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Firefighting Robot for Overcoming Mountainous Terrain

Seongwoo Lee’, Youngjun Lee”, Jaewon Kim"™", Janghyeop Lee” and Baeksuk Chu™™"

* Department of Mechanical Engineering, Kumoh National Institute of Technology
** Department of Mechanical System Engineering, Kumoh National Institute of Technology
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Key Words: Firefighting robot(4% Z2), 8-Wheel robotic platform(87] ¥}7] Z& ZF23%), Pan-tilt
mechanism(HEE WA YZF), 3-Axis gimbal principle(3% ¥ €2]), Mountainous terrain
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Abstract: The proposed robot in this study is a firefighting robot designed for difficult fire scenes inaccessible
to humans or fire trucks, such as mountainous terrains. To swiftly and stably conquer rugged terrains, we
developed an 8-Wheel robotic platform and integrated a 3-Axis gimbals camera to ensure stable monitoring
by minimizing screen tilt and vibrations caused by uneven surfaces. This enables the robot to assess the fire
scene and accurately spray water using a pan-tilt controlled firefighting nozzle. By addressing existing
firefighting robot limitations, this solution can be effectively utilized in various terrains, including mountainous
regions.
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(c) 4-Wheel driven firefighting robot (d) 6-Wheel driven firefighting robot
Fig. 1 Conventional firefighting robot
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Fig. 2 Overall structure
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Table 1 Specifications of control system

Component Model Specification

Input Voltage : 5V (USB VBUS), 5-24 V (Battery or SMPS)
- Default battery : LI-PO 11.1V 1,800mAh 19.98Wh
Extension pins : 32 pins (L14, R18) (*Arduino connectivity)
Controller OpenCR 1.0 Sensor module x 4 pins
Extension connector x 18 pins
Communication circuits : USB (Micro-B USB connector)
RS485 (B4B-EH-A / Dynamixel)

Resolution : 360° in 0.088° increments over 4096 steps

Motor Dynamixel MX-64R Input Voltage : 10~14.8 [V] (Recommended : 12V)
Stall Torque : 6.0 [N'm]
Camera OV2640 Pixel = 2MP
FOV : 160°
Bluetooth HM-10 Bluetooth V4.0 BLE

Max pressure: 200 PSI

Pump 26820200 .
Displacement: 7.6 LPM

2.3 8-Wheel robotic platform :rLZ

8-Wheel robotic platform -3+ Fig. 4(a)9} %ol 871¢] vl & AF&ste] Fdst7] "ol vk %
BAAY S FAS AT ol AkeA S Aol W 4+ AW, WA BAl 150l
AA @i AT de A FE2E Hol o] AMHIY FE BAAH Holw S5Ol Holu Abet
Ay Fe njgGe 23 % Mo m FHET G vt vF] FE5AE Fig. 4b)9F Zol wAdPE A9} o]
of AAH= 2709 AR 2 74 B AAs Y. v sty Z) shbe] EE I AR E 7] witel A
Be 3 shtel] ®2E7F 27H %iﬂ‘i—. AA AT

Sub-Link

(a) The overall shape of the link structure (b) Link structure side view

Fig. 4 8-Wheel robotic platform
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(a) Sub-link side view (b) Sub-link combined view

Fig. 5 Sub-link design
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(a) Roll motion

(b) Pitch motion

Fig. 9 Gimbal mechanism

(¢) Yaw motion
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(a) Horizontal rotation

Fig. 10 Pan-tilt mechanism for nozzle control

(b) Vertical rotation
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Fig. 11 Surmountable environments
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Fig. 12 Center of mass of main body
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My, My, M3y My = Mass of part 1, part 2, part 3, part 4
Gy, Gy, Gy, G, = Center of mass of part 1, part 2, part 3, part 4
m,, = Mass of main body (total parts)
G, = Center of mass of main body
Ol LU TR ol R lue of £ f main bod 1
= S = S, (X, = Coordinate value of center of mass of main body) (D
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(a) Center of mass of parts (b) Overall center of mass

Fig. 13 Center of mass of sub-link
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(a) Overall shape (b) Disassembled diagram of insurmountable situation

Fig. 14 Insurmountable situation

AFEAEE A7 dMA doz ALEE V[T E] YEE HHE Fig. 15(a), Fig. 15(b)3 #o]
dstalom, oju] G U= gk Table 201 LER AT

Table 2 System parameters

Symbol Value [Unit] Symbol Value [Unit] Symbol Value [Unit]
m 0.75 [kg] R 0.0545 [mm] Sy 0.325 [mm]
M 2.25 [kg] r 0.025 [mm] 0, 9.28 [°]
dy 0.047 [mm] S 0.1 [mm] 0, 36.87 [°]
dy 0.081 [mm] S 0.15 [mm] @ 56 [°]
D 0.0985 [mm] Sy 0.16 [mm] I} 51.5 [°]

Mg

<

o

¥

¥

¥ 1

¥

s |

el

V1

i

T

N
__/Q4_
/h 4
[ h
fiogs,
&
s

¥ 4

Y&

S3

(a) Main body (b) Sub-link
Fig. 15 Geometric parameters presentation
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DIF, =0, —A, =N+ N, =0 @
YF, =0, —A,+N, +uN,—mg=0 (8)
DM, =0, —djcosax A, +djsinax A, +dycos(a—0,) < Ny + (dysin(a—0,) — R) X uN; 9)
+(R—dycos(a+6,)) X uN, — dysin(a+60,) X N, =0
DIF, =0, =B, —uN;+ N, =0 (10)
YF, =0, —B,+Ny;+uN,—mg=0 (11
MM, =0, —d,cosfx B, +dsingx B, +dycos(8—6,) X Ny + (R—dysin (8—6,)) X uNy (12)
+(R—dycos(B+6,)) X uN,—dysin(B+6,) <X N, =0
MF. =0, A,+B, =0 (13)
YF,=0, A,+B,—Mg=0 (14)
M, =0, Descgx Mg—hx B, —hcot¢ X B, =0 (15)
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(a) After operating rack gear (a) After climbing the stairs

Fig. 17 Stair climbing experiment
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Table 3 System parameters of surmountable situation

K
1

LS

Symbol Value [Unit] Symbol Value [Unit] Symbol Value [Unit]
m 0.75 [kg] R 0.0545 [mm] Sy 0.325 [mm]
M 2.25 [kg] r 0.025 [mm] 0, 9.28 [°]
dy 0.047 [mm] S 0.1 [mm] 0, 36.87 [°]
dy 0.081 [mm] S, 0.15 [mm] @ 11.5 [°]
D 0.0985 [mm] S; 0.16 [mm] Ié] 8.29 [°]

Mg
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I AN l B,
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B
C o

(b) Disassembled diagram of surmountable situation

(a) Overall shape

Fig. 18 Surmountable situation using rack gear
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(a) Front sub-link (b) Rear sub-link (c) Main body
Fig. 19 FBD of sub-link & main body of surmountable situation

EFx =0, —A, —pN, + N,sind; — pNycosé, =ma, , (18)

YF, =0, —A,+N, + Nycosd, + uN,sind, —mg = ma, (19)

MM, =0, —dicosax A, +dysinaxA,+dycos(a—0,) XN, + (R—dysin(a—0,)) X uV, (20)

— (dycos (0, +a)— Rsind; ) X (uNV,sind; + Nycos6;)
— (dysin (6, + o) + Reosdy) < (NV,sind, — pNycosd,) = 1,6,
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)% - o] GF - AL - ol - F A

YE, =0, —B,— C,— uN;+ N,sind, — uN,cosd, = ma, , 1)
Y F,=0, —B,— C,+ Ny+ N,cosd, + uN,sind, = ma, , (22)
MM, =0, —d,cosfx B, +dsinfx B, +dycos (0, — ) X Ny — (R+dysin (0, — ) X puiVy (23)

— (dycos (0, + B) — Rsind,) X (uV,sind, + N,cosd, )
+ (dysin (0, + B) + Rcosé,) X (IV,,sindy, — uNV,,cosd,)

MFE, =0, A,+B,— C, = Ma,_, (24)
YF,=0, A+ B,—C,—Mg= Ma,, (25)
N, =o, Dcscp X Mg—hX B, — hcotpX B, — 1, X C, +1,<xC,= 1,0, (26)
C, = C,xtan(¢p—15 ) (27)
l, =h+Sxsin(0,— () —rcos(0,— f3) (28)

l, = h X cotp— SX cos(0y,— 3)—rsin(0, — )

R—Sysina

5, =cos !( = ) (29)
. R—S;sing
8y, =cos *( }33 )

=& A3 o HFE T & 5 de ARde A S5o]l Bk A8l Fig 16(2)9t (b)ell A
dhell, ofwl =) 7]ef7h 2he ek el Fig. 199k (b= +-5

& wafstes A9l NN xF B P ARl A
vRE o A mEEE N, eN, o) T FE wA H LA, H el

e xF $F Y ol 2RO FAAS FAMNA Ft A8 dgrh olU@ A6 LAt
Ave F8T 5 9ad

4. 22 A2H” 2 Mol ga2|E
41 29 8

Fig. 20 Operational environment
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VR SE AW 20 Fig 209 Zo] EFFA HES ol8d mukd v)7eh 2RE dAdsa,
FhlEl AAE E Z3te]l AFE AT Aoz RUBYste] 23 §A9S 944 AT F
A== gk

42 Y SIHIEIE Ol 8E AlAE Hof wmals

P AMEE FEZE £ AAE WL el Eelth gAE sjue] B zzoey
galste] ALgAEe] WRF =E BES Tolgy|AL RelA drmols A 2T 4 =
IYES WE S Aok Fig 21& 9 AMEHE AU 49 fE TS e Rom, 23 /e
QN FAT} HE, wZo] Wy, & sloje] B Aloj @k,

EEEEEEEEEEEEEEEEEER
PAN-TILT CONTROLLER

b [ @ Pan—tilt Controller ]

L [ ® Motion Controller ]

} [ @ Rack Controller ]

.
e
-
.
.
o
-
.
.t

-
R

i

Fig. 21 Monitoring panel

2 A &El2 Fig. 223 o] Buld 7)7|ef EFE A BES A4St HolHE $7lshe Hao=
Al z='ls Aojstty, Buld 7|7]dA 54 7|5S Fdste HES FE2W A4 dHeoHE EFF~
BERZ FAlska, ‘é—‘:TlEr/\ REd A4E vlolax AEEL A dHolHE FAlste] FgAQl EUH
@3} 8-Wheel robotic platform, 2] 7]o]9] Ao], HEE wlako] wZ Ao &5 7}53sHA dt) o] & Fa Al
3 o] X shA S AL wEE AYs| 2TEY] FAE S

Fig. 22 Motion control operation for fire suppression
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51 FofE =5 s gut

(a) 15cm obstacle (b) 22.5cm obstacle

Fig. 23 Obstacle overcoming ability experiment

4dE 25 FellE S5 ¥S BUietr] st 274 ARE AT A dA A3 Fig
230l e AAT FolE EolE FoUb 55T F de Hd FolE wols SAHsE Aotk
ol wolg 2EH wo7in AFs 2 A stue & 98 7l Helee Ad 1Tem7bA] S5
Vestthe AFE S & Atk A 17em o4 oS WS wlE Fig 23(b)ek o] kol AF
oA WA kRt 5S|4 ded 23] HE ARHvdE A4S & 5 A dEFos ug A&
10.9cm®] °F 1.6v] Bx ¥ FolES

2385

o o Pk vV
. [ .
| smesan| Smesss
S ‘
k* i d.4

(a) 7.5cm stairs

(b) 15cm stairs
Fig. 24 Stairs overcoming ability experiment
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(a) Front-facing focus (b) Left-side focus

Fig. 26 Pan-tilt control experiment

6. 2

=4 = AtnE gk & HAastslr] Asl A &
w9 Fastth & Aol s vEER AP FelEo] e A
& Ajtgtt), V)& AEstE A 2R Eo] 7HH AL 9l
walo] S g%l 8-Wheel robotic platform A A5} 31
H Aol M A HAE FASH HFAQ Fao] shsetth V&Y &

W 25 e ghvlehe g g HA o R Ho] glo] 3 Al vl ' AP A stH ol T]Eol
of A AF s Hotetr] ol 4 Atk olE A #8
o ol EEHS HAES g AQ BUHAP | b
3 S o]gote] dAE A AHS Fl =5 A

o

e

ol

: Aold = de A =E5E

bs] EAbste] A E e 5 dxEE o

e HATH R dojubs Aldol]el] & 2R Foke] A &HQl o] Attt Abgtolu &
Wapel zgie] ofefe spAl @l T 23S FAste] AE3] stell ojupA|shar voprh AW 9]
S E=ESH] AR AT =4 dHE HRIS 5 e Aol VdEn.

% 7|

v ZEAES AP 2io] JHA = AladE sk f8 dE oleldl B2 wjE A4 I
Q3tthe 2 =40, A3S goy bE BofRE AEs §H¥ F e AV HAdsUr 2e A
geto]l A FEelA dAsr] oE e EAET ofEEol ANARE, TGEF ofojtyolE AAEaL ¥
FHoEA AR deHE VIE 7 AL, AR e dotste] agHQl "HeYAs 1L
AAFUT oA AAe] FHREHeE AA AxF HEetal A= eHS V1EA ZIdvY
TRAES AP dolH B2 oS A dus A E A HASUY o TRAES T
3 ofelto] 7]&RH AFHA = A AF FAFLEA sl FEe] SHAA F e
ol ot Ae AL, 2RSS dAdsHE ol W =2 H¥she oY Y Tasy
= As =AEUY
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