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Evaluation of Semiautonomous Control System and 3D Bird’s Eye-view Inferface in Disaster City
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0000 (Tohoku Univ.)* 000000 (furo)t

Abstract: Here we explain the control support system of our crawler robot, Kenaf. For supporting an operator who
controls a crawler robot remotely, we developed the semi-autonomous control system. We also developed the 3-D con-
trol interface that enables for an operator to see the robot from bird’s-eye views. The technique of 3-D map construction
based on the data from 3-D laser scanner was used for the 3-D control interface. In November, 2008, field experiments
were conducted in DisasterCity, which is the training facilities of FEMA members in the United States. The utility
of the semi-autonomous control system and the 3-D bird’s-eye control interface was confirmed by the questionnaire
collected from the FEMA members. This paper is a field report to share useful findings obtained from the experiments
with many readers. It will contribute to the progress of robot researches in the future.
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Fig. 1. Tele-operation system of Kenaf: This system consists
of Kenaf, a laptop PC for control, a laptop PC for mapping and
a wireless LAN access point.
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Fig. 2: 2D model of crawler robot having flippers and un-
known step (Upward step)
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Fig. 3: Our designed sequence of motions for getting over an
upward step
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Fig. 4: Our designed sequence of motion for getting over
downward step
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Table 1: Control Rules of Front Flipper

As_t Contact Non-contact
l¢ 6p 6 | 6:2>0 0r <0 9f20|9f<0
I > lthresh Positive B. Of_ref rises.
I+ > lthresh Negative | A.Of_ref | C.Of_ref | D. Os_ref lowers.
I < lthresh Positive | lowers rises B. Of_ref rises.
lf <lthresh | Negative

A: For climbing upward step. B: For preparation of next unknown
step. C,D: For close contact.

Table 2; Control Rules of Rear Flipper

At Contact [ Non-contact
l¢ Op Art Contact Non-contact | Contact [ Non-contact
Tr > Tinresh Positive B. 0,_er lowers
Ir > |thresh Negative A-er—ref D. er—ref C-er—ref
Ir < Tihresh Positive rises rises lowers
Ir < Tthresh Negative

A: For increasing traction during climbing. B: For prevention from a
forward fall. C,D: For close contact.

Kenaf

Fig. 5: Model of 3-D Bird’s eye view control interface
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Fig. 6: Google map of Disaster City: We constructed a 3-D
map using Kenaf in these four test fields (1) pancake house,
(2) train, (3) maze and pipe field, and (4) dwelling.
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4.2 TubeMaze Test Field
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Fig. 7: Tube maze test field: (A) field photo, (B) sunlight con-
dition in daytime, (C)(D) 3-D map constructed by the Kenaf
during the exploration
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Fig. 8: Robot trajectory during the exploration in tube maze
test field
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Fig. 9: Experimental setup in pancake house

control in

house 00 0000000000000 DODOOODODOOO
gboooooobooooobogoo
gloooo0oo0oooooooooooooooo
gbooooooboooboooboooboobooooaoo
goboooobooobooooboooboobooobooo
ImO0OO0O0OO0O00ODOOODOOOO0OO0O00OO0O00O0O0
gooooooooobooobbooboooooboooobooo
gooooboooobooobooooooboboooobooobo
gboooooboooboooboooooooooooaoo
gboooobooobooobooooooooobooooon
gbooooooboboooooba
oobooobooooooobooobooobooooooog
gl1o00oo0oboo0ooooooooogobooooo
goooooooobooobobooobooooboooooon
gooogogoz2003ggooooooooooooo
gbooooooooboobooobooooobooooooo
gboooobooobooboooooooooooboooon
gboboooooboboooooboobo

44 00O

ooboooboooooobooobboooooooo
OFEMAOOODODOOOOOOOOOOOOOODOOO
gbobobooboooooboobobooobooboboobooon
gbooooobooboobooooooooboooobog
gboooooboooboooooboooooooboooobooo
gboooood

OO0OC0OOOOOOOOOOOOOOODisaster City O
gobooooboooboooooobooooboooobog
gooooooooooboooooooooooobobooo
goooobooooboooooobooobooboooobooobo
gbooooobooobooboooooooboooobog
goobobOoooobooooooboboooooboooooa
NISTOOOOOOOOOOOOoOoooooooooogo
goooobooooboooooooboooooooobooo
gooooooooooobbooboooooobooon

gboooobooobooboooooooboooboobo
gboooooobobooooobooo

5 OO

gbooooooboooboooboooobooboooooo
000000000 KenafOOOOOOOOOOOOODOOO
gbooooboooboobooobooooboooboobo
0000000000000 000000000OODisaster
CtydOOOOQOQOQOOOOoOoOoooooo

goog

[1] T. Yoshida, E. Koyanagi, S. Tadokoro, K. Yoshida, K. Na-
gatani, K. Ohno, T. Tsubouchi, S. Maeyama, |. Noda, O.
Takizawa, Y. Hada, "A High Mobility 6-Crawler Mobile
Robot "Kenaf’," SRMED2007, pp. 38 , 2007.

[2] http://www.teex.com/teex.cfm?pageid=USARprog
&area=USAR&templateid=1117

[3] http://www.isd.mel.nist.gov/US&R_Robot_Standards
/Robotguide2009.pdf

[4] Munsang Kim Woosub Lee, Sungchul Kang. " rob-
hazdt3: Teleoperated mobile platform with passively adap-
tive double-track for hazardous environment applications,”
IEEE/RSJ IROS2004.

[5] K. Ohno, S. Morimura, S. Tadokoro, E. Koyanagi, T.
Yoshida, "Semi-autonomous Control System of Rescue
Crawler Robot Having Flippers for Getting Over Unknown-
Steps," IEEE/RSJ IROS2007,pp.3012-3018, 2007.

[6] K. Nagatani, A. Yamasaki, K. Yoshida, T. Yoshida, E.
Koyanagi, "Semi-autonomous Traversal on Uneven Terrain
for a Tracked Vehicle using Autonomous Control of Active
Flippers", IEEE/RSJ IROS2008, pp. 2667— 2672, 2008.

[(l]O0O000O,0000,000,0000,0000.700
g3000ooooooo0ogoboooooboobooo
gooooooooooobooooo3ooogooo
oo, 01wB00000000000O0C0OOO,20080.

[8] N. Shiroma, H. Nagai, M. Sugimoto, M. Inami and F. Mat-
suno, "Synthesized Scene Recollection for Robot Teleoper-
ation," FSR2005, pp. 403-414, 2005.

[9] C.W.Nielsen and M.A.Goodrich: "Comparing the Useful-
ness of Video and Map Information in Navigation Tasks",
HRI1 2006, pp.95-101, Mar, 2006.

[10] Ohno, K., Kawahara, T., and Tadokoro, S., “Develop-
ment of 3-D Laser Scanner for Measuring Uniform and
Dense 3-D Shapes of Static Objects in Dynamic Environ-
ment,” IEEE ROBI02009, pp. 2161- 2167, 2009.

[11] NAGATANI, K., TOKUNAGA, N., OKADA, Y.,
and YOSHIDA, K., "Continuous Acquisition of Three-
Dimensional Environment Information for Tracked Vehi-
cles on Uneven Terrain," IEEE SSRR2008, pp. 25-30, 2008



