUE IR ) NS MIFEEATIELE 4,

4.3  IREHIA

WA B EEH T TUL Wit, DaRftiazl, ARG . — S RS BRIz
WAEFIEIE TUL BAT € MIIRBIHE ST BN AT RE.

4.3.1 #HEIRE)

VE i I, s B EOR, MLHIKENAE TUT Wit AT 2 IS, SR IREIHE AR TUL
R ERH R O T E BRI 2285 40 B FEL AR S5 L 3R o, SRIREN ) B SR I8 B B T, AN Actuated
workbench [, Tangible bots 19, PA A zooids M) %,

4.3.2 BREMEMERSIEE]

TSk, — LT TUL BFFCHORMIEA o R T AR % KB HUR S I Re bR,
N TUL HIR RN T B35 7. LR APk, REfEoh Rt . Bt JEA0. . P S5 R T
PO [ RS R, A BT, M. FIRE. AR, RS EROGSE. RHIEA
FASBDE DR O, STBLF P ST RO IR S R R (T 0, SR & TUL SN Stk
2 H 5 5 119.26],

4.3.3 EMBIFEFA

B 7 LA R — IR EOR Z Ak, £ TUL SO APt 3L 7 — S5 B s 8ok, il <sh
IRANEA DT P P AR A, LKA A F) 470 B i B AT X 5l ) 1 P 45

4.4 BARMERSHkE

FETRESEILIT T, TUT KRS RO B EOR. FIANE BN EOR 5 N U5 B AL B RO T 1,
B BRI BN R, FEABA KRB AL

SR, 53— 5T, B TUT AR FEBROROB 55 A 50 A S R M B A 577 A S AR i, o BBl AR
R EESRBOR A R, AR AORIBHE DL CAT BRSO i 307 R ORI (R 738 25 B ST R
WA, AR A Ry 2 W B R 15 RE 7T TUL

PRI, X ARk TUT BBt a5 Jié H 5 0 AR B 452 AR AR AT BE A 5K 300 (B SR X E AT 7
Pk
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5 NAHuE
5.1 HEHMEERE

IMAY RS TUL 1) F BN A2 —. M metaDesk (¢ 3] SLAP widgets 8!, %% TUI W78 TAE#R
FOITFRAEIMEM . B G H NGB, AN TUT AR OREEAEE. iesdl . ¥
P B S 2 PPN ST, B ALFE I AR A — e B MR B T S . 40 “move-it sticky
notes” 71 HHICAZA S HIVE T Rei8 EAT AT M AEAR, J7 (B0 P @47 $R BE S5 454E. “FluxPaper” 28]
FEHF 38 () (2 4R 5K P TR Ok J2, @ i3l T DASECERE 25 B sh AT x5 AE Al B2 i8530
ETJRE.

— 4 TUT Wik ) H 9 R RIS 5. AR T2 —5¢ “touch & activate” 291, J& ik Ui i L P
BE I REAT (8T A SR AN SR, T LUK H R AR08 o 1) L PAT AT P4 50 s mT R0 P B S TR TG
U5 RFID #rZEHAR L SWist RARSE &, WInT DLSEIEE 2 0 #dE 77 2. il “IDSense” B0 ax T T4, it
A DLKE @ ) H YR TR L B B, B 4 P ESE IARAE.

WEAh, TUT vt ny AR R F 31 5 5 408, il “jamSheets” B g 17— a] LLIE A5 I EE R 78
SAPRL, BRSO R AT Y ) S R

5.2 EEAHL

TUT fef (s BT AR At 45 1 . 25128 B 5 3. 410 Tangible bots 10 {8 I RERE7E 5L THI |-
B3 E N TEAE T, AEHE BT B E R [F) I, SERe 19 3 /) B HRE IR S5t 1T Pne UL
Mgt 7 M Lpaz e, v LLE s s AR T I 77 AT 28 B, E— B0 7 S S RN
HAE R

At G NTT R IR B FE S, inForm dEiE <JUEIEIE” B7 N IER B8 %5  (shape
display) 181 AT DUIRAEVI BRI H . SIS LA R SR, DRFE AN EESWE N L
BT, Jiao 55 B2 I AR R E 1 ] ) ASE AN B 10 fi B 51, 52 vh T RT AR R A AT
ik #5558 HLFR) i b, S s

I S B R Z &, 7T LASEI R A TR AR BT R TUT, AT 5 B BB ey A 7 AR it
BRI A REME. Fla Lu 55 091 B TARIRH TR T A S BN Sk a4, midEiisSmnErsS
BANSEIE B RIERS . IRSARd . TR I5 RE L.

5.3 HBESRE

THENLUAR B S TR AR TUT BT A B4R —. T B 43 () R SE A T8 B (1 27 ST A B 2L
RETRITHRE LSS, FILEAMTZ 74T &R 8331, A —5 TUI RGN LR R
B YU (edutainment), HAI—LBLHLR, DU EMIE IR Hahk 4%

T TUL BB RERRR AT LALL 7 N ELAL R B8 25 BRSO & #1140 “Topobo” AL 12) ]
CAF RIS AN, JF i FAR SRR ARACOR SRS 2 1B E, Imiik B Sl A Yiz sk
K. X R RERUR AT AR B % A5 5100 TP L 183h 835 . B IRE i S

FEWR RS, TUL A ET ZKINA. RESEN R ERGETRIRZ ARG S 518, T2
NMESERR A, DR 8 ] LB N T S0 S5 408 Kaltenbrunner 45 B £ 2007 42 T “reac-
TIVision” RS EF 6, HFRZFEHIE T — B E K DI RIEHASE. Wang 55 B0 {1 TAF
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W38 SIS TUL, FEALGE LSS BRI TS ELe R, (A sk 1A 6 5 w8 A i
R AE.

54 BGIE5EE

ERZAMA TGS, TUL 7] DL BR S B 7, 32558 B el R4 o8 | AR i =2 B )7 2.
AT ) — AN AL 1§ /& Microsoft 24 &) T 2016 E4EH ) Surface Studio, P FISEY)3% 4 Dial
A LUSCEAE R RE EAEA, A P a] Do i 5 AR A 7 kAT TAE.

FAN TAEEA Perelman 55 BT &1 FIBRIE BAR, Be6% R EEN 48 PR =4k lies%, fo iy
T =4 EIRCE; ULA Wang 55 4 B AR R By i A5 J 15 %, AT DA AR A S 28 0 2 i A5 730 4
SEAE— S, BT AERUR FRHR N T 1) 15 R AR B, AR 2R A sE e AL ] DL B B 2 35 JF4F
B R IR B A A A A )

6 RELRHEHE

HRANGERKRR, A SRV FUKIERN EB L —. SS P Fi e AE 5. £ GUL I’
B RERGIE R B, GUL Sl st 88 2 IR0 a2 NiEd s 515 BRACE R AL RE%E TUI KK
J&, (B RO RRAERRE, NSERIRAMWALE TR L. WaThng, 25 EA B T8
HHF, A, 5 BAED B F B (shiR ), 2652 5B AR S Corivai k) #0H
K2 W) B A E TN RIRER . B IR, AT B S P F i AR SR R e e 35t — R e
UTBES 4=

6.1 FMEZHEBITHIIRE)

RGN 4 FPTTRI, MBI B ORGP e Rk TUL (A RE. TR K 7] TUT SRS EARE
K ST H B A A AN BERE I A ARFALE.

T TUL SKEhEARE L2 S b T U™ A I 30 | fieks « AR AR 75 2K, k) LA AREh BRI
KRNy TUI BIIE 1 E 2 AT RENE. G126 B Ty H I BEREIRL, WA G I8 19, W4 g (261
fh A ) SR By iy I T . I e IR Al 7 AU H PR, DA S Ry 52 U RE S A LB
. ATEATRL, FEARRORE 2 B B 22 Bzl 05 3, T SE I R 2k BRI IR ah i & 9 TUT Aok s 4=
B HE B R 25

6.2 EFRRX

MWAZ BN REFER P (N BTG Bk (W), LAENIZ AR R (BEH). ZEE AL
HAMUE— IRV, RN R0 L RO e, Wil 2458 MRS TUL 4 H
5K &, NHIAZH R0 558 A AE 3t — 24 . 51 “Topobo” 121, “Tangible bots” 0], “inFORM” [18]]
“lineFORM” B8] S5 A 75 TAE 35 K BN S ML AR, “LIME” 19 138 7 MPRLRN 535 B SO “Bi-
ologic” 1261 J& 5 A W22 R WA AR T B LR

KB AR 2RI B R, WA TUT (R &5 KHT (1 mT getE.
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6.3 AEMItE, RRUWSEHENL

FEGEH) TUT 385 N NIPE A A2 B A . ik JLAEsk, e AR Z RS0 T H —L
A LB BRI AL TR [ AR} [17,18,26,31,36,38] 3@ b 24 N S, TUT Rt 3Rt N E 48 . 41K
(PR, ZRABk g S T % X8 o R A WL 7 FE T (organic user interfaces), B S RN 7 G
(non-rigid user interfaces), HIRFRAREWE 3= B B 4 23T TEIRAL AL F P ST

TP B R & AE S A8 B G R . B S i (T ORBRUR -+ 20 254, Rk B 5 T
LH RIEPER . RERS UK GG M IRE s 114 38) 17 i o b R AR 5 AR AR 13— D Ak, SEY) ST
R J AT A 3 B 22 4 P2 )45 (29-300 ) T AR 45 B I e

6.4 25XE.LRESREM

IS P AR A T & B3 H (whole-body interaction). #AT, 45 H P & F4#
FH B A AT fid S Y BBl 2 N DA, — S8 R R R P A — S KR S R N 5 R B sesd 4
AT AR B, RREEISEYR P S mT DASE B4 B 52 ., DL SE B PUR I I 58 HARLG:.

T (performativity) & 545 HAHFER 51— M. — L8 RS0 I 5 vl B30 1) 5 B b
8], A2 H P Bl e B2 s e A iR X — K RERPMESES G M EE T — 2k
TPE B eAh, —2e TUT Beihiddia B 2 B ST & SRR . SR8 B E A R 1 se it 4, mT e
FEARRETE S BT 22, DT S8 L AR 2R 180

BAVIRBEAPMEESEREME N KR ERL B RS, 2 TUL KRR —ANEE 7.

6.5 WITS5ERK

WA E AN B — B REEATESER. B 20 D 90 FARBLR, 2R 55 HEH
A SIGCHI, SIGGRAPH %5 H R RS W EIE R —. EE44K, £ SIGGRAPH ) E-Tech
JG SIGCHI K] Art Exhibition #.70, PAKEALF B F| Linz # Ars Electronica 25 [ bx 8 B 22 ARG B,
LT RELUHH TUI SARIENSERIES I EEARIES. Bl “BioLogic” 26 FBAE HAF 78 i
il ZRMEE G, Bt T a7 DRSS N\ A B 500 R o5 e £ A ) R IR, “LIME” 91 H pAKE it
1) P9 37 2 S P R T 1 — e 5 5 S ASE A 3 FH B ZARAE S I BIE 2 b, SEEL T AURe 28 BLAARSG

WAt SRR KL TUL WSS &, HORA nT e ARk TUL #F 7 TAERE (it
2B REE.

eI % 20 R, SR FHE W TCRE TR RIR . RN RBUTTFEN B EE. )
B S 2 (A 5 QAR A HT 3, 15 TUT A3 KA e ABLAC TR FUA R 7 IR ZI 520 5
—J7 18, TUI R FEA AR — S fml . Biltn, KHR 7> TUT IBEHalsh Z 30k, AR — N E
RIRSLH; 5340, KW EAE A TUT A 58 57 . IX 8 i) @it 380 1 TUIL 7 LA AR BEAN IS . A1)
WE R B E A 2238 E TUL XU A sk S AR AT IE LUAHIR, D538 BRI A R 3.

TR AR, TUT B R B E 1 2 B EU AT BRI N I 7). IEWEARSOT R, ek
FEAEREB B IR AU, I REAEARKREH « BHE s 57, TUT #AA HElzith. iidt—2 I

402



HEB FERE B A8 E 4

TUI B0 7T, 75 BER A THEAURL . HLR S HIRl e MPRREE . Bt 255 2 AR BB A5,
18 P A SR T3 R RIT e IT.

&2k

10

11

12

13

14

15

16

17

18

19

20

BUf BESHEANRAARBHT F L I, FHIBH. ST, ZAETRT AXESE

FeFI T BT AACHBRBT A8 TF. El—5 200

Frazer J, Frazer P. Intelligent physical three-dimensional modelling systems. Comput Graph, 1980, 80: 359-370
Perlman R. Using computer technology to provide a creative learning environment for preschool children. MIT Logo
Memo, 1976

Abrams R. Adventures in tangible computing: the work of interaction designer “Durrell bishop” in context. South
Asia Res, 1999, 28: 23-48

Fitzmaurice G W, Ishii H, Buxton W A S. Bricks: laying the foundations for graspable user interfaces. In: Proceedings
of the SIGCHI Conference on Human Factors in Computing Systems, Denver, 1995. 442-449

Ishii H, Ullmer B. Tangible bits: towards seamless interfaces between people, bits and atoms. In: Proceedings of the
ACM SIGCHI Conference on Human Factors in Computing Systems, Atlanta, 1997. 234-241

Ullmer B, Ishii H. The metaDESK: models and prototypes for tangible user interface. In: Proceedings of the 10th
Annual ACM Symposium on User Interface Software and Technology, Banff, 1997. 223-232

Ishii H, Ratti C, Piper B, et al. Bringing clay and sand into digital design — continuous tangible user interfaces. BT
Technol J, 2004, 22: 287-299

Weiss M, Jennings R, Khoshabeh R, et al. SLAP widgets: bridging the gap between virtual and physical controls on
tabletops. In: Proceedings of CHI’09 Extended Abstracts on Human Factors in Computing Systems, Boston, 2009.
481-490

Pangaro G, Maynes-Aminzade D, Ishii H. The actuated workbench: computer-controlled actuation in tabletop tangible
interfaces. ACM Trans Graph, 2003, 22: 181-190

Pedersen E W, Hornbak K. Tangible bots: interaction with active tangibles in tabletop interfaces. In: Proceedings of
the SIGCHI Conference on Human Factors in Computing Systems, Vancouver, 2011. 2975-2984

Le Goc M, Kim L H, Parsaei A, et al. Zooids: building blocks for swarm user interfaces. In: Proceedings of the 29th
Annual Symposium on User Interface Software and Technology, Tokyo, 2016. 97—-109

Raffle H S, Parkes A J, Ishii H. Topobo: a constructive assembly system with kinetic memory. In: Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems, Vienna, 2004. 647-654

Baudisch P, Becker T, Rudeck F. Lumino: tangible building blocks based on glass fiber bundles. In: Proceedings of
ACM SIGGRAPH 2010 Emerging Technologies, Los Angeles, 2010

Wang M, Mi H, Xu Y Q. TwistBlocks: non-rigid interface for 3D-aware design and actuation. In: Proceedings of
China Human Computer Interaction Conference, Shanghai, 2016

Holman D, Vertegaal R. Organic user interfaces: designing computers in any way, shape, or form. Commun ACM Org
User Interface, 2008, 51: 48-55

Minuto A, Vyas D, Poelman W, et al. Smart material interfaces: a vision. In: Proceedings of International Conference
on Intelligent Technologies for Interactive Entertainment, Genoa, 2011. 57-62

Yao L N, Niiyama R, Ou J F, et al. PneUI: pneumatically actuated soft composite materials for shape changing
interfaces. In: Proceedings of the 26th Annual ACM Symposium on User Interface Software and Technology, St.
Andrews, 2013. 13-22

Follmer S, Leithinger D, Olwal A, et al. inFORM: dynamic physical affordances and constraints through shape and
object actuation. In: Proceedings of the 26th Annual ACM Symposium on User Interface Software and Technology,
St. Andrews, 2013. 417-426

LuQY, Mao C P, Wang L Y, et al. LIME: liquid metal interfaces for non-rigid interaction. In: Proceedings of the
29th Annual Symposium on User Interface Software and Technology, Tokyo, 2016. 449-452

Ullmer B, Ishii H. Emerging frameworks for tangible user interfaces. IBM Syst J, 2000, 39: 915-931

403



KHFMESE: SR - Fm: IR RIS U

21

22

23

24
25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

404

Mi H. Actuated tangible user interface: an extensible method for tabletop interaction. Dissertation for Ph.D. Degree.
Tokyo: University of Tokyo, 2011

Ishii H, Lakatos D, Bonanni L, et al. Radical atoms: beyond tangible bits, toward transformable materials. Interactions,
2012, 19: 38-51

Ullmer B, Ishii H, Jacob R. Token+constraint systems for tangible interaction with digital information. ACM Trans
Comput Hum Interact, 2005, 12: 81-118

Fishkin K. A taxonomy for and analysis of tangible interfaces. Pers Ubiquit Comput, 2004, 8: 347-358

Jansen Y, Karrer T, Borchers J. MudPad: tactile feedback and haptic texture overlay for touch surfaces. In: Proceed-
ings of ACM International Conference on Interactive Tabletops and Surfaces, Saarbriicken, 2010. 4351-4356

Yao L N, Ou J F, Cheng C Y, et al. BioLogic: natto cells as nanoactuators for shape changing interfaces. In:
Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems, Seoul, 2015. 1-10
Probst K, Seifried T, Haller M, et al. Move-it: interactive sticky notes actuated by shape memory alloys. In:
Proceedings of CHI’11 Extended Abstracts on Human Factors in Computing Systems, Vancouver, 2011. 1393—-1398
Ogata M, Fukumoto M. FluxPaper: reinventing paper with dynamic actuation powered by magnetic flux. In: Pro-
ceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems, Seoul, 2015. 29-38

Ono M, Shizuki B, Tanaka J. Touch & activate: adding interactivity to existing objects using active acoustic sensing.
In: Proceedings of the 26th Annual ACM Symposium on User Interface Software and Technology, St. Andrews, 2013.
31-40

Li H, Ye C, Sample A P. IDSense: a human object interaction detection system based on passive UHF RFID. In:
Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems, Seoul, 2015. 2555-2564
Ou J F, Yao L N, Tauber D, et al. jamSheets: thin interfaces with tunable stiffness enabled by layer jamming. In:
Proceedings of the 8th International Conference on Tangible, Embedded and Embodied Interaction, Munich, 2014.
65-72

Jiao Y, Gong J, Xu Y Q. Graille: design research of graphical tactile display for the visually impaired (in Chinese).
Art Des, 2016, 01: 94-96

O’Malley C, Fraser D S. Literature review in learning with tangible technologies. NESTA Futurelab Report 12, 2004.
https://www.nfer.ac.uk/publications/FUTL69/FUTL69.pdf

Antle A N. The CTI framework: informing the design of tangible systems for children. In: Proceedings of the 1st
International Conference on Tangible and Embedded Interaction, Baton Rouge, 2007. 195-202

Kaltenbrunner M, Bencina R. reacTIVision: a computer-vision framework for table-based tangible interaction. In:
Proceedings of the 1st International Conference on Tangible and Embedded Interaction, Baton Rouge, 2007. 69-74
Wang M, Mi H, Liu Y, et al. PolyHinge: shape changing TUI on tabletop. In: Proceedings of the 8th Conference on
Interfaces and Human Computer Interaction, Lisbon, 2017

Perelman G, Serrano M, Raynal M, et al. The roly-poly mouse: designing a rolling input device unifying 2D and 3D
interaction. In: Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems, Seoul,
2015. 327-336

Nakagaki K, Follmer S, Ishii H. LineFORM: actuated curve interfaces for display, interaction, and constraint. In:
Proceedings of the 28th Annual ACM Symposium on User Interface Software & Technology, Charlotte, 2015. 333-339
Shaer O, Horn M S, Jacob M S. Tangible user interface laboratory: teaching tangible interaction design in practice.
Artif Intel Eng Des Anal Manuf, 2009, 23: 251-261



HEB FERE B A8 E 4

Tangible user interface: origins, development, and future trends
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Abstract Tangible user interface (TUI) is a new paradigm in the field of human-computer interaction. By
coupling with physical objects and digital information, a TUI allows a user to perform natural actions such as
grasping, moving, and assembling to manipulate digital information. With the latest approaches by integrating
actuators, a TUI can also move actively or change shape by itself, thus enabling physical feedback. A TUI can be
used in several application domains including information visualization, daily work, edutainment, and supporting
creativity. This paper introduces the origins and development of tangible user interfaces, and discusses the
theoretical frameworks, implementation technologies, application domains, and future research trends for TUIs.

Keywords tangible user interface, natural user interface, interface paradigm
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