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Absgract: In this study, two important requirements for the home production of a robot to detect and remove improvised
explosive devices (IEDs) are presented in terms of the total cost for robot system development and the performance
improvement of the mine detection technology. Firstly, cost analyses were performed in order to provide a reasonable
solution following an engineering estimate method. As a result, the total cost for a mass production system without the
mine detection system was estimated to be approximately 396 million won. For the case including the mine detection
system, the total cost was estimated to be approximately 411 million won, in which labor costs and overhead charges
were dlightly increased and the material costs for the mine detection system were negligible. Secondly, a method for
fabricating the carbon nanotube (CNT) based gas detection sensor was studied. The detection electrodes were formed by
a photolithography process using a photosensitive CNT paste. As a result, this method was shown to be a scalable and
expandable technology for producing excellent mine detection sensors. In particular, it was found that surface treatments
by using adhesive taping or ion beam bombardment methods are effective for exposing the CNTs to the ambient air
environment. Fowler-Nordheim (F-N) plots were obtained from the electron-emission characteristics of the surface treated
CNT paste. The F-N plot suggests that sufficient electrons are available for transport between CNT surfaces and chemical
molecules, which will make an effective chemiresistive sensor for the advanced IED detection system.
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Fig. 2. Schematic of the chemiresistive sensor by using the
Fig 1 A robot sysem for detection and removd of explosve devices.  absorption of explosive molecules on the CNT surfaces.



A7 VAR 2818]=wA], A1 A4z pp. 231-237, 2018'd 5

1

25014 A3 Fyo] T2 ole 37
I A

uch golshd MIYHS FYAL & 9

ol thsl A-tshict.

o
2

oEiﬂj

2. 48 9H

2.1 Zw= Ay L EHA| 22 LS IS HIS 24

olzoizl ARA

_>:|_I‘
i)
ro

=
oo

i

o
|o

e
_‘>~|_|‘
=
>
%
@

lﬂaﬂ s "4%
%“JEW}QJ CEER

=2 =X
=2

0

[}

2 AARS 1HY Gt
x]ﬂaxp]‘g Ao oF 499 [F7Al0l £

Hue T

= OH
o 1
)

=

77 8%, AR5 5 Al 7792 AxIst
= ; 2 UeRdc olo] sl wmHl: Kl2ja)) s
=8 Aok Aol Aol 22 35wt 0.9%. Ul 2.4%
o} 1.9%2 tha fo]7} WGl oL} AMA H]EL o]
Ol o2 ehdet 4202 IED =ug A

Adote] o] dickag AAlshe ARElES
i(zr% o, Nl e AET Agols of
39 1PN ol ARA/52 AN
i oA A9 o]t ¢le
sug A 23l 2y ol

|

m
ofl 4o 1

w2 i o N
Y f 4o kT Ho 4

Bl 233
2.2 EUE EIXIE I CNT 7|8 AT A A3
CNT 32 FHote Wyoze 32 o A7

A BIED 9 ZIAEAY Ao CNT YAtsg

AP o] O3] AW 4 UEF Ho|AEs}

)
glo
i)
ml
0
‘0
)
12
o,
e
)
2
o1

mme?l tt0 CNTES
Aol AREE CNT
CNT)olt} [10]. CNT
sto] Uk 2 AARE % Vehlcle)
sRIt 24 AbgE @2 g8e e () fE
|Aut =5t Ho]lAE  FEZ U}Eq
CNT Mol 227} YAEIL 2 84e 2Es o] fot
o ZE HAA

elzTetmo] ws)4o] o) Yste FEE wE 4

o
)
ox,

=)
rlo

MWCNT (multi-
ez a7l A
Sl ZARZIG

Mo

E

AE
(

i—t

m\o

22.

E(photo resist)=

2«#22{¢Z4(“

Bz //// Ead B B

CNT
Elecirode Paste
Substrate

L+
| |

Fig. 3. Process sequences for the fabrication of CNT-based detection
dectrode CNT paste printing and exposure and developing, and
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Fig. 4. Photo view of the untreated CNT paste patern after baking
a 450°C for 10 min.

Fig. 5. SEM view of the untreated CNT paste after baking at
450°C for 10 min.
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Fig. 6. SEM view of the CNT paste after the surface treatment
by Ar plasma with 250 Watt/25 mtorr for 5 min.

Fig. 7. SEM view of the CNT paste after the surface treatment
by Ar ion beam with 100 eV acceleration energy for 15 min.
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Fig. 8. SEM view of the CNT paste after the surface treatment
by adhesive taping method.
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Fig. 9. Fowler-Nordheim plot obtained from the electron emission
characteristics depending on the surface treatment method.
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