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ABSTRACT 

Proper monitor planning is a vital component of structural health monitoring (SHM) project.  An ex-
tremely important part of the monitor planning is the placement of sensors, usually in the form of accel-
eration sensors.  For the placement of three-dimensional acceleration sensors, the state of practice is to 
select the sensor configuration by previous experiences.  However, this results in a waste of many sen-
sors.  A novel method called siege ant colony algorithm (SAC) is proposed in this paper.  This method 
is built on the previous ant colony optimization (ACO) in the direction of improving efficiency and accu-
racy when applied to optimal sensor placement (OSP) problems in large-scale structure monitoring.  
This method is applied and compared with standard approaches using the Hanjiang transmission tower. 

Keywords: Structural health monitoring, Modal identification, Optimal sensor placement, Siege ant 
colony algorithm. 

1.  INTRODUCTION 

Large-scale structures are wildly used all over the 
world.  The environment loads (wind, earthquake, ero-
sion etc.) have great influences on the safety of structures.  
structural health monitoring SHM is a subject focuses on 
how to make use of significant technological advances in 
sensing and communication technology to enhance 
safety of structures.  In the project of SHM [1-8], the 
sensors (stress, acceleration, displacement etc.) are in-
stalled on the structure and report in real-time the safety 
condition.  For the three-dimensional acceleration sen-
sor monitoring of large-scale structures, the state of prac-
tice is to select the sensor configuration by previous ex-
perience.  However, this results in a waste of many sen-
sors.  The sensor configuration should be selected that 
render the corresponding target mode shape partitions as 
linearly independent as possible and, at the same time, 
the final sensor location must be optimal in some sense 
such that testing resources are conserved.  Additionally, 
the calculation of sensor placement should be automated 
in some fashion to facilitate engineers [6, 9]. 

There are many researches focused on optimal sensor 
placement (OSP).  Salama et al. [10] proposed using 
modal kinetic energy as a means of ranking the impor-
tance of candidate sensor locations.  Henshell and Ong 
[11] propose using the mass-to-stiffness ratio associated 
with each candidate sensor location to find the optimal 
sensor configuration.  An effective independence method 

is proposed by Kammer [12] to sensor placement.  And 
this method can be also extended to 3-D [13].  A sensor 
and actuators placement method is proposed by Batou, A. 
[14] basing on updating of computational models.  The 
purpose of the method is to render the measured data are 
as sensitive as possible with respect to updating parame-
ters.  Bishop, A. N. [15] studied the method to optimize 
the sensor-target geometries.  The aim of that is to iden-
tify those relative sensor-target geometries which result 
in a measure of the uncertainty ellipse being minimized.  
Guo, H. Y. et al. [16] use the genetic algorithms to search 
for the optimal locations of sensors.  The optimal place-
ment of piezoelectric sensors and actuators has been 
studied by Han, J. H. et al. [17].  And Genetic algorithm 
is used to find efficient locations of piezoelectric sensors 
and actuators of a smart composite place.  Optimal sensor 
placement problems are considered for a thermo-elastic 
solid body by Herzog, R. et al. [18] The main idea of that 
is the real-time capable prediction of the displacement of 
the tool center point in a machine tool by temperature 
measurements.  The Convex Optimization is used to 
solve the problem of choosing a set of sensor measurements 
by Joshi, S. et al. [19].  Krause, A. et al. [20] tackled 
the combinatorial optimization problem of maximizing 
the mutual information between the chosen locations and 
the locations which are not selected.  Far too many 
sensor placement approaches exist to mention them all in 
this paper. 

Most of the aforementioned approaches were applied 
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to simple structure or one-dimensional sensor monitoring 
project.  However, the calculation efficiency and accuracy 
still cannot meet the requirement of three-dimensional 
monitoring engineering in large-scale structures.  More- 
over, the existing methods performed with poor adapta-
bility in different OSP cases.  In this paper, a novel 
method called SAC is proposed.  This method is built 
on the previous ant colony optimization [21] in the direc-
tion of improving efficiency and accuracy when applied 
to OSP problems in large-scale structure monitoring.  
Section 2 outlines the main features and detailed imple-
mentation on SAC.  Section 3 presents the practical 
monitoring project of Hanjiang transmission tower.  
Section 4 is dedicated to the discussion of SAC, which is 
compared favorably with ACO and GA.  At last, some 
conclusions and comments of further researches are 
given in section 5. 

2.  SIEGE ANT COLONY ALGORITHM (SAC) 

OSP is a kind of very complex problem, especially for 
three-dimensional sensors placed in the vibration test.  
There are quite a lot of influence parameters in this kind 
of optimal problem.  SAC, the algorithm presented in 
this paper, builds on the previous ACO in the direction of 
improving efficiency and accuracy when applied to OSP.  
The main idea is that of having a set of agents, called ant 
(soldier ants and worker ants), search in parallel for good 
sensor configurations, and cooperate through pheromone 
mediated indirect and global communication.  Infor-
mally, each ant constructs a sensor configuration in an 
iterative way: it adds new cities to a partial solution by 
exploiting both information gained from past experience 
and a random judgment.  Past experience takes the form 
of pheromone deposited by previous ants, while random 
judgment is simply a random choice determined by an 
ant.  Three parts (1 ant colony assembling process.  2 
ant colony siege process.  3 pheromone total update 
process) are included in SAC, and the final optimal sen-
sor configuration will be found by ant colony in an itera-
tive fashion. 

2.1  Ant Colony Assembling Process 

There is a clear division of labor in real ant colony.  
Different kinds of ants have different kinds of works in 
this organization, which is beneficial to ant colony search 
for food quickly and efficiently.  Inspired by real ant 
colony, two kinds of ants (soldier ants and worker ants) 
are set in SAC.  Soldier ant and worker ant are assigned 
with different kinds of tasks, which will be explained in 
detail at next process.  The number of soldier ants and 
worker ants are expressed as Ms and Mw.  The total 
number of cities is set to N.  In this process, all kinds of 
ants are assigned to the colony uniformly and randomly, 
which can avoid ants crowded in a specific area. 

Step 1.  The ant colony is divided into small teams, 
which contain the same number of ants.  The number of 
teams is equal to the number of cities (N).  Then, the 
number of ants in a team can be calculated as Mteam = (Ms 
+ Mw)/N. 

Step 2.  Disturb the sequence orders of both soldier 
ants and worker ants.  And then, select the soldier ants 
and worker ants randomly by proportion of Ms/Mw.  
Assign the selected ants to team 1. 

Step 3.  Repeat step 2 until all of teams are filled.  
And then, we prepare N city cards, which marked differ-
ent number (1 ~ N).  The number in the city card de-
notes the initial city of the team.  Assign city cards to 
each team, and the initial cities of ants can be obtained.  
Take the ith team for example.  Assuming the city card 
of the ith team is j, then all of the ants in the ith team will 
begin their searching from city j. 

Note: Sometimes, the value of Mteam in step1 may not 
be an integer.  We can truncate Mteam to the integer posi-
tion and the remainder ants are assigned to the cities 
randomly.  In this case, each team can only incorporate 
one remainder ant. 

After the ant colony assembling process, the initial 
city positions of ants will be obtained, and the phe-
nomenon of ants crowded in a specific area can be 
avoided. 

2.2  Ant Colony Siege Process 

In the real ant colony of word wild, the soldier ants 
always forage for food firstly.  And then, a large amount 
of pheromone will be deposited by the soldier ants when 
soldier ants encountered prey.  After that, a great many 
of worker ants will be attracted by the pheromone toward 
the location of of prey.  Finally, all of the ants kill or 
carry the prey together.  This hunting strategy is proved 
quite effective. 

Inspired by the real ant colony, an ant colony siege 
process is proposed in this paper to optimize the sensor 
configuration.  In SAC, a large amount of pheromone 
will be deposited by the soldier ant when the ant comes 
across a relative good solution.  And then, the worker 
ants will be attracted by the soldier ants and gather to the 
area of the relative good solution.  At this time, some 
better solutions around the soldier ant may discovered by 
the other ants.  This method is more efficient than the 
original ACO [21] which has a low discrimination index 
in pheromone level.  It should be noted that there are a 
few differences between ant colony in SAC and real ant 
colony.  The biggest difference is that the soldier ants 
can only attract worker ants crawling in the next iteration 
in SAC. 

In SAC, when ants arrive at a decision point in which 
they have to decide which city to select as their next city, 
they make their decisions by the level of pheromone.  
The more pheromone the road towards next city have, 
the bigger probability the ants would choice this road.  
The probability can be calculated by (1) 
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Where pk(r, s) is the probability the ant k selects the 
road between city r and city s.  τ(r, s) is the pheromone 
level between city r and city s.  Jk(r) is the candidate 
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city of ant k in the city r.  Each ant will calculate the 
probabilities of the candidate roads according to the level 
of pheromone.  And then, the decision will be made by 
each ant. 

For an individual ant, while walking, ant deposits 
pheromone on the road passed by and follows, in prob-
ability, pheromone previously deposited by other ants.  
The level of pheromone deposited by an ant depends on 
the goodness of its whole trip (i.e. the goodness of sensor 
configuration).  The better the whole trail, the higher 
pheromone level the ant would deposit on its roads with.  
The level of pheromone can be calculated by (2) 
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In which Δτk(r, s) is the pheromone level deposited by 
ant k between city r and city s.  mfxk is the objective 
function value corresponding to the whole trip of ant k.  
In other words, mfxk denotes the quality of sensor con-
figuration corresponding to ant k.  Q is a constant which 
is an adjuster between objective function value and 
pheromone.  Ants in the colony can cooperate through 
pheromone-mediated communication by (1) and (2).  
The bad ants (bad sensor configuration) can learn from 
good ant (good sensor configuration) by this way. 

However, the OSP is a kind of very complex problem.  
Original ACO cannot work well on it.  A hunting proc-
ess is proposed in this paper to improve the optimization 
ability.  A large amount of pheromone will be deposited 
by soldier ant when the ant comes across the prey.  And 
then, the worker ants will follow the guidance of phero-
mone and gather to the prey.  The ant colony work to-
gether by this method and the best sensor configuration 
will be obtained in an iteration fashion.  The detail of 
ant colony siege process is showed as follows: 

Step 1.  All of the ants select their roads by (1), at 
the same time, deposit pheromone by (2).  And then, 
calculate the objective function value of each ant. 

Step 2.  Rank the ants by their objective function 
values.  After that, select Ms ants who own the better 
objective value as the soldier ants.  Record the trails of 
the soldier ants. 

Step 3.  Improve the pheromone amount level of the 
trips corresponding to soldier ants.  The pheromone 
amount is calculated by 
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In which Δτb(r, s) is the pheromone amount deposited 
by soldier ant b between city r and city s.  ξ is the 
pheromone magnification factor. 

2.3  Pheromone Total Update 

The original ACO is always used in TSP problem.  

The ant deposited pheromone on the roads according to 
the sequences of the cities in its trip.  However, the tra-
ditional pheromone process cannot be used in OSP prob-
lem.  The reason for this can be explained by Fig. 1. 
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Fig. 1 Pheromone depositing strategy between different 
algorithms.  (a) The trip of the ant.  (b) Pheromone 
depositing strategy of ACO.  (c) Pheromone de-
positing strategy of SAC. 

 
Assuming the trip of an ant is 1-3-7-6 (Fig. 1(a)), and 

the pheromone configuration in original ACS is showed 
in Fig. 1(b) we can easily observe that the cities' se-
quence order of pheromone configuration is the same as 
that of ant's trip.  However, this pheromone updating 
method is meaningless in OSP.  This is because of the 
sequence order of cities in OSP is not important.  In 
other words, the ants with trip of 1-3-7-6 and 3-7-1-6 
denote the same sensor configuration.  i.e. All of the 
selected sensor number of the two trips are No. 1 No. 3 
No. 6 and No. 7.  The ant with the trip of 1-3-7-6 
should attract the ant with the trip of 3-7-1-6 (or 3-6-7-1 
1-3-6-7 etc.) through pheromone-mediate communica-
tion in OSP.  However, this goal cannot be achieved by 
traditional pheromone updating process in original ACO. 

In order to solve this problem, a new method called 
pheromone total update process is proposed.  The total 
roads between all of the cities visited by an ant are 
deposited by pheromone.  The strategy is showed in 
Fig. 1(c).  Assuming the trip of an ant is 1-3-7-6, firstly, 
the trip of 1-3-7-6 is deposited by pheromone.  After 
that, the roads of 1-3,1-6,1-7,3-6,3-7,6-7 are also depos-
ited by pheromone, which is showed in Fig. 1(c) the 
amount level of pheromone are still calculated by (2) and 
(3).  Redundant iterations can be avoided by this proc-
ess, and calculation efficiency can be improved by this 
pheromone updating method. 

The ant colony searches for the best solution in an 
iterative fashion.  After several times of iteration, the 
pheromone deposited on the roads became redundant so 
as to confuse the ants.  Therefore, the pheromone, like 
the pheromone deposited by real ants in the word wild, 
should be evaporated.  The pheromone evaporation process 
is executed after each time of iteration.  And the re-
maining amount level of pheromone is calculated by (4): 
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Fig. 2  Flowchart of the SAC for OSP. 
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In which τ(r, s) is the remaining amount level of 
pheromone between city r and city s.  α is a parameter 
(0 ≤ α ≤ 1) which denotes the pheromone evaporating 
speed. 

The three processes are executed by an iterative 
fashion, and the flowchart of SAC is showed in Fig. 2.  
The ants in colony will cooperate through pheromone- 
mediated communication.  The best sensor configura-
tion will be obtained by several times of iterations, which 
can be fully implemented with the commercial software 
of MATLAB [22]. 

2.4  Objective Function 

The objective function value is a standard to compare 
the goodness of sensor configurations.  The objective 
function presented in this paper is derived from the fa-
mous modal assurance criterion (MAC), which is de-
duced by Carne and Dohmann [23].  The vibration be-
havior and monitoring technology are involved in MAC, 
which can evaluate the linear dependent degree of mode 
shape information collected by the sensor configuration 
in vibration test. 
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Where T
i  and T

j  denote the ith and jth column 

vectors in matrix Φ.  And Φ is the mode shape matrix 
collected by sensors.  The superscript T is the transpose 
of vector . 

MAC matrix is a diagonal matrix.  The off-diagonal 
elements of MAC range between 0 and 1.  MACij = 0 
denotes that the ith column vector and jth column vectors 
in matrix Φ are linearly independent.  On the contrary, 
MACij = 1 means that there is a high degree of linearly 
dependent between the ith column vector and jth column 
vector in matrix Φ.  For an optimal sensor configuration, 
the off-diagonal elements values of MAC should be 
smaller compared with other sensor configurations.  
Therefore, the objective function can be expressed as 
follow: 

  max x
x ij

i j
mfx MAC


  (6) 

3.  THE HANJIANG TRANSMISSION TOWER 

The Hanjiang transmission tower is located in Han 
river of Hubei province in China.  The tower is 122 
meters high and 20.24 meters wide.  The cross arm is 
110 meters above ground level.  And the end of cross 
arm is 10 meters from the middle point of tower.  The 
main structure of the tower is made of high-strength 
16mm thick steel, which is connected by flange.  Q235 
steel is used in diagonal rod, which is connected with 
main structure by solder.  The picture of Hanjiang 
transmission tower and the FE model are showed in 
Fig. 3.  The FE model is built by commercial finite  

 

 
Fig. 3  FE model of Hangjiang transmission tower. 
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Table 1  The vibration characteristics of Hangjiang transmission tower 

mode 1 2 3 4 5 6 
Period (sec) 0.574076 0.542533 0.433003 1.340448 0.262971 0.221878 

Frequency (cyc/sec) 1.7419 1.8432 2.3095  2.9373  3.8027  4.507  
mode 7 8 9 10 11 12 

Period (sec) 0.210534  0.18292  0.172076  0.169519  0.16438  0.145358  
Frequency (cyc/sec) 4.7498  5.4669  5.8114  5.8991  6.0835  6.8795  

 
 

element software of SAP2000 [24].  To facilitate the 
model analysis and other model-related studies, we re-
duce the nodes by equivalent reduced-order FEM.  And 
only translational DOFs are considered for sensor instal-
lation.  Finally, a total of 88 nodes are available for 
sensor installation.  Dynamic analysis is executed to 
calculate the first 12 mode vectors, which is the input 
data in SAC.  The vibration characteristics of Hangjiang 
transmission tower are showed in Table 1. 

4.  OPTIMIZATION RESULT AND DISCUSSION 

The proportion of soldier ants and worker ants is an 
important parameter in SAC.  If there are too many sol-
dier ants, the attack information will be spread un-
checked.  So, the worker ants cannot determine which 
soldier ants to follow.  This may lead to the scene of 
confusion.  On the other hand, if the number of soldier 
ants is a small value, the ant colony will be leaded by a 
small group of soldier ants.  As a result, the ant colony 
may crowd in to a specific place so quickly that a lot of 
optimal solutions are missed.  On other words, the algo-
rithm may fall into local optimum.  The proportion of 
soldier ants and worker ants is calculated by 

( / )M s s wq M M M  .  In order to determine appropri-

ate value of qM, the value of qM is set from 1% to 78%.  
And the objective function value of each qM are recorded.  
An appropriate qM should not only render the best objec-
tive function values obtained quickly, but also make the 
algorithm convergence stable. 

In this part, 50 times of iterations are implemented in 
each value of qM, and the mean objective function values 
of 25th to 50th iterations are recorded to evaluate the 
appropriate qM.  The curve is showed in Fig. 4. 
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Fig. 4 The curve of mean objective function values of 

25th to 50th iterations and qM. 

As respected, the curve in Fig. 4 increases with the 
increment of qM.  We can observe from the figure that 
the vertical axis value keeps a small value when qM is 
0.1% ~ 10%.  We chose the lowest point (qM = 3%) in 
the curve, and the numbers of soldier ant is set to 12. 

The numbers of sensors should be determined before 
vibration tests.  We always expect to collect more useful 
vibration information with less testing resources.  Thus, 
we set the numbers of sensors N from 1 to 88, wich is 
showed in Fig. 5. 
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Fig. 5 The influence of sensor quantity on the objec-
tive function value. 

 
It can be observed that the objective function value 

decreases with the number of sensors.  That means the 
more sensors installed in the tower, the more vibration 
information will be obtained by the sensor configuration.  
It is expected that the objective function value will keep 
decreasing in a large slope.  However, the objective 
function value begin to stabilize from N = 10 ~ 18.  The 
same phenomenon is also happened in [25] and [26].  
The reason for this is that when the numbers of sensors 
excess a value, redundant vibration information will be 
collected by the added sensors installed in the structure.  
Mathematically speaking, the mode vectors monitored by 
the added sensors have a large linear relationship with 
the mode vectors obtained by previous sensors.  Thus, 
we select the point corresponding to a small slop value 
(N = 13) as the numbers of sensors. 

What should be noted is that the SAC belongs to heu-
ristic algorithms.  In all kinds of heuristic algorithms, 
slight fluctuations will be happened if the parameters are 
not set properly.  This is a characteristic of heuristic 
algorithms.  The calculation results are influenced little 
by the slight fluctuations.  In this part, the purpose of 
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our work is to find out the best number of sensors rather 
than obtain the final calculation result.  We just need to 
know the tendency of the curve.  Therefore, the pa-
rameters of SAC are set randomly to facilitate the engi-
neers.  So, the slight fluctuations is happened when the 
number of sensors is larger than 80.  However, we can 
still obtain the relative stable point N = 13.  Therefore, 
the slight fluctuations can be neglected to facilitate the 
engineers.  The same circumstances can also be found 
in the research of [25], [26] etc. 

The value of ξ (the pheromone magnification factor) 
will be calculated in this part.  ξ is a parameter which 
expresses the impact area of the soldier ants.  The value 
of ξ should be compatible with the ratio of soldier ants.  
And qM is calculated by previous analysis.  The value of 
ξ should be determined such that the objective function 
value is as small as possible.  At the same time, the 
calculation result should be stable in some sense such 
that the algorithm is reliable.  The mean and variance 
values of the second half objective function values are 
calculated in each ξ in this part.  The values of ξ range 
from 0 to 2000 with evenly spaced increments (total 50 
values) are test.  Only 50 times of iteration rather than 
full calculation are performed in each ξ since we just 
want to obtain the best value of ξ.  The mean and vari-
ance value of the second half objective function values in 
each ξ are showed in Fig. 6. 
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Fig. 6 The mean and variance value of of the second 
half objective function values in each ξ. 

 
What should be noted is that Only 50 iterations are 

executed rather than full calculation in this part.  This is 
because of that when the iteration times value is set to a 
value, which is greater than a certain value, the curves' 
tendencies of ξ in different iteration times are similar.  
The best value of ξ can be obtained just by the tendency.  
Therefore, it is not necessary to make sure the procedure 
is totally converged in this part.  On the other hand, we 
know that the procedure is converged in 35th iteration 
from Fig. 7.  And the algorithm has already converged 
in 50 iterations.  Therefore, it is not necessary to be 
worried about if 50 iterations are enough. 

The mean values of objective function values have a 
downward trend in the beginning as we can see from 
Fig. 6.  And the variance values have the same tendency.  
This is because of that the contribution of soldier ant has 
a positive influence to the accuracy and stability of algo- 
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Fig. 7 The objective function value after each time of 
iteration calculated by ACO (Case 1) SAC (Case 
2) and GA (Case 3). 

 
rithm.  However, the mean values rise sharply at last.  
This suggests that the iteration results are unsatisfactory 
when the weight of soldier ants influences is relative 
large.  It can also be observed that the variance values 
close to 0, and mean values increase greatly when the 
value of ξ beyond a threshold.  This means that the 
algorithm tends to fall into local optimum when ξ is a 
large value, and the best sensor configuration is very 
difficult to obtained in this case.  In conclusion, the 
value of ξ is set to 900, which can balance the two 
aspects of considerations. 

Three cases are involved in this paper to solve the 
OSP problem of Hanjiang transmission tower.  And the 
comparisons are made between the three different algo-
rithms. 

Case 1. ACO 
Case 2. SAC 
Case 3. GA 
The population size in GA [26] is set the same value 

as the amount of ants in ACO and SAC in this paper.  
And the genes crossover probability and genes mutation 
probability are set to the best values by tentative calcula-
tion.  The objective function value after each time of 
iteration in three cases is recorded.  100 times of itera-
tion are performed in this three cases.  And the results 
are showed in Fig. 7. 

It can be easily observed in Fig. 7 that the curve of 
ACO is unstable during the whole process of iteration.  
The minimum objective function value is founded in the 
19th iteration.  However, the largest value is obtained in 
the 87th iteration.  This means that the convergence 
solution cannot be obtained by ACO.  From the curve of 
GA we can find that the dates decline rapidly before 20th 
iteration.  And the curve becomes stable after 68th it-
eration.  Finally the lowest point is emerged in 90th 
iteration in GA.  Compared with the above two algo-
rithms, the data in SAC converge very quickly.  The 
results are completely stable in 56th iteration and the 
data after the 35th iteration is very close to the optimal 
value.  That means the SAC algorithm has a good 
global convergence property.  And the calculation effi-
ciency of SAC is improved by 17% compared with GA. 

The 3 different algorithms are performed 50 times re-
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spectively.  Whole process is executed in each case, and 
optimal results are recorded.  The maximum values of 
off-diagonal elements in each mode partition of MAC 
matrix calculated by ACO, SAC, GA are showed in 
Fig. 8.  The similar results can also be obtained in Fig. 7.  
We use the column chart in Fig. 8 in order to express it 
clearly.  The values of SAC in each mode partition are 
much smaller than that of ACO and GA, which suggests 
the sensor configuration obtained by SAC is much better 
than ACO and GA.  The final sensor configuration ob-
tained by 3 different algorithms is illustrated in Fig. 9.  
The final optimal results of maximum value, minimum 
value, and mean value of each algorithm are showed in 
Table 2.  The mean results of ACO, SAC, GA are 0.33, 
0.11 and 0.21 respectively.  That means the calculation 
accuracy of SAC is improved by 66% and 47% com-
pared with ACO and GA. 
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Fig. 8 The maximum values of off-diagonal elements in 
each mode partition of MAC matrix calculated by 
ACO, SAC and GA. 
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Fig. 9 The final sensor configuration obtained by ACO, 
SAC and GA. 

 

Table 2 The optimal results of maximum value, mini-
mum value, and mean value of ACO (Case 1) 
SAC (Case 2) and GA (Case 3) 

 ACO SAC GA 
maximum value 0.51 0.14 0.31 
minimum value 0.31 0.09 0.18 

mean value 0.33 0.11 0.21 

5.  CONCLUSIONS 

OSP problem of large-scale structure is a kind of very 
complex problem, especially for the three-dimensional 
sensors.  The existing methods are not effective enough 
in accuracy and stability for vibration tests.  SAC, the 
algorithm presented in this paper, builds on the previous 
ACO in the direction of improving efficiency and accu-
racy.  The main idea is that of having a set of agents, 
called ant (soldier ants and worker ants), search in paral-
lel for good sensor configurations, and cooperate through 
pheromone mediated indirect and global communication.  
The final optimal sensor configuration will be found by 
ant colony in an iterative fashion.  An engineering ex-
ample is involved in this paper, and the algorithms of 
ACO, SAC and GA are applied on it.  After that, some 
comparisons are made between the 3 algorithms and 
some conclusions are obtained. 
1. The optimal result calculated by ACO is not stable 

enough in OSP problem of three-dimensional sensors.  
And the data is hard to converge.  However, the 
suboptimal solution can still be obtained when the it-
eration times is sufficiently large. 

2. The output data of GA converge quickly in the be-
ginning.  However, the curve begins to fluctuate af-
ter a threshold, which means a suboptimal solution 
may be obtained by this method. 

3. The SAC performs much better than traditional OSP 
methods.  The calculation accuracy have been im-
proved by 66% and 47% compared with ACO and 
GA. 

4. The SAC proposed in this paper is designed for the 
optimal problems of three-dimensional sensor 
placement in vibration tests of SHM.  Whether other 
optimal problems can be solved by SAC still needs 
further researches. 
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NOMENCLATURE 

pk(r, s) The probability ant k selects the road between 
city r and city s; 

τ(r, s) The pheromone level between city r and city s; 
Jk(r) The candidate city of ant k in the city r; 
Δτk(r, s) The pheromone level deposited by ant k be-

tween city r and city s; 
mfxk The objective function value corresponding to 

the whole trip of ant k; 
Q The adjuster between objective function value 

and pheromone; 
Δτb(r, s) The pheromone amount deposited by soldier 

ant b between city r and city s; 
ξ The pheromone magnification factor; 
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τ(r, s) The remaining amount level of pheromone 
between city r and city s; 

α The parameter which denotes the pheromone 
evaporating speed; 

C heat capacity, J/(kg·K); 
T
i  The ith column vector in matrix Φ; 

Φ The mode shape matrix collected by sensors; 
T  The transpose of vector ; 
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