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A 3-Step Speed Control for Minimizing Energy Consumption
for Battery-Powered Wheeled Mobile Robots

Az, YE =R
(Chong Hui Kim and Byung Kook Kim)

Abstract : Energy of wheeled mobile robot is usually supplied by batteries. In order to extend operation time of mobile robots, it is
necessary to minimize the energy consumption. The energy is dissipated mostly in the motors, which strongly depends on the
velocity profile. This paper investigates various 3-step (acceleration — cruise — deceleration) speed control methods to minimize a
new energy object function which considers the practical energy consumption dissipated in motors related to motor control input,
velocity profile, and motor dynamics. We performed an analysis on the energy consumption various velocity profile patterns
generated by standard control input such as step input, ramp input, parabolic input, and exponential input. Based on these standard
control inputs, we analyzed the six 3-step velocity profile patterns: E-C-E, P-C-P, R-C-R, S-C-S, R-C-S, and S-C-R (S means a step
control input, R means a ramp control input, P means a parabolic control input, and E means an exponential control input, C means a
constant cruise velocity), and suggested an efficient iterative search algorithm with binary search which can find the numerical
solution quickly. We performed various computer simulations to show the performance of the energy-optimal 3-step speed control in
comparison with a conventional 3-step speed control with a reasonable constant acceleration as a benchmark. Simulation results
show that the E-C-E is the most energy efficient 3-step velocity profile pattern, which enables wheeled mobile robot to extend

working time up to 50%.

Keywords : minimum energy control, wheeled mobile robot, energy saving control, voltage constraints
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Table 2. Linear velocity, motor control input, and traveling distance
by parabolic control input.

HEe b (1)=—0c 1812 -1 4200 1 AT 4t
7
AAREEEE ugz_ﬂ{;z_&_—_l,_&}
22 A 7
T uR _ uL BIATY 1 1
—
°ol% Ag AxF =2/3.00ATy,
AEE Ug (1) =vc
&}
£ A dE c A
R_ L Y
i u =u 2181
L RS
o|F A% AXE = U AT
. Ug(t):uc/Ale){-—tz +2(tf—ATD)t}
A
g | ATS 17 (28Tp ~t7)
7} 2
= ug: 1IUC2 {—‘%+[tf—ATD-%JI}
b
= Ao 44 BATE !
| OR_ L %o
_ —AT
u' =u +LC2 ,fATD_L+LJ
ﬂ]ATD 2 A
olF A AxD =2/3.0cATp

EG =2/ 4py - (kA B~ 22 JoEATe = EG (ATeuc)
EP = kP | BiATD .(SAIATZZ) —15ATp + 20//11)

~kokP (16ATp =15/ 24) = E] (ATp,uc)

A71M &P = o2 11208, OlTh

meha T2 Ao Ao T 23| F A AR
2 A F& 2 (Axg+Me+hip=xp )ORFE dojr]
T ue =3xp/(28T4+3ATC +2ATp) o AIRE & 23
(AT4+ATC +ATp =17 YO RHE] 7hE AZHAT, ) 455 Al
W ATp Y& ol8ste] Thadt ol 27)9 ¥FE vehd

0]
AR

EP P - EY v EE +ED
= Y (AT4,00 )+ EG (ATc,uc) + Ep (ATp.uc)

1.3 ZAL Hof 2ol 2t RCR S Z2uld

I3 T@el BAF Al Aol 2 £5 Tl vk
& 38 bk 2ol verdTh AL Al P o &=
Z2 Y-S Althe] Etrapezoidal) 5 TRIFY ] P2 1}
ERdt,

AL Ao Gl A7 2] A&, BE Al 9fE, O
2t o)FAE & 33 2ol Taixich

AL Ao el 2 Tk, A S FRielA 9] o

A

I I i
u <—R()+e)—>}<—c@s>—>{<—r«a%>—>:
. I |
2 1 | |
= | | |
- — I
E ) . !
g I

]

I

: Time
:q—ATA—bk-—l ATC-—>:<—AT>>'|
|

to ty tr I
(a) Ramp control input

A
I I
<—R(J}$)—>:<—C(§!$y-—>llq—R(ga)_>

<
©

—— - —— - ————

- - - —————

Linear Velocity

' "
AT D1 AT —ATo— Time
! 1 I )

t t 173 1
(b) Velocity profile by ramp control input

3% 7.7 Ao} Aol o) & TRy, £ P& T
2] &),

Fig. 7. Velocity profile by ramp control input( v,. is cruise velocity).

E 378 A0 el o 2o A% Aol 9 0
°ol& Adl.

Table 3. Linear velocity, motor contro! input, and traveling distance
by ramp control input.
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