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Abstract: Wireless Sensor Networks (WSNs) have the potential to build novel IOT applications to monitor and track the 

physical activities in the fields of wild life, smart homes, disaster recovery, battle fields, and so on. WSNs are purely 
application-specific; by behavior, they broadly classify into two categories, namely homogeneous and heterogeneous. All 
sensor nodes in homogeneous networks are the same type, have the same energy and link capabilities, and so on, whereas in 
heterogeneous networks, these parameters vary depending on the application. In this paper, we primarily focus on the 
elimination of overlapping results from existing surveys and propose extensive survey results in terms of the potential 
performance of various clustering and routing protocols in heterogeneous WSNs. The overall survey was carried out based on 
the three types of heterogeneity, namely link, energy, and computational and evaluated protocol capability with various 
network parameters, which are presented in the survey results. 
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1. Introduction  

Wireless sensor networks (WSN) are a collection of 

homogeneous and heterogeneous sensor nodes that are 

spatially scattered to observe an environmental or physical 

condition such as sound, pressure, temperature, etc. [1] [2]. 

These sensors collect information from the environment and 

forward the data to the nearest nodes, where it finally 

reaches the base station. Sensor nodes are equipped with a 

small battery and limited memory and processing capability. 

For sending and receiving data, sensor nodes consume 

resources like energy, storage, and computational capacity. 

Typical wireless sensor network applications are natural 

calamity relief operations, biodiversity mapping, smart 

buildings, industrial surveillance, precision horticulture, and 

health care [3–6]. One of the major research challenges is 

developing efficient clustering and routing algorithms to 

maintain large-scale sensor networks. Some of the current 

research challenges are real-time data scheduling, energy 

management, protocol programming abstraction, privacy 

and security, and localization aspects [7]. As per functional 

and technical metrics, wireless sensor networks are broadly 

classified into two types, namely homogeneous and 

heterogeneous, as extensively presented in [8-10].In 

homogeneity, all sensor nodes have the same type, energy, 

link capability, and other characteristics, whereas in 

heterogeneity, these characteristics vary depending on the 

application. Many researchers in previous decades 

concentrated on and contributed efficient techniques for 

homogeneous conditions, which lagged in heterogeneous 

conditions. Efficient clustering, energy optimization, 

scalable routing, node deployment strategies, and data 

fusion and aggregation are the major research goals, and 

some are still open issues. 

The remaining paper is organized as follows: Section 2 

represents a literature review; Section 3 presents a proposed 

model; Section 4 presents a result analysis; and Section 5 

presents concussion. 

 

2. Related Work 
We investigated the properties of cluster-based routing 

protocols under heterogeneous conditions in this paper. 
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Low-energy adaptive clustering hierarchy (LEACH) by 

Heinemann addressed efficient clustering and node energy 

constraints in a homogenous environment [11].  

LEACH is an adaptive and self-organizing clustering 

algorithm that selects the cluster heads randomly based on 

the residual energy. LEACH prolongs the network's lifespan 

by significantly reducing energy utilization. LEACH 

protocol execution has two steps, namely the setup and 

study state phases. In the setup phase, each node is 

organized and forms a cluster by selecting one cluster head. 

In each round, the possibility of the node becoming the 

cluster head is 1/total number of rounds, and the cluster 

head will change the node's energy balance, which prolongs 

the network's lifetime. LEACH, a dependable protocol, 

performs computations locally with the help of MAC, 

routing under difficult conditions. LEACH, the first cluster-

based routing protocol, and its variants (LEACH-C, Multi-

hop LEACH, Vice LEACH (VLEACH), RECHS, Energy 

Aware Centralized LEACH (EA-LEACH), Energy-Efficient 

Adaptive Protocol for Clustered Wireless Sensor Networks 

(EEAP), EDRLEACH, Two Level Low Energy Adaptive 

Clustering Hierarchy (LEACH-TLCH), Quadrature-LEACH 

(QLEACH),The extrapolation technique in LEACH 

enhancements improved throughput and network life span 

by minimizing larger packet losses.[12]. PEGASIS [13] is a 

homogeneous protocol that adapts a chain-based approach; 

each node works with its neighbor node and transmits the 

aggregation data to the sink node.  

This protocol forms the chain from lower levels of 

nodes to higher levels, i.e., the base station. Every node in 

the chain works like a transceiver (sense and transform). To 

form a chain, the protocol employs a greedy-based heuristic 

technique, and data transmission occurs in both single-hop 

and multi-hop modes. Sensor nodes follow single-hop 

transmission, whereas the base station works on multi-hop. 

C4SD [14]. SEP (Stable Election Protocol) [15] 

environment aware and extends the table region's lifespan 

before the first node dies. SEP is a hierarchy protocol that 

maintains a certain level of hierarchy, namely "normal 

advanced" (more energy than normal) and allows a very 

small number of nodes to act as a cluster headset in dynamic 

and scalable environments. There is no global knowledge or 

distribution level required.  

E-SEP [16]: E-SEP is a residual energy-aware protocol 

that does not calculate the remaining energy of the nodes at 

each round like LEACH. Due to this, sometimes a low-

energy node may also become a cluster head and, being 

located at the edge of the network, will not be able to 

perform reliable data aggregation, which impacts faster 

energy depletion.  

T-SEP [17]: T-SEP is an active routing protocol that 

achieves higher throughput by maintaining multiple levels 

of heterogeneity. T-SEP CH selection is based on node 

threshold and will include three levels of energy nodes: 

advanced, intermediate, and ordinary.ET-SEP is abbreviated 

as "enhanced threshold." SEP outperforms SEP and T-SEP 

in terms of delay, packet loss, and throughput. ET-SEP sets 

the threshold based on the clusters and residual energy of 

the nodes. RFL-SEP [20]: RFL-SEP adopts a five-level 

heterogeneity, hybrid data aggregation approach rather than 

a three-level approach, and improves T-SEP performance in 

terms of packets sent to the base station.AT-SEP, Z-SEP 

(Zonal SEP), AT-SEP , ELB-SEP , and M-SEP  are other 

variants of SEP. M-SEP is a modified SEP suitable for 

multi-level power transmission. Distributed energy efficient 

clustering (DEEC)  bases cluster head selection on 

probability based on the ratio of the average energy of the 

network and the residual energy of each node. Usually, 

nodes with high initial and residual energy form cluster 

heads. DEEC outperforms SEP,  LEACH, and LEACH-E in 

terms of the number of alive nodes and packets sent to the 

base station.  

D-DEED [18], E-DEEC [19], and Distance-Energy 

Cluster Structure Algorithm (DECSA) [20] consider nodes' 

residual energy and distance to enhance cluster head 

selection, formation, and data transmission. DECSA 

effectively focuses on the non-uniform distribution of nodes 

in the network and avoids the direct communication 

between the sink and cluster head, which leads to a balance 

in energy consumption and prolongs the lifetime. DECSA 

has better performance than the original LEACH protocol. 

LESCA (Location-Energy Spectral Clustering Algorithm) 

[21] adapts spectral clustering for cluster formation. The 

work of LESCA with residual energy and the distances 

between nodes to sink and nodes to cluster cancroids allow 

for the network's consumed energy to be minimized.LESCA 

provides better performance improvement in terms of 

energy and lifetime gains compared to the others. LEACH-

C [22]. Ajay and Sushil proposed energy-efficient clustering 

(E2C), which handles multilevel heterogeneity by predicting 

residual energy and the optimal probability of a sensor. The 

E2C protocol improves throughput and network life by 

optimizing packet losses with the extrapolation 

technique.E2C outperforms DEEC and SEP [30]. 

AM-DICNT [23]. IAM-DICNT, DCCNT [24]. The 

Joint Clustering and Routing (JCR) protocol is suitable for 

larger sensor networks and performs better in terms of 

clustering and routing. JCR adopts back-off timer heuristics 

and follows gradient-based routing. JCR improved the inter-

cluster communication by following a multi-hop routing 

approach. JCR prolongs the network life compared with 

BSC.  

The EEHC (Energy-efficient Heterogeneous Cluster) 

[25] scheme for wireless sensor networks assigns a weighted 

probability to each and every node. Based on the probability 

value, nodes become a CH.EEHC outperforms leaching in 

terms of network life extension. BCDCP , EDFCM  is a 

stable election protocol designed with an energy dissipation 

forecast method for clustered heterogeneous wireless sensor 

networks. It is a self-adaptive clustering routing protocol, 

with CH selection done using a one-step energy 

consumption forecast method. The network's stability is 

maintained by calculating the energy of each node in each 

round. EDFM balances energy utilisation better than 

conventional routing protocols and prolongs the lifetime of 

networks. The Algorithm for Cluster Establishment (ACE) 

[27] selects the CH by migrating to the existing clusters. It is 

scale-independent and does not require geographic 
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capability for node location. ACE[28] is fast, robust against 

packet loss and node failure, and good in terms of 

communications. Base Station-Initiated Clustering resolved 

base station location issues and provided an efficient routing 

mechanism for heterogeneous wireless sensor networks. 

ZREECR [29] deals with node energy consumption based 

on initial energy and message size. The overall network area 

is subdivided into smaller zones based on the network size 

and transmission range. Based on the sink location, clusters 

will be formed and are usually located at the centre of the 

network. ZREECR balances the energy consumption of all 

network nodes and performed slightly worse than REECR. 

DMAC [30]. 

 

Performance Evaluation of the Protocols: 

 

 

Computational Heterogeneity 

 

Protocol Name 
Cluster Stability 

 

Packet Loss Rate 

 

Level of 

heterogeneity 

 

BCDCP 

 
HIGH LOW One 

EDFCM 

 
HIGH LOW Three 

BASE STATION INTIATED 

CLUSTERING 
LOW HIGH Two 

ZREECR  LOW HIGH Two 

EDFM 

 
MODERATE MEDIUM Two 

BSIDR 

 
LOW HIGH Two 

 

Energy Heterogeneity 

 

Protocol name Residual 

energy 

 

no of alive 

nodes 

 

Nodes Send to 

Sink 

Throughput 

 

SEP & Its Variants () 

 

HIGH 

 

HIGH 

 

GOOD 

 

HIGH IN E-SEP 

 

DEEC & its Variants  

 

MEDIUM 

 

HIGH IN 

EDEEC 

 

GOOD 

 

HIGH IN EDEEC 

 

LESCA  

 

HIGH 

 

HIGH 

 

GOOD 

 

MEDIUM 

 

LEACH-E 

 

MEDIUM 

 

HIGH 

 

GOOD 

 

MEDIUM 

 

LEACH-C  LOW LOW POOR LOW 

Link Heterogeneity 

Protocol Name Bandwidth/latency 

 

Single /Muti 

hop 

 

Through 

put 

 

Service 

Discovery 

 

Path Loss 

Rate 

 

RELAY 

NODE 

 

LEACH & its 

Variants 

AVERAGE Multi-Hop High MEDIUM LOW NO 

DMAC  LOW MULTI-HOP HIGH HIGH  YES 

SLDMAC LOW MULTI HOP LOW   YES 

PEGASIS  LOW Multi-Hop    YES 

C4SD   Multi-Hop  LOW  YES 
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DECSA 

 

LOW 

 

LOW 

 

POOR 

 

LOW 

 

E2C 

 

MEDIUM 

 

MEDIUM 

 

very good 

 

HIGH 

 

AM-DICNT  
HIGH HIGH very good 

MEDIUM 

 

IAM-DICNT  
HIGH HIGH very good 

HIGH 

 

DCCNT  
HIGH HIGH very good 

High 

 

JCR 
HIGH HIGH very good 

High 

 

EDFCM 

 

Low 

 

MEDIUM 

 

GOOD 

 

MEDIUM 

 

DEBC 

 

MEDIUM 

 

MEDIUM 

 

GOOD 

 

GOOD 

 

C4SD 

 

Low 

 

Low 

 

GOOD 

 

Low 

 

DEECIC 

 

NA- NA- NA- NA- 

EHE-LEACH 

 

NA- NA- NA- NA- 

WBCHN 

 

HIGH 

 

HIGH 

 

GOOD 

 

MEDIUM 

 

 

 

3. Conclusion 
The research survey carried out on the heterogeneity of 

wireless sensor nodes and their corresponding network 

protocols the heterogeneity of the sensor nodes is designed 

and implemented by three metrics, namely linkage, energy, 

and computation. Link heterogeneity is useful for multichip 

data transfer in large-scale WSN to achieve a higher 

reception success rate. Due to unwanted obstacles or events, 

nodes lose links quickly, causing high congestion in the 

network. Surge reliability is used to maintain link stability 

and the quality of the network to achieve reliable data 

transfer. Survey results state that when nodes are less than 3 

meters apart, the reception success rate is high and gradually 

decreases as the distance is increase. Efficient Link 

Heterogeneity addresses the routing and data transfer issues 

of context-aware HWSN applications. The existing link 

heterogeneity protocols did not address all types of dynamic 

events fired in the network environment. Energy 

heterogeneity is useful to prolong the network's life span by 

calculating the nodes' residual energy in each round. To 

prolong the network life, heuristic techniques are used to 

develop efficient cluster head election and cluster formation 

approaches to save the energy of nodes. LEACH, SEP, and 

DEEC are some of the popular protocols to maintain energy 

efficiency. Computational heterogeneity is useful to achieve 

minimum power consumption and improve the bandwidth 

of the network. 

 

 

 

References 
[1] ELkamel, R., & Cherif, A. (2017, August 2). Energy-

efficient routing protocol to improve energy consumption in 

wireless sensors networks. International Journal of 

Communication Systems, 30(17), e3360. 

https://doi.org/10.1002/dac.3360 

[2] Gavrilovska, L. (2009, June 26). Wireless sensor 

networks: a vision for new networking paradigm. Sensor 

Review, 29(3). https://doi.org/10.1108/sr.2009.08729caa.002 

[3] Rashid, B., & Rehmani, M. H. (2016, January). 

Applications of wireless sensor networks for urban areas: A 

survey. Journal of Network and Computer Applications, 60, 

192–219. https://doi.org/10.1016/j.jnca.2015.09.008   

[4] Wang, X., Wang, S., Ma, J., & Sun, X. (2010, March 

31). Energy-aware Scheduling of Surveillance in Wireless 

Multimedia Sensor Networks. Sensors, 10(4), 3100–3125. 

https://doi.org/10.3390/s100403100  

[5] Niedermeier, M., He, X., de Meer, H., Buschmann, C., 

Hartmann, K., Langmann, B., Koch, M., Fischer, S., & 

Pfisterer, D. (2015, November 25). Critical Infrastructure 

Surveillance Using Secure Wireless Sensor Networks. 

Journal of Sensor and Actuator Networks, 4(4), 336–370. 

https://doi.org/10.3390/jsan4040336  

[6] Hart, J. K., & Martinez, K. (2006, October). 

Environmental Sensor Networks: A revolution in the earth 

system science? Earth-Science Reviews, 78(3–4), 177–191. 

https://doi.org/10.1016/j.earscirev.2006.05.001  

[7] Stankovic, J. A. (2004, July). Research challenges for 

wireless sensor networks. ACM SIGBED Review, 1(2), 9–

12. https://doi.org/10.1145/1121776.1121780 

https://doi.org/10.1002/dac.3360
https://doi.org/10.1108/sr.2009.08729caa.002
https://doi.org/10.1016/j.jnca.2015.09.008
https://doi.org/10.3390/s100403100
https://doi.org/10.3390/jsan4040336
https://doi.org/10.1016/j.earscirev.2006.05.001
https://doi.org/10.1145/1121776.1121780


A Damayanthi , 
 
Mohammad Riyaz Belgaum (2022). A Study of Heterogeneity Characteristics over Wireless Sensor 

Networks. International Journal of Computer Engineering In Research Trends, 9(12), pp. 258–262. 

© 2022, IJCERT All Rights Reserved           https://doi.org/10.22362/ijcert/2022/v9/i12/v9i1204                                        262 

[8] Rostami, A. S., Badkoobe, M., Mohanna, F., keshavarz, 

H., Hosseinabadi, A. A. R., & Sangaiah, A. K. (2017, 

September 21). Survey on clustering in heterogeneous and 

homogeneous wireless sensor networks. The Journal of 

Supercomputing, 74(1), 277–323. 

https://doi.org/10.1007/s11227-017-2128-1 

[9] Zhao, L. (2018). Data Aggregation in WSN based on 

Deep Self-Encoder. International Journal of Performability 

Engineering. 

https://doi.org/10.23940/ijpe.18.11.p18.27232730 

[10] Liu, M. X., & Wang, X. M. (2014, November). Energy 

Balance Routing Algorithm Based on Energy 

Heterogeneous WSN. Applied Mechanics and Materials, 

687–691, 3976–3979. 

https://doi.org/10.4028/www.scientific.net/amm.687-

691.3976  

[11] Heinzelman, W., Chandrakasan, A., & Balakrishnan, 

H. (2002, October). An application-specific protocol 

architecture for wireless microsensor networks. IEEE 

Transactions on Wireless Communications, 1(4), 660–670. 

https://doi.org/10.1109/twc.2002.804190  

[12] Sharma, M. (2012, November 30). Transmission Time 

and Throughput analysis of EEE LEACH, LEACH and 

Direct Transmission Protocol: A Simulation Based 

Approach. Advanced Computing: An International Journal, 

3(6), 75–82. https://doi.org/10.5121/acij.2012.3609 

[13] Singh, S. K., Kumar, P., & Singh, J. P. (2017). A 

Survey on Successors of LEACH Protocol. IEEE Access, 5, 

4298–4328. https://doi.org/10.1109/access.2017.2666082  

[14] Masdari, M., & Tanabi, M. (2013, December 31). 

Multipath Routing protocols in Wireless Sensor Networks: 

A Survey and Analysis. International Journal of Future 

Generation Communication and Networking, 6(6), 181–192. 

https://doi.org/10.14257/ijfgcn.2013.6.6.19 

[15] Marin-Perianu, R., Scholten, J., Havinga, P., & Hartel, 

P. (2008, May 9). Cluster-based service discovery for 

heterogeneous wireless sensor networks. International 

Journal of Parallel, Emergent and Distributed Systems, 

23(4), 325–346. 

https://doi.org/10.1080/17445760801930948 

[16] Hossan, A., & Choudhury, P. K. (2022). DE-SEP: 

Distance and Energy Aware Stable Election Routing 

Protocol for Heterogeneous Wireless Sensor Network. IEEE 

Access, 10, 55726–55738. 

https://doi.org/10.1109/access.2022.3177190  

[17] Verma, S., & Pathre, A. (2018). Energy Efficient Stable 

Election Protocol Scheme for Extend the Lifetime of WSN 

with Isolated Nodes. International Journal of Computer 

Applications, 180(45), 1–5. 

https://doi.org/10.5120/ijca2018916963 

[18] Muoghalu, C. N., Achebe, P. N., & Aigbodioh, F. A. 

(2022). Effect Of Increasing Node Density On Performance 

Of Threshold-Sensitive Stable Election Protocol. 

International Journal of Advanced Networking and 

Applications, 13(06), 5183–5187. 

https://doi.org/10.35444/ijana.2022.13604 

[19] Zhao, L., & Tang, Q. (2019). An Improved Threshold-

Sensitive Stable Election Routing Energy Protocol for 

Heterogeneous Wireless Sensor Networks. Information, 

10(4), 125. https://doi.org/10.3390/info10040125 

[20] Mishra, Y., Singhadia, A., & Pandey, R. (2014). 

Energy Level Based Stable Election Protocol in Wireless 

Sensor Network. International Journal of Engineering 

Trends and Technology, 17(1), 32–38. 

https://doi.org/10.14445/22315381/ijett-v17p206 

[21] Arya, G., & S Chauhan, D. (2013). Modified Stable 

Election Protocol (M-SEP) for Hierarchical WSN. 

International Journal of Computer Applications, 79(16), 

35–39. https://doi.org/10.5120/13947-1926 

[22] Kumar, R., & Kaur, R. (2014). Evaluating the 

Performance of DEEC Variants. International Journal of 

Computer Applications, 97(7), 9–16. 

https://doi.org/10.5120/17017-7299 

[23] . Kim, H. S., Abdelzaher, T. F., & Kwon, W. H. (2005). 

Dynamic delay-constrained minimum-energy dissemination 

in wireless sensor networks. ACM Transactions on 

Embedded Computing Systems, 4(3), 679–706. 

https://doi.org/10.1145/1086519.1086530  

[24] . Jibreel, F. (2019). Improved Enhanced Distributed 

Energy Efficient Clustering (iE-DEEC) Scheme for 

heterogeneous Wireless Sensor Network. International 

Journal of Engineering Research and Advanced 

Technology, 05(01), 06–11. 

https://doi.org/10.31695/ijerat.2019.3359 

[25] Gupta, S. K., & Singh, S. (2022). Energy Efficient 

Dynamic Sink Multi Level Heterogeneous Extended 

Distributed Clustering Routing for Scalable WSN: ML-

HEDEEC. Wireless Personal Communications. 

https://doi.org/10.1007/s11277-022-09967-6  

[26] Jorio, A., El Fkihi, S., Elbhiri, B., & Aboutajdine, D. 

(2015). An Energy-Efficient Clustering Routing Algorithm 

Based on Geographic Position and Residual Energy for 

Wireless Sensor Network. Journal of Computer Networks 

and Communications, 2015, 1–11. 

https://doi.org/10.1155/2015/170138 

[27] Goel, A. (2020). Energy Efficient Routing in Wireless 

Sensor Network using a Modified LEACH based Protocol. 

International Journal for Research in Applied Science and 

Engineering Technology, 8(1), 14–18. 

https://doi.org/10.22214/ijraset.2020.1003 

[28] Sikandar, A., & Kumar, S. (2015). Energy Efficient 

clustering in Heterogeneous Wireless Sensor Networks 

using Degree of Connectivity. International Journal of 

Computer Networks & Communications, 7(2), 19–31. 

https://doi.org/10.5121/ijcnc.2015.7202 

[29] Mohan, P., Subramani, N., Alotaibi, Y., Alghamdi, S., 

Khalaf, O. I., & Ulaganathan, S. (2022). Improved 

Metaheuristics-Based Clustering with Multihop Routing 

Protocol for Underwater Wireless Sensor Networks. 

Sensors, 22(4), 1618. https://doi.org/10.3390/s22041618 

[30] Yi, J., & Lee, H. (2016). Modeling and performance 

analysis for a receiver-initiated MAC protocol in wireless 

sensor networks. International Journal of Distributed 

Sensor Networks, 12(11), 155014771667655. 

https://doi.org/10.1177/1550147716676553 

 

https://doi.org/10.1007/s11227-017-2128-1
https://doi.org/10.23940/ijpe.18.11.p18.27232730
https://doi.org/10.4028/www.scientific.net/amm.687-691.3976
https://doi.org/10.4028/www.scientific.net/amm.687-691.3976
https://doi.org/10.1109/twc.2002.804190
https://doi.org/10.5121/acij.2012.3609
https://doi.org/10.1109/access.2017.2666082
https://doi.org/10.14257/ijfgcn.2013.6.6.19
https://doi.org/10.1080/17445760801930948
https://doi.org/10.1109/access.2022.3177190
https://doi.org/10.5120/ijca2018916963
https://doi.org/10.35444/ijana.2022.13604
https://doi.org/10.3390/info10040125
https://doi.org/10.14445/22315381/ijett-v17p206
https://doi.org/10.5120/13947-1926
https://doi.org/10.5120/17017-7299
https://doi.org/10.1145/1086519.1086530
https://doi.org/10.31695/ijerat.2019.3359
https://doi.org/10.1007/s11277-022-09967-6
https://doi.org/10.1155/2015/170138
https://doi.org/10.22214/ijraset.2020.1003
https://doi.org/10.5121/ijcnc.2015.7202
https://doi.org/10.3390/s22041618

