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A Fuzzy Controller for Obstacle Avoidance Robots and Lower Complexity Lookup-
Table Sharing Method Applicable to Real-time Control Systems
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Lookup-Table (LUT) based fuzzy controller for obstacle avoidance enhances operations faster in
mulitiple obstacles environment. An LUT based fuzzy controller with Positive/Negative (P/N) fuzzy
rule base consisting of 18 rules was introduced in our paper' and this paper shows a 50-rule P/N
fuzzy controller for enhancing performance in obstacle avoidance. As a rule, the more rules are
necessary, the more buffers are required. This paper suggests LUT sharing method in order to
reduce LUT buffer size without significant degradation of performance. The LUT sharing method
makes buffer size independent of the whole fuzzy system’s complexity. Simulation using
MSRDS(MicroSoft Robotics Developer Studio) evaluates the proposed method, and in order to
investigate its performance, experiments are carried out to Pioneer P3-DX in the LabVIEW
environment. The simulation and experiments show little difference between the fully valued LUT-
based method and the LUT sharing method in operation times. On the other hand, LUT sharing
method reduced its buffer size by about 95% of full valued LUT-based design.

Key Words: Autonomous Navigation (AF8 5 ), Obstacle Avoidance (BI0§E 2|1}, Fuzzy Controlier (T{X] X 0{7]),
Mobile Robot (0} & E2), Lockup Table (B4 E 0] E)
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¢ = center of the distribution

¢ = variation of the function

® = weights of output fuzzy sets

u = membership degree of each fuzzy set

y = output value of the 50-rule P/N fuzzy controller
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Fig. 1 Example of mobile robot controller composition

HA o] Feo|EE 39HA -Zroi;‘] BEE 79
SRR FeE Iy o] TRt d%§A
& ANEE dATem ﬂﬁh}" Exdes
AN FAE Y] HIME Rl AL
AT A FHEAEG FPLTE w2
2Rk Frh. =g FeE 3y B TR
Fael oA FES 7] fuA g Fose
2 FS F719 wEAHQ Ayt Hesin oF
At 2R A7) F FAE T Ag7)e A
FE HAANAM e X 9 dsbelM daEe

A E E(interrupt) 59 8407F HAEA FEE
E929 AFE A=EE AMEEE Ao viery
ot shARE 2Re FelE IHFE 93 T2
HIEE %S 7He AFH A2dg F3e
E AHgEte Zle 2R A" g Fdoly
A AR 5§ ndsdd o FAEA 23w
Holt), Fig. 19l Zuld 28 Ao]7]8] FAe] dA
Hol Ed (@ shiel AFE Aagle] 1E
Aelg FRHRz JHYEY AzE 99
(exception)”} A E o A FfE slur}

¢

sl

it

oy A £ sleH, e T ue 24T

A

g AggozA A2Y TN wen ge
27t F7bE wel gnh web Fole
3 Aozl BYAY FHFY Axdg TAH
S8 @l Ash 2ol wlolaRAES Fof guld]
= Z2AAE Aget Aol AU ACE ng
o ol flav E =RAAE ey WAA)

o715 AAEtaL oA Ak A ATE FY
AA wE Fg Furt rhedEMR XaF 7
Aol A LS FHA4sle dutie T2 A A HE
7] A & Alojy] 73 EE At

Foj & 39 E )4 potential field algorithms,”
vector field histogram al g,orithm's,3 fuzzy controller
algorithms* 59 thkst &melFo] AL St
AR HA Aey) 2iHFES Wang Palm,’
Passino,” Aguirre® 52] =& Aiso} Ak ol
B 3uo]A ol A Aoyl e dedta
A@He g AMEHOREAN HAZE Al2F
T30 33t Mbede® & AA-HA BA Ao
7V(neuro-fuzzy motion controlle)® A3} 31,
Lilly'® = P/N Hx] FoJ& 3y Af7|(P/N fuzzy
obstacle avoidance controller)® At Th Lity 9}
ATE B3 HA 9 H(negative fuzzy rules)S AME

o) & vl @A ola YA FY(redundancy)S
=9l W g A A8t Kiend!" ¥ Branson'? 3

B Hx g2 dg AR HA
Aerateict. ol AFE FTIA E =82
Lilly'® ¢ PN #4] Fol& 53 AHoj7] o]&8L 7

A2

Moz Ay e B Aotk B wE A
oA Liy® o &g AAHeT HEHI] 9l

st} JpME Lz EE ALsE, 2 e
2HEXR AEY 151‘?1 MSRDS(Microsoft Robotics
Development Studio) 20087 ¢} A A A Aoz &
ANE I FIAS AT

2 oA PN HA] ol & 33 Aojr] o]&E
AaMstE 50-Rule PN HA| Ao]7]& Agraiet, 3
ol A A9 AAM gHolE 7k F2E L8k ,4
g HA EHolE FH ZIME AT A<t
g wd oo ANEYold Azt wue 5
BolFn ¢4 B =i tiFd AEE J|egrt

lO

=5

2. P/N rule fuzzy controller
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Fig. 2 Coordinates of the controller
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Fig. 3 Membership functions of input fuzzy set
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2.1 Design of 50-Rule P/N Fuzzy Controller
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Table 1 Characteristics of fuzzy membership functions
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2.2 Fuzzification
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Fig. 4 Membership function of output fuzzy set
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2.3 Rule Base

Table 2 9} Table 3 ¢ Z42ZF AW I - EZ
o] & 8 o] Z(rule-base)o] LIEILIITE FAHA 9
Aol 2k olgle] HA Rule [P~ Rule 25P 2.2
AwE 4 gl
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Rule 1P

If X turgetDiveciion 18 HL and X tugepisiance is Z then y is HL.
Rule 2P

I X targemdirection 15 HL and Xragepisiance is VN then y is HL.
Rule 3P

If X turgerpivecsion 18 HL Gnd Xpugapistance is N then y is L.
Rule 4P

If Xugeipivection 18 HL and Xpurgepistance i F then y is L.
Rule 5P

I X tugespivection 15 FIL and Xpugepisance is VF then y is SL.
Rule 6P

I X pungacpirection 18 SL ad Xuygerpistance 1 Z then y is HL.
Rule 7P

I purgepivestion 1S SL ad X agepisince 1 VN then y is L.
Rule 8P

i[f X TargesDirection is SL and x TargetDistance is N then yisL.
Rule 9P

I Xturgorpivection 18 SL and Spugepistance 18 F then y is SL.
Rule 10P

If X turgedivection 18 SL and Xugepistance 13 VF then y is S.
RulellP

If Xpurgerpivection 18 S 1@ Xtugernistance 18 Z then y is 5.,
Rule 12P

If Xtrgapivection 15 S A1 Xtargepistance i VN then y is S.
Rule 13P

I Xpurgespivection 18 S AN X targerpistance is N then y is S.
Rule 14P

If X urgarpiection 15 S ARG XurgerDistance 15 F then y is S.
Rule 15P

I X purgespireation 18 S aNd Xtargernistance 18 VE then y is 8.
Rulel6P

I X purgerpivection 1 SR and X purgerpistance 15 Z then y is HR.
Rule [7P

If X Turgasdirection 1 SR @nd Xqugupistance 15 VN then y is R.
Rule 18P

If X urgeenivecsion 15 SR G X upguapistance i N then y is R.
Rule 9P

I X tugepirection i SR @0d Xnayguupistance 18 F then y is SR.
Rule 20P

If X puageipivsciion 15 SR and X rugadisiance is VI theny is S.
Rule21P

I X tageiDivection 1 HR and Xgogemistance 15 Z then y is HR.
Rule 22P

If X rusgeapipecrion 1S HR and Xpyrgewistance 1 VN then y is HR.
Rule 23P

I X turgetnirection 18 HR 690 Xtogabistance 15 N thenyis R
Rule 24P

If Xrumgespirecsion 15 HR and X pargerpistance is F then y is R.
Rule 25P

ij X TurgetDirection is HR and X TurgetDistance is VF then yis SR.
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Table 2 Rule base of 25-rule positive fuzzy system

(expert provided)
Steering Target Direction
Direction HL SL S SR | HR
Z HL | HL S HR | HR
VN | HL L S R HR
Target
) N L L S R R
Distance
F L SL S SR R
VF | SL S S S SR

Table 3 Rule base of 25-rule negative fuzzy system

(expert provided)
Steering Obstacle Direction

Direction HL SL S SR HR

Z | HL | HL | § | HR | HR

VN| HL | L S R | HR

Obstacle = - = = -

. N L L S R R

Distance = — = — p

F L SL S SR R

VF| SL | S S S | SR
A HAE FolA Rule IP & JEE] A
348 ZEHol HL(Hard Left : 1% 9] 8ol
3 FFZHNA L ATt Z(Zero : W THHE)YE W
2R FYELS HL(Hard Left : WS 9F)o=
Zystgs WAL 4% Ao Ak 23 2
AR PAuolAaE 59 WA Rule IN ~ Rule

Rule IN
If xopstactenirection 1 HL and Xovstacteistance is Z then y is not HL.
Rule 2N

[f X ObstacleDirection is HL and XObstacleDistance is VZVthen y is not HL

Rule 25N

If XObstacleDireciion i TR and X0bstacteDistance 18 VF theny is not SR.
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Table 4 Membership degrees of input fuzzy sets
Degrees of positive- Degree of negative-

rule fuzzy sets rule fuzzy sets
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2.4 Defuzzification
HFHo2 5083 PN HA
e £ @ g9 Agac

Ao)71e) &4

W HLAw, Lewy -SLtwg S

Wy, W, + W 3

(Wyyp + Wy + Wy Z W0+ Wy +wg),

_ W HRAwy Rt we - SRAwg -8 (W W, + Wy <Wyp + W, +Wep)

Wy +We + Wep + Wy

)

9l 29 7z £9 #HA AP W A¥gr:
thgel $4 (5)el ejs) AgHch

Wm:,ul+yz+y6,

W, =y3+,u4+,a7+;zs’

W, =;15+,ug’

Ws = Hho = i+ g s by s+ (%)
Wsp = thy + fhos

W = fhy g+ oy oy

Wag = g+ oy + fhoy

3. Lookup-Table based design
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4. Lookup-Table sharing method
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Fig. 7 Diagram of fuzzy membership degree acquisition

on lookup-table sharing method
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Fig. 8 Simulation map of MSRDS (Microsoft Robotics

Developer Studio)
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Table 5 Buffer size and processing cycles of each fuzzy

controller
calculating | using full | sharing
w/o LUT LUT aLUT
Buffer size of
0 38,080 2,048
Lookup-table(bytes)

Clock cycles per 1
) 427,390 84,797 127,494

avoidance (cycles)
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5. Results of simulation and experiment
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Fig. 9 Comparison of buffer size and average processing

cycles
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Fig. 10 The
applications on the mobile robot pioneer 3-DX

experimental environment: LabVIEW
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6. Conclusions
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Fig. 11 The experimental result of obstacle avoidance
using proposed fuzzy controller
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