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Marionette Control System using Gesture Mode Change
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Abstract: In this paper, a marionette control system using wrist and finger gestures through an IMU sensor is studied. The
signals from the sensor device are conditioned and recognized, then the commands are sent to the 8 motors of the marionette

via Bluetooth (5 motors control the motion of the marionette, and 3 motors control the location of the marionette).

It is

revealed that the degree of freedom of fingers are not independent from each other, therefore, some gestures are hardly made.
Gesture mode changes for difficult postures of the fingers in cases of a lack of finger DOF are proposed. Therefore, the
gesture mode change switches the assignment of gesture as required. Experimental results show that gesture mode change is

successful for appropriate postures of a marionette.

Keywords: marionette control system, motion control, gesture recognition, HRI, HCI, IMU (Inertial Measurement Unit), gesture

mode change
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(a) vertical controller. (b) horizontal controller.
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(d) paddle controller.

Leg,nar

(c) angle controller.

(e) bowing motion. (f) walking motion.
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Fig. 1. Marionette controllers and motions [10].
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Table 1. Specification of used motors.
e AX-12A MX-28
A 54.6g g
AHE RSk 9V~12V 10V~14.8V
Ao 4= 0°~300° (0~1023) °~360° (0~4095)
2 Aozt 0.29° 0.088°

THs £ 59rpm (at 12V)
& F(Torque) 0.3N.m (at 12V)

55rpm (at 12V)
0.5N.m (at 12V)
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Fig. 2. Coordinate system of marionette and sensors.
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Table 2. Specification of motion sensor.

2d ¥s MPU-6050

A Z9E 2.375~3.46V

7HEE He 2 (44, 48, £16) g
Zlo| 2 He +250 (£500, £1000 +2000) °/sec
3T E3ls +32767(=2"°-1)

Ay =] 15x20x2.5mm
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Arduino

Finger/Wrist
gesture
Phase
signals

Marionette |= - v

——{ Bluetooth
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Fig. 3. Flow chart of marionette gesture control system.
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Table 3. Configuration of each motor for marionette.
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Fig. 4. Signal flow of gesture sensors.
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Fig. 5. Gesture control of marionette.
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Table 4. Marionette motion control and finger gesture relationship.
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Table 5. Marionette location control method through wrist band

sensor.
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Table 6. Control results of marionette.

1 | A | A5 | BE | AW | IHE®%)
1 5Ci 10 | 9% | 6 94
2 5Cy 200 | 188 | 12 94
3 5Cs 200 | 194 | 6 97
4 5Cs 100 | 100 | 0 100
5 5Cs 20 | 100 | 0 100
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Fig. 6. Control fail of marionette.
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(a) Foretring. (b) Middetring. (c) Fore+middletring.
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(d) Walkl. (€) Walk2.

a9 7. e A R
Fig. 7. Lack of finger DOF.
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(b) GM2 (Gesture Mode 2).

(e) GMS (Gesture Mode 5).
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Fig. 8. GM1~5 control results of marionette.
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Table 7. Relationship between finger and marionette for each

gesture mode.
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Table 8. Control comparison between individual and gesture

mode.
HE testl test2 test3 test4 test5
GM 116|263 |6|4]|]6]5]|6
AT

6718691113288 | 12|72]98|47]88
(sec)
G 7791100 [69.9| 100 |73.3| 100 | 73.4| 100 | 53.4| 100
0@y . . . .

(a) Testl. (b) Test2. (c) Test3. (d) Testd. (e) TestS.

39, Al2A BEoL7iE Ao Bl

Fig. 9. Comparison of gesture mode and each control mode.

A9 ge FAS WS u) AU AAE A& o8
B FAG] AL FAE SBET 9B Al A

ot}

Iv. 5 d|n

£7ke A A=A AxA T REE HwEte A
o3l A 23 g mEo] A%-S gt

E 7904 AYHd 7 AlaA B s
71 A9} vla BriskEoh AEe 27 99
oA EA 22 nlE|oHES S WIIINEE UL
A= S0 testl(TLE 9a)d EALS 17 9a)ollr HoFE
o] ¢ute Erix ggu Bl AR ¥ A HA
DolA F &3 Mg E SHOT WHthEA ) 3= =A
olth. A% WinE GMIF GM6O] testl & =S SASHE
o dge AR Bl sloltk 7z A7 3lrE HNE 3
SHA Z 5035 AAERoRE P AR 10AES] A
2245 25 S w9 AZHS 5002 Use Zolth

B A7 RS i A2 e Qxs=r 4
g ARkl GMI~57F AEAIGMe) R FHSS &




Marionette Control System using Gesture Mode Change 155

glom B3] GM57F GM6ET A3 BT 214 A7ko]
iR es Ak EAY] REE 719 &1 A=
o] AT wel Adso] GEAANL AxA dF Res
&7 ARETE s8R @ols 44 A3t AxAHE

ke 2ol 753 Helstank

d
=
[n
k
e
1>

v. 88

2 =RoMe &5 &gy AxXE
o2 ug oY Ed A" ZEo| HHS
HES 2F3e A2"S TN g2 I
=3
AR, ARS A=ES B3l vl VB FriEl(@), &
() 2 HA o]F2), Ay F 8 AF=E 255 &5 4
£71 A=A E Q1A vl QUES &gA A
g e 7S FRISHAT

EA, 71 A=A B Al £7E7EY dFeR
AT &7 AFE B IS HEsu ol sEs)
7] Qe A=A g =
SHEe] B AHE o W] AFFoz FFIT)

I vl QW EVE B HEH gofst &
g 7 e Alasel o A7t 2

iyl
i
2
o
o
32
H
o
i
[ o}m
=()f=1
g
Au)

REFERENCES

[11 S. C. Kim and Z. Y. Che, “A method for tennis swing
recognition using accelerator sensors on a smartphone,”
Journal of Korea Game Society (in Korean), vol. 13, no.
2, pp. 29-38, Apr. 2013.

[2] Y. C. Lee and C. W. Lee, “Android platform based ges-
ture recognition using smart phone sensor data,” Smart
Media Journal (in Korean), vol. 1, no. 4, pp. 18-26,
Dec. 2012.

[3] S. H. Nam, J. H. Kim, S. K. Heo, and 1. C. Kim,
“Smartphone accelerometer-based gesture recognition and
its robotic application,” KIPS Transactions on Sofiware
and Data Engineering (in Korean), vol. 2, no. 6, pp.
395-402, Jun. 2013.

[4] M. S. Jang, Y. S. Cho, J. H. Kim, and J. C. Sohn,
“Accelerometer-based gesture recognition for robot inter-
face,” Jouwrnal of Intelligence and Information Systems
(in Korean), vol. 17, no. 1, pp. 53-69, Mar. 2011.

[5] H. Y. Kim and J. K. Min, “Implementation of a Motion
Capture System using 3-axis Accelerometer,” Journal of
KIISE : Computing Practices and Letters (in Korean),
vol. 17, no. 6, pp. 383-388, Jun 2011.

[6] K. H. Park, H. J. Lee, and Y. H. Kim, “Implementation
of the hand-motion recognition based auxiliary input de-
vice using gyro sensor,” Journal of Korea Navigation
Institute (in Korean), vol. 13, no. 4, pp. 503-508, Aug.
2009.

[71 N. H. Kim, “Development of globe-type radio mouse us-

ing gyro sensor,” Journal of the Korea Institute of

(13]

[15]

(16]

(17]

(18]

Maritime Information & Communication Sciences (in
Korean), vol. 13, no. 8, pp. 1721-1728, Aug. 2008.

K. M. Cheon and K. H. Rew, “Recognition of 3d ges-
ture through motion
Technology Research (in Korean), vol. 33, no. 1, pp.
15-21, Jun. 2014.

J. Rett and J. Dias, “Gesture recognition using a mario-

sensor,” Journal of Industrial

nette model and dynamic bayesian networks (DBNs),”
Proc. of ICIAR 2006, Portugal, vol. 4142, pp. 69-80,
2006.

I. M. Chen, R. Tay, S. Xing, and S. H. Yeo,
“Marionette: from traditional manipulation to robotic ma-
nipulation,” Proc. of International Symposium on History
of Machines and Mechanisms, Cassiano, Italy, pp.
119-133, 2004.

T. Takuho, K. Nishii, K. Inoue, Y. Mae, and T. Arai,
“Marionette system for operating and displaying robot
whole-body motion-development of similar humanoid-type
device,” Proc. of IEEE/RSJ International Conference on
Intelligent Robots and Systems, Sendai, Japan, vol. 1, pp.
509-514, Oct. 2004.

K. D. Nguyen, I. M. Chen, S. H. Yeo, and B. L. Duh,
“Motion control of a robotic puppet through a hybrid
motion capture device,” Proc. of IEEE Conference on
Automation Science and Engineering, AZ, USA, pp.
753-758, Sep. 2007.

P. Kingston and M. Egerstedt, “Time and output warp-
ing of control systems: comparing and imitating mo-
tions,” Automatica, vol. 47, pp. 1580-1588, Feb. 2011.

T. Takubo, K. Inoue, and T. Arai, “Wholebody tele-
operation for humanoid robot by marionette system,”
of IEEE/RSJ  International
Intelligent Robots and Systems, Beijing,
4459-4465, Oct. 2006.

J. M. Yoo, S. K Ra, E. T. Kim, and C. H. Kim,

“Humanoid robot control using marionette-type motion

Proc. Conference on

China, pp.

conversion,” Pros. of the Korean Institute of Electrical
Engineers (in Korean), pp. 1801-1802, Jul. 2008.

K. M. Choi, Y. G. Na, S. B. Chae, and K. H. Jung, “A
hand gesture-based remote control of robot,” Journal of
Korean Society Of Broadcast Engineers (in Korean), pp.
196-199, Nov. 2010.

M. S. Chang, S. D. Kwak, and S. M. Kang,
“Presentation control system using gesture recognition
and sensor,” Journal of Korean Institute of Intelligent
Systems (in Korean), vol. 21, no. 4, pp. 481-486, Aug.
2011.

C. K. Han and E. S. Jeong, “A Survey on Human
Figure Representation in Computer Graphics,” Journal of
the Ergonomics Society Of Korea (in Korean), vol. 12,
no. 1, pp. 57-73, Jun. 1993.



156

o
[N
=)

:

[19] Y. K. Kim, J. H. Park, H. K. Kwak, S. H. Park, C. W.
Lee, and J. M. Lee, “Performance improvement of a pe-

destrian dead reckoning system using a low cost IMU,”

Journal of Institue of Control, Robotics and Systems (in
Korean), vol. 19, no. 6, pp. 569-575, Jun. 2013.
[20] S. Y. Cho, “BiaXial accelerometer-based magnetic com-

pass module calibration and analysis of azimuth compu-

tational errors caused by accelerometer errors,” Journal

of Institue of Control, Robotics and Systems (in Korean),
vol. 20, no. 2, pp. 149-156, Feb. 2014.

e

A ol

M F ol
20139 SA IR AN StENEst
AP. 201393~&A] SAHEw Uinlo)
REZYAE MAIRA, IR
24 AxA A4, 32 vk 3%
A AA, Az A,

% 4 3

2012'3~AA EAStn 2R AEsE

stah st T, BAlRokE A4,
AsA2, AHHAPE 2R olmw
¥, w3

23

1994 KAIST  7|AIZ87HF3HAh.
19961 5 tiEA(FEIAD. 2001
5 OiEgAFEEAD.  199813~200313
ol 4kd. 20031 3~2005d TR HA].
2005 3~AA AT BEAFEA
T ug BTAEoRE ZE Ao, IA
ul

2 AT A, AHERJIVE 25

1
4

ol
v

ry
fon



