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SUMMARY

I. Title

A study on crevasses detection technologies for Antarctic traverses.

II. Purpose and Necessity of R&D
O Purpose of R&D
- To make a prototype radar for AUV in order to detect crevasses in the glaciers.
- To develop an unmanned and autonomous exploration rover for crevasses detect
- To buld more efficient and reliable safety and technical support system for

Antarctic land base survey near Jang Bogo station.

O Necessities of R&D
- Korea has a critical starting point for Antarctic research with Jang Bogo station
built in Feb. 2014
- We are urgent to raise necessary technical support and safety when entering the
Antarctic inland base on the Jang Bogo Station.
- We need exploration and development of automated methods for protecting
personnel and equipment in extreme environments by considering the extreme

conditions that can be occurred during researches.

IMI. Contents and Extent of R&D
o A study of feasibility on detection of crevasses and snow bridges using FMCW
radar
- A prototype 24 GHz band FMCW radar system developement and test
- Snow bridge imaging through modeling and signal analysis
o A production of unmanned and autonomous exploration rover
- Development of GPS based automatic unmanned robot.
- Produce 450 MHz band GPR robot for crevasses
o Developement of technical support and safety system for exploration of continent
- Establish development plan for research support including geophysical and glacial

research



IV. R&D Results

o0 We were able to develope the prototype crevasses and snow bridge detection

system using FMCW radar through modeling determine the thickness of the snow.

@]

Unmanned automatic driving crevasses detection system powered by the battery and
engine were developed. Two robots can be operated with manual and automatic mode
and can be driving with a GPS-based.
o Two robots were all equipped with a ground penetrating radar(GPR) and were
designed to be operated in cold climate.

0 We need to explore research area with the risk level for safety
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Fig 2. The image of RS3400K/00 which is
a synthesized, K—band, FMCW radar.

Fig 3. FMCW radar
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Fig 4. RaspberryPI 2 image. The size of board is similar to
the name card.

Fig 5. Touch screen for Raspberry PI 2
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Fig. 6. An image of recorder.
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Fig. 7. Plot of returned signal corresponding to a very close echo and
possible reflections in the measurement equipment.
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oAX = HEol ¥ EAAE T3 deyx, g ARE WAIA FA HAHo 2 wy pCo
A 44 PCE dlolg7t dadrt. vy PCol= GPRS Ale AMA(GPS, d=t, IMU, 2]
thel By =gte]lwrE A4 AZdEo glon, olg=mRH g AsE WAY Ao e
Adstes d3he Fdstt. GPRS 974 PC 52 F7F 94 PCS 4 d4d=o] #oly A

_20_



8w g AR £9g ggay,

i

2 wZd 9 AolRe 94 pet F= Aol WHe 94
Wy PCE Aol 2 AAE FA@T. 29 2 7914 SARE oy 58 e e,
g F1 wom F9 Ao AgH, GPRS U7

GPR= A9)3 M= vy PCet HolHE Fi Lo

PCe} dlolE & F1 vt}

DH =2tolH

_2‘]_



2
=
o
of
%
&,
(34
Y
lo
o
or
ofl
il
o
ra
I
L
o
o
rir
e
rZ
o
S
o
it
o
+
ol
il
<
B
12

_22_



(1) A% 27 P

>
o
B

e A

stk st zAAel e 2AsE AW 23 P

& Fa gl

5 4

F9
P2 oM M4 2R 2aw 9RE AS/FA Asdel @ g
& Fa) 29 Wk

ole AzlE vl A= AT

_23_



I
o
R
<o)
o
4

o
A
-3
i)
fo
ot
o
e
o
>
4o

1, vk 3 A, vk WA E)
a9 299 o] mHze] A& D, vk BAFS rojet &b AR FH/¢FH 2H
A

(wT + wl)r
v 5 ,

(wr —w r
w= D ,

A7IM w, I w 72 53 FF vk o] A45HE=E Yebdth Husky®l 4-¢ D 555mm, r
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of 91X WS FAshE WEel Wol AW (B0 wEbAE d=:d gl IMU 41X
=

HMEows Zv d¥ (Kalman filter), vF23 X 91254 (Markov localization), ¥tE]Z 2 H

(Particle filter)Z o] &3 27122 (Monte Carlo localization) S| )t}

Zrak A ¥ (Kalman filter)
ZiE dE &= olx7E x3tH o] e A AlxdoA gidAle dEE F435+= A
a8 o] &3to] old FHIRHE A Al

=l
of AHE d53v o 5 o @9 A AR ASTIR I AA 54w Alele] &

A% B W AT G 4 e FAHE 2P pIL ADG o UF HYS A%HO
2 pEelel AL wA B B 4Y Axdolw AY, 4eUch JnH 2R o

AME HAdEY Al="l A7 e o2 fs & 2wt ¥ EKF (Extended Kalman

filter)7} 2] o] &%},

el & " (Particle filter)

e E dHe= 24 FA0 dojA HZ 7HE Bol AMEH 1 e gagFolth diEA e
2 JEF dHE o433 EHIER YAFAH (Monte Carlo Localization)o] t}. Zrvk 2
Heol A5 A48 Alagdd 7EAIE fEo] v Alade] Agdde 1 AEET BAHAT

A EE A AR BAEA EdvsE A v dEE dHE e oA A ¢
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2}. Navigation
dnAlo]d & Fold &l A A4 2o SA2FH AT FHA7A o] Fste A
S gty o) fla Folxl FAe rlateAed ARIE ©@3l A=7F dasiy, dn Aol A
g 23xo dzy, IMU, LidarsS ol gale] A YARZEE A wae] AH 227}
A ol EstAl #rf,

o

(1) ¥# FA (Localization)
dId=zFHe nvbd 3d=, IMUS #Ad AR, A AMRHEE I Aoj=te Ag
52 JHte g V|FEo| FHAS T A=A dA ZEo] oyd J=A YA FAHES S

O_u

AR
=y

)

NERoZ RO 3D XRE Z=A57] 98 F SxvED, IMURRE A3 ARE
6] 23l= Robot Pose EKF 37|42 Al 438t} EKE -9 7]2A<] A mae t}ow 7
< A HES 2t o
- freq : dH Hlo|E B Td ot

- sensor_timeout : AMA7F EHd ARE HUE S 953U v, EHe di7] AlzH

o

- odom_used, imu_used, vo_used : &3 MA F7F A

robot_pose_ekfell 9l F5¥HE EXLS v #Zoh

- odom (nav_msgs/Odometry) : Aol th3t ZX2] 93 2 2pA| AH. 2D pose ¥ oo
gk covariance.

- imu_data (sensor_msgs/Imu) : 224 FZ Ao st & 3%, & zZI%o] 3 3D orientation
AR, o] I #AIXE W wj7}A] robot pose ekf7} A& A eF=T

- vo : 3D pose.

robot_pose_ekf ==t 4 A e AA ARE FAd == A ofYrth Zh2be] Al

A& Ae ve HEse JRE AT
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robot_pose_ekfol] 93] @A = Ed thS-3 A
- robot_pose_ekf/odom_combined
(geometry_msgs/PoseWithCovarianceStamped) : €HE A% AR7F 45+ 3D robot pose
=2 vl o] 23 E odom_combined$} base_footprint Abe] 9] tf W 3ko] A& H T}
robot pose filter7} t0o] FHlolE HFvtxm 71d e o, Hojx shy oo A HRIF t0o] &
of £019.7] A7A robot pose filtert= HulolE H A ¢reth dE £9 t1>t09] odom =
o] Fojx| L, t2>t1>t0°] imu_data EHo] FoXH Y= RE A7 AME7EFs S AIZE (]
$= thell dsiA ddlel= "ot t1ol A2l odom pose’t A5 FX 2, tlo A2l imu_data
frol Wiatel ofs) Foj# A #rh

B omRe] Ae 9A A AFdxEE =o|7] 918 GPSE robot pose ekf ¥ ol F7}st
of Ab&gth GPS$F ol AREAtel o FrhEE AN ARE o]fstuat & we, AA A
BE /odom, /imu_data, =+ /vo E¥ o2 wul¥F+= Aol HQaslt} gps_common 37| A

7

oto] utm_odometry_node”’} GPS =4S sensor_msgs/NavSatFixol 4] sensor_msgs/Odometry
2 WAgksl=d AgHY GPS A gps_meas & ol&9o EFow =ZAZS wulcth 1y
1} Robot Pose EKF ==+ odomo|gl= o] &9 Ed| Odometry EBFY e AR 7} o] 2 7]
= 7Ivdd. wEkd GPS AA7E B m=9k AAdEHY] fed e BEY olgS =271 7vd
+ W= remapst= HA ol 23 Holof Fr

(2) 24 A& (motion planning)

ol A% A% (path planning)o]2tile H&]-¢H, @A A A A B2 23 AH7t
Aol o]lF AAE XE Ao AAstY A% HAe] HAFG ols A= AE (global path
planning) ¥ 2% FAHoz dA A9FE gFo=z = IH ols HAE AF (local path
planning) &2 uiro] REe] ol% ARE wEr 2RO FHoE 3y LuglEe Dynamic
Window Approach (DWA)Z 7|82 2 % move_base ©]% A= A& 71X E o]&3r}.
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