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Fuzzy Logic Control for a Simplified Trawl System
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National Fisheries Research & Development Agency
(Received June 5. 1994)

This paper describes the model of a simplified trawl system and a control method by

using fuzzy algorithm in controlling the depth of trawl gear. Fuzzy logic control rules

are sets of linguistic expression that are used by an experienced performer in real opera-

tion. For real time processing of the control rules. the look-up tables are used.

Computer simulation results indicate that the proposed fuzzy controller shows fast

response with minimum steady-state error and robustness properties to the simulated

disturbanse.
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Fig. 1. Schematic view of the trawl system.
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Fig. 2. Simplified trawl system model.
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Table 1. Principal particulars of trawler

l.ength 35m Fore draft 1.15m
Breadth 6.6m Aft draft 3.62m
Depth 3.1m Mean draft 2.38m

Gross tonnage 134 ton Weigth 464ton

Power of main engine 1300ps
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Table 2. Parameters of trawl system

M : 52.000 Kg s%/m
m, : 60,400 Kg s%/m
m, : 60.400 Kg s”/m
my, 1 60,400 Kg s/m
S :339m°

C, 1 5.000 Kg s/m
W : 2500 Kg

F :11.000 Kg
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PB : Positive Big
PS : Positive Small
20 : Zero

Table 3. Fuzzy control rule

. e NB NS ZO PS PB
NB NBE NB NB NB NB
NS NB NB NS NS NS
70 NS NS ZO PS PS
PS PS PS PS PB PB

PB L PB PB PB PB PB

. - Quantized levels 5 4 -3 9 0 1 5 3 4 5
Linguistic sets

PB 0 0 0 0 0 0 0 0 02 06 1

PS 0 0 0 0 0 0 02 06 1 06 0O

70 0 0 0 02 06 1 06 02 0 0 0

NS 0 06 1 06 02 0 0 0 0 0 0

NB 1 06 02 0 0 0 0 0 0 0 0
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NS : Negative Small
NB : Negative Big
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e de u Quantize e de u Quantize
(m) (m/s) (m/s) level (m) (m/s) (m/s) level
-217 -1.35 -2 -5 -2.7 ~0.45 -1 -5
-21 -1.05 -1.6 -4 -2.1 -0.35 -0.8 -4
-15 -0.75 -1.2 -3 ~1.5 -0.25 -0.6 -3
-9 ~0.45 -0.8 -2 -0.9 -0.15 -0.4 -2
-3 -0.15 -0.4 -1 -0.3 -0.05 -0.2 -1
0 0 0 0 0 0 0 0
3 0.15 0.4 1 0.3 0.05 02 . 1
9 0.45 0.8 2 0.9 0.15 0.4 2
15 0.75 1.2 3 1.5 0.25 0.6 3
21 1.05 1.6 4 2.1 0.35 0.8 4
27 1.35 2 5 2.7 0.45 1 5
Table 6. Look-up table for coarse control
. el 5 4 3 2 1 o0 1 2 3 4 5
-5 -5 -5 -5 -5 -5 -5 -5 -5 -5 -5 -5
4 5 5 5 5 5 -4 -4 -4 -4 -4 -4
-3 4 -4 -4 -4 4 -4 4 4 -4 -3 -3
-2 -4 -4 -4 -4 -4 -3 -3 -3 -3 -2 1
-1 -3 -3 -3 -3 -3 -3 -2 0 0 1 2
0 -3 -2 -1 -1 0 0 0 1 1 2 3
1 -2 -1 0 0 2 3 3 3 3 3 3
2 -1 2 3 3 3 3 4 4 4 4 4
3 3 3 4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 5 5 5 5 5
5 5 5 5 5 5 5 5 5 5 5 5
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Table 8. Look-up table for fine control
-2 -1 0 1 2 3 4 5
-5 -5 -5 -5 -4 -4 -3 -3
4 4 -4 -4 -3 3 2 -2
4 4 4 3 2 2 -1 A
-2 -4 4 -4 3 -3 -3 -2 -1 -l 0 1
-1 -3 -3 -3 -2 -1 -1 -1 0 0 1 2
0 -3 -2 -1 -1 0 0 0 1 1 2 3
1 -2 -1 0 0 1 1 1 2 3 3 3
2 -1 0 1 1 2 3 3 3 4 4 4
3 1 1 2 2 3 4 4 4 4 5 5
4 2 2 3 3 4 4 4 4 5 5 5
5 3 3 4 4 5 5 5 5 5 5 5
Limits for |
. I et
fine control : :
! Lookup table | :
: (coarse) :
! P u(k) y (k)
ref(k) e(k) Trawl .
+ ' 4 de(k) system
l Lookup table | ]
(fine)
Fig. 3. Block diagram of the fuzzy controller.
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Depth tm)

Tension (ton)

Warp denggth () Trawler velocity {m/s)

Warp sngle (rwt)

Prebstel £% Al2gle] HAHof

(a)

(a)

(a) depth of trawl gear. (b) tension of

traw gear. (¢) trawler velocity. (d) warp
length. (e) warp angle.
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