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ABSTRACT 
In the recent years, wireless sensor networks (WSNs), have 

become essential part in a huge number of the modern 

applications. Researchers have developed a lot of work to 

improve their performance. But, practically WSNs still face 

with different kinds of obstacles those cause main challenges 

for their reliability. Therefore, finding an optimum obstacle-

avoiding route path for the WSNs is considered an important 

research problem. The present work introduces a new 

optimum routing algorithm based on the cluster-based method 

for the WSNs with obstacles. The proposed system uses the 

cluster-based method and the mobile sink to decrease the 

power consumptions and increase the lifetime of the WSNs. 

Besides, it uses the genetic algorithm to optimize the 

avoiding-obstacles routing path. Suggested system has been 

applied for a WSN used to communicate between a discovery-

radiation robot and its operating system as a case of study. 

Simulation results for the tested WSN and their comparison 

with three other route algorithms have proved the 

effectiveness of the proposed novel method. 
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1. INTRODUCTION 
Wireless sensor networks (WSNs) have advanced abilities in 

sensing and communicating the modern technology fields. A 

WSN is a large collection of self-directed wireless nodes those 

spread in an area of interest [1]. It integrates wireless 

communications, micro sensors and computer networks. 

WSNs have a great suitability for several application areas 

like military, medical, environmental, industrial, and many 

others [2-5]. Researchers of WSNs have interested in the 

routing methods that affect on the performance of the WSNs. 

The efficiency of any WSN has a great dependent on its 

routing algorithm. 

It is found that, there are many parameters affect the routing 

process of the WSNs such as environment variation, sensor 

energy consumptions and the holes of coverage. Sometimes, 

these holes caused by different types of obstacles appeared 

practically in the real-time observed areas [6]. 

The obstacles can be classified into static and dynamic ones. 

They are found as walls, buildings, blockhouses, pillboxes, 

cars, trains, etc. in the outdoor environments. Obstacles can 

exclude the network connectivity and fail its operation [7]. 

However, using the optimization techniques for achieving free 

avoidance-obstacles routing path is considered one of the most 

important keys for improving the WSNs' performance.  

The suggested work has introduced a novel algorithm that 

optimizes the routing process to have a shortage, avoiding-

obstacles, low power consumption and longest network 

lifetime routing algorithm by using the Genetic Algorithm 

Approach. 

The reminder in this paper can be organized as follows: 

Section 2 gives a brief overview of the genetic algorithm 

optimization approach. Section 3 introduces the related work. 

Section 4 deals with the proposed system. Section 5 represents 

the applicability of the proposed system and its results. While, 

section 6 discusses the conclusion. 

2. GENETIC ALGORITHM 

OPTIMIZATION APPROACH: AN 

OVERVIEW 
Genetic algorithm (GA) is an optimization meta-heuristic that 

imitates the process of natural evolution. Its main idea derived 

from Darwin's theory of evolution and survival of the fittest. 

GA is an adaptive and efficient method of feature selection. It 

is a population-based and algorithmic search heuristic method. 

GA generates a random initial population of solutions for the 

problem at hand. Each solution is represented as a 

chromosome [8]. 

The operation of the genetic algorithm begins by creating an 

initial population randomly. This population consists of a set 

of possible solutions to the problem. Each individual in the 

population is evaluated using a fitness function. It is found 

that, the most difficult issue in using GA referred to how to 

find a suitable fitness function which evaluates the fitness 

value of the individuals. After this evaluation process, 

selection is applied to choice the highest fitness values of the 

chromosomes that will produce the new generation. The 

selected chromosomes are called parents [9]. Crossover and 

mutation operators are applied to change the chromosomes to 

construct the new population in the next generation. This 

process continues until the best solution is reached [10].  

Termination is the last step in the genetic algorithm. Usually, 

the iteration of the GA is stopped when a certain criterion is 

met. The most widely used stopping criterion is achieving a 

certain predefined number of iterations at which GA is 

terminated [11]. 

3. RELATED WORK 
A considerable work is developed to overcome the limitations 

of the routing algorithms to handle some obstacles in real-time 

situations. Researchers have developed many systems to solve 

this problem.  

In the last years, researchers have used the analytical 

optimization techniques for WSNs. But, these approaches 

need complex tasks that grow exponentially as the problem 

size increases. Besides, they have not produced good results 

or suitability for real-time applications especially with 

obstacles [12].  
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This drives to use the bio-inspired optimization methods that 

are computationally efficient alternative to analytical methods. 

A number of solutions have been developed to overcome the 

obstacle limitations using these optimization methods.  

Stojmenovic and Lin have used the Greedy Face Greed (GFG) 

technique for a data routing process with obstacle-avoidance. 

The GFG routing technique reduces the routing path length 

with the help of nearest neighbor node selection. However, 

this technique is unable to detect the concave region of an 

obstacle [13].  

Karp and Kung have proposed the Greedy Perimeter Stateless 

Routing (GPSR) technique for obstacle avoidance data 

transmission. The GPSR technique can avoid static obstacles 

based on right hand forwarding node selection mechanism. 

Both GFG and GPSR algorithms can detect the obstacles that 

are present in the WSN and then successfully transmit sensed 

data to the BS. But, they cannot find the energy efficient 

shortest data routing path due to the lack of global obstacle 

information [14]. 

Zou, et. al., proposed a distributed algorithm called Partial–

partition–Avoidance GEographic Routing (PAGER). This 

system establishes a shadow region for any concave obstacles. 

It avoids the processes for this shadow region. Then, PAGER 

determines the transmission cost of the neighbor nodes and 

forwards the data to its lowest cost one. In this technique, the 

cost maintaining process of nodes increases control overhead 

within the network. Besides, PAGER cannot detect multiple 

obstacles within the monitoring region [15]. 

Chang, et. al., proposed two route guiding protocols, S-RGP 

and M-RGP that could detect large size obstacles appeared in 

the monitoring area. The S-RGP technique detects obstacle 

border nodes and constructs the shortest data routing path. 

While, M-RGP is used for multiple obstacles detection. The 

main drawback of these two techniques is that they need a 

significant control overhead and time for detecting a minimum 

number of boundary nodes and constructing the obstacle 

avoidance path [16]. 

Choi, et. al., proposed a sensor network based localization 

algorithm for an indoor service robot to improve localization 

of them for the fusion sensor agent [17].  

Amulya, et. al., suggested a surveillance robot for home 

security in the presence of obstacles. They used mobile video 

sensor nodes and ZigBee based wireless communication to 

design a home control network [18].  

More recently, genetic algorithm techniques have also proved 

their success to solve the optimal node deployment problems. 

In random deployment, genetic algorithms are applied to 

determine near optimal positions for additional mobile nodes 

needed to have maximum coverage. Besides, a force-based 

genetic algorithm was introduced to utilize the sum of the 

forces used by the neighbors to choose the direction of the 

mobile nodes [19]. Also, a multi-objective genetic algorithm 

running on a base station to determine where the mobile nodes 

can move to maximize the coverage and minimize the 

travelled distance [20]. While, a cluster-based WSN has used 

the genetic algorithm to find the best positions for the cluster 

heads that cover maximum number of nodes and so 

maximizing the area coverage [21]. Also, Voronoi diagrams 

(that were used to divide the field into cells) used the genetic 

algorithm. They have applied it to determine the best positions 

for k additional mobile nodes that maximize the area coverage 

inside each cell [22].  

Although, the previous systems have succeeded to achieve 

free-obstacles paths, they suffer from complexity and time 

losses.  

Therefore, the proposed system has introduced the genetic 

algorithm to optimize the avoidance-obstacles routing path for 

a cluster-based WSNs. It can improve the performance of 

WSNs' applications in real-time situations. 

4. PROPOSED SYSTEM 
Different approaches have been developed to improve the 

performance of the WSNs and extend their lifetime. It is 

found that, in the practical situations the WSN's route 

algorithm usually face some obstacles. This causes 

misconnection, delay time of communicating and increasing 

the power consumptions of the network. On the other hand, 

there is still a little work has been handled this important 

challenge. However, the proposed system has introduced a 

novel cluster-based routing algorithm to solve this problem. It 

uses the genetic algorithm (GA) optimization methodology to 

optimize the routing process for obstacle-avoiding shortest 

path. Besides, it can decrease the power consumptions and 

increase the lifetime of the WSNs. 

However, the suggested system can achieve these previous 

tasks by three ways. They are:  

1- using the mobile sink.  

2- using the cluster heads to minimize the overload 

traffic and power consumptions. 

3- optimizing the routing path for avoiding the 

obstacles and selecting the shortest path by using 

the GA. 

Firstly, using the mobile sink can reduce the power 

consumption of WSNs. So, it will increase the lifetime of 

WSNs. Compared with static nodes, mobile sink have more 

energy and more powerful capabilities.  

The proposed system uses the mobile nodes as the mobile sink 

which moves across the sensing field to collect the data.  

In the recent years, the mobile sink based data collection 

technique has become an attractive research area in WSNs' 

design. It improves the networks' performance and lifetime. 

Distributed robotics and WSN co-operatory working in 

mobile sink based WSNs [23]. The proposed mobile sink 

moves randomly along different paths to collect data from 

head clusters. Then, it transmits the data to the base station 

through either single-hop or multi-hop communication.  

Presence of obstacles within the monitoring area causes a 

challenging issue for the system to find the optimal routing 

path. Therefore, the proposed system has used the genetic 

algorithm to overcome this limitation. It can reduce the 

communication overhead for sensor nodes located near the 

base station or the sink. At the same time, the mobile sink 

concerns the energy consumption balance among nodes while 

moving across the sensing field. However, the uniform energy 

consumption is achieved. Besides by moving the sink, the 

routing algorithm can avoid the disconnected and sparse 

network.  

Secondly, the suggested system divides the nodes of the WSN 

into two categories: cluster heads and cluster members. It uses 

the cluster heads internally to collect the data inside their 

cluster members (nodes) which collect the environment 

information and then pass data externally to the mobile sink. 

By using the cluster-based routing algorithm, the suggested 
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system can decrease the power consumptions and increase the 

lifetime of the WSN. 

Thirdly, the obstacle avoidance sink movement problem is an 

NP-hard problem. So, the proposed system can use the genetic 

algorithm optimization methodology to optimize the routing 

algorithm that can avoid various obstacles appeared in the 

practical situations. Thus, the suggested system enables the 

mobile sink to move through the network with obstacles 

having a shortest route path.  

The operation of the proposed system can be explained as 

follows: 

1- The suggested system determines the cluster heads 

and their members. 

2- The mobile sink begins collecting all the sensing data 

from cluster heads as a periodical movement from 

starting site and finally returns. 

3- During its movement, the mobile sink can move near 

the cluster heads consuming less power. So, the 

network lifetime can be extended significantly. In the 

proposed system, the network lifetime is defined as 

the time interval from sensor nodes start working until 

the death of all static sensors.  

4- The mobile sink can move to any site except those 

contain obstacles. This makes the routing task for the 

mobile sink more complex. 

5- To overcome this challenge, the proposed system 

determines the locations of the obstacles. It has used 

the grid-based method to divide the sensing region 

into equal size grid cells as the communication radius 

of static sensors. So, the obstacles in the sensing area 

will be appeared at some grid cells. Edges of obstacles 

can intersect grid cells or they may contain part of 

some grid cells. In this case, the grid cell is considered 

as obstacles. This regularization shape of obstacles 

can simplify the routing process of the mobile sink.  

6- Assume that Ni static sensor nodes are deployed 

randomly over a sensing field. All the static sensor 

nodes have the same sensing range represented as a 

circle with radius r. The proposed system gathers the 

information about the locations of the static sensor 

nodes.   

7- Then, the suggested system has used the genetic 

algorithm optimization methodology to efficiently 

find an optimum obstacle-avoiding route for the 

mobile sink in the presence of obstacles. 

To implement the proposed system, it is assumed that the 

sensor nodes are randomly deployed, and the base station 

node position is stationary. Also, the mobile sink moves at a 

fixed speed along the optimal obstacle avoidance path and 

collects data from each static sensor node before transmitting 

data to the Base Station. 

Also, the suggested system has considered the deployed 

sensor nodes set, S, and its corresponding data collection 

points PSensors={p1, p2,..., pn}, and USensors contains the set of all 

remaining uncovered sensor nodes at each step. The data 

collected points are connected to each other such that any 

sensor nodes directly communicate to at least one other node. 

However, the proposed shortest avoiding-obstacles path 

algorithm can be represented as: 

Shortest avoidance-obstacles Path algorithm 

1. Create an empty set PSensors 

2. Create a set USensors containing all sensors 

3. Set S contains all deployed sensor nodes 

   While 

5. Find obstacle free path between the neighbor nodes 

through IR signal transmission 

6. Find a data collection point pi between n1(si) for si  

S which minimizes           

         = cost{ n1(s1)/( n1(s1)USensors and check at least 

one connection exist between m1(si) and pi 

7. Cover all sensor nodes under n1(si) 

8. Add the corresponding data collection point pi of 

n1(si) in PSensors 

9. Remove sensors in n1(si) from USensors 

   End while 

10.  Find an approximate shortest path on data collection 

points in PSensors 

The genetic algorithm can be implemented as shown in the 

following steps: 

a. Chromosomes Representation  

The chromosomes of the proposed Genetic Algorithm (GA) 

are represented in a binary digit form. They encode the 

locations of each mobile sensor node in the sensing area as (X, 

Y) point. It represents the value of the location on the X and Y 

axises. The size of the proposed population is 30 

chromosomes. 

b. Selection methodology  

The proposed genetic algorithm has used the tournament 

selection scheme to select the most suitable chromosomes for 

continuing to the next generation. 

c. Crossover  

Proposed GA uses a single point crossover. Its rate=0.5. 

d. Mutation  

The suggested system has applied the inversion mutation for 

the offsprings. The mutation rate is: 0.02.  

e. Fitness function  

The fitness function is the core part of the genetic algorithm 

operation. It evaluates the fitness of each chromosome 

(solution) in the population to determine its ability to be 

included in the next generation of the GA.  

In the proposed system, the fitness function optimizes the 

number and locations of the clusters and obstacles in the 

observed area. The proposed system concerns also the 

decreases of the consumption power, the cost, and the 

shortage free-obstacles route path. This can avoid the 

overlapping redundancy among the coverage areas of the 

deployed mobile nodes. Also, each mobile node can cover 

only a distinct region. The fitness function is given by:  

               

       

      

   

                           

where,       

xij {1,0}    

yi {1,0}    

xij=  
                                                        

                                                                                               
  

 

yi =  
                               
                                         

  

 
c, n = constant 
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Where, eq. (1) represents the objective function that 

minimizes the total cost and length of the obstacle free data 

collection path.  

f. Termination  
The GA can be terminated in two ways either by achieving the 

optimum solution or by having 100 iterations. 

However, the proposed system can optimize the number and 

the locations of the cluster and avoiding the obstacles 

appeared in the communication process.  

5. APPLICABILITY OF THE 

PROPOSED SYSTEM AND ITS 

RESULTS  
The proposed system is applied for a simulated wireless 

sensor network that communicates between a robot having a 

dosimeter used for discovering the radiation sites and its 

operating system. Then, the results achieved by the proposed 

system are compared with the corresponding ones for three 

other systems. The first system is a traditional route algorithm 

for WSN that having no optimization [24], the second system 

uses an analytical optimization for WSNs having obstacles 

[25]. The third one uses particle swarm optimization 

technique [26].  

Table (1) represents the used parameters for the problem at 

hand. While, table (2) deals with the obtained results from the 

four systems. Figure (1) shows a comparison between the 

results obtained from the tested systems. 

Table (1): the used parameters tested WSN at hand 

Parameters Values 

Grid Size 10 m 

Dimension of sensing field 50m x 50m 

The number of nodes 200 

Initial Energy 0.5J 

Data aggregation 7J/bit/report 

 

Table (2) : A comparison between the obtained results 

from the proposed system and other three systems 

System Number 

of 

Nodes 

Lifetime Power 

Consumption 

Proposed 

System 

325 87.5 H. 65 W 

No 

Optimization 

System  

583 42.3 H 273 W 

Analytical 

Optimization 

System 

494 53.5 H. 214 W 

PSO System  425 67.4 H. 186 W 

 

 

 

Figure (1): A Comparison between the results achieved by 

the proposed system, and the other three systems 

It is found that, the proposed system has proved its goodness 

by increasing the lifetime of a WSN used in detecting the 

radiation sites. Also, the proposed system decreases its power 

consumption. Therefore, the suggested system can improve 

the performance of Wireless Sensor Networks those are 

applied in real time applications.  

6. CONCLUSION  
Although the great wide spread of the wireless sensor 

networks in our daily life, there still some challenges faces 

them to be applied in many other real-time applications. It is 

found that, appearing the obstacles in real time sites can fail 

the operation of the network. Besides, power consumptions of 

the WSNs. These two limitations still cause important issues 

for the networks till now.  

Proposed system has suggested new algorithm that uses a 

genetic algorithm for a cluster-based WSNs. The cluster-based 

technique has been used to simplify the data gathering process 

and decrease its power consumptions. While, the genetic 

algorithm is used to optimize the avoiding- obstacle route and 

its shortage path.  

Proposed system has been applied to evaluate a simulated 

wireless sensor network used in discovering the radiation 

sites. It has compared for three other optimized systems have 

applied for the same simulated WSN. The proposed system 

has proved a significant decreasing in the energy consumption 

and the number of used nodes for maximizing the coverage 

area. On the other side it has increased the WSN's lifetime. Its 

obtained results have proved its goodness to be applied for 

real time WSN applications.  

7. REFERENCES 
[1] J. C. Cuevas-Martinez, J. Canada-Bago, J. A. Fernandez-

Prieto, and M. A. Gadeo-Martos, (2013),      

"Knowledge-based duty cycle estimation in wireless 

sensor networks: Application for sound pressure 

monitoring'', Applied Soft Computing, vol. 13, no. 2,  pp. 

967-980. 

 

0 

100 

200 

300 

400 

500 

600 

700 
Number of 
Nodes 

Lifetime (H.) 

Power 
Consumption 
(W) 



International Journal of Computer Applications (0975 – 8887) 

Volume 170 – No.8, July 2017 

24 

[2] H.-L. Fu, H.-C. Chen, and P. Lin; (2012), “Aps: 

Distributed air pollution sensing system on wireless 

sensor and robot networks”, Computing Communication, 

vol. 35, no. 9, pp. 1141-1150. 

[3] Z. Shen et al.; (2013), “Energy consumption monitoring 

for sensor nodes in snap'', International Journal Sensor 

Network, vol. 13, no. 2, pp. 112-120. 

[4] B. Zhou, S. Yang, T. H. Nguyen, T. Sun, and K. T. V. 

Grattan, (Apr. 2014), ''Wireless sensor network platform 

for intrinsic optical fiber pH sensors'', IEEE Sensors 

Journal, vol. 14, no. 4, pp. 1313-1320. 

[5] M. Dong, X. Liu, Z. Qian, A. Liu, and T. Wang; (Aug. 

2015), “QoE-ensured price competition model for 

emerging mobile networks'', IEEE Wireless 

Communication., vol. 22, no. 4, pp. 50-57. 

[6] P. Chanak, I. Banerjee, J. Wang, and S. Sherratt ; (2014), 

“ Obstacle avoidance routing scheme through optimal 

sink movement for home monitoring and mobile robotic 

consumer devices”, IEEE Transactions on Consumer 

Electronics, 60 (4), pp. 596-604. 

[7] GUANGQIAN XIE and FENG PAN, “Cluster-Based 

Routing for the Mobile Sink in Wireless Sensor 

Networks With Obstacles“, Vol. 4, 2016, pp. 2019-2028.  

[8] Walaa AbdElrouf , Adil Yousif and Mohammed Bakri 

Bashir, " High Exploitation Genetic Algorithm for Job 

Scheduling on Grid Computing", International Journal of 

Grid and Distributed Computing Vol. 9, No. 3, 2016, 

pp.221-228. 

[9] H. M. Sani, and M. M. Yabo", Solving Timetabling 

problems using Genetic Algorithm Technique",  

International Journal of Computer Applications (0975 – 

8887) Volume 134 – No.15, January 2016.  

[10] Veenu Yadav, and Shikha Singh, " Genetic Algorithms 

Based Approach to Solve 0-1 Knapsack Problem 

Optimization Problem", International Journal of 

Innovative Research in Computer and Communication 

Engineering, Vol. 4, Issue 5, May 2016. 

[11] A. Tripathi, P. Gupta, A. Trivedi and R. Kala, “Wireless 

Sensor Node Placement using Hybrid Genetic 

Programming and Genetic Algorithms,” International 

Journal of Intelligent Information Technologies, Vol. 7, 

No. 2, 2011, pp. 63-83.  

[12] G. K. Shwetha, S. Behera, and J. Mungara, ``Energy-

balanced dispatch of mobile sensors in hybrid wireless 

sensor network with obstacles'', IOSR Journal of 

Computer Engineering, 2012, vol. 2, no. 1, pp. 47-51.  

[13] Stojmenovic and X. Lin, “GEDIR: loop-free location-

based routing in wireless networks,” in Proc. 11th 

IASTED Int. Conf. on Parallel and Distributed 

Computing and Systems, Boston, MA., Nov. 1999, pp. 

1025-1028,  

[14] B. Karp and H. T. Kung, “GPSR: Greedy perimeter 

stateless routing for wireless networks,” in Proc. 6th 

ACM Annu. Int. Conf. Mobile Comput. Boston, MA., 

pp. 243-254, Aug. 2000. 

[15] L. Zou, M. Lu, and Z. Xiong, “A distributed algorithm 

for the dead-end problem of location-based routing in 

sensor networks,” IEEE Trans. On vehicular technology, 

vol. 54, no. 4, July 2005, pp. 1509-1522. 

[16] C.-Y. Chang, C.-T. Chang, Y.-C. Chen, and S.-C. Lee, 

“Active route-guiding protocols for resisting obstacles in 

wireless sensor networks,” IEEE Trans. on vehicular 

technology, vol. 59, no. 9, pp. 4425-4442, Nov. 2010.  

[17] B. S. Choi and J.-J. Lee, “Sensor network based 

localization algorithm using fusion sensor-agent for 

indoor service robot,” IEEE Trans. on consumer 

electronics, vol. 56, no. 3, pp. 1457-1465, Aug. 2010. 

[18] T.Amulya, M.Vedachary, P. Srilaxmi, “Implementation 

of Surveillance robot with the feature of semi automatic 

recharging capability,” International Journal of 

Engineering And Computer Science, Vol. 4, Issue 10, 

Oct 2015, pp. 14856-14860  

[19] C. Sahin, et al., “Design of Genetic Algorithms for 

Topology Control of Unmanned Vehicles,” International 

Journal of Applied Decision Sciences, Vol. 3, No. 3, 

2010, pp. 221-238.  

[20] Y. Qu and S. Georgakopoulos, “Relocation of Wireless 

Sensor Network Nodes using a Genetic Algorithm,” 

Proceedings of 12th Annual IEEE Wireless and 

Microwave Technology Conference (WAMICON), 

Clearwater Beach, 18-19 April 2011, pp. 1-5.  

[21] F. Nematy, N. Rahmani and R. Yagouti, “An 

Evolutionary Approach for Relocating Cluster Heads in 

Wireless Sensor Networks,” Proceedings of International 

Conference on Computational Intelligence and 

Communication Networks (CICN), Bhopal, 26-28 

November 2010, pp. 323-326. 

http://dx.doi.org/10.1109/CICN.2010.76  

[22] N. Rahmani, F. Nematy, A. Rahmani and M. Hossein- 

zadeh, “Node Placement for Maximum Coverage Based 

on Voronoi Diagram using Genetic Algorithm in 

Wireless Sensor Networks,” Australian Journal of Basic 

and Applied Sciences, Vol. 5, No. 12, 2011, pp. 3221-

3232.  

[23] L. Cheng, C.-D. Wu, and Y.-Z. Zhang, “Indoor robot 

localization based on wireless sensor networks,” IEEE 

Trans. Consum. Electron, vol. 57, no. 3, Aug. 2011,   pp. 

1099-1104. 

[24] Xiaolong Ma and Jie Zhou , " An Extended Shortest Path 

Problem with Switch Cost Between Arcs", Proceedings 

of the International MultiConference of Engineers and 

Computer Scientists 2008 Vol I, IMECS 2008, 19-21 

March, 2008, Hong Kong. 

[25] O. J. Smith, N. Boland, and Hamish Waterer, " Solving 

shortest path problems with a weight constraint and 

replenishment arcs", Computers and Operations Research  

Journal, Vol. 39 Issue 5, 2012, pp. 964-984. 

[26] P. C. S. Rao, P. K. Jana, and H. Banka, "A particle 

swarm optimization based energy efficient cluster head 

selection algorithm for wireless sensor networks" , 

Wireless Network, 2016, pp.1-16. 

 

IJCATM : www.ijcaonline.org 

http://dl.acm.org/author_page.cfm?id=81488658343&coll=DL&dl=ACM&trk=0&cfid=960022007&cftoken=34332979
http://dl.acm.org/author_page.cfm?id=81100113461&coll=DL&dl=ACM&trk=0&cfid=960022007&cftoken=34332979

