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Abstract—This paper focuses on studying the impacts of a duty-cycle based CKN sleep scheduling algorithm for our previous designed TPGF geographical multipath routing algorithm in wireless sensor networks (WSNs). It reveals the fact that waking up more sensor nodes cannot always help to improve the exploration results of TPGF in a duty-cycle based WSN. Furthermore, this study provides the meaningful direction for improving the application-requirement based QoS of stream data transmission in duty-cycle based wireless multimedia sensor networks. Index Terms—Duty-Cycle; Geographical Multipath Routing; Wireless Sensor Networks; Multimedia Streaming



I. T HE R ESEARCH P ROBLEM TPGF routing algorithm [1] is one of the earliest geographical multipath routing algorithms designed for facilitating the multimedia stream data transmission in static & always-on wireless sensor networks (WSNs). It focuses on exploring the maximum number of optimal node-disjoint routing paths in network layer in terms of minimizing the path length and the end-to-end transmission delay. However, in most realistic situations, sensor nodes in the network generally cannot be always-on, since a certain portion of them should turn to sleep mode for saving energy. In our previous research work [2], we had already conducted the performance analysis on the static & always-on WSN for TPGF multipath routing algorithm. In this paper, we are extremely interested in seeing the execution performance of TPGF in duty-cycle based WSNs. Particularly, our interests fall into the following two aspects: • Will waking up more sensor nodes help to find more average number of paths when executing TPGF? • Will waking up more sensor nodes help to reduce the average length of paths when executing TPGF? II. T HE CKN S LEEP S CHEDULING A LGORITHM In [3], Nath et al. proposed a Connected K-Neighborhood sleep scheduling algorithm, named as CKN, for duty-cycle based WSNs. CKN algorithm aims at allowing a portion of sensor nodes in the WSN to go to sleep but still keeping all the awoken sensor nodes connected. The number of sleeping nodes in the WSN when applying CKN algorithm can be adjusted when changing the value of K. For example, as shown in Fig. 1, when the K increases from 1 to 8, the number of sleeping nodes in the same WSN decrease.



Figure 1. Four examples of executing CKN algorithm with different values for K. When K = 1, a large number of sensor nodes can turn to sleep mode, but when K = 8, almost all sensor nodes have to be always-on. Here, the black color and unconnected sensor nodes are sleeping nodes.



Figure 2. Four examples for executing TPGF in a duty-cycle based WSN in different epoch of the CKN algorithm. Here, the value of K is 1. TPGF can find only two transmission paths in both Fig. 2 (a) and Fig. 2 (b), but can find three and four transmission paths in Fig. 2 (c) and Fig. 2 (d), respectively.
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Figure 3.



Average number of paths vs. the value of K.



Figure 4.



IV. C ONCLUSIONS The two major observations from our simulation studies reveal an important fact: it is possible to keep a portion of sensor nodes in sleep mode and still provide a certain
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In order to check the impacts of duty-cycle on our TPGF geographical multipath routing algorithm, we implemented the CKN algorithm into our NetTopo WSNs simulator [4], in which the TPGF algorithm was implemented. As shown in Fig. 2, four snapshots of the execution of TPGF on a dutycycle based WSN are given. The WSN is deployed with 300 sensor nodes in a network field of 500×500m2 . The dynamical changing of the network topology poses a lot of uncertainty for the exploration results of TPGF. In NetTopo, we conducted extensive simulation experiments. The studied WSN has the network size: 800×600m2 . The number of deployed sensor nodes are increased from 100 to 1000 (each time increased by 100). The value of K is changed from 1 to 10 (each time increased by 1). For every number of deployed sensor nodes, we use 100 different seeds to generate 100 different network deployment. A source node is deployed at the location of (50, 50), and a sink node is deployed at the location of (750, 550). The transmission radius for each node is 60m. Fig. 3 shows the simulation results of the average number of explore transmission paths when the value of K changes for different number of deployed sensor nodes. The observation that we can gain from this simulation result is that: for a certain WSN with a particular network density, increasing the value of K cannot always help to increasing the average number of paths that can be found by TPGF. In other words, waking up more sensor nodes cannot always help to find more number of transmission paths found by TPGF. Fig. 4 and Fig. 5 together reflect the average length of paths when the value of K changes for different number of deployed sensor nodes. Especially, from Fig. 4, it is interesting to notice that the average length of explored transmission paths is not dramatically effected by the value of K. In other words, waking up more sensor nodes cannot always help to reduce the average length of transmission paths found by TPGF.
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Figure 5. TPGF routing algorithm includes two phases: Phase 1 is responsible for exploring the possible routing path. Phase 2 is responsible for optimizing the found routing path with the least number of hops. The simulation results with changed K values in this figure reflect the comparison between the original average length of paths and the optimized average length of paths.



level quality of service for WSN applications. Practically, for some scenarios, e.g., transmitting multimedia stream data in a duty-cycle based wireless multimedia sensor network, if the source nodes need average N number of node-disjointed transmission paths, we probably can find a minimum value of K to maximize the number of sleeping nodes in the network while satisfying the requirement on the average N number of transmission paths. ACKNOWLEDGMENT This research work in this paper was supported by Grantin-Aid for Scientific Research (S)(21220002) of the Ministry of Education, Culture, Sports, Science and Technology, Japan. R EFERENCES [1] L. Shu, M. Hauswirth, D. Phuoc, P. Yu, L. Zhang, “Transmitting Streaming Data in Wireless Multimedia Sensor Networks with Holes”. In Proceedings of the 6th International Conference on Mobile Ubiquitous Multimedia (MUM 2007), Oulu, Finland. December 12-14, 2007. [2] L. Shu, Y. Zhang, L.T. Yang, Y. Wang, M. Hauswirth, N. Xiong, “TPGF: Geographic Routing in Wireless Multimedia Sensor Networks”. In Springer Journal of Telecommunication Systems, Vol. 44(1-2), 2009. [3] S. Nath, P.B. Gibbons, “Communicating via fireflies: Geographic Routing on Duty-Cycled Sensors”. In IPSN’07, pages 440-449, New York, NY, USA, 2007. ACM. [4] L. Shu, C. Wu, Y. Zhang, J. Chen, L. Wang, M. Hauswirth, “NetTopo: beyond simulator and visualizer for wireless sensor networks”. In ACM SIGBED Review, Vol. 5, No. 3, October, 2008.
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