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Abstract: Wireless sensor networks that operate on batteries have limited network lifetime. There have been extensive 

recent research efforts on how to design protocols and algorithms to prolong network lifetime. However, due to energy 

constraint, even under the most efficient protocols and algorithms, the network lifetime may still be unable to meet the 

mission's requirements. In this paper, background knowledge on data uploading solutions in Wireless Sensor Networks 

(WSNs) is firstly provided. 
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I. INTRODUCTION 

 

Overview and background on data collection in WSNs  

The progression in wireless communications and electronics has facilitated the development of low-cost, low-power and 

multifunctional sensors. Basically, each sensor node comprises sensing, processing, transmission, power unit, and some 

optional components (e.g. mobilizer, position system) [3]. A number of these sensors can be networked to fulfill some 

unattended operations for specific applications, hence forming WSNs. WSNs support a variety of data collection 

applications, and have profound effects on both military and civil applications, such as environmental monitoring [4][5], 

tactical military monitoring [6], traffic surveillance [7], video surveillance and physical security [8]. 

Typically, WSNs contain a large number of sensor nodes. These sensors have the ability to communicate with each other and 

also can be linked to gateways (sinks or base stations) of WSNs. The measuring and monitoring data packets from multiple 

sensors are then processed and forwarded to external networks via sinks which act as gateways. This procedure is called data 

gathering [9]. 

In such scenarios, the distributed nature and dynamic topology introduce special requirements in the routing schemes. The 

sensor nodes can make their data route decisions based on its current knowledge of network conditions, application 

requirements, its computation or energy resources [3]. Each sensor has the ability to collect and route data either to other 

sensors or to the sinks. The sinks can be fixed stations or mobile nodes that are connected to external infrastructure networks 

which delivers the data to a network operation control center. 

A lot of research has been carried out for the development of WSNs routing strategies in different applications and systems 

with a variety of requirements and characteristics. The routing protocols can be developed based on the network structure 

(e.g. flat, hierarchical or location based), the communication model (e.g.query based, negotiation based or coherent based), 

and the network requirements (e.g. load-balancing based, Quality of Service (QoS) based or energy-efficient based). Routing 

in WSNs is challenging due to its unique characteristics. 

Firstly, the number of sensor nodes in WSNs can be high, thus generate potentially large cumulative traffic. The aggregated 

traffic volume can be significantly large. Moreover, in WSNs, the nodes close to the sinks are more likely to deplete their 

battery supplies before the far-away located sensors due to the intersection of multih-hop routes and concentration of data 

traffic towards the sinks. Hence, routing in WSNs requires fair load balancing of network and equal utilization of gateways. 

Secondly, sensors nodes are limited in power, computational capability, and storage capacity. Thus, careful resource 

management is required in WSNs, especially energy efficient schemes. In multihop scenarios, the sensors act as both data 

sources and routers, which aggregates their energy consumption. Energy efficient schemes extend the functionality of the 

network and prolong the network lifetime. Thirdly, WSNs are application-specific, and the design requirements of networks 

change with different applications. For example, in applications where the time is of vital importance, the most priority of 
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routing design will be data collection latency minimization. Last but not least, the network topology changes due to power 

failure of sensors or loss of connections of sensors, which requires instant re-organizations. This is to say, the routing 

algorithm should be adaptable to accommodate the changes of network topologies. 

II. BACKGROUND AND RELATED WORK  

Due to the recent technological advances in miniaturization, low-power circuit design, and efficient wireless capability, 

WSNs have emerged as a promising technology with numerous and various military and civil applications, such as 

environment monitoring [4], disaster management [15], intrusion detection [16], target tracking [17], tactical surveillance [6], 

and so on [9]. These sensors measure and monitor ambient conditions in the surrounding environment, such as heat, pressure, 

light, sound, vibration and the presence of objects. The measured and monitored events are then forwarded for data post-

analysis toward a more resourceful devices called base stations, gateways or sinks. This procedure is called data collection in 

WSNs [9].  

In order to upload the sensed data and communicate with external networks, the deployed sensor nodes need to target at one 

or more sinks, which are responsible for data collection within a certain area. The communication can take place through 

multi-hop paths if the sink can not be reached directly. Various methods have been proposed to address the gateway 

selection/data collection routing problem. In this section we present a literature review of the studies. Generally, the data 

collection procedure can be broken down into three steps: 

Measurement, decision and execution.  

(i). In the measurement phase, the goal is to collect network information. Based on various user policy and application QoS 

requirements, parameters (e.g. End-to-End (E2E) delay, throughput, and traffic load) in objective metrics need to be 

measured in this phase. The accuracy of the metrics and decisions depends on the measurement accuracy of these parameters.  

(ii). In the decision phase, the task is to design objective metrics in applicable levels, including packet level, flow level and 

user level. The routing decisions can be made for individual data packet, or can be made on user basis. 

 (iii). The last step aims to determine the algorithm execution timings. The execution can be periodic or event based. 

3 Routing challenges and design issues  

Efficient data collection solution is a challenging task due to the unique characteristics of WSNs [48][49]. Firstly, the sensors 

are constrained in energy supply, processing and storage capacities. Thus, resource management needs to be considered 

jointly with routing algorithms. Additionally, substantial power demand is incurred for long distance transmissions. Since the 

transceiver is the major source of energy consumption for the nodes, the optimization of the hop length for routing can 

significantly reduce the network energy consumption. Secondly, the topology maintenance cost is high in WSNs. The 

relatively large number of sensor nodes require high maintenance overheads which consume high network resources.  

Moreover, sensor nodes are deployed in an ad-hoc manner, which needs self-organization. In the operation where the sensor 

networks are unattended, the ad-hoc deployment is especially required for sensors to form connections. The self-organizing 

and ad hoc deployment of WSNs make the data collection paths spontaneous and random, which may generate significant 

redundant data and also cause severe unbalanced traffic through the network.  

Thirdly, WSNs are typically deployed for specific applications that could require distinguished QoS requirements. The 

satisfaction of various QoS requirements can cause behaviour conflicts of the routing algorithms. These challenging factors 

must be overcome to ensure that efficient communication can be achieved in WSNs.  

Some major design issues that affect routing process in WSNs are summarized as follows: 

 (i). Energy consumption: Each node plays a dual-role as both data sender and data router that drain energy quickly. Sensors 

can easily use up their energy supply without proper energy management scheme. The loss of connections for some nodes 

due to power failure can cause significant topological changes and might need reorganization of the entire network. Thus, 

accurate energy consumption estimation and energy management schemes are necessary. 
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 (ii). Network topology: There can be a huge number of sensors deployed in a wide area. In this case, the sensors are first 

expected to be highly connected, with no nodes being isolated. Then the routing scheme should be scalable enough to deal 

with all the sensors and respond to any event in the network 

(iii). QoS: Different QoS requirements are desired for different applications. For example, time-constrained applications 

require bounded latency for data delivery to ensure the data delivered within a certain period of time. However, in some 

cases, the conservation of energy may be considered more important than the delivery quality, as it is directly related to the 

network lifetime. Thus, different applications require to balance the trade-off between delivery quality and energy 

dissipation, which essentially has the effects on network lifetime. 

2.2 Routing algorithms for data collection in WSNs 

 WSNs are usually deployed for specific application scenarios. Their designs highly depend on the requirements of different 

applications in terms of reliability, delay and 2.2.2 Load balancing based routing solutions in multiplesink scenarios  

In data collection scenarios, sinks are responsible for aggregating all the data packets generated within WSNs. Thus, in order 

to route the packets for far-away sensors, the sensors near the sinks are more likely to be energy-drained quickly. Because of 

the low-cost tiny devices, the operation of the network is highly energy sensitive. The lifetime of the network largely depends 

on the energy of the sensor nodes, which relays all messages to the sinks on the last hop. The nodes close to the throughput. 

In the following, the state-of-art routing designs for WSNs are surveyed. 

2.2.1 Taxonomy of routing algorithms for data collection in WSNs  

The studies can be categorized according to different criteria as shown in Fig. 2.1. A widely-used category criterion is the 

way that the gateways are discovered and the gateways/paths information collected. For this purpose, proactive, reactive and 

hybrid mechanisms all have their own advantages. Optimized Link State Routing (OLSR) [51] is a basic proactive link state 

routing protocol. It uses “HELLO” and “Topology Control (TC)” messages to discover and disseminate  

 

gateways are more likely to deplete their battery supplies. The node death would lead to disruptions in the topology and 

reduction of sensing cover-age. Besides, gateways/sinks may become isolated wherein sensor data would no longer be 

obtained. Moreover, the self-organizing ad-hoc behaviours of a large number of sensor nodes may cause severe unbalanced 

tra_c through the net- work. Therefore, routing protocols should incorporate load-balancing in order to achieve balanced 

energy consumption throughout the network. 
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2.2.2.1 In-network load balancing 

The studies in this category propose various path quality metrics, aiming to obtain an even and fair distribution of the 

collected data tra_c among the set of available paths. A balanced tra_c load within the network may create congested links, 

which causes packet drops, excessive packet retransmissions, and hence low network throughput. For instance, Mhatre et al. 

[25] propose a load balancing algorithm based on the Expected Throughput (ETP) [26] routing metric which takes into 

account the capacity reduction of a link due to its interaction with other links within its contention domain. Network 

information is achieved by neighbour message exchange, which reduces control message overhead. Even though the ow 

characters on the paths are considered, the study focuses on minimizing expected delay over the entire network and can not 

provide load-balancing result. 

In [27], the contention level, congestion level, and hop distance are combined as the selection metric to avoid areas with high 

data tra_c or channel contention. 

Similarly, the algorithm in [28] combines multiple network performance metrics, including path availability period, residual 

link capacity, and latency. 

 

2.3 Routing protocols with mobile sinks for WSN data collection 
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In WSNs with static sinks, the nodes close to the sinks are more likely to deplete their battery supplies before the far-away 

located nodes due to the intersection of multi-hop routes and concentration of data tra_c towards the sinks [31]. To achieve 

uniformity of energy consumption, load balancing algorithms are incorporated in routing solutions as surveyed in Sec. 2.2.2. 

Recently, The usage of Mobile Sinks (MSs) is proposed and explored as an alternative solution to this problem [10{13, 31, 

32]. In some papers, mobile sinks are also referred as Mobile Agents (MAs) [13], Mobile Collectors (MCs), or Mobile 

Relays (MRs) [11]. 

 

Conclusion and Future Work 

6.1 Conclusion 

In this paper, we have researched the issues and made three contributions to the literature of ancient data collection in WSNs. 

The contributions are summarized in the following:  Firstly, a united solution for gateway and in-network tra_c load 

balancing in multihop data collection scenarios - RALB is developed. This work aims to deal with the potential trade-o_ 

between in-network tra_c load balancing and gateway utilization equalization. RALB combines multiple path metrics (path 

residual bandwidth, end-to-end delay and path reliability) and gateway conditions 

(gateway utilization) in a united path quality metric. It probabilistically choose alternative path and adaptively modules its 

path switch probability by means of independent decisions made by network sensor nodes. The simulation results show that 

RALB reduces the deference in the utilizations of multiple available network gateways and improves network performance 

by avoiding less quailed data paths, which provides less end-to-end delay in packet delivery and comparable packet delivery 

ratio to AOMDV. This shows its well-balanced trade-o between in-network load balancing and gateway tra_c load balancing. 

Moreover, RALB is also shown to maintain a high level of packet delivery ratio and reduce the control overhead which 

shows its well-balanced trade-o_ between load balancing and network performance. The well balanced performance 

demonstrates that RALB can be e_ectively adapted to practical remote environment monitoring scenarios, where the sensors 

are constrained with resources and the gateways conditions are critical. 

Secondly, the delay aware energy e_cient data collection with mobile sink and VMIMO techniques problem is formulated 

into an integer linear program. The objective is to minimize the overall network energy consumption with a constraint of data 

collection time requirement. A WR algorithm is proposed to approximate the optimal solution. To explore the trade-o_ 

between overall network energy consumption and data collection latency, WR combines energy consumption, VMIMO 

utilization and sink moving tour length into a uni_ed weighted metric. Extensive simulation results demonstrate the 

e_ectiveness of the proposed algorithm: WR largely reduces the overall network energy consumption with bounded sink 

moving tour length. It proves that the proposed algorithm can be well applicable to the networks with constraint energy and 

tolerable delay. Moreover, the results show that WR can be adaptively applied for di_erent QoS-requirement applications by 

adjusting the weighting factors and its emphasis 

aggressiveness. 

6.2 Future work 

In this section, the future research directions are discussed in following two aspects to further improve the proposed 

algorithms in the area of e_cient data collection with VMIMO and mobile sink techniques. 

Firstly, the proposed algorithms can be improved and extended for practical scenarios. The cost of sharing control 

information for VMIMO transmission, interference of data transmission among sensors and channel state information (CSI) 

are all not considered in our proposed algorithms, which is not practical in realistic networks. The improved algorithms could 

be developed in network simulator considering the physical interference model and imperfect knowledge of CSI. It is worth 

investigating the e_ects of these practical conditions for data collection in WSNs. Furthermore, the organization and 

formulation of compatible sensors are desired to be improved in a distributed manner, to avoid the large centralization control 

message overhead in large-scale networks. 

 

http://www.ijirmet.com/


   ISSN (Online): 2456-0448 
International Journal Of Innovative Research In Management, Engineering And Technology 

Vol. 2, Issue 10, October 2017 

 

 

 

Copyright to IJIRMET www.ijirmet.com  31 

 

REFERENCES 

[1] S. Cui, A. Goldsmith, and A. Bahai, \Energy-e_ciency of MIMO and co-operative MIMO techniques in sensor networks," 

IEEE Journal on Selected Areas in Communications, vol. 22, no. 6, pp. 1089{1098, Aug 2004. 

[2] H. Xu, L. Huang, C. Qiao, W. Dai, and Y.-e. Sun, \Joint virtual MIMO and data gathering for wireless sensor networks," 

IEEE Transactions on Parallel and Distributed Systems, vol. PP, no. 99, pp. 1{1, 2014. 

[3] J. Al-Karaki and A. Kamal, \Routing techniques in wireless sensor net- works: a survey," IEEE Wireless 

Communications, vol. 11, no. 6, pp. 6{28,Dec 2004. 

[4] M. Li, Y. Liu, and L. Chen, \Nonthreshold-based event detection for 3D environment monitoring in sensor networks," 

IEEE Trans. on Knowl. And Data Eng., vol. 20, no. 12, 2008. 

[5] K. Akkaya and M. Younis, \A survey on routing protocols for wireless sensor networks," Ad Hoc Networks, vol. 3, pp. 

325{349, 2005. 

[6] S. H. Lee, S. Lee, H. Song, and H.-S. Lee, \Wireless sensor network design for tactical military applications: Remote 

large-scale environments," 

in Proc. IEEE Military Communications Conference (MILCOM'09), Oct 2009, pp. 1{7. 

[7] S.-Y. Cheung and P. Varaiya, \Tra_c surveillance by wireless sensor networks: Final report," in California PATH 

Research Report, 2007. 

[8] C.-Y. Chong and S. P. Kumar, \Sensor networks: evolution, opportunities, and challenges," in Proceedings of the IEEE, 

2003, pp. 1247{1256. 

[9] E. Ben Hamida and G. Chelius, \Strategies for Data Dissemination to Mobile Sinks in Wireless Sensor Networks," IEEE 

Wireless Communications, vol. 15, no. 6, pp. 31{37, 2008. 

[10] M. I. Khan, W. N. Gansterer, and G. Haring, \Static vs. mobile sink: 

The inuence of basic parameters on energy e_ciency in wireless sensor networks," Comput. Commun., vol. 36, no. 9, pp. 

965{978, May 2013. 

[11] W. Liu, K. Lu, J. Wang, G. Xing, and L. Huang, \Performance analysis of wireless sensor networks with mobile sinks," 

IEEE Transactions on Vehicular Technology, vol. 61, no. 6, pp. 2777{2788, July 2012. 

[12] I. Krontiris, M. Langheinrich, and K. Shilton, \Trust and privacy in mobile experience sharing: future challenges and 

avenues for research," IEEE 

Communications Magazine, vol. 52, no. 8, pp. 50{55, Aug 2014. 

[13] M. Chen, S. Gonzalez, and V. Leung, \Applications and design issues for mobile agents in wireless sensor networks," 

IEEE Wireless Communications, vol. 14, no. 6, pp. 20{26, December 2007. 

[14] L. Brandenburg and A. Wyner, \Capacity of the gaussian channel with memory: The multivariate case," The Bell System 

Technical Journal, vol. 53, no. 5, pp. 745{778, May 1974. 

[15] G. J. Foschini and M. J. Gans, \On limits of wireless communications in a fading environment when using multiple 

antennas," Wirel. Pers. Commun., vol. 6, no. 3, pp. 311{335, Mar. 1998. 

[16] D. N. Nguyen and M. Krunz, \A cooperative MIMO framework for wireless sensor networks," ACM Trans. Sen. Netw., 

vol. 10, no. 3, May 2014. 

http://www.ijirmet.com/


   ISSN (Online): 2456-0448 
International Journal Of Innovative Research In Management, Engineering And Technology 

Vol. 2, Issue 10, October 2017 

 

 

 

Copyright to IJIRMET www.ijirmet.com  32 

 

[17] M. Dohler, E. Lefranc, and H. Aghvami, \Virtual antenna arrays for future  wireless mobile communication systems," 

Publishing House of Electronics Industry, vol. 2, pp. 501 { 505, 2002. 

[18] Y. Yuan, M. Chen, and T. Kwon, \A novel cluster-based cooperative MIMO scheme for multi-hop wireless sensor 

networks," EURASIP J. Wirel. Commun. Netw., vol. 2006, pp. 38{38, Apr. 2006. 

[19] S. Avallone and G. D. Stasi, \A new MPLS-based forwarding paradigm for multi-radio wireless mesh networks." IEEE 

Transactions on Wireless Communications, vol. 12, 2013. 

[20] G. L. Liao, C. Y. Chen, S. W. Hsu, and T. Y. Wu, \Adaptive situation aware load balance scheme for mobile wireless 

mesh networks." in Proc.INFOCOM WKSHPS, 2011, pp. 66{74. 

[21] K. Tada and M. Yamamoto, \Load-balancing gateway selection method in multi-hop wireless networks." in Proc. IEEE 

GLOBECOM'09, 2009, pp. 1{6. 

[22] J. J. Galvez, P. M. Ruiz, and A. F. G_omez-Skarmeta, \Responsive on-line gateway load-balancing for wireless mesh 

networks," Ad Hoc Networks, vol. 10, pp. 46{61, 2012. 

[23] J. Broch, D. A. Maltz, D. B. Johnson, Y.-C. Hu, and J. Jetcheva, \A perfor- mance comparison of multi-hop wireless ad 

hoc network routing protocols," in Proc. MobiCom'98, 1998, pp. 85{97. 

[24] T. He, J. A. Stankovic, C. Lu, and T. F. Abdelzaher, \A spatio-temporal communication protocol for wireless sensor 

networks," IEEE Transactions on Parallel and Distributed Systems, vol. 16, no. 10, pp. 995{1006, 2005. 

[25] V. Mhatre, H. Lundgren, F. Baccelli, and C. Diot, \Joint mac-aware routing and load balancing in mesh networks," in 

Proc. ACM CoNEXT'07, NewYork, NY, USA, 2007, pp. 19:1{19:12. 

[26] V. Mhatre, H. Lundren, and C. Diot, \MAC-aware routing in wireless meshnetworks," in Proc. Wireless on Demand 

Network System and Services (WONS'07), 2007. 

[27] Y. Fu, K.-M. Chan, K. S. Tan, and B. S. Yeo, \Multi-metric gateway discovery for MANET." in Proc. IEEE VTC'06 

Spring, 2006. 

[28] S. H. Bouk, I. Sasase, S. H. Ahmed, and N. Javaid, \Gateway discovery algorithm based on multiple QoS path 

parameters between mobile node and gateway node," Journal of Communications and Networks, vol. 14, pp.434{442, 2012. 

[29] S. Jung, M. Kserawi, D. Lee, and J.-K. K. Rhee, \Distributed potential _eldbased routing and autonomous load balancing 

for wireless mesh networks." IEEE Communications Letters, pp. 429{431, 2009. 

[30] K. Ramachandran, I. Sheri_, E. Belding, and K. Almeroth, \Routing stability in static wireless mesh networks," in 

Proceedings of the 8th InternationalConference on Passive and Active Network Measurement (PAM'07), 2007,pp. 73{83. 

[31] C. Tunca, S. Isik, M. Donmez, and C. Ersoy, \Distributed mobile sinkrouting for wireless sensor networks: A survey," 

IEEE CommunicationsSurveys Tutorials, vol. 16, no. 2, pp. 877{897, Second 2014. 

[32] S. Yu, B. Zhang, C. Li, and H. Mouftah, \Routing protocols for wirelesssensor networks with mobile sinks: a survey," 

IEEE Communications Mag-azine, vol. 52, no. 7, pp. 150{157, July 2014. 

http://www.ijirmet.com/

