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Abstract

Due to rapid advances in RF and MEMS IC design have made possible the use of wire-
less sensor network for monitoring in indoor localization system, it can trace person’ location
in the particular area; caregivers can obtain the position of person who need helps in house.
We deployed ZigBee device in the interesting environment, and we implemented three types
of nodes deployment, which are differ from the number of sensor nodes and positions. In our
localization technique, we use the RSS of RF signals and signal pattern matching, in each
deployment, we make lots of measurements. The main goal of measurements is to find the
appropriate nodes deployment.

Keywords: Wireless sensor network, Indoor localization, ZigBee, Signal Strength, Signal
pattern matching.
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Investigations of Factors Affecting the Genetic Algorithm for Shortest Driving Time

Cho-Hsing Lin Chen-Yu Lee
Diepartment of Computer Department of Computer
Sclence, Science,
Tunghai University National Chiae Tung

Taichung 407, Taiwan University
chlin‘@thu edu mw 1001 University Foad,

Hzinchu, Taiwan
chenyuics not edo.mw

Absrager—In this paper we investizate the influences on the
genetic algorithm for the shortest driving time problem duoe to
factors such as modes on a map, the popunlation size, the
muotation rate, the crossover rate, and the comverging rate.
When the nodes on the map increase, more exeqution time is
needed and moch difference between the approzimate solofion
and the exact solotion appear on running genetic algorithms.
Alzo, from the view point of the population mifialization,
restart fype amd reback type affect the precision of
approxzimate solofioms and the ezecofion time. The
characteristcs of the factors we find in the paper provide os
insight how o improve the genetic algorithm for the shortest
drivisg time problem.

Enywards-shartess parth problem; genetic algorithm,; shortess
drivimg fime; rowte guidence; approximate selwions

L INTRODUCTION

In recent years, following the traditional 3C (Computing,
Communications, and Consumer electromics), the 4C, Car
electronics is the latest and most potential product. One of
most popular 4C applications, vehicle navigation is nsed to
find the best or shortest path between the starting point and
finiching point, where ons may not have been there before.
Ome variety of the shortest path problem is the choriest
driving time problem.

In zraph theory, the shortest path problem is the problem
of determining a path between two vertices (or nodes) such
that the sum of the weights of its constitwent edges is
minimized. Looking at the problem fom the viewpoint of
vehicle navigation, the vertices on the graph are seen as road
intersactions and the weight of edges are sesn as the distance
between road intersections.

Acg g search technigue used in computing to Snd exact or
approximate solutions to optimization and search problems,
the genetic algorithon (GA) uses technigues motivated by
evolutionary biology such as inheritance, mutation, selection,
and crossover. A proportion of the existing populadon is
selected to breed 2 new gemeraton Individnzl solutions
selected through a fimess-based process, a fmess functon,
are typically more likely to be selacted.

Asz the diversity of biological evolufion, complex
operations of mmiation, selection, and crossover affect the

S97E-0-7623-367T5-2/08 £24.00 © 2008 IEEE
DT 10.1109/50 PaR 2000.32
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approximate solations in genetic algonithms, The paper tmies
o solve the shorest driving tme problem by using the
genetic algporithm and analyzes influences due to factors of
operations of evolution on the execution time, the evolution
generation, and difference between the approximate solution
and the optimal solution. The experimental results provide us
escenfial infonmation to improve the genetic algorithm for
the shortest driving time problem.

This paper iz organized as follows. In Section 2, the
background information of the shortest path problem and the
genetic algorithm is given. In Secdon 3, the shomest driving
ame problem is defined. In Secton 4, experiments and
simmlation results will be shown. Analysis and discussion
will be given in Section 5. Section & concludes this paper.

O BACKGROUND

A Shortest Path Problem

In graph theory, the shoriest path problems can be
divided inte single-source shortest path problems and all-
pairs shoriest path problems. The single-sowce shortest path
problem is the problem of determining a path befween the
spource and destination nodes. The most famous algorthms
are the Dijksora’s algorithm [1] and the Bellman-Ford [2][3]
alporithm. The all-pairs shortest path problem is the problem
of finding the shortest path between sach two nodes in the
graph. The most famons algorithm is the Floyd-Warshall
algorithm [4][3].

The shortest driving time problem considers only the
spource and the destination without negative weight edges.
We can apply the Dijkstra’s algorithm to solve the problem.
The fime complexity of the Dijkstra’s algorithm is
O |F"+|E]) where |F is the number of nodes, and |E| is the
mumber of edges. However, when the amount of nodes is
large, the Dijkstra’s algorithm costs enonmous time to find
the opumal soluton. Another way is to use the genetic
alporithm with less time cost to find an approximate solution
instead of the optimal solution.

B emetic Aigorithm

Gepetic algorithms are a particular class of evolotionary
algorithms (EA) that use techmiques mspired by svolutionary
biclogy. As stated by Jobhn H. Heolland i 1975 [4§], the

ooty



zenefic algorithm has 3 wide scope of applicatons, mchodmg
econonucs, engineering, machine learning, genome biology,
zame theory, neural networks, et cetera.

Figure 1 show steps of the genetic algorithm which
described as follow:
Initialization of population
Choice of a finess function and evaluation fimess
value of each individual in the population
Selection of better ranked part to reproduce
Breeding new generation’s population by crossover
and mutation
Feplacement of the worst ranked part of population
with the new generation’s population
Fepeating this generational process
termination condition has been reached

nntl the

There are several slgorithms to solve the shorest path
problem by using genetic  algorithms such as  the
Munemoto's algorithm [7], Inagaki’s algerithm [8], and
Chang's algorithm [9]. Munemoto wses vanable length
chromoesomes and Inazaki nses fixed length chromosomes n
their algorithms. Chang’s algonthm iz shown to be befter
than the previous mwo alzonthms.

|M:I.El.|n|-v—|ﬂ|.|m|

Figure 1. Flowchart of genetic alporithm

II. SHORTEST DREIVIMG TDJE PROBLEM

The shortest drving time (3DT) problem [15] can be
formmlated into an integer programming model. The notatdon
list of itz mathematical model is given as follows:

Problem Parameters:

N set of all nodes

set of all links

source node, & N
destination node, & N
index of mode ij, E N
nodea i to node j, directional
link node i to node §
distance of node 7 o node §
wvelocity of node ¢ to node §

AL bt

s,

J

_:'-1 -:q'.._-!'-"'I
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Problem Decizston Farfables:

Ty cost time of node § to node j, £ B
Uy bimary, 1 if the link from node § to node j

exists in the routing path, § otheranise

i total drive time, E B~

The distance d; is the weight of the shortest path between
nods i and nede j. 5DT problem defines another weight v, ac
the road speed Limit, thus we can compute the time cost T,

L]
dy /vy The Dijkstra’s algorithm is rewritten in the following:

D o

Minimize ¢ = ‘ZZI":UT subject to

]
p o _[L =S and 2. [l ifizD
Z,L:‘E;L'.—-_"-]- ifi=D EL-';[_EI' FioD
- 10, otherwise - N

Wherel, « {01}, forall fand T, =d, v,

The steps of our alzonthm based on Chanz's alzonthm o
solve the chortest driving time problem as following:

Step 1. Genefic representation:

Chromosomes with varions lengths are used, and the
maximum length is N (the oumber of map opodes)
Chromosomes start at 5 and end at D, Figure 2 shows an
example of chromosome encoding from node 5 to node I3

IEAETIEHE BRI
Exampls of a chromosome

Figars 1.

Step 2. Population mitialization:

Thers are two ways to initislize the population Omne is
called pestarr. During the population initialization stage, the
mle states that a node cannot be vizsited twice to prevent from
ooourrence of looping. When mitialization failed, one restarts
the initalization process from the source to find the path
again. The other way is called reback. It works by the same
mle to indtslize population, but it will go back one node
when inifialization faihire oconrs.

Step 3. Fimess function:
The fimezs function = defined as

1
I B Edn'l'r‘-v
Where frepresents the fimess value of the chromosomes,
d, repressnts the distance from node § w0 node j, and v,
represents the velocity from node 7 to node j.

Step 4. Selection:
A tournament selection scheme with tomrnament of 2 is
used.



Step 5. Crossover:

The crossover operation finds the same nodes from two
chromosomes and randomly sets the crossover poimt within
the nodes. The crossover operation is 1llustrated in Fizure 3.
Amows are used to indicate nodes appeared on both
chromosomes and thess nodes are smitable candidates to do
crossover. As shown in the figure, node 2 (M2 is randomly
selected to do crossover.

| |
L5 [ [rz[resfrsf i |

(I 0 53 ] 5] K

| B |HI |H'-|1«.I:!|1«.I5|'I~E| |'|~I? I

I 5 0 ] Y

Figare 3. Example of a crossover operation

Step 6. Mutation:

The mutation operation sets the mutation point in the
chromosome randomly to perform the mufation Figure 4
shows an example of the proposed mutation scheme. The
nodes, except the destination mode Db, after the zalected node
(12) have been mmitated.

S e e]o]
BN S S

Fisure 4. Exaxmpls of 2 mutation operatico

Step 7. Termmination:

The generational process is repeated until a tenmination
condition is achieved The termination condition definss the
max oumber of generations and the percentage of population
converged to a fimess value.

IV. EXPERIMEMTS AND BESULTS

The experimental eovironment is as follows: (1) CPLT
Imtel Core? CQuad 2.33 GHz (1) BLAM: 3. 49GE, (3) Windows
XP sp3, and (4) Microseft Visual Stadie 2005,

The virteal squars matrix maps have sizes of 8 x &, 16 x
16,32 x 32, and 64 = §4. As shown in Figure 5, the source is
at the upper left commer and the destmation is at lower right
commer. The distances between nodes are fSixed at 40, The
maximmm velocities between nodes are wared from 5 to 10
And the hmit of zenerational processes 1s set to 1,000, All
experiments are done for 10,000 dmes.

Figare 5. 4 x4 wirmal wquars matriz map

We evaloate the Dikstra’s algorithm snd the genmefic
algorithm for the shortest doving time by defining a
Diifference term as follows:

Dif . Gen.ed:n::aa'r— Digjkstra cost .
Digkstra cost

Where Genetic cost is the shorfest doving fims computed
by using the genstic algonthm amd the Dijkstra cost is the
shortest drnving fime computed by wusing the Dijkstra’s
algorithm.

100

A, Initfalizaton Methods

We mvestigated the influences on the execntion fime and
Difference of the two kinds of imitial populaton. TABLE I
prezents the CPU execnfion fime (in ms) for maps of vamous
nodes by using the two population initialization methoeds and
wvarions population sizes. TABLE II pressnts the Difference
between the approximate solition computed by the genetic
algorithm and the optimsl soluden compuoted by the
Dijkstra’s alzgorithm.

TAELEL Eiun TE OF INITIALIZATION

Pap. Foestart Ezback

size & 158 | 1M | d0sE [} 156 | 1034 | 409
1] 0.4 2.0 0T | NA 0.3 11 33 13.7
100 om a0 |4kl | WA 0.6 21 &5 1640
300 1.3 6.0 620 | NA e il 103 | 398
400 LB BE.O El+ | WA 13 41 13.7 | 53.0
300 1l 101 | #8% | WA 1.3 53 170 | &50

* Pop. Size stands for Population size
TABLE IL DIFFERENCE OF DB STRA™S ALGORITEN

Pap. Restari Beback

size B 158 | T | A (=} 156 | 1034 | 4096
LD 120 | 204 | 334 | WA | 10.% | 203 | 369 | T42
1 92 120 | 300 | WA B3 191 | 324 | 862
300 T4 IE1 | 285 | /A 6.7 162 | 308 | &5
4001 [ %] 172 | 275 | WA 5B 176 | 287 | &0
300 5a 168 | 268 | NA 50 171 | 282 | 381

From Table I, we observe that in population initialization
stage, the restart type does not work for maps with 40946
nodes. For the execution time, the reback type out-perfornms
the restart type as the number of nodes on the map increases.
Burt for the Difference, the restart fype s able o find befter
solotions when nodes oumbers are over 256,

B, Mutation Rate
In thiz experiment we iovestigate the inflnence due to the
mmtation rate on the genetic algonthm by setting the
crossover Tate to 0%, the converging rate to 80% on a &4
nodes map for the generations, Difference, and the
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exXecutlon time due to varous populaiion sizes and mutation
rate on the genetic algonthm shown in Figure § to 8.
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Figure 7. Mutation rate verms difference of various population sizes
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Figams 8. Mutation raie verins sxecution time of varions population sizes

. Crossover Raie

In thiz experiment we smdy how the crossover rate
affects the genetic algorithm by sefting the mmtstion rate o
8% and the comverging rate to 30% on a &4 nodes map.
Figure 9 to 11, tends for gensrations, Difference, and
execution time due to varons population sizes.
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Figure ®.  Crossover mte versas gensrations of varioes population sizes

g ! o —4 | a0

E o )

E : e S —i 1)

= . ——
6

% % 60 & WM MW H OB W %
Cromsosver mm= 19}

Figume 10, Crowsover e verns difference of various popalation sizes
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Figare 11. Crossover rate wersis sxscution tims of various popelation sivas

I Population Size

From the experiments of mutation rates and crossover
rates, we find that the chromosome population size plays an
mmportant role on the genetic algorithm. In this experiment
we contimne to investigate the influences of the populaton
size by setting the nmitation rate to 8%, the crossover rate o
80%4a, and the converging rate to 80%. Figare 12 to 14, wend
for generatons, Difference, and execution time, show the
inflnence due to the population size for a map of §4, 254, and
1024 nodes.
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E. Converging Rate

In this experiment we study how the terminal conditon
affects the genetic algorithm We fGixed the population size as
300, the mutation rate as 8%, and the crossover rate as $0%:.
Figure 15 to 17, mend for generations, Difference, and
execution dme, illustrate the mflnence due to the converging
rate for a map of 4, 254, and 1024 nodes.
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F. enetic Algorithm s Operation Time

In this experimant we analyze the execution time of each
operaton in genetc algorithm a: shown in Figore 18, The
operation time includes times spent on the population
initialization, fitmess, selection, crossover, and mutation
stages. We zat the population size to 300, the mutation rate to
8%, the crossover rate to 8074, and the converging rate to
80", and change the map nodes fom §4 to 4006, The plots
show that the time cost of the selection stage depends a lot
on the population sizes.
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Figure 1B. Comparison of genetic algotithes s operaticn time

V. AMALYSIS AND DISCUSEION

Bazed on results of above experiments that examins the
mflnences on the exscntion time and Difference due to
factors inclnding nodes on the map, the population size, the
muiation rate, the crossover rate, and the converging rats,
Table IIT grves summary of each factor for its influence on



the genefic algonthm for the shorest drving ttme problem.
For tme-crifical applications, such as in real ime systems or
in emergency, mmediate Iesponses are required The user
may consider the execution fime as the key factor when
nzing the genetic algorithm to find approximate solutions.

With the nodes on the map increass, more execufion dme
is peeded and much Difference ocomrs by using genetic
algorithms. One can argue that since the mumber of inital
populaton is relatively small compared to the vast oumber of
nodes on the map, it will canse the genetic algonthm to
converge tog early to obtein the local opamal solntion.

Az for the population initialization, the restarnt type
cannot work on maps of vast node mumbers and the reback
nype often resmlts im local oprimal selutions. For the
CTosSOVEr operafion, it costs 3 lot of Gme to find the
crossover point and it constitubes most percentags of the
execubion ime in mmning the genetc slgorithm.

TABLE Il SR Y OF FACTORS AFFECTING THE GENETIC
ALGORITHM FOR SHORTEST DREIVING TIME FROBLEM
- Exe

Faciar Deescription Time E L.

MT The zumbes of nodes oz map Mars T
IR

PE Tha sire of populaticn mersases Mors Bors
Tha omtaticn rate i too mmall (= 3%)

ME | crmolm o 1% _ Aore More

ME {?.:.mhh:n rate batwean 335 and . A

COR The crossowwr e mosases More Mo
The convergs @b Doneases

CWVE fespecially — 97%) Mors Bors

MD: podes on a map, PS5 the population size, ME: the
mutation rate, COR.: the crossover rate, CVEL the converging
rate, Exe Time: the sxecution time, P. Do the precision
dezres compare with optimal solation

VI, COMCLUSIONE

The shortest driving time problem i very important for
4C applicagons. With the increase of the nodes on the map,
navigators need more fme to find the best path w
destinations for wvehicle drvers. The Dijkstra’s algorithm
with time complexity of f|F"+E]) no longer satisfies the
requirernents when applied on a real world map with
complex waffic conditions. As a result, the genetic algorithm
is apphied to solve the problem and factors affecting the
genetic algonthm becpme an important design issue. The
salient charactemstics of the factors affecting the gemetic

111

alzorithm we find mm the paper provide us essenfial
mformation to improve the genefic algonthms for the
shortest driving ime problem
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