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My name is Rogerio Neves and I will present my work with Evolutionary computing applied to solve Naval control problems,More specifically, the Ro control problem.
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Presentation Notes
I will talk a about the objective and motivation for this project,Then describe the problem outline and implementation of the experiment,analyze the results obtainedAnd finally draw some conclusions.



Goal
• Autonomously define the optimal machine-

oriented combination of signals to obtain 
efficient control for a robotic Ro

Presenter
Presentation Notes
The goal was to autonomously define the optimal combination of signalsto obtain a high efficiency control for robotized Ro



Motivation
Address systems that involve:
• Dynamical control
• Multi-dimensional spaces
• Multiple coordinate systems
• Inter dependent variables
• Unknown best solution
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But further, we wish to determine ways to efficiently address control problems hard to deal by conventional treatment



Application

Oriental Oar (Ro)
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Everybody here must be familiar with RoIt’s a one oar system very popular in Asian Countries



One paddle rowing system 
(Sculling)
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The method is usually referred in English as Sculling, where you propel the boat by swinging a wing-shaped paddle, called Ro, in Japanese



Ro-bot
• Mechanical arm
• Three degrees of freedom (3DF)

– Pitch
– Yaw
– Rotation

• Software controlled step-motors
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We built a hardware capable of operating Ro with 3DFThe problem was to define the proper control to operate this hardware in a timely fashion



Conventional solution

Presenter
Presentation Notes
The usual method is based on observation, the programmer manually adjusts the control signals until the desired result is obtained.In the process he usually reproduces the humanistic control, limited by his knowledge about the system and his abstraction capabilities.But in this project, we are not only interested in well known solutions.We want alternative solutions, we want improved and possibly the optimal solutions.



Proposed Solution
Apply Evolutionary computing to find optimal 

solutions in a new technique based in:
• Multi-Agent Systems (MAS)
• Code optimization by GA
• Efficiency evaluation by simulations 
• Distributed computing
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We propose the use of a combination of well established techniques, such MAS, GA and Parallel computing to deal with this kind of problem in a reduced time.



Advantages
• No knowledge needed about the inner 

workings of the system
• Allows obtaining a sort of different solutions 

by scanning different regions of multi-variable 
space simultaneously

• Allows parallelization of operations, use of 
distributed or multi-processed systems to 
solve the problem in 1/n or less factor time
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This method brings a sort of advantagesYou don’t need to know much about the control being studiedIt allows obtaining different types of solution, with different benefitsYou can accelerate the search process by adding parallel instances of agents



Multi Agent Systems (MAS)
• Agents are independent programs
• Agents carries one or more solutions
• Agents have a determined set of rules (fitness)
• Agents manage to increase its solution’s efficiency, 

and reach its goals
• Agents applies operators to increase solution 

efficiency, operators use a sort of techniques 
derived from GA, Neural Nets or Simulated 
Annealing

Presenter
Presentation Notes
What is an Electronic Multi-Agent?An agent is basically a program that brings some peculiar and interesting concepts：　It has mobility and can migrate to remote systems,　It communicate among themselves and co-operate its way to reach its given objectives；　How they do it is defined by the programmer, and may vary for each implementation.



Genetic Algorithms
• Based on Natural Selection rule “Survival of 

the fittest”
• Employ genetic recombination and mutation 

rules to improve solution
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We gave these agents the rule “Survival of the fittest” byIntroducing an Artificial-selection criteria



GA
• GA is based on the optimization of a specific 

code, usually called DNA (like in genetics)
• The DNA is expressed by a STRING.
• Segments of the string that express some 

feature represented in the string are called 
CHROMOSOMES and can be a byte or any 
sub size of the string
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In operates over a population of individualsrepresented by DNA sequences, they are our solution candidates for the problemWe operate those individuals by two mechanisms



Mutation operator
1. Great chance of a small mutation (change lesser 

bits)
2. Small chance of a big mutation (operate 

meaningful bits)

Example (1 byte chromosomes):

DNA     = FF FA 1C A8 B6 06 0A
1.P(10%)  = FF FA 1D A8 B6 06 0A
2.P(0.1%) = 5B FA 1C A8 B6 06 0A
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Presentation Notes
Mutation, that introduces variety, and is highly localized.Here it is exemplified in a byte string.



Crossover operator
• Based on gene combination
• Parts of DNA 1 and DNA2 are used to build 

DNA3

FF FA 1D CB 65 23 55 F2 54 5C B3 12 AA 34 65

AB CD FD AF 1D 98 9C A5 BD C3 EFEE A2 11 FB

FF FA FD AF 1D 98 9C A5 54 5C B3 12 AA 34 65

Presenter
Presentation Notes
Crossover, is based in sexual reproduction it allows individuals to explore new regions of the spaceBy combining different points



Procedure
• Solutions are tested into a simulated 

environment and given one quantitative 
evaluation, called fitness

• Solutions are classified by fitness
• Worst solutions are eliminated
• Mediocre solutions are mutated
• Best solutions are kept and evolved, by 

cloning/mutating/crossing-over
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For all individuals, we test the DNA in a simulated environment,We rank them by the calculated fitnessWe eliminate some of the worst and use the best to improve our population



Agent Modules

Main()

Hash()

Solution
generator

File system

Evaluate()

Database
Access

solution
modifier()

STORAGE

RUNTIME

GAHELPER
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Each agent contains functionality to perform all these operations,At first a population of individuals is created randomly,the program enters a loop that evaluates every individual,rank them by fitness and performs the G.A., storing all the tests and current progress into the server’s file-system.



Network topology

•Database/
•Global 
variables/
•Agents/
•Simulation

Agents/
Simulation

Agents/
Simulation

Agents/
Simulation

…

Ethernet

Server

Client Client Client
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And this process occurs in a distributed environment, where agents communicate through the network to a server that coordinates the search.



Parallel Computing
• When using Genetic Algorithms together with 

higher level fitness functions, the time 
consumed for each evaluation increases with 
the simulation complexity

• In order to achieve useful solutions in a 
reasonable timeframe, parallel search 
procedures need to take place
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When we use evaluation functions with complex physics, we observe that the time for evaluations grows exponentially,once the function is performed thousands of times per cycle of GA.



Parallel GA and MAS
• New approaches are needed in order to 

expand the concept of parallel genetic 
algorithms to various  computer topologies

• The MAS in OOP approach allows an Agent 
to span across processors or computers 
while still communicating objects trough the 
network
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We propose the use of MAS so we can use the algorithm in several computing topologiesSuch multi-processed supercomputers or just a network of ordinary computers, and yet obtain significant improvementsUsing OOP we can implement a MAS that fulfill this requirements.



Advantage

What is the advantage of the proposed method?
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And before any of you ask me what is the advantage of using MAS, I will exemplify



Examples of Multi-variable Space

Presenter
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Those are examples of two-dimensional spaces,they can present several fitness surfaces, making it more of less hard to find the maximums, depending on the scenario.



Examples of Multi-variable Space
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The space may even present a combination of difficult scenarios



Multi-dimensional volume 
representation
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When we deal with multiple-dimensions, we are actually studying volumes that are hard to visualize for humans.We can always represent this volumes by groups of 2 dimensions vs. fitness, but it still very complex o analyze for higher numbers of dimensions.
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As an example, lets suppose we are using GA in two dimensions, to find the maximums in this scenarioWhere you have a lot of local maximums and one global maximum region
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we analyze only what happens in a small area
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It has its local maximums
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We spread some points through the space, in this context called individuals, and wait for the GA to find the answers.… By crossing over and mutating the points… eventually reaching the maximum…
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And after a number of generations you eventually find the answers.
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When you consider a large space for one population



Low
Probability
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The probability of reaching the global maximum is very small
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But if we partition the space into small sub-spaces



Agent
Scatter
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And give each agent one sub-space to search



Agent
Scatter
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This is an example for one agent
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The result is the same locally



High
Probability
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But in this scenario, you have a high probability of achieving the global maximum, as well as achieve sub-maximums faster.



High
Probability



High
Probability



High
Probability



High
Probability

Faster convergence
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It’s not difficult to conclude that the convergence speed is way faster in this scenario



High
Probability

Faster convergence
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It’s not difficult to conclude that the convergence speed is way faster in this scenario



Simulation

Main()

Hash()

Solution
generator

File system

Evaluate()

Database
Access

solution
modifier()

STORAGE

RUNTIME

GAHELPER
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To implement a simulation



Actuator Control
Command Data Packet:

Header Data 1 Data 2 CHKSUM

1 byte 1 byte 1 byte 1 byte

F F

Command

D1^D2&7F

0 0 1 1 0 0 1 0
Target Motor

(HEX)

(BIN)

0-4   0-3 Pos: 00-FE

Presenter
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Some knowledge about the control semantics is required  to define a proper representationcalled  problem parameterization, which defines the structure of our DNA



Control Matrix

Command
(byte)

Position
(byte)

Delay
(byte)

Cmd 1 Pos 1 T1

Cmd 2 Pos 2 T2

Cmd 3 Pos 3 T3

… … …

DNA=[ CMD1 POS1 T1 CMD2 POS2 T2 CMD3 POS3 T3 …]

Presenter
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Once important parameters identified,The data can be represented as a string or a matrixBut representation makes no difference whatsoever for the algorithm,GA always operate chromosomes as an Byte array



Positioning Signals

X

Y

Theta

MAX

MIN

Example (Analog signal)
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In our problem, what we are representing here is a set ofpositioning signals to orient Ro in time synchronously 



Example
CMD (h) POS (h) T (ms)

20 50 300

22 40 200

20 B6 300

22 C0 200

DNA=20 50 30 22 40 20 20 B6 30 22 C0 20

Chromosome 1

Chromosome 2

Chromosome 3

Chromosome 4

X X X X
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As example, for the discrete values presented here



Digital Positioning Signals

Yaw

Rotation

MAX

MIN

Presented motion

Pitch
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We have this plot.Once actuator speeds are constant, those signals look more digital than the humanistic signals,the 3 lines represents the positions taken for each actuators on timeThis signal produces the traditional rowing.



Simulation

1st Mapping of matrix codes into vectors and 
movements

2nd Performance evaluation into simulated 
environment

3rd Classification and processing of partial 
solutions, applying GA
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The simulation then translate those codes into movements to be evaluated for performance and finally be used by the agent to classify the solutions



Simulation
To reduce computation time, the following 

approximations were done:
– Fixed position
– Considering always the steady state (fluid speed 

remains unchanged)
– Approach for infinitesimal transitions
– Angular speed is constant for all motors
– Considering a flat Ro surface on both sides

Presenter
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some approaches had to be done in order to obtain solutions in reasonable times for benchmarkingThey are listed here



Coordinate System

X

Y

Z

Presenter
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This is a picture of the actual Ro mechanism in its catamaran ship,we also show the coordinate system adopted in the simulation in this picture



Position Mapping

Motor Vmin 
(hex)

Vmax 
(hex)

Vmin 
(dec)

Vmax 
(dec)

Positi
ons

Min 
(rad)

Max 
(rad)

Apert
ure

0 40 C0 64 192 128 -0.62 0.62 71°

1 70 8A 112 138 26 -0.32 0 18 °

2 00 FE 0 254 255 -Pi Pi 180
°
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As first step, we determine the boundaries for our parameters



Actuators

Pivoting
point

Theta

Row

2

0

1
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Knowing the physical limitations  and actuator controls



Simulation
By the Bernoulli principle, we have:

Where:
F= (Thrust related) Force
L=Lift p is the value of the pressure, 
D=Drag is the frontier of the domain,

is the normal to the profile.

( ) Ω∂=+= ∫
Ω∂

dnpDLF 

Ω∂
n
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We work on the physics of the simulation,Starting from the Bernoulli principle



Simulation
By the Bernoulli equations, we have:

Where:
Ft= Total Impulse
Lt= Total Lift p is the value of the pressure, 
Dt=Total Drag is evaluated segment,

is the normal to the profile.
Ω
n

( ) ∑∑
Ω

=+=
T

dnptDtLtF 
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We employ a discrete version for numerical calculationResulting a trust related force



Math

V

P

P’
N

N’

F

thetabeta

alpha
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We actually evaluate the physics only for infinitesimal area of the Ro surfaceLater we extrapolate for the whole surface area



Translation

theta = M2-127 radians
84.667

L

D

D

theta

r = sum([L*D]*sin(theta)*dx)

L

alpha

alpha = M0-127 radians
89.141

d(t) = p(t=t)-p(t=t-1)

dx

beta = -(M1-112)*pi/180
= - 0.7854 radians
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We mapped the commands into actual positions



Translation

n
nn
wnF

n
ˆ*

ˆˆ
ˆ∑ •
•

=


F


n = (0, 0, 1)*RY*RX*RZ

M1 M0M2

FDirection ˆ=

beta alpha

Impulse=
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Translating into a peculiar three-dimensional coordinate system



Translation

Y-ROT
X=sin(th)
Y=0
Z=cos(th)

X-ROT
X=sin(th)
Y=-cos(th)*sin(bt)
Z=cos(th)*cos(bt)

Z-ROT
X=sin(th)cos(aph)+cos(th)sin(bt)sin(aph)
Y=sin(th)sin(aph)-cos(th)sin(bt)cos(aph)
Z=cos(th)cos(bt)

beta alpha
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using translation matrixes



Translation

p(t) = (0, 1, 0)*RX*RZ

M1 M0M2

beta alpha

d = p(t)-p(t-1)



Translation

X-ROT
X=0
Y=cos(bt)
Z=sin(bt)

Z-ROT
X=-cos(bt)sin(aph)
Y=cos(bt)cos(aph)
Z=sin(bt)

beta alpha
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We find the final position of the Ro points in space



Simulation

The simulation returns a 3D vector for
total thrust over time (Ft): 

Integral over time of all produced thrust for
T (simulated period)

( ) ( )∑ ==
T

TTTZYX ZYXFFFtF ,,,,
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The simulation returns the resulting impulse produced inr the specified period of time



Fitness
The fitness for each direction is obtained
projecting the vector into the desired direction

Where
Ft=Total Thrust over time
F=Resulting force
d=unitary vector in the direction of evaluation

dtFdFFitness
T

ˆˆ ⋅=⋅=∑
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The agent uses this vector to obtain the fitness, by calculating the dot product with an unitary vector in the desired evaluated directionobtaining the impulse in that direction.



n̂
attack

lift

drag
F=drag+lift

Presenter
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This is the simulated Ro



Validation
• To validate the simulated model, we compare 

the thrust generated by one control in the 
simulation to the one generated by the same 
control in the actual model

Presenter
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We have to be sure that the simulation is accurate



Calibrating

Presenter
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For this purpose, the Ro-bot was first mounted into a thrust block to study its physics



Rowing

Presenter
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when put inside a water basin, we could record the impulse signal generated by one particular rowing mode in the Y direction



2 Attacks = 1 cycle
1 cycle/s

1Hz

Analysis
Simulation 
Frequency = 1Hz
1 cycle = 2 attacks
(left and right)
Matches Experiment

1Hz Filter
Frequency = 1Hz
1 cycle = 2 attacks

Mean waveform

10Hz Filter/No Filter
Frequency = 1Hz
1 cycle = 2 attacks
Hi frequency noise
and inertia distortions

simulation simulation

Filtered 1Hz

Captured

ms

s

s

ms

s

s

Filtered 1Hz

Captured
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We compared the sensory data with the simulationRemoving the noise, we verify that both match in frequency and scale.



Database

Main()

Hash()

Solution
generator

File system

Evaluate()

Database
Access

solution
modifier()

STORAGE

RUNTIME

GAHELPER
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The Database is another innovation introduced



Solution Database
• Each matrix has a unique hash
• A file, named by the hash code, contains the 

calculated efficiency
• A file check avoids redundant calculations

[0] [00] [1000]
[1] [FF] [0200]    =   A0002FF1FA02
[2] [A0] [1500]

Presenter
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The Evaluation function is a bottleneck, every agent is calling to it thousands of times per minute. We try reducing the number of calls to this function by keeping a record of the tested values.The disk accesses are extremely fast if compared with simulation time



Results
• MAS was executed in different scenarios
• The obtained results were benchmarked in 

the actual model mounted in a catamaran-
style ship

• The results were compared by efficiency
• The method advantage was analyzed 

computationally
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After experimenting with the MAS, we obtained several solutions.Here we present the results and analyze the advantages of using MAS.



Multi-vector control

• Stores solutions with 
hi trust in different 
directions

• The control only 
reproduce stored 
signals
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We are interested in solutions in different directions for our controlSo we enter one direction at the time in the MAS and wait for the evaluation



Presenter
Presentation Notes
The agents start working in improving the solutions giving results in runtimeThis results are saved into the database and into a history of improvements, for further analysis



100% CPU
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The number of agents is dimensioned according to the available resources in each computer.Once we use systems of different performance,Meaning that granularity is considered locally



Screenshot
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To use the obtained results, we enter the generated codes into this serial application



Screenshot

CONTROL
CODES

ACTION
NAME

Presenter
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you just enter the control codes and optionally describes the operation



Screenshot

SERIAL
SETUP

OUTPUT
CONSOLE
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Setup the serial interface in the computer



Screenshot

CONTROL
KEYS

Presenter
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And use the mouse or keyboard to send the signals into a loop



40 cm long

Power/communications cable
3 m long

7 cm depth
10 cm
tall

Ro-bot
Rowing mechanism

Catamaran ship
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For the water-borne experiments we mounted the system in a catamaran ship, connected to the serial interface by a cable.



Solution testing

Presenter
Presentation Notes
This is an example of operationYou can move or turn in any directionAnd the control codes were all found autonomously.



Solution testing

Presenter
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Another video taken by a different angle



Solution testing
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One experiment benchmark



Solution testing

Presenter
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One of the new modes with Three degrees of freedom



Timing speeds

T1

T2 Speed=0

0m3m
T2

Speed>0

-2m

Speed=0

0m3m
T1

Presenter
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We took the time in two scenariosTime 1 considers the time required for acceleration altogetherTime 2 takes time with the model already accelerated



Table View
Model Simulation Course Time T1

2DF: Classic 3.2 12.0

2DF: Optimized 4.6 10.5

2DF: Rotated 2.9 11.5

3DF: X 6.56 11.4

3DF: M 5.6 12.0
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We then compare the simulated fitness with the measured time 1 in the experiment



Table View
Model Simulation Course Time T2

2DF: Classic 3.2 10.5

2DF: Optimized 4.6 9.6

2DF: Rotated 2.9 10.2

3DF: X 6.56 10.5

3DF: M 5.6 11

Presenter
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Here we can compare simulated fitness with the measured time 2The aim is to denote that the modes in 3DF presents a better acceleration, but an inferior top speed　result of simulated conditions, where the reference was considered fixed, as the Ro-bot was attached to the trust block.　Mounting the Ro-bot in the ship, variables not considered in the simulation were introduced. Therefore, the discrepancy.



T vs. Fitness
T1

Fitness
1 2 3 4 5 6 7

5

10

oC2
oRB2

oO2
oX3

oM3

oU3
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All the measured speeds are close to each other, what leads to the conclusion that we are working on the edge of maximum values.



T1 vs. Fitness
T1

Fitness1 2 3 4 5 6 7

11

12 oC2

oRB2

oO2

oX3

oM3

oU3

10

Presenter
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the 3 points obtained for both 2DF and 3DF



T1 vs. Fitness
T1

Fitness1 2 3 4 5 6 7

11

12 oC2

oRB2

oO2

oX3

oM3

oU3

10

2DF 3DF
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are correlated.



T2 vs. Fitness
T2

Fitness1 2 3 4 5 6 7

10

11

oC2

oRB2

oO2

oX3

oM3

oU3

9
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For both T1



T2 vs. Fitness
T2

Fitness1 2 3 4 5 6 7

10

11

oC2

oRB2

oO2

oX3

oM3

oU3

9

2DF 3DF
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And T2



Optimized 2DF Rowing

Presenter
Presentation Notes
This is the optimized traditional rowing in the simulation view port



Optimal X-3DF Rowing

Presenter
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And one of the new three degrees of freedom rowing mode



U-3DF Rowing
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And one of the new three degrees of freedom rowing mode



M-3DF Rowing
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And one of the new three degrees of freedom rowing mode



Back Rowing
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Using MAS we can produce movement in any direction. Here is the back rowing.



3D Impulse

Presenter
Presentation Notes
Another way of analyzing the modes is by the impulse vectorThe fitness is calculated from the integral of thrust over time for each dimension evaluated



Graph1
2
3

T(ms)

F(t)
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This is a plot of the instant impulse in the Y direction vs. time for several modes



2.2

Classic rowing C-2DF
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When we compare the sum of the areas under the graph that define the fitness



3.2

OPTIMIZED 0-2DF
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We observe successive progression



3.5

3D MODE A-3DF
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As the results gets better



3.9

3D MODE M-3DF



5.6

3D MODE X-3DF



Motor Positioning
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Comparing the positioning signals,We would start from something like this(Traditional mode)
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Optimized
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3D modes
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Eventually reaching this



Progress in time
• Overall time evolution of maximum fitness
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This are evolution graphsThey show the improvement of fitness across generationsIt is a way of comparing the several types of configurations for the MAS



Progress in time
• Multi-Agent stand-alone application (1 proc.)
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And analyze the progress in different scenarios



Parallel model
• Multi-Agent stand-alone application (2 proc.)
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As you increase the number of processors and computers



Benchmarking
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If we use the multi-agent method in one single processor, we can still get some improvementfor a limited number of agents, before the system performance starts to degrade.



Benchmarking24
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8

3
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But when you increase the number of processors the computation time goes down pretty fastAnd what you get is a super-linear speedupThis kind of speedup is not common



Usual speedups

Critical

NP

Speedup 0.5

Presenter
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those familiar with distributed computing know that speedups usually look like this



Comparison

Single-thread model
1 Agent, 1 processor
~26h total time

Multi-thread model
3 Agents, 2 processors
5h 30 min

Fm=3.4K Fm=5.2K

Graphic analysis Maximum fitness (Fm) vs. Generation for 1000 generations

Presenter
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This is a result of the nature of the problem, where new improvements depend on previous improvementsAnd how you scan the spaceWe verify that in the MAS model we achieve way better solutions in less time　あnd this was a very positive result for the MAS approach.



Conclusions
Ro

• The method were able to identify new rowing 
modes for Ro

• The method optimized the conventional Ro 
operation

• New solutions are non-intuitive, being hard to 
achieve by the conventional method

• The results could be verified in the actual 
model

Presenter
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For this work, we could conclude thatWe could find new modes for Ro;　We could optimize the traditional rowing；　This solutions are not intuitive and hardly reachable by conventional treatment;　And we could verify those solutions experimentally in the actual model



Conclusions
Parallel computing

• The agent-oriented approach solved the problem in 
fractions of original time

• Increasing the number of processors (NP), the time 
consumed in the multi-threaded model (Tm) 
compared to the single-threaded model (Ts) is 
usually Tm<<Ts/np (~90% cases)

• The speedups behave in a super-linear fashion, by 
exploring simultaneously several different regions 
of the multi-dimensional space

Presenter
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From the parallel computing perspectiveThe Multi-Agent approach allowed us to much improve the time requirements　あccording to the number of processors engaged The approach also can make use of alternative topologies, like available networks of cheap conventional computers, and yet obtain super-linear speedups



Conclusions
MAS

• Allowed the use of alternate distributed 
topologies

• Distributed computer systems and networks 
are becoming cheap and more accessible, 
allowing a broader application of the 
described method.

• The method can be extended to more 
complex control problems, such ship 
navigation, collision avoidance or docking

Presenter
Presentation Notes
The method was proven ship worthy, and its safe to assume that it can be used to　ｔreat different, and more complex problems in navigation controlHere I related some examples, like navigation, collision or docking procedures



Algorithm Optimization

(3*255*10)E(n Lines)
7650 E (n Lines) solutions

CMD POS T (100ms 
steps)

20, 21 or 22 00-FF (255) 0-1000 (400)
20, 21 or 22 00-FF (255) 0-1000 (400)
20, 21 or 22 00-FF (255) 0-1000 (400)

… … …

Presenter
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By exploding the possibilities



Algorithm Optimization
(Front rowing)

7650 E (n Lines) solutions

Actual GA (max) 14 lines =  4.02 E46 solutions

Approx ~ 40E16 tested

Test rate before = 18 tests / minute = 1000 tests/hour *
Test rate now = ~ 200 tests / minute = 18000 tests/hour

Presenter
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We obtain something about 4 times 10 to 46 solutionsBut we actually just had to scan a small portion of this spaceThe only way to ensure the global optimal value was found, is to scan it completely



Suggestion for future works
• Implement a full-scale simulation of the 

water-borne experiment
• Apply the MAS approach to other control 

problems in engineering
• Experiment with different network topologies
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As my suggestions for follow-upsSimulating the ship motions may spot even newer and more efficient rowing modesOther problems not only in control systems may benefit from this approach；　And the method can still be improved by being applied in different manners



Used equipment
1. Athlon64 3800+ X2, Windows XP x64

1GB RAM, LAN Drive
2. Athlon64 3200+, Linux 64

1GB RAM, Dual Speed RAID-0 Array
3. Pentium IV 2.2GHz, Windows XP

512MB RAM, LAN Drive
4. Pentium III 1.8Ghz, Windows XP

512MB RAM, LAN Drive
5. Pentium III 900Mhz, Windows XP

256MB RAM, LAN Drive
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This was the equipment used for the project



Jan Feb Mar April May June July Aug Sep Oct Nov Dec

Time Schedule 2005

model

programming

execution

selection

Experimental testing

adjustment

analysis
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This was the final schedule of this project
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Questions

neves@vento.shp.ynu.ac.jp
rogerio.neves@poli.usp.br
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I leave also my email, fell free to contact me for any later questioning.
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