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Abstract: In this paper we design and implemented a dynamic and smart wireless mesh sensor network for aquaculture and 

water quality management applications.  This system utilizes the Waspmote embedded systems platform developed by 

Libelium, mesh networking transceivers from Digi International and smart sensors from UNISM to implement a novel smart 

Wireless Mesh Sensor network –Aquamesh with multiple gateways of different technologies (Zigbee, GPRS and WIFI). The 

system is designed to continuously monitor aqua-environmental parameters and then initiate an alert or early warning to 

system user when certain thresholds are exceeded. The data generated from this system is stored locally on the gateway or 

sent to a remote web server. Data on the local database or remote web server can be accessed with smart mobile phones or 

personal computers. The experimental results show that the system presented in this paper is feasible to implement and 

present results consistent with traditional aqua-quality monitoring systems. This system will find application in the moni-

toring of marine and wetlands environments like fish ponds, coastal water pollution monitoring systems, effluent and sewage 

treatment plants, offshore oil and gas drilling facilities. 
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1. Introduction 

Recent advances in semiconductor technologies have 

presented a new paradigm within computer science: the 

networking of small-sized sensors which are capable of 

sensing, processing, and communicating. These Small and 

smart devices equipped with a processing unit, storage ca-

pacity, and small radios offers wireless communication and 

has presented new application opportunities[1]. Wireless 

Sensor Networks (WSN) are becoming ubiquitous and 

permeating every aspect of our everyday life ranging from 

unobtrusive applications in military and intelligence control 

to new areas of habitat and environment monitoring, disas-

ter control, health care and home automation.  

Wireless mesh sensor networks combine the advantages 

of wireless mesh networks and wireless sensor networks. 

As the name implies, wireless mesh sensor networks are; 

• Comprised of wireless Sensor nodes.  A node in this 

type of network consists of a sensor or an actuator that 

is connected to a bi-directional radio transceiver.  Data 

and control signals are communicated wirelessly in this 

network and nodes can easily be battery operated. 

• Arranged in a networking topology called “mesh net-

work”.  Mesh networking is a type of network where 

each node in the network can communicate with more 

than one other node thus enabling better overall connec-

tivity. 

State of the art WMSN shares some of the following 

characteristics; self healing, self organizing and performs 

multi-hops from data source to destination. They posses 

decisive advantages, compared with other technologies 

previously used to monitor environments via the collection 

of physical data. The combination of these advantages 

enables the monitoring of phenomena of high variability, 

both in time and space and also makes it possible to re-

trieve data in real-time from locations that are difficult to 

access, either temporarily or permanently, thus addressing 

stringent responsiveness and accessibility requirements. 

Their capacity to organize spontaneously in a network 

makes them easy to deploy, expand and maintain, as well as 

resilient to the failure of individual measurement points. 

Wireless Sensor Network (WMSN) technologies have 

enabled many interesting applications in pervasive and 

ubiquitous computing [2]. For example using wireless sen-

sor networks in the field of Agriculture has witness a tre-

mendous increase as practices and technologies to increase 
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world food production becomes the focus of various coun-

tries as world population continues to increase. WSN in the 

agricultural industry find usage in wide and varied areas of 

applications like Precision Agriculture, vineyard monitory, 

irrigations and control systems, aquaculture and water 

quality monitoring. 

Aquaculture involves cultivating freshwater and saltwa-

ter populations such as fishes, crustaceans, molluscs and 

aquatic plants under controlled conditions [3]. The positive 

impacts of aquaculture are well documented. For instance, 

proponents of aquaculture argue that aquaculture reduces 

the world dependence on wild stocks of fish, provides new 

jobs, and helps to feed the worlds growing population 

[4].  The reported output from global aquaculture opera-

tions would supply one half of the fish and shellfish that is 

directly consumed by humans [5]. In 2004, Aquaculture 

contributed more than one third of the world total produc-

tion of fishes [6] and there have been consistent growth rate 

in production recorded over the last 30 years by different 

countries.[7]. For example Puerto Montt in Chile has be-

come famous for farming and exporting Salmond and it is 

reported that about 90% of all the shrimps and crustaceans 

consumed in the United states is farmed and imported [8]. 

While agricultural revolution in Aquaculture is an espe-

cially important economic activity in China accounting for 

70% of world production [9,10], it is also becoming one of 

the fastest growing areas of food production in the United 

states.   

In modern aquaculture management, water quality mon-

itoring plays an important role. Appropriate control of the 

water quality to keep the concentration of the water envi-

ronment parameters in the optimal range can enhance the 

growth rate of aquatic organisms, affect dietary utilization 

and reduce the occurrence of large-scale diseases inci-

dences. Without gathering information of physical and 

chemical parameters of water quality together with the re-

lated ecological factors it is almost impossible to perform 

the appropriate water quality control at the right time in the 

right place.  

To realize real-time data collection in a secure, robust, 

manageable and low-cost manner, without long-distance 

cable connections, is the motivation for this paper. This 

paper examines how best to develop a wireless mesh sensor 

network to provide these and other services to aquaculture 

farming which primarily benefits the community and en-

hance return on investment to the farmer. We present the 

research, design and development of a wireless mesh sen-

sor network called “Aquamesh” to be deployed in an aqua 

cultural environment and identify some of the benefits this 

type of network could offer. 

2. Systems Design 

For aquaculture monitoring, we are interested in conti-

nuous monitoring of multiple environmental parameters in 

an aqua-culture environment through the use of wireless 

mesh sensor network. The parameters of interest in paper 

are PH, Dissolved Oxygen (DO), Electrical Conductivity 

(EC) and Temperature.  The systems architecture and 

network topology is shown in Figure 1. 

2.1. Data Generation  

Our system adopts a hybrid data generation strategy, 

combining all the data needs and generation requirements 

of time, event and query driven approach. 

The system is expected to generate data values of PH, 

Electrical Conductivity (EC), Dissolved Oxygen (DO) and 

Temperature periodically, forwarding the results to the ga-

teway for storage in the database or to the internet server 

when available. This allows for the best energy consump-

tion profile, because radio resources are used only when it 

is considered necessary by the application. 

Also if the parameters exceeds or fall below the thre-

sholds of 6.0 or 8.5 for PH, 20mg/l for DO, 200 µs/cm for 

EC and 340C for temperature, short message service (SMS) 

alert are sent to the farmer or administrators to enable instant 

remedial actions to be initiated. This allows capture on the 

flight important events, whose freshness is important for the 

proper operation of the system. 

The design also allows for users generated queries to be 

performed on the sensors at any time to acquire needed data. 

These queries can be generated through any of the WIFI, 

GPRS/SMS or ZigBee gateway. 

 

Figure 1. Systems architecture of Aquamesh. 

2.2. Data Transport  

We envisioned a wireless meshed sensor network where 

data generated in the field can be accessed and processed in 

the comfort of a remote office. We consider a direct con-

nection through a single gateway station unfeasible due to 

the remote locations of most farms. On the other hand, a 

pure complete mesh network, where full connectivity is 

required, would not be the case in this design because of the 

complexities and resources utilization of such a topology. In 

this system, a partial wireless mesh network topology is 

utilized to achieve data transport from the end nodes through 

intermediate nodes to the gateways and finally the remote 

user’s location. 

To accomplish high data throughput and availability, 

prompt access to data from remote location, to ensure 

maximum reliability and avoid data loss, the system is de-

signed with multiple gateways using a mix of technologies 
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(GPRS, WIFI, ZigBee) to ensure sensed data is communi-

cated to the end user.  

3. Systems Implementations 

Aquamesh is composed of (a) Wireless Mesh sensor 

nodes, (b) a GPRS/SMS gateway, (c) a WIFI gateway, and a 

network implementation strategy using (d) mesh topology to 

transport data generated from (e) smart sensor probes to (f) 

remote web server (g) smart mobile phones or a personal 

computer fitted with (h) ZigBee dongle gateway. 

3.1. Wireless Mesh Sensor Node 

The wireless mesh sensor node implemented is a Wasp-

mote embedded systems board integrated with Atmega 

1281 micro controller unit (MCU) [11], a wireless mesh 

network transceiver radio module (DigiMesh 2.4 transceiv-

er radio chip) [12], smart sensors [13, 14, 15] for PH, EC, 

DO and temperature connected through a Waspmote [16] 

Prototyping board [17] and a battery power source com-

plemented with an energy harvesting solar module [18].  

Waspmote does not support RS485 smart sensors either 

directly or through the Prototyping board. To implement 

our Aquamesh WMSN, an RS485 to RS232 UART conver-

sion was done using CAU-RTU-0-01 chip module. Smart 

Digital Sensor probes CAU-PH-3000, CAU-DO-1100, and 

CAU-EC-4000 for PH, DO, and EC respectively developed 

by UNISM were used to acquire data and communicate on 

request from the MCU using the Unibus Protocol. These 

sensors are connected to the Waspmote node through the 

RS485 interface of the CAU-RTU-0-01 chip .The proto-

typing board provides +3.2V power which powers all the 

Sensors. As part of the design to enable low power con-

sumption and individual control of the sensors, the software 

ensures the sensors are powered serially one after another. 

This allows only one sensor to be active at a time. 

The architecture of Aquamesh is designed to have dy-

namic and multiple gateways implementing a mix of wire-

less technologies as shown in figures 1 to ensure reliability 

and access to data generated at any time.  Figure 3 shows 

the Aquamesh node with Digimesh transceiver module, 

Sensor boards and smart sensors integrated in Waspmote 

board. The technologies used for the gateway are GPRS, 

WIFI and Zigbee as shown in Figure 3, Figures 4 and Fig-

ures 5.  

 

Figure 2. Aquamesh WMSN node  . 

 

Figure 3. GPRS/SMS gateway nodes 

 

Figure 4. WIFI gateway nodes 

 

Figure 5. Zigbee gateway 

3.2. Power Source  

The design for Aquamesh WMSN requires the infra-

structural mesh nodes to be powered continuously. In this 

system the radio devices account for most of the power 

consumption.  

The current design utilizes a battery pack of three re-

chargeable nickel metal hydride (NiMH) AA type batteries 

which produces over 4.2 volts and has a capacity of 2.5Ah. 

In order for the mesh node to be continuously powered, it 

requires a supplement power source derived from renewa-

ble sources of solar. This supplement power source can be 

used to charge the batteries and power the mesh node. Fig-

ure 6 shows the solar panel and casing for the implemented 

Aquamesh node. 
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Figure 6. Solar Panel and final housing for Aquamesh. 

3.3. Software 

Aquamesh software implementations cut across several 

platforms. From C and Java programming languages in the 

embedded Waspmote hardware to internet explorers and 

Android platforms for implementations of the mobile in-

terface, the programming implementation is flexible and 

powerful enough to allow fast deployment.  

3.3.1. WaspMote IDE 

The Waspmote-IDE [199] (Integrated Development En-

vironment) is used to program Waspmote.  It is based on 

open source Arduino platform compiler, following the same 

style of libraries and operation. It is the interface for pro-

gramming as well as controlling the Waspmote.   

3.3.2. Web Interface 

Part of the system design is to store and display data 

generated from Aquamesh on a remote web server where it 

will be accessed with an ordinary internet explorer. To va-

lidate this functionality, the data generated from the network 

between 16th February, 2013 and 17th March, 2013 was sent 

once a day to the cloud web server hosted by Digi Interna-

tional [18]. The system support the use of SMS messages as 

well as analysis of data; the status of the network, graphs and 

Network diagram as well as records of the data generated 

can be accessed from the webpage. Data update to the web 

server is received through the GPRS/SMS or WIFI gate-

ways. 

3.3.3. Android Mobile Phone 

The designs of this system also include the use of smart 

phones to send control commands, access and analyze data. 

The Smartphone is expected to pair with the WIFI gateway 

in an adhoc network topology or as a client through an 

access point (AP).  

4. Testing and Results 

To validate the designs and implementations of Aqua-

mesh Wireless Mesh Sensor Networks, six nodes were 

deployed in an aquaculture fish pond at the Laboratory of 

Internet of Things a China Agricultural University from 

February 16th, 2013 to March, 14th, 2013. Three of the 

nodes served as data acquisition nodes each fitted with 

three smart sensor probes described in section 4. The three 

other nodes serve as the gateway nodes with the 

GPRS/SMS node made the primary gate way over WIFI 

and ZigBee gates.

 

Figure 7. Experimental Deployment of Aquamesh in Fish Pond 

The pond equipped with aerator machines and had thirty 

Koi fishes breeding. The Sensors were set to acquire data 

every six hours and the results stored at the local gateway 

and a copy forwarded to the web server once every day.  
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Figure 8. Test Sensors readings from Aquamesh node 1 

 

Figure 9. Test Sensors readings from Aquamesh node 2 

 

Figure 10. Test Sensors readings from Aquamesh node 3

4.1. Data Acquisition 

Figure 5.4- Figure 5.6 shows the sensor readings of DO, 

pH, EC and Temperature from the three nodes. The graph 

shows the pH, EC, DO concentration and water tempera-

ture trends from February 16th to March 14. We can see the 

periodic change of the water temperature every day, but DO 

concentration only fluctuated around 9 mg/l before March 

5th. The DO concentration of March 7th, March 8th and 

March 9 is lower than the other days because the aerator 

machine was manually turned off. After March 10th, the 

Aerator machine returned to work normal and DO concen-

tration return to previous range. Also an SMS alert for DO 
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was sent out from the three nodes on the 8th of March since 

the threshold for alarm was set for 7.3mg/l. It is also ob-

served that the EC values tend to rise with increase in tem-

perature. The reason for this trend is outside the scope of 

this work. The data for pH sensors are also shown. The 

values from the three nodes fall within the range of 6.7 to 

8.7 and this shows a trend consistent with pH range in aq-

uaculture environments. The gateways functionalities were 

validated by changing the Hierarchy of the three nodes al-

ternatively. The data transported through the ZigBee gate-

way was captured using the WaspMote IDE programming 

interface while data sent through the WIFI and GPRS/SMS 

were captured using the remote web server of Digi Cloud. 

Results captured through the three gateway nodes shows 

consistencies in accuracy; however the ZigBee gateway 

seems to handle data transfer faster than the other technol-

ogies. These could be as a result of routing paths used by 

the different technologies to send data to the server.  

4.2. Node and Route Discovery Test 

This test is to verify the basic operation to initialize the 

mesh nodes with a hop count and routing information. The 

nodes were placed in discovery mode. A discovery com-

mand was sent from the PC through the Zigbee Gateway to 

the network using X-CTU from Digi International. This 

command was relayed as a broadcast by the gateway node. 

Node 2 was positioned to be the only node in RF range of 

the gateway. Node 2 then relayed this discovery broadcast 

to Node 1 which in turn relayed it to Nodes 3. 

This test is configured so that all nodes would report 

their hop count and routing data to the gateway node after 2 

seconds. This test was verified using X-CTU to monitor the 

data packets received by the PC. All nodes were correctly 

initialized.  

Also if the source node doesn’t have a route to the re-

quested destination, the packet is queued to await a route 

discovery (RD) process. This process is also used when a 

route fails. A route fails when the source node uses up its 

network retries without ever receiving an ACK. Figure 10 

shows the network route map. 

 

Figure 11. Network Route Map 

5. Conclusion 

In this paper, we presented the design and implementa-

tions of a smart, wireless mesh sensor network suitable for 

use in data acquisition in Aqua culture. The system imple-

mented was deployed to continuously monitor water che-

mistry in a fish pond. Aquamesh is able to initiate an alert 

when certain thresholds are exceeded and the data generat-

ed was successfully sent to a remote web server for storage 

and processing or directly to human in the loop for remedi-

al actions. The data generated show consistency with data 

generated using other methods of aqua culture measure-

ments.  

One of the key design features in this paper is the use of 

multiple, dynamic gateway nodes. These gateway nodes 

were implemented using a mixture of wireless technologies 

like GPRS/SMS, WIFI, and Zigbee. The system is designed 

to consume little power, generate data and transport data 

more efficiently to remote locations. The system presents 

the advantages of mesh networking and the simplicity of 

using a modular approach to systems designs. 
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