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Arduino-based Tangible User Interfaces Smart Puck Systems

Seon Hui Bak', Eung Soo Kim'", Jeong Bae Lee'™", Heeman Lee

ABSTRACT

T

In this paper, we developed a low cost smart puck system that can interact with the intuitive operation

of natural finger touches. The tangible smart puck, designed for capacitive tabletop display, has Arduino

embedded processor which communicates only with the MT server. The MT server communicates both

to the smart puck and the display server. The display server displays the relevance information on the

location of the smart pucks on the tabletop display and handles interactions with the users. The experiment

results show that the accuracy of identifying the smart puck ID was very reliable enough to use in practice,

and the information presentation processing time is confirmed excellent enough compared to traditional

expensive commercial products.
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Fig. 1. Evolution of the User Interface.
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Fig. 2. Dichotomic Diagram of Morse Code(ITU)
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Table 2. Cumulative Code Transmission Errors

100 200 300 400 500 600 700 800 900 1000
Code 0 0 0 0 0 0 0 0 0 0 0
Code 1 1 1 1 1 2 3 3 3 3 3
Code 2 0 0 0 1 3 4 5 5 6 7
Code 3 0 0 1 2 3 4 5 6 7 8
ZEOA 10003 A 2L Z=E RUla AnfE MT A} 2882 ZE-L Visual Studio 2010
oA =g wf ZX =53 AFE skl 54

3k Aot} Code 0+ 10003]

ey Code 191
A H7F UR e Code 221 % 73], Code 39!

Bk e ol A%l

73§ 10003} 714 & 33 ] A

[e]
A%

838l9] & o7} 4 Hth Z=9] Aoyt 4o
A4E gy} V1. dAFH =2 1% vwe] <>ﬂ
HE Ho vuA AFHA =& EAL 3 2

& % ek

& APAA AU

yil

# StanCoroufinef) | void

°]-&3F MFC g7 el
=)

DirectX& ©| &3t T8}k
Aok 184 3D = g

3D AlYAZre] FH &0l
st 71E Adg A& AAHE3E7] 218t
Unity S Z0l AHsteE LT E & A LA s}
I 737 Unity= AlY 2 JEFEHE Zdl= 7)
& 93k 2D/3D HE] EYPE o Unlty Technolo-
giesS| ALl A 7Makst 22~ ZYWE game creation
system(AY AZ AZEgo)E ﬂ]ﬁﬂlﬁﬁﬂ al
3 53 AT €74 (IDE)S A&} Unitys
Scene T9 2 A|o}7} o] F AW Scenell = Game-
Object7} AlFTF+ZE Zt=th ~vlE & 93 MT

A

=& A

Renderer

- enabled: boolsan
= malesial: int

sharedmatesial:_int

Animation

+ Pley) . void

Time

- delistime: fioat
- time: flogt

Joint

= connactedBody: int

Fig. 10. Class Diagram of Unity Platform.



OOl JIgtel BIME

AW 2 Jgg s 2EY 2232 o83 Game-
Object ¢Foll 23 HE z2 W o7 A 23t o 3
ot 239E 2 3AL AXWEZ GameObject?)
A Yo &A1 GameObject ¥ TZI1H &
Aolgt}, Fig. 102 FUE SHAEY iﬂV\ tho]o]
Jfelty, 23 9E 2273 HAXZWEE Mono-
Behaviour A2 FH A4&S ¥ %D} Mono-—
Behaviour AAl& S48 o2 Zbzhe] gheleielE 7t
A 4 3t} syl GameObject= MonoBehaviour
2 RH A& Be B9 ~2aHE AXVES
7 Atk ol g 545 A A 'HAE H
Hlo]2E FEsteof gt

B AR A= 2719 GameObject, & Graphics—
Module ¥ MTServer 244 & 3l}2] Scenedll T+
il 7z 23 9E A& 2o FAoh PWM 3415
£ Ru7] 93t SignalCircle® Prefabl.E T
2~utE Hof| 9% ool & Y3t Aot 2
= NA = 20tE o] 7|4 Prefabo 2 A2t
3Rt} GraphicsModule 2 A o 4] SignalCircle 2
ZH= AAE Aofstes St AAE 2nE 9
°] AR {= SmartPuck 2=l o3 A= He
=™ GraphicsModule | 7} Array 24 2 &2 3}
=& 3 MTServer A= TCP/IP 5418 A g
3t AutE o] FEo|AE HE&S #E st Ao

d QIE{THOIA ADIEE AIXE 341

gtoh, MTServer A= S0l E AZ A A v}
o Mz 2YEE e Fo|AdES} HlolEHE
F1

o] Aol e A0S Fu
T3 ZE =o|t},

2 AT FEE FHEE o AMEA 3
7WF A H AT A B 91Eke] 1404 7HA
o] FE B2 F TUIS #H 9 ARE 0]&-5t

TS0 4671HA1 8] A A 2EE TRtew B AT
o IEjFo] 20l A7 A &F-& F7F, AAlste 34
7HA o] BFo 2 AFASATH AHEA HIHE Fo
o =29 A5 ugo g FF AT wgsto
Ho} AE HojAo] & FH=E M & 4 Qo
H7b= Fig. 129 Zo] tid ZdadAe oA E44
2015 A7l Tk EA AT FAYAL F 2015 F3 4
Ad WA Foll AW AR = 9] B P
158 (A 9%, A 69)S o2 HIPt o] Fo
Hom, P3e] AF}+ Fig. 137 2T}

AHEA W7t AFE WA 7H AEE 7
gk Frloll A HA B2 5968 02 UERRTh
22ntE ¥g ALgahE BAE QB H o] s 22
2o A AR A & RIS FE SR $

S0 2o BeAE ARl A AF&A] B}

SHFolA

o

=

o

g l-‘ Jlm
&

oF o

Fig. 12. Usability Evaluation.



342 ZEIDICIoES =2 M19& K25(2016. 2)

Table 3. Required improvements through usability evaluations

Item No Evaluation Items The derived problems and required improvements

D th tem hel t id . . . .

8 06? € system ReIp users to avol More visual guidance is necessary for error prevention.
making errors?

15 Are terms and icones used in the | The menu icones are interpretable but the additional
menu not confusing? words will be helpful for better understanding.

18 Is the usability of the smart puck | It would be better if the mouse click or wheel event
satisfying? handling functions are added.

% Are the sizes and weights of the | If the size of menu contents is small, the rotation menu
smart puck convenient? of the puck will be easier.

59 6.13 580

5.28

Score
w

Interaction  Cognitive Performance  Subject Physicality
Support Support Support  Satisfaction

® Compenet Average

Fig. 13. Result of the Usability Evaluation.
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