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Abstract- In the ocean environment, controlling certain parameters is an important task to keep the submarine at certain level 
below the sea surface. In this paper, the online simulator for the depth control of submarine has presented .The Fuzzy 
controller are used to control the submarine and to maintain at certain level below the sea. Fuzzy control unit was implemented 
and simulated with LabVIEW and the results were presented.   
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I. INTRODUCTION 
 
LabVIEW (Laboratory Virtual Instrument 
Engineering Workbench), a product of National 
Instruments, is a powerful software system that 
accommodates data acquisition, instrument control, 
data processing and data presentation. LabVIEW 
which can run on PC under Windows, Sun 
SPARstations as well as on Apple Macintosh 
computers, uses graphical programming language (G 
language) departing from the traditional high level 
languages such as the C language, Pascal or Basic.  
 
All LabVIEW graphical programs, called Virtual 
Instruments or simply VIs, contains a Front Panel and 
a Block Diagram. Front Panel has various controls 
and indicators while the Block Diagram consists of a 
variety of functions. The functions (icons) are wired 
inside the Block Diagram where the wires represent 
the flow of data. The execution of a VI is data 
dependant which means that a node inside the Block 
Diagram will execute only if the data is available at 
each input terminal of that node. By contrast, the 
execution of programs such as the C language 
program, follow the order in which the instructions 
are written. 
 
In literature, Mality has decided to build on his 
growing reputation as a flight control system designer 
and moved out to the area of Submarines. Then he 
added a pitch feedback in his system for taking better 
results. Hao and others have been presented two - step 
depth fuzzy controller and generic algorithm. They 
have used seven membership functions for error and 
its change.  
 
They have indicated that different fuzzy controller 
system parameter coefficients should be employed for 
each submarine depth. Guo and others have been used 
orbit control method and the desired orbit (depth) 
value with a stable way. They have reached the target 

with PD controller. Demirci have been proposed 
indirect adaptive control techniques for submarine 
depth control. Ozkop have been used five cauchy 
membership functions for error and its change in his 
study. Submarines operating at deep submergence can 
be considered to be in a disturbance-free environment. 
Under these conditions the design of depth-keeping 
controllers is a straightforward task. At shallow 
submergence under rough sea conditions and at low 
speed, accurate depth-keeping controller designs 
require particular attention.  
 
In order to keep submarine at certain level below the 
sea surface the system must reach reference depth with 
minimum oscillations in a short time. The system 
must checked continuously with a controller in order 
to avoid extra pressure on submarine 
In this paper, Fuzzy logic controller was builds in the 
LabVIEW program to control the depth of the 
submarine. The input of fuzzy logic controller is the 
level error between the actual level and target level. 
Fuzzy logic controller part consists of fuzzification, 
control rule and defuzzification. Membership function 
editor is used for expressing input and output 
variables.  
The paper has organized as follows: Section two 
explains the mathematical model of the submarine 
system. Section three explains the Fuzzy controller. 
Results, conclusions are given in section four and five, 
respectively.  
 
II. SUBMARINE DEPTH 
 
A. Mathematical model of submarine 
Figure1 shows the closed loop of submarine. G1 and 
G2 are submarine pitch; G3 is the transfer function 
representing the depth of submarine.  
 
Equation (1) and (2) represents submarine system 
mathematical model. The transfer function of the 
system is obtained by the Equation (3) 
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Figure 1 Closed loop of submarine depth control 

 

           (1) 

               (2) 

      (3) 
 
Fig.1 shows closed-loop submarine depth control 
system. If controller gain is equal K then closed-loop 
transfer function is   
 

    (4) 
 

 
Figure 2 Block diagram of Submarine depth control using Fuzzy logic controller

III. SYSTEM WITH FUZZY LOGIC 
CONTROLLER 

 
A fuzzy logic can be described simply as “computing 
with words rather than numbers’’; similar a fuzzy 
control can be described simply as “control with 
sentences rather than equations”. A fuzzy controller 
can include empirical rules, and that is especially 
useful in operator controlled plants. A Fuzzy Logic 
controller consists of three sections; fuzzifier, rule 
base and defuzzifier. Two input signals, the main 
signal and its change for each sampling to the FL 
controller are converted to fuzzy numbers in fuzzifier. 
Then they are used in the rule table to determine the 
fuzzy number of the compensated output signal 
Finally, the resultant united fuzzy subsets representing 
the controller output are converted to the crisp values. 
 
If e is A and ∆e is B then ∆u is C.       (5) 
 

The  Boolean  operator  “min”  is  used  for  theverbal 
 
Connector “and” to simulate the input space of the 
rules that have the structure as in expression (5). A, B 
and C parameters are used instead of NB, NS, ZZ, PS 
and PB. 

A rule base is composed with 25 rules as to previous 
expressions. (NB: Negative Big, NS: Negative Small, 
ZZ: Zero, PS: Positive Small, PB: Positive Big) 
 

Table 1. Fuzzy rule decision 

 
 
A fuzzy controller uses several membership functions 
and from these functions triangular membership 
function is the simplest membership function. 
Triangular fuzzy membership functions are used in 
our model. The crisp inputs e(k) and ∆e(k) are 
converted to fuzzy membership values on the fuzzy 
subsets NB, NS, ZZ, PS and PB. Each fuzzy subset 
(FS) is represented by a triangular membership 
function. 
 
IV. RESULTS 
 
Online simulator for the depth control of submarine 
has been implemented using Fuzzy logic controller 
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and the system is simulated with LabVIEW program. 
The settling time taken as criterion, the system with 
Fuzzy Logic Controller gave almost near to the set 
point which is shown in fig.3. Peak Overshoot, 
Settling Time, Ess are shown in table 2 
 

 
Figure 3 Expected system output with Fuzzy Controller 

 
Ref. Depth(-800,-300,-100,-500) 

 
Table 2. Fuzzy controller effect 

Fuzzy logic controller 

Present Overshoot 0.15 

Settling Time(sec) 3.8 

Steady state error (Ess) 0 

CONCLUSION 
 
The time-response specifications of the simulation 
results show that the fuzzy logic controller 
performance is better in respect of steady state error 
and settling time. The simulation results of Fuzzy 
logic controller confirm that the Fuzzy logic controller 
provides better dynamic response. 
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