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Leg-Wheel Transformable Robot to Overcome Non-Planar Environments
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Key Words : Leg-wheel tranformation(t}2]-8}7] H3]), Robot kinematics(Z5 7]7-%}), Support polygon(A|
A t}2+ ), Environment recognition(3+7 Q14)), Leveling(5=3 +4])
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Abstract: While the robot proposed in this study can drive fast on flat terrain with wheel driving mode, it
overcomes non-planar environments by transforming into leg walking mode. Support polygon is considered
according to the change in center of mass to guarantee the stable walking of the robot and a trajectory
generation in vertical and horizontal directions is performed. In addition, laser sensors are used to measure
the distance and height from obstacles. IMU sensor is used to measure the tilt of the body. Based on the
measured observations, the dexterous operating processes are executed.
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(a) Wheel driving mode (b) Leg walking mode

Fig. 1 A prototype proposed in the research
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(a) Leg link
Fig. 2 Leg design
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(a) Before revision (b) After revision

Fig. 3 Change of motor installation
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Fig. 5 Design revision for avoiding the robot deflection
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L, : Link1 F,:Mass of link2

F(total) : Mass of robot

L, : Link2

Fig. 6 Link length and weight of the developed robot
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(a) Side view of a leg (b) Side view of the robot

Fig. 7 Change in center of mass of the leg’s link
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My, Mp, Mc,Mp

= Mass of legs A,B,C,D

(#,y = Mass of one leg)

(Where, L, = L, )

mg = Mass of body
Gy, Gp G, Gp = Center of mass of legs A,B,C.D
Gp = Center of mass of body
Gy, Gy = Center of mass of robot
— MY
v = E kYk
ka
L L
Fy (L, + 71) + Fy(L,) + FL2(72)
Y, =
Eﬁg
3 1
e (0.212kgf)(5L2) + (0.200kg f )(L,) + (0.212kgf)(5L2)
Y= 0.943kg f
L,(0.624)
0.943
= 0.662L,

. distance to center of mass

length of aleg

Y, 0.662L, 0,351
2L, 2L,

A

0.331(L; + Ly)

L(Ge)

Fig. 8 Change in center of mass of the robot and formation of the support polygon
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(F(total) )(Y) ®)

= (m )L(G)) + (mp)L(Gp)) + (mNL(Ge)) + (mp)(L(Gp)) + (mp)(L(Gy))

Y (6)

= L(G,)

(m4)(0-331(L)) + (mp)(L) + (m)(L+b— T+ 0.3317) + (mp)(L+b) + (mE)(L+§)
— Fliotal) (Where, Li+L,= L)

- Movement value of center of mass

= L(GE) - L(G2)
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=y = P Xz
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T>2(L+ Ly + %)—QL(G’Q)

T > 2 X Movementvalue of center of mass

ST > 66.4mm
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AL Al wep Jebd agizelt) o] & 3 2R #3S FASE vAYUF] olFHe APH
o= HAFsrh
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Angle (degree)
o
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Fig. 9 Tilting angle of the body using the balancing mechanism based on the support polygon

AAAEE 2 BAS 5] A s 2 tels AuA FHow A ojok vk o
2 gAolA &g A vl Fo|rt HolAAY Folx 7] wiel AAE FHE o|FA Kt &
A fot ®=e, T F IAAE vhFste] SHsE Ao Ae FHoR geE &Y s Zas)
o} =59 tyle o] 2719 REE o] F X Two-link-manipulator®] 3%, =23 FHLSFS 9s)A
7)1 84 Alol7b Daslth Fig. 109 o] o s == 3Ao] Aestmg Ay U4 73 4
2o AfAd aw g A=E Tt REE FEste WAoo gl o] RS vg Peol %

@ 5 Sk

2 2 2 2
24— L2 L
L, = length of linkl , L, = length of link2 , cosfy = %, sinfy =+ \/1—cos20,  (10)
142

2.0, = atan2(sinf,,cosbs)
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(L, + Lycosby)p, + Lysinfyp, - (L, + Lycosb, )py — Lysinbyp, (n
, sinf; = - -
(Ly + Lycos8,)* + (Lysinb, )’ ! (Ly + Lycos8y)* + (Lysind, )’

cost, =

-0, = atan2(sinf,.cosh,)

(»x.py)

Fig. 10 Vertical movement using inverse kinematics

AT SR Aol ole] kel ARAOE U 0, 0,93 2 wde] WA B B, A
A oy B4 Aoz} e Adew 4, 2EeES @ 5 3 Ak aXw AEgontt 9
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AAAE A5 mEe RASED FEeA Hol Al7rel ¥
e mite] AN At F AT oo A 244
el AAA Lol Fsad. oldd A5e AFale] Lz,

4. B 14 Jlutel Fof YTE|E U MY
e A7 RS 9@ theln hWd 2o AAew Age Aol muld 77w Aol
7F bt @k FE o Alolrt Bbed A9 AR S IAEtal ofo] Bt thEE g =i
HHA TP ER A ool tieh AR AR va dolA AR iy
41 YOIHEIS 285 2 ZaMA I =0l 7Y 22
HEE 84 S5 AT vElnbe baE 2308 Fig 113 28 wmukd 7)7)eh 23 Alele] 4E
Aol gtk Wk ASATL AAOE BRE 24T 5 YD BRFES BES o §dte] mutd 7]
S AAH I Al ANE BEshel 2o HFE Abwel 22 $HUAS AEA} FEOR Ao]
&gl B 2RA AR E FEES] A RS2 Table 16 Aol Ut
Table 1 Specification of control system
Component Model Manufacturer Specification
. . Serial port : 3
Controller Arduino Mega2560 Arduino.cc
Input voltage : 5V
Actuator Dynamixel MX-64R ROBOTIS Resolution : 0.088 °
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Stall torque : 6.0N'm

Sensor Lasor (VL53L0X V2) OEM(EDUINO) Measuring distance : 2~200cm
Bluetooth HM-10 Keyestudio Bluetooth 4.0
Camera 0OV2640 ArduCAM Pixel : 2MP

s —————— r

~
Sensor
| (Laser)

s

STAND

0BSTACLE

HEIGHTED
OBSTACLE

UPHILL
DOWNHILL
L 3

BLUETOOTH
SCAN STOP_SCAN CONNECT DISCONNECT

Fig. 11 Operational process
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o0l] "H ‘| lﬁ\l‘\‘\”.‘lu

TR )

|
\H

nan ‘

Distance(mm)
S
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‘W | | ‘ M\ \L
‘ s‘l "‘Il‘l‘."‘ \'1||\|‘
| ‘N Laser \A| | |
| Ultrasonic l
80 T
!
I
60
0 20 40 60 80 100
Time (ms)

Fig. 12 Comparison of laser and ultrasonic sensor performance
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(b) Overcoming obstacle

Fig. 13 Recognition algorithm through laser sensor
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(a) Robot without leveling

44 ~ZEQ0{(S/W) AAH

Angle (degree)
[=:]

2

Fig. 15 Leveling system using IMU sensor

With IMU sensor
Without IMU sensar

o 2 4 5 8 10 12 14 16 18
Time (sec)

Fig. 16 Balancing experiment using IMU sensor
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(b) Robot applied leveling
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Fig. 17 Control algorithm to overcome the non-planer environment
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