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Abstract 

Aiming at the disadvantages of traditional environmental monitoring systems, such as high 
cost, long period and no real-time feedback, a set of high efficiency and stable 
environmental monitoring system including water quality, soil and air is designed by using 
wireless sensor network technology. Environmental parameters are monitored by the 
comprehensive system effectively. This paper mainly introduces the design of WSN 
hardware node, and study how to make full use of the number of nodes in the wireless 
sensor network transmitting valid data of the measured area as much as possible. An 
improved routing protocol based on ACO simultaneously proposed which improves the 
traditional hierarchical routing protocol. The simulation results show that the improved 
environment monitoring system can efficiently and rationally allocate the energy of the 
node, save the cluster head energy, increase the data transmission efficiency and prolong 
the WSN lifetime. 
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1. Introduction 

With the increasing use of natural resources, the problem of environmental pollution is becoming more 

and more serious. At present, the application of environmental monitoring methods can be divided into 

two categories in the light of automation: manual sampling monitoring and setting environmental 

automatic monitoring station [1]. There are many shortcomings in the method of manual acquisition and 

monitoring, such as high cost, low accuracy of the result because of being easy to be influenced by 

external factors, little amount of data acquired in monitoring area, and low data sample.  

Wireless Sensor Networks (WSN) is a distributed information processing technology that integrates 

sensors and embedded computing technology, which can collect large amounts of data at any time, place 

and environment, especially for industrial control and environmental monitoring [2-3]. WSN has a wide 

range of applications, such as smart home, environmental monitoring, and military, because of its wide 

monitoring range, low cost, and its adaptability to harsh environments. Therefore, based on wireless 

sensor network technology and ZigBee short-range wireless communication network, this paper designs 

and develops a set of efficient and stable environmental monitoring system which includes water quality, 

soil and air. Through the simulation analysis of the algorithm, the improved LEACH routing protocol 

based on ant colony algorithm is discussed in detail, which reduces the network energy consumption, 

improves the data transmission efficiency and prolongs the cluster head survival time.  
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2. Structure of Environmental Monitoring System 

2.1 System Structure 

The environmental monitoring system can be divided into two parts: the land monitoring subsystem and 

the water surface monitoring subsystem. The former mainly monitors air quality and soil quality, while 

the latter is responsible for monitoring water quality. In addition to monitor the different parameters of 

two subsystems, the rest of key technical aspects of WSN is no different. In order to simplify the 

discussion, it is assumed that all the nodes are fixed after deployment. Among them, the node of the land 

monitoring subsystem which contains a small number of nodes with GPS devices is randomly deployed. 

The WSN nodes in the subsystem periodically collect the environmental parameter information in the 

area to be monitored. The collected data are processed and transmitted to the sink node by ZigBee 

communication; the water surface monitoring subsystem is composed of GPS nodes and common 

nodes. The collected data is processed by the routing nodes and forwarded to the sink nodes. Finally, the 

data is transmitted to the host computer through the serial port. The detailed structure diagram of the 

environment monitoring system based on WSN designed is shown as in Fig. 1: 

Upper computer

Sink node

Sink node

Land monitoring system
Water surface monitoring system

WSN monitoring node
 

Fig. 1 The detailed structure diagram of the environment monitoring system based on WSN 

2.2 Design of WSN Node Hardware 

Compared with the traditional WSN nodes, WSN nodes adopt three-layer separation structure of power, 

processor and sensor. WSN nodes with this structure have many sensor interfaces pre-set which can add 

sensors at any time according to the requirements of environmental monitoring [4]. The choice of 

sensors are decided by the accuracy of environmental parameters based on the field environment and 

on-site requirements. Power is selected for lithium battery. CC2430 chip supports ZigBee short-range 

wireless communication protocol, not only combines the advantages of CC2420 and Atmegal128, but 

also can constitute a node almost need no external devices, make less interference, and take CC2430 as 

a processor module consequently. 

In the design of the node, energy consumption should be considered. Sending and receiving data 

information is the largest energy consumption of the whole node energy, therefore, choosing ZigBee 

which has high transmission efficiency and low energy consumption as the way of communication 

between nodes. The wireless sensor network based on ZigBee is simple in structure, low in power 

consumption, has no complicated wiring in the environment monitoring site, and the reliability is high 

[5]. 

In addition, designing the wireless sensor network use a certain anti-jamming measures. By adding 

decoupling capacitance between the ground and the power line, selecting the principle based on 3W and 

the digital circuit of anti-DC as well as high noise, the node has certain electromagnetic compatibility, 

ensure the stability and accuracy of the WSN node data acquisition. 
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3. LEACH Routing Protocol Based on Ant Colony Optimization 

Because WSN is a data-centric self-organizing network, WSN has the characteristics of limited power 

supply and limited computing power, which is very different from the traditional wireless network with 

data transmission as the center. In the design of environmental monitoring system, reasonable WSN 

network protocol designed can not only guarantee the wireless sensor nodes have enough life, but also to 

ensure real-time monitoring data and accuracy.  

3.1 LEACH Routing Protocol 

LEACH routing protocol is the first proposed hierarchical routing. The core idea of the algorithm is the 

whole wireless sensor network is divided into several clusters and selected cluster head periodically. The 

process of LEACH protocol implementation is cyclical, where defines the "round" concept, and the 

cluster head nodes are rotated to achieve the purpose of decentralized energy consumption of nodes. 

Each node divided into two phases : the establishment of clusters for each round and data transmission 

[6] . 

In the establishment of each "round" cluster, each node n choose a random number in (0, 1). If this 

number is less than a certain threshold, the node becomes the cluster head node. The calculation of 

(n)T  is as follows: 
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In the formula, p   is the percentage of the total number of cluster heads; r   is rounds number 

completed; 1 p  is rounds number that the sensor node needs to participate in the cluster head selection; 

G  is the set which never taken as cluster head nodes in 1 p   former round. The value of (n)T   

increases with the number of rounds, which ensures that all nodes become cluster heads to disperse 

averagely the energy consumption of nodes and extend operating life. 

The cluster head then broadcasts its own cluster head message to each node. Each node decides to join 

the cluster according to the strength of the received broadcast signal and replies to the cluster head. 

During the data transmission stage, all the cluster nodes follow TDMA (Time division multiple access). 

Time slot sends data to the cluster head, after the data fusion, cluster heads the result to base station [7]. 

LEACH routing protocol topology is shown in Fig. 2. 
Sink node

sensor node

cluster head node

 
Fig.2 LEACH protocol topology 

Compared with the planar routing protocol, LEACH protocol has the advantages of average node 

energy consumption and simple algorithm, which reduces the data transmission and reception of nodes 

in the network, the energy consumption and prolongs the network lifetime. However, in the LEACH 

protocol, the cluster nodes can not send data to each other. Only one-hop communication can be used to 

transmit data to the cluster head node and communicate directly with the sink node. Due to the large 

number of nodes communicating with the sink node and the distance from the sink node, the energy 

consumption of the cluster head far from the sink node is faster, which results in short network life cycle 
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and affects the overall network performance. Therefore, the LEACH routing protocol based on ACO is 

proposed to change the way of cluster head transfer to sink node. 

3.2 Routing Protocol Based on Ant Colony Optimization 

Ant colony Optimization (ACO) proposed by Italy scholar Dorigo. M Ant and others, is a kind of 

heuristic intelligent evolutionary algorithm [8]. After observing the ant colony, the scientists found that 

ants can always find the shortest path in the process of foraging. Because of its strong robustness, 

excellent distributed computing control, and easy integration with other methods, Ant Colony 

Optimization (ACO) has been used in the routing and capacity balance problem of communication 

networks [9]. The routing algorithm based on ant colony algorithm uses the same implementation 

mechanism as LEACH algorithm. Each round is divided into two phases: cluster establishment phase 

and data transmission phase. 

In the cluster establishment stage, the cluster head election process is as follows: firstly, each node 

generates a random number, which has been elected to the cluster head node random number 1. In 

addition, a threshold 
1(n)T  is defined, and the random number generated by each node is compared 

with the threshold value. If the random number is less than the threshold value, the node is elected as the 

cluster head. Cluster head nodes send broadcast information, waiting for random number greater than 1 

of the cluster nodes to join the cluster. Compared with the traditional threshold definition, the residual 

energy ratio of each node is considered to avoid the nodes with large energy consumption become the 

cluster head nodes. The threshold 1(n)T  is defined as follows: 

                               E
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In the formula, P is the ratio of the number of cluster heads and the number of nodes, R is the number 

of completed rounds, and E  is the residual energy of the node and the initial energy ratio. 

In the data transmission phase, the establishment of cluster of wireless sensor networks in the monitoring 

area before the WSN nodes in the cluster continue to collect the environmental parameters. After simple 

data preprocessing, the data information is sent to the cluster head, and the cluster heads are merged. 

Instead of sending the data directly to the sink node, the ant colony algorithm chooses the next-hop node 

according to the probability, and forms the dynamic optimal path based on the energy. In order to 

prevent the traditional ant colony algorithm from being used in WSN, it is easy to form the local optimal 

solution, which causes the energy consumption of nodes on the optimal path is too fast and premature 

death, so the residual energy ratio is taken into account. 

Assuming at the time point t , the pheromone concentration at path ,i j is )(t
ij  ,the remaining energy 

of ratio node j  is  E  ,the probability  p
ij
 of the path from node i  to node j  is: 
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In the formula,    indicates the pheromone concentration on the path, the expected heuristic factor is 

  . kJ  is a set of the next node j which may be transferred to the node i .   ij  is the reciprocal value of 

the distance between node i  and j , and   E  is the ratio of the residual energy of node to the initial 

energy. 

Specific flow chart of the improved LEACH routing protocol based on Ant Colony Optimization as 

shown in Fig.3: 
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Fig.3 LEACH routing protocol flow based on ACO 

The algorithm saves the energy of cluster heads and allocates the energy of node efficiently. It not only 

selects the optimal path but also extends the life cycle of wireless sensor networks. 

4. Simulation Analysis 

The simulation scenario chooses a rectangular region of 1000m in length and width so as to simulate and 

analysis the improved routing protocol, 300 sensor nodes are randomly deployed in the region. The 

probability of each cluster node being elected as cluster head is 0.05. By simulation, the life cycle and 

data transmission efficiency comparison with improved ant colony algorithm and traditional LEACH, 

LEACH based on residual energy and DEEC routing protocol as shown in Fig.4 and Fig.5: 

 
Fig. 4 Comparison of life cycle of routing protocol 

In the Fig.4, LEACH 1 refers to the traditional LEACH routing protocol. LEACH 2 represents the 

LEACH protocol algorithm based on the residual energy selection cluster head. ACO stands for the 

routing protocol based on ant colony algorithm. 

It can be concluded from Figure 4 that the traditional LEACH death occurs at about 1000 rounds, and 

the death rate at 1700 rounds is close to 50%. Although the initial round number of death nodes is about 

1200 rounds, the death rate of about 1800 rounds has reached 50%. The relative effect of two kinds of 

LEACH and DEEC protocol has been greatly improved. The routing protocol based on ACO is the best, 

which appears the first death node in 1500 rounds, and death nodes rate reach to 50% in 2500 rounds. 

The life cycle of WSN has been more significantly prolonged. 
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Comparison of data transmission efficiency under several routing protocols as shown in Fig. 5. 

 
Fig. 5 Comparison of data transmission efficiency under several routing protocols 

Can be clearly seen from Figure 5, in the same time, the ACO protocol data transmission rate is the 

largest. In the 500th round, ACO data transmit 20000 bytes, higher than the LEACH2, DEEC, 

LEACH1 protocol. ACO data transmission curve slope is the most, and node data transmission tends to 

stop due to node death in the 3000th round. Taken together the two terms of life cycle and data 

transmission efficiency, routing protocol based on ACO has a good effect. 

5. Conclusion 

This paper designs an efficient and stable environment monitoring technology solution including water 

quality, soil and air based on wireless sensor network technology, and introduces the hardware design of 

wireless sensor network node and related supporting techniques, which uses parameters from sensor 

acquisition on site and transfer the data fusion between nodes using ZigBee technology to get rid of the 

disadvantages of the traditional wired way, caused by the high cost and complex wiring. Through 

simulation analysis, compared with the other three methods, the improved LEACH routing protocol 

based on ACO, which makes the data transmission efficiency of the improved environment monitoring 

system wireless sensor network higher, and the life cycle has been prolonged obviously. 
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