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[Abstract]

We present a simple and cost effective prototype of smart globe in this paper. We have implemented and tested the prototype for efficient
three dimensional animation of human fingers, capture, storage, and transmission of finger motions, and controlling robot fingers to replay
captured finger motions. With this aim, we have implemented the communication among Arduino, globe sensors, and robot arm. The
captured geometry information is transformed to keyframe animation based on the inverse kinemetics (IK) technique implemented via
MAXScript in the 3ds MAX environment. We expect the proposed method could be used to implement precise recognition of hand positions,

capture training data for sign language applications based on artificial intelligence, and control remote robot arms.
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Fig. 1. The biped structure which is the common
skeleton for character animation (left), the finger
bones of the biped (right)
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Fig. 2. An operating system implemented in virtual
reality [7]
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The hardware part of the proposed prototype.

left: glove equipped with flex sensors

upper right: robot arm to replay captured fingure
movements

lower right: Arduino and motor shield to
communicate with 3ds MAX, control the robot arm,
and read flex sensors in the glove

ot

[eF=F"

HFE 4] T2 AREE S o= 7MY 23 AA|(0S) 7
S Aoraraitt. o] Aol A= Al X2 Unity3Doll A 22
= A, 2= vy A of 94 A2 S-S bk
star 71 2A Q) o ZE|A o) A(H B, wiTje] Zelole], wd
A7), AR, FAE 52 TR T3 A F=
A 717) Avel E7F A els A ¢ Al

A4 %1 LeapMotionE -2sto] ARGAL7E 7RE7E Wlel A &
2, A8, 7P 7| HE gol 55 9E &
H2).

e o] Aol A= LeapMotion®] 1= Q3] @84,
dEe] 1 o, ket g, 54 21 27 8 1
o EAZL A S

B mRoAE O] m=oe BAle] A Wete R

F4 Q42 93 flex A 7] A LREER]



ol & F-&star 3xkel oy wo]d AF}F AL E 9)]0](3ds MAX)
N F2E Falebr 1 el s 3Ak] B oy

SN T T T I T T I I T I T I ITIITTIIT AN

St=fo Hex
Hardware schematic diagram

a3 4.
Fig. 4.

o] A3} MHr. BE] 7|uko 2 Al byl Ax) 2R o7 Qs
Al 2=BS AlRFSE 3o A= Ao what Ag) gro] Wk
flex AIAE o]-83l4] &7t F219)s X313 1 A=
ArduinoZ HEH 3 thA] pPCE A5H o] 3ds MAXS} B41S
Fegit). o] g A AEE Ere v o] 718 A HA= 3ds MAX
ol 4] MAXScript2 783t L2 138 53 keyframe[8]S &
Aakar 71 Z9lo] B o g ALK o] 3ds MAX W¢] &
5359] mesh® offUrlo] S LA gIC) 3k oA 32, A
TAE 7e A= AR ZHE A2 428 2R o7 Ady
o &7l UL AR 5 Utk A FHE TREF
N = AlA QlEa 2 AAe] 27 Mol falom P4
Ak B Aol A A|otehE B2 RE A UES S0l
T A = 7] wiite] dAA A2 S-E(E B ¥4
2R A E S T4 A, 94 73 T4 B 94 18) 2

% 3 7Fssith 19 404 Aljlehs ZREEY k=

Flof el AR B5E A

1-2 MAXScript

32k el s R, e, ofiuHo] -8 ol e A el
Moz dg] ALgEE 3ds MAXE o]2] 7H9] S¥4 2] binary
EES(TE dl o FE)e] 718 7715 ek AlaEe

= 5 F Qi) thA] 2] 3ds MAXE Windows oA 7
YUE w92 e AFAQ AHP(el. mental ray
renderer), modifier (¢. taper modifier 5)2] Wx2] ¥z, A3y
4 A, o2 BEre) A4S 28 58 98 dFe £ A
A B ATk ARSARE MAX SDK[9] 5 ©]-8-3A4] C++ 2
2oy o2 dil P2 o] J2E BES AT =

)]
A

273

w
_>'4_|
o
2
L
=
o
rx
o

A AR o] Z2 2ERR] M AR

o] ke 2

9

A F-ghct,

U= 33k v E & Al
g U 5

ol ojof &= ¢

Fromx Azt

S [e] o
S A

e

A2 3ds MAXOI| A €] BE UT IE &4 2R (rhg-22 5 ©]
|3 HE S, A, oy o], A F A4S ulF-A e
2 553 MAXScript® %83 4= 9tk 53] 3ds MAXO A=
T2 A5 MAXScript 2 ¥ 8F5l= Marco Recordergli=
716 Al 17 5041 40 x 40 x 30 7] 2 $20] ek
© 2 57wl & 7R AR box) S 9 3(0,0,0)0 18]= 523
S Macro Recorder® A48+ MAXScript Z=9} 71 A3-=
A A gk},

Box lengthsegs:1 widthsegs:1 heightsegs:5
length:40 width:40 height:30 mapcoords:on
pos:[0,0,0] isSelected:on

actionMan.executeAction 0 "40471%

33 5. Macro Recorders 0|83 445t MAXScript
FERl O Al

Fig. 5. MAXScript code generated using Macro
Recorder and its result

Aol A= MAXScriptE ©] 8314 Arduino2te] A4S
A8} 3k Falslkal 1 A3E 33 mesh 223} boneol|
o] o]xk4 2l Hlo|H & F3 key frameS X-8-5l= =

sk

2

[ rZ of
Mt of

gt
Z}-

a

oX, ok

In.

=
2-1 3f=4of 78
D 718 B A E A A 3=
Alreh= ZREER] ] Arduino®] oPER 1 §1¥ welli= 7}

E7hetel] 218 flex A4 5715 8l Sl el ul el £
Hi= obdl dgte] AAs| L UAY 2 B AR 2H

http://www.dcs.or.kr



ClX| = 28 X 5}5| =2 X|(J. DCS) Vol. 20, No. 2, pp. 271-277, Feb. 2019

T55 2% 18 AT 3|29 AZEo] Yl 22X 53
AEs7] Al M E RE Q] 2 s A8 1| 4).

Atol] ARR3E 22914 flex AA= 3]o)x Aol ufe) t)
A 7S 7HA = obd 21 AlA o)t o] AlME 3o A
ol we 4 25kQ, ) 125kQ Alole] A& e 7pAH,
5VE 10kQ #33} H38H51= voltage divider 3|25 74 34
71 38 Zho] Arduino?] oPg 21 A2 JHE T flex AlA
o] 7HH A3 gh& rol2tal A ©] voltage divider 3|22 274
%] Arduino®= == A% v,o] W= tha 2ol ALt

L
fu

7Fssict
vi=5x 35 (V)
(25 < r < 125)
=357V < v, < 4.62V
o] T Zol A B 4= 9l5o] [25kQ, 125kQ] TXHAA T7H

oA A= ke A fh A H o= nlEekA] o=
& 7RItk ol i E ebd = st g2 Arduino W
ol Al 048 1023 Ate]o] YAY gho= Meks]=d], A =9
g At A7 gk Atole] mld@ AR ST 3, Abgtel &
S ASH R MAEH A o] ' Alge] ol F-AsiA -
e gt AE o Abgre] o) A WHehH] e
2 oj A 712 ARL $lof o] A sk A= Qlel Az E
Aol el 24 o] B e glont L Arell M Ak
Sz Aol A= o 2Rk EAIZE e w4 St

E
=

a7 6. WA SHAS M| s 22T

Fig. 6. Robot arm to replay captured motions
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on window open do:
if keyframe mode == off then:
keyframe mode = on;

get input focus;

on window close do:

keyframe mode = off;

3 Aol o] 24 A E 98] “a”, “d”, “Space Bar”,
“q”, “r’7) 2 A+&3F] Time SliderS &2 O]J_. key frame S A3
/\6]’ ZM, Ak 5= Q)= FAEd AA 25 TFeE
A MAXSeript 9] UF-5 vt 320014 &7l gh)

-- move time slider

if keyCode == virtKeys.a then (
sliderTime -= 1f

)

if keyCode == virtKeys.d then (
sliderTime += 1f

)

-- create key frame

if keyCode == virtKeys.space then (

addnewkey $Chain00l.controller sliderTime

-- play animation
if keyCode == virtKeys.qg then (
max time play

-- delete key frame

if keyCode == virtKeys.r then (
conP = $Chain00l.controller
num = sliderTime as integer
selectkeys conP (num/160)
deletekeys $Chain001 #selection

)
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