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Abstract

Up to now a wide variety of researches on inpipe inspection robots have been introduced, but it
still seems to be difficult to construct a robot providing mobility sufficient to navigate inside the
complicated configuration of underground pipelines. This paper introduces a robot called MRINSPECT
IV( Multifunctional Robotic Crawler for Inpipe inSPECTion IV ) for the inspection of urban gas
pipelines with a nominal 4-inch inside diameter. The proposed robot can freely move along the basic
configuration of pipelines such as along horizontal or vertical pipelines. Moreover it can travel along
reducers, elbows, and steer in the branches by modulating the speeds of driving modules. Especially,
its capability for steering in the three-dimensional pipeline configuration has a competative edge over
the other ones and provides excellent mobility in navigation. Its critical points in the design and
construction are introduced and results of experiments are given.
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Fig. 2 MRINSPECT IV

Z2%, ME Fao] yh5d 2R ofARA Fo}
B FEGSY o] 5o o)el Ema wjutg Ao

FPo] BHAGAY mEoiN Fy Bz A
A wiAlEte 2R AAHY) wFolgp Afzt
TR ARG, AR %?ﬁ}ﬂ ok
& gte e H 248 FHPAIIEE A
T A e Agee § 1 ofr}, vk 2k
Arrs 84 B8 wlde s s Fasoket=
2 A8 dojrd. MRINSPECT 2R EL OIFH
deke maers AFEA 5T £ UALH
7H‘é‘51°*t}“”8’

=2 MRINSPECT IV ¥ & d3a%5

Bdol 41 TAZEA wljg HAME
AubEldeh Teiuh 891 it HALR
RINSPECT 11, HIE 4917 wjato) @
71 RAe AA 2 A4y 48 1A
AL olel & A o8 o
Wl B HARRLE 758 RAbex| U
TZ, 53449 T%%é%, N2 g
& 73 Jek 57 T# 8 u#
gt BHS Hd5g Howrh
e MRINSPECT IVi’ﬂ AqEA 4
T4 2 wiAUE, F3 dugsd
2 rigdgoen ’?a”@@il} o I

T4, 7% L2ZEo] Fa HAE
258 A/0E9 . MRINSPECT Tve] sl 74}
2xozAMel B KEol MRINSPECT I, II, 1
AN =YdHJenz uid HA} 2R Aagow
Ao #HEH olE, HAL EA, Ao 59 4

=1
s

1

]

o
o2
%
X
L)
x?
ok

>‘ f?i-?lr:iztii_%

‘:y - ]

_%

L"'

r
g

= ﬂh.

~
{

e

il
o |

il

W
b
°0 > Z

=2

kS
DI
ol

O

Sl ) A

Py
B

%=

E—{o fu

_TErAl

I
|

L oo% & Jo Mn o ju

re o
Lr'\

o

P
|

-
i,
N
N

HaA F

A Alzg T

e}
2
=

A FaRdoA &l & 4 oY
2. 7= ¥ §3

MRINSTECT IV+= 4dinch W3t ZHALE 28 A
2eloll &) 4914 wif HALE AujE Hd & £

B
~Max speed  : 9m/min
~Weight : 250g
—Tractive force : 10kgf
Fig. 3 Specification of MRINSPECT IV
SubWheel
: Idle Wheel
' Motor & Encorder
Axis for 'l
back Gear set
Spur Gear :
WormWheel Worm ‘
Fig. 4 3D model of Driving module
= driving vehicleo] ChFig. 2). 28 7 ulg
o YHEE oI U FuRA FAUS F
Aafor sl ¥l93) A} vehicle © ©AIE @
@k olgle] wistFaol slol g vRHel
Aotk B3, 9L FEANA FANG o8
7] M FRE AAE & 7R3 Qlojor 8
U, ol& SIElA 4swel Al Jiel BEE AL
s Mu 92 @3 AAUES Aesc
a2 AR FAFNAM Lokef FAE AA G F 9
ﬂ: Fig. 3& 2% A F9 4= 2 9
A& HoFa Qo
2.1 Driving module & X
A el driving module 120 & Ao = u
AbY 2R dlAE dtkFig 2, 3) Driving
module & DC motor, encoder, 7% 7], A% wheel
Foll FEAS AW F Ax vlojst T
A &, idle wheel, 28] o]& M= case®

o] FAA SlthFig. 4). Z+ZtY] driving module®]

5Y40l7) Wi ZH, Fet A9 g9 @
FA, B4, mstol golstel, Aze Amsii

body framedt HAZ AAH i},



ek wid vtandE AE

22 @3 MAHYE

Body frame & CCD camera assembly+
2 e driving module 58 AR A
2tk Fig. 5 v dhhe] driving module2] 3 4o
wheel ©] B4to] Foke] springoll A ¥HAlEh= vl
A el whele] g ow Zhzh Lo

2} 2} 5}

y & W¥on &Ees Hojgu ‘RlL}. o] 2y g
23 T4 FolA wheelZbA ol A7t Wk o
Iz 918 v o] Wk wiakuid) Al Bl o

wheelo] &E3b4o i A Este] Al F3le
AN & T AEE &
module®] Z199] wheel> front wheel set® °]F
of M= tars]e] 9o back wheel set<> front
wheel set¥ )& Zo]thFig. 2, 3). Z} wheel set
LHQ] Wheel'!*:‘ol T ;3:_,0‘ ;{Li_o] _./:a:]oﬂ oisu.l rﬂ-
2] oka1 mhEA)o) kel F: A1) x| A7) S
gk

AR A ek Al okt @k

AW= dx tan@,, =y L*—ax* (D

4903 Wit Abg el WA MAUES )
A AN B elsle] BEe gAGl LA
LR

B B T 4
1 *\r‘/]' Flg. 65>

| 3k 7} driving

g 4 URE =gg
MRINSPECT ve] ®7]3t 28 2 & durpd )
el o] Hell AMubyl MRINSPECT 11, 18] 3k
A0 wEk crglolvk(1e THF Fago] o)yl
#AE2] [, 1 %% Double Active Universal

Joint(DAUN® 32k 28L& o] &dlo] %3
vehicle® A AAIAH  BUE gant

MRINSPECT [V3i= DAUJet %3 Rio| ¢lo] 7}

driving module®] %2} 3] %3}, Front wheel
set? back wheel set®] HE#Hol FzT Wyl
& st

W7t Hod gt AT 9=
9=, =
O S

olelg Twiz el Washel b

FE3, ARFS o] wyte)

x & Moving direction
of Wheel axis

Fig. 5 Link mechanism

TEY WEHA 28 A 2021
W33k wee] Wakah: §AolA mite] ML
sk 9% Sunelud ansow uws
of W 7AE A Th e ool

N

ool fFRir EEAFE o] &3k T Fys)
= WAYED s 75 8 (differentially driven)™
”Oﬂ Ao B AE A g FEe F2e

G Ag sl feiA e DA ol
2.3 CCD camera assembly 2| 7|5
CCD camera assemblyi= WlFol 428 CCD
camera®} W, 12l3 TH AL d#@dA =
T 9EE s CCD wheel set& i o Fo A

JthFig. 7). T# &2 A wjwo] wolx 3 Au

o 2ie] FAE frsty] fshA sk
AAEIY o0 o] CCD  wheel set2] H& Q&

3ol kel A arglE s A G wREHA i)

CCD wheel setoll F3so] Q3= g%e] CCD
sub wheeli&o] wWizhllHo] Yo} zZtzbe] £& F
o sldelal, 842 wheelito] 3l xo] a}is
ZoF Ao R BRES (S ESLLE CCD wheel set
HAZF Fig. 7914 RodRji= npel o] x 2L F
Ao sHg o9} & CCD wheel set 7t

Active articulated jolnt Drlvmg modulz

Q-
| i
! <
T
Driving veluc[e : Straight }
Direction v efuclc Drive
i
i !
g . :
b / Turan
} ™ Drive
a) Articulated type b) Differential drive type

Fig. 6 Steerable robots

CCD camera Rolling site of CCD wheel set

Bearing  CCD wheel

Fig. 7 Construction and function of CCD

camera assembly



2022 A2

Elbow

Fig. 8 Formation of elbow

driving module ¢} £ZAtE ﬂ%fﬂ ™ A&
sl ez Hl A = ohetu
T
HUH ZHRo] FAHHo= 1A oA
b= 9 9dl, Fdae A LA A

driving module 9l 7Ved A

)\;(4?41

|

] = <
HEE

AR

A2 CCD wheel set®] $1&
o 27 v% Fom TH WY
S A9 5

oA BAHE Al
9=t CCD wheel set®] %

2 Zefle ﬂ:dz« 4ds) golshA sk AE4
% 4L F AN
3. 33 2 T FHE Qi LelE

3 HE Y

Fig. 8 & ¥k9] gibo] oA o] Folz] =
7Ve et ok Circle A z & $4H2
2 AN A7E @A (orus)7t BEFH Y
gAe] ARFo]l Agto] Hurh FHY o]
0.5D olil kel A FEREAHC] 15D ¢ W of &
A= 0 9 A9 oiiEs 2 (29 Zo| viEt

4 4 Ao
P(¢$,4) = ([ 1.5D+0.5Dcos @)cosA 1,
[ 1.5D+0.5Dcos¢)sini 1(2)
[ 0.5Dsin¢] )

Sﬁercrzitiorrxr A-B

Fig. 9 Moving trajectory in elbow range

Fig. 9= ZX9 =3 3 F3s 49ty
A otk 2io] Ao AT W= 2R
9 F4 2 uig 9d FAS FHse 2T
Axgh}, o] oA FpoF HUSYEHA
5]‘31 i—*'—«] Auko] wheel(front whee set)> =3

:L

A5k A Ho 9] wheel(back wheel set)
31%}0%1 AR BHA drh. 2ol FHoR MY
of upet 2R FAHLE Curve RS Wit ol
FakAl He  ulw dHe F48 d24d ds
A Are PO 0914 dd 2 AA3] offsetS
7bA A fh Section A-B FIFA 22X F4
L 9z A (Fig. 10 & ARC R)& #A ¥
t}. 7] A Section C-A = Z&o] A& FHA}
ojo] ¢ x]3tA W= Helo|v Section A-B T 2
Fo] F3 olgt EAEA = Mol
HPE vl FFP3y M Yo
gyol 3712 udsel sta’ F&Helm ¢
gaA FdE HdMe 259 wheel°] Hqz3}
 FPHe o] ThERTEE 3 arefafopnt
=3 o 2t t’H*‘* ‘ﬁf’ﬂ &8l
o‘r HH«U]- "J%‘r_r
T oupgEol A A F3HAL QU5 wheelE B
olZo] HEET Y wheelel 233
A Z3L s vl AHA QHE upH o]
Hej7HA "k ek grojo €]
gt e ZE] Fszt AHA
01 AR AR X A "ol o)™
AHe A 51-‘;101] &€ 7 driving
wheelﬂ £5z238 4T £ Arh
E 7‘3—;1_5}34"4 Wi el e
T3 AAE olofat gt .

A

T

L

=
hRlE=Y

3

457 BF 28 73

H

[ei3

a3
ar
=

L.
Tl

[e)
S

\:l_]

FY&

1
RN

module 9
Z} wheel 9]
7} wheel©]

=
[e]

=

) Zx
n=



et wid Fhauidg FE TEY dBHA 28 Y

2023

Curve W

Fig. 11 Track of wheel

Fig. 10 & 112 wheel®] 53 448 4w
e gdoly) A wEsE 98k Fig 99

section C-AE A 9] 3 section A-BT7Holl A e 24

of b Fgg Myttt P, Q, RE wheelo|
geel WA M WE 9AE v

Arc W,, Avc Wy, Arc Wp & 2 53 P, Q, R
B A rp, v, rpE L3 wheel®] olF A

9 A5 rhin ek o A4% @A 1Y

kool wEHRl TS HE 7 wheel®] &
LR R L U S L R O o
rp2l VIoh Zrh o} M2 P, Q RAM Fiavt
Hrz o Al #xE AAsoRr @k

Cwrve Wi P, Q, RE

] wap Fadejr) &
FhF ‘1 TA e ALY 29| driving module
& 7t ER dldde] i 7 wheel?] HEFH W}
2R “*A%-— Fghgh Hwol Fig 10 = 11

sk Hush waw

)}
]

120 &5 ZhR @ 2o

{o

f

9] zx WA o]Fi= A Yol FASHA P,
Q, R Curve W ddlA x4 "y}, driving

module 2] front wheel set, 31> back wheel set
9] wheel £ A2 F&H glong p, Q, R
& Curve W ol WRste A4y e ¥x4
ol X9 FAZFH P, Q R A W +=

Fig. 12 Analysis for navigation in elbow

ool mep zvivh Wik ol ejg dAE

3 B W), AT wheelol WHE Q) A
g P, Q RHAA Curve WR A3 ¢H
d 5 9ded ¥ U

Curve W A& §E3H= 42 o B
gk ol AL Fig 109404 Curve W 5

&yt o] Y

g o Fol AEA 4 @ ¢ 4 %

& Yehdis o) 01(5/] i)t} o] &

P

kil
gl 7] 93t Fig. 12 9 ol H A9} wheels
o

> A3 o] ol dHel duE vH4slv
o] oli= 2L, w¥te] HUWHE > 1.5DY

Q, RE E@sh= Fue) x #zis

A
i)

A
(R

o

&}aL

: ¥

%’ilﬂ?oﬂ A% Woa 9

o] H

[=]

e

u P,

L & 443}

th P, Q RS X3 Cuwrve Wiz 4 ()9 x
H30) L 2 Agetih hed g 4% o8
stol gEd 4 gt
(1.5D + 0.5Dcosg¢)cosd = L (3)
A3 3 N @F 9yistn Adgsa
Curve Wys thrdh ol fiyict
Wilé, ) =( [ L1,[(1.5D+0.5Dcos ¢)sinAl,
[ 0.5Dsing] ) 4
=( [ L], [Ltand], [0.5Dsing] )
- n 0.5D
Wi A) = (L, Ltana, + —0 -3)2)(5)
0.5Dcos A



2024 Az - B

Circle E

Curve W,

(mm) W

W, . W, About 4mm

50 120 180 240 300 360
y (Deg)

Curve C

Fig. 13 Circle W; computed by 3D CAD

Fig. 14 Formation of
branch

Fig. 15 Flat area of
branch

Fig. 13 & & 5& 22895 3349 CAD
E2 o83y AEF Curve WSt, ¥ %ol
0", 30, 60", 90" ¥we] wheeld HEH P
9 Axg =AE Rolth. Curve C& Pl uw
et =d

J
ﬂE_o‘

o

g 22X FAF Ax9 #HAE
Curve W & @&#old.  Circle E¥
FAAA N Fae gl g vhehia o
th AN Curve C = 34 Circle E %7
2 %0 &S ¢ F Utk Flg 13 9 %5

9] 1¥& MRINSPECT IV ¢ Aol o] 2%
o] F4%3 7+ wheeld] dl# S%—Zd P, Q, R 7}
o] A gWe @ ol wed Hl F 4mm A=

of Aolz BYL U et

olo} Zo] P, Q RS Fa&1 o A 49 #H&
o] 83t wheeld FHAHRE 4 %8}1:5 3do
A FHPE b)) 7 wheeld) £EE AF &
gl
3.3 TE(E7]2YH
THS I3 2

Drtving wheel

Fig. 16 Charateristic feature of turning
in branch

Area Vi= WiFUol A FdstA el ofd
o 3o wizw o] gyl AAE =
A S5 A7t 8 5 .
MRINSPECT IVel SloiA T #& F343}7]
N ZERACZE I L T WA fF
AbstAl A4 £ o aHu T # g3 F
g e & o Efstn 2 73 FEFig 17
o Curve RPE A&des AL % 7oz
Aot olfe oA HAZE d3E At
A 2R 1205 HAIEY 6709 wheel ©l
g HeleA FHIEE HAHA T #
of AlaA HAA THY FHoZ A wheel
9] UREFol wlghyde] HaA E3E F3hol
S AEA 5ol wheeld) olF AZ7F WS W
2t AR gtk B4, 250 Aol whz}
TH wheeto] FEA He ddaL W5 g}
I Y] wg o8 7pAY ojF #AHE ¥
Aol Axe THAA FH Al 2EE 339 H
3 Helmg MARHAD} area V ol BE wheel
o vEPoel RAsA glipo] FAT A=
© 3)A A front wheel set?} back wheel set©]
BAA D HAe Gl JehbdEA 45
&t7] ol Aol FAHH EF slipo] AT
o}, vl o2, 490xje] 2 wiHo] WLEE 2
2o 7718 #AA 87 Al AL FA=,
T 3 A 2ol Brt 2 RE @A)
98t idle wheel& F&at =], o] wheelz <l
g T & 3= A] Fig. 10, 139 @] 7] uf
el HE fflﬁrﬂr Fefo] tpZ A HUA 2

% f
ol

55

w2

]

k<3

EL FESA Ho 8 &t oAy, EF
active drive® 7]|E o=@ St R ,\)01)\1
passive drive® 3]-838lA WA 2o} FYY =
2 d&3te A 98 E3sd A9, Fig s,

178 o)9RE W8S vkl et



Zat Wl vhawag AAE TEY WEEA 289 A 2025

Section P-A Section P-B Section P-C

Fig. 17 Moving trajectory in branch and various

cross section

A BC D

3 m».awa Straight Drive . “Section A-A
Spock. ; !, Section B-B
“:' ) i
W RV
e
- Section D-D
Section C-C

Fig. 18 Constraint space in branch

Fig. 17914 Curve RE S8 T yd o
o 2R 4 HEE Jehiz sled
(Curve R = Y0 +yd %),
Curve Ry 7} gulahi= vie S89  Curve R
o]  gmaheE Az g2u FH A9
Curve R2 232] wheelo] o] Hh=a] 2 &t
g AP R Qe AAdE ARG v, T el
el Cuyrve Ry © 2%l & sfaxg &
m, T3l A} wheel 4+ wheel5 o] Hj 3ol 38}
¥E A2 ¥d F dve A 7PY BAGG
Aot o)ejg ofE ¥ ATFAES TH MG
A FPg Fan g “””0:;~ F#st7
o gt ﬁ% AdAen T FHE f3 =
, ety A & AAES B
AYn 28 v Fig 18 ol Hwet
8l BREo] T Hdste] 2aa}7) }
& vER I ik

Front wheel set ©] section A-AE X1} section
B-Boll ol & w7bx] #4 Wl 37 gon
B2 opd £ExE ojBdte IAHdE ﬁiur
Z18) 3 section C-Coll HABHA H@ Ao Wil
T AL 2R AYWVFE M3 wm drive
space WO & el gk o]3e #Ae] W

O

4

o

1

i1

lo
~
=
nn‘.

glol WE front wheel set & X7} tumn drive
space o2 X92A H7] wiFolty. o] 93
AT H£ExE Helsle 2R AP 3
£ st et divkaty o] TR 2h e
front wheel set + of 23] wiadudo] sl ¢l
w AdEd 5L W Q] i O]D} whEhA],
AHE L5 2AE o|&% TH AL FHE +
Ak AAlHeE o] Ik oA .‘rf;‘\" wheel 9]
4258 S8 %E wheel o Hjituw ol A U]ﬂm

o] whAlE W 2RO zAlo] o] g Whgko
slAE £ gk 1HER 2HE S oA 3111%
g, 3Ag &z Megd 4 Rlu}. o] Fz3to]

drive choice space ©|U}. Section D-D ©l front
wheel set ©] ZH&A HH tumn drive space %o
23 front wheel set ¢ d}e] wheel W3i= F
Nl wheelo] i) 2] gron, oA
turn drive space® 229 HH& Waldh= wheel
of MThliE HEzol st %A fote AL

E3hz S, 25 54 Fol wipy F4 %
I ARFR @3 7e71E ARAHA, section
D-D 9HE S8t o= g F& FHoE 3
AAE ZA He Curve Ry & 2 43
&7] ojel #AHE AG3A He Mg F8%
felo] T4 IjdLudsEL oy
Section D-DO A front wheel set®] 24 3tE e
ofMut sl 9 Az FPo] shwdlte L F
rate]l metE WRielth A A, 2RL )
e 48 o Ay sy TRAANAMY =
& 3 A¥E AaM: FA section D-D Y
%8 g A]X] Al Ao A ko] zls] ulsk A48
A3 Fowk W, T R A& 9 gle

AnAs= 28 L Ao shsarhs Qo) T

- 1

il

to 10

Z2Hol T8 el zsl& &A =y Ay
CCD 7heljgtd ol &3to] 3|48 sfol & Wk
A4 & 2} 3709 driving module ©] wheel 3
H EEE 2Hste] 289 3dE FE3A 2
U} Fig. 193> T3 AL g 7124 Ads
dwesty] 9@ adleld. P, P, P. + 7
wheel ©] T &3 H(Z wheel &
HAES gz A ol P, AAH2 wheel
g3 HE st A FoAe wheel 3% s}
A e 2ie) FAegs gdsn gt

)

ﬂ.

N



2026 A E

Fig. 19 Three-Dimensional representation of related
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