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Abstract 

In order to monitor the six factors which is the most crucial influence on livestock 

production in livestock house, this paper designs a set of livestock house(LH) 

environmental perception system based on wireless sensor networks. This system is 

composed by a number of data acquisition nodes(DAN) connected by using Wireless 

Sensor Networks. Inside of DAN is equipped with six type of sensor which in charge of 

collecting Real-time environmental data in LH, including carbon dioxide sensor, 

ammonia gas sensor, illumination sensor, relative humidity sensor and so on. The 

communication mode between upper-computer and central node is GPRS, to research on 

remotely control environmental parameters in LH in the future. The upper-computer 

could treat data which is uploaded by several central nodes through some way, for 

example, data analysis based on established protocol, threshold judgment, etc. Then, the 

real-time data is stored by database. The stability and veracity of the system was verified 

by field tests which set technical grade monitors as control groups. Comparing with 

industrial-grade high precision monitoring instruments, the error of collecting data and 

wireless communication network is within normal error range, By SPSS, the result shows 

that there is no significant difference of P-Value(P>0.05) in different groups at same 

time. 
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1. Introduction 

China is a vast country abundant in livestock and poultry breeding, animal husbandry 

output value has accounted for 34% of the total output value of agriculture. Due to the 

increase of market demand, the backward small-scale breading way has gradually been 

replacing by large-scale and intensive breading method, and Intensification is becoming 

an important direction of livestock production [1-2]. Rely on the traditional manual 

methods cannot meet the needs of the development of animal husbandry [3], therefore, 

The significance of LH interior microclimate scientific monitoring has become 

increasingly prominent. 

So far, many universities and research institutions have developed a variety of LH 

environment monitoring system. For instance, Cugnasca C.E, comes from Brazil, has 

developed a set of instrument which could monitor three environmental parameters for 

improving animal welfare [4]. Then, a project team of Cong xi, come from JinLin 

agriculture university, has realized a device. That could monitor six types of 

environmental parameters in LH and Rui Li researched on the field of modern farm and 

realized a device with four kinds of sensors, and so on [5-6]
 
. Many research results, at 

present, are only in the theoretical stage and the experimental stage, few of them have 

tested for a long time, the accuracy and stability of data acquisition and system still can 

not be verified before having mass field testing in LH. According to above present 

situation, the monitor system of LH environmental data based on Wireless Sensor 
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Networks is developed in the paper aiming at constantly monitoring six critical 

parameters including carbon dioxide, hydrothion gas, ammonia gas, temperature, relative 

humidity and illumination in high latitude area [7], a experimental model has been used 

for experiment and measurement. Communication network using complete wireless way, 

it completely get rid of the drawbacks of cable transmission. GPRS (Packet Radio Service 

General) technology is used to upload data, greatly improving the distance between the 

server and the livestock and poultry house, and lay a good hardware foundation for the 

remote control of environmental parameters. 

 

2. System Composition and Design 
 

2.1. Overall Design 

The system is composed of three modules, such as perception module, data processing 

module and environment control module. Overall design as shown in Figure 1, Sensing 

module, includes light sensor, temperature and humidity sensor, carbon dioxide sensor 

and other environmental parameter sensors, can collect real-time environmental 

parameters, Data processing module functions for comparing environmental parameters 

with threshold and storing into database after data analysis based on established protocol, 

and then uploaded to the host computer by the center node. Environmental control module 

mainly includes the heaters and wet curtain cooling fan, adjusts the environmental 

parameters in LH. 
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Figure 1. Overall System Design 

2.2. System Hardware Design 

The hardware part of the system is divided into terminal node and routing node 

according to the rules of ZigBee protocol. As shown in Figure 2, The terminal node 

collects the real-time environment parameters and collects them to routing nodes, and the 
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routing nodes can also transmit the data to the upper computer by DTU [8-9]. Each node 

has a LCD display which could provide staff with real-time parameters. 

Both of the two types of sensors are equipped with the MSP430F248 produced by TI 

(TI) which has some characters, for instance, lower cost and higher memory speed [10]. 

The data acquisition module is composed of carbon dioxide sensor (NDIR MH-Z14), 

hydrogen sulfide sensor (ME4-H2S), ammonia gas sensor (ME4-NH3), temperature and 

relatively humidity sensor (AM2302) and hydrogen sulfide sensor (ME4-H2S). Real-time 

environment parameters are displayed on the LCD display. The power supply mode of 

node is power adapter and battery power, ensuring its stability and durability. 

 

Sensor nodeSensor node Sensor nodeSensor node

Routing node Routing node Routing node

Temperature, Illumination, Ammonia gas, Sulfuretted hydrogen, 
Humidity , Carbon dioxide

Central Node Central NodeCentral Node Communication among barns Communication among barns

Server

User User User 

 

Figure 2. Hardware Structure Design 

2.3. Software Overall Design 

PC monitoring software(the upper computer) is divided into two parts, data receiving 

processing and remote control monitoring. Both of them are development in Visual C# 

language. many design patterns were used in the process of design, in order to improve 

the robustness of the software, such as Liskov Substitution Principle, abstract factory, the 

Law of Demeter and so on. 
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Figure 3. Upper Computer Functional Block Diagram 

As shown in Figure 3, taking modular programming ideas, the upper computer data 

receiving analysis software is designed by C/S mode, divided into three modules, network 

communication module, data analysis module and data storage module. In the network 

communication module, the performance of sending instructions and receiving data with 

lower machine is by TCP protocol. Message header determination and data analysis is 

through the established message protocol in Data analysis module. In the data storage 

module, it uses ADO technology to add data, remove data, alter data, and query data and 

so on. Data flow diagram is shown in Figure 4. Remote monitoring interface is designed 

by B/S structure and ASP technology, integrating with data display, threshold alarm, 

message sending and receiving, database management, historical data query, data trends 

and many other functions. It also covers the traditional management system of personnel 

scheduling, authority setting and other management mode [11-12]. Therefore, it realized 

overall management and remotely control of personnel, LH and environmental 

parameters, and for every barn, it refers to the specific circumstances of the individual 

configuration to avoid many common problems in the actual production, thus improving 

production efficiency and ensuring the stability of production. 
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Figure 4. Environment Parameters Data Flow Diagram 
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3. System Implementation and Test 

As shown in Figure 5, the project team realized 3 sensor nodes based on the above 

system design. Each node has six types of sensors, including ammonia gas sensor, 

hydrogen sulfide sensor, illumination sensor, temperature and relatively humidity sensor 

and carbon dioxide sensor [11]. 

 

 

Figure 5. Sensors Node 

3.1. Test Location 

The system test was conducted on August 2015 in a certain farms of Heilongjiang 

province. Barn faces the south, the length and width of each barn are 100 meter and 15 

meter respectively and every barn has double fences, and separation distance between two 

barns is 35 meter .There are around 150 cows here. The barn has 18 windows on the both 

sides of walls, which play the role of ventilation [11-13]. 

 

Notes：1.A1~A3 are the serial number of sensor nodes.
  2.Black dots represent the sensor position.

A1 A2 A3

Door
Door

Cattle Corral
Sensor Node

Figure 6. The Position of Data Acquisition Nodes in Livestock House 

3.2. Test Method 

Testing time is in August, the outdoor temperature is about 25 degree centigrade, as 

shown in Figure 6, the three sensors were installed inside the barn, No. 1 is installed on 

the right side of the barn door, the height is 1.5 m. No. 2 nodes were installed on the 

middle of the wall in the barn, the height is 2 meters, No.3 node were installed on the 

walls of the south side of the barn, the height is 1.5 meters. 

The control group data is measured by industry-grade environmental parameters 

monitor instrument, carbon dioxide, temperature and relatively humidity were measured 

simultaneously by using the device which is produced by XINTEST firm. Ammonia gas, 
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hydrogen sulfides were detected meanwhile by the all in one industrial-level instrument. 

Illumination was recorded by is illumination recorder. 

System test lasted for 7 days, the time interval of the node data uploading is 5 minutes, 

the database store the real-time data uploaded from central node. Then, due to the use of 

TCP protocol in network transport layer, the error caused by the loss of the bytes in the 

transmission process is negligible. 

 

4. Results and Analysis 

In this paper, the data were processed by SPSS software, the data of the experimental 

group and the control group were processed by t test, the P value was more than 0.05, and 

the difference was not significant [12]. 

 

 

Figure 6. The Change of Carbon Dioxide Gas Content in 24h 

According to the carbon dioxide broken line chart, the blue line represents the 

environmental parameters of the sensor node to collect the carbon dioxide data. The green 

line represents the data of the control group. In the LH, summer daytime and nighttime 

CO2 content are significant difference. Before 7:00 and after 20:00, the carbon dioxide 

concentration were above 1200ppm, and between the 22:00~3:00, the concentration of a 

few moments are lower than the national standard of the highest concentrations of 

1500ppm, the rest are generally higher than the national standard. 

 

  

Figure 7. The Change of Ammonia Gas Content in 24h 
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According to the ammonia gas broken line chart, the ventilation of the LH is pretty 

good, ammonia gas concentration is relatively low, and is always below 5.0 ppm in 24 

hours. Between 9:00~13:00 and 16:00~17:00, the ammonia gas concentration is relatively 

high, according to the value of the control group, the highest index can reach 4.67 ppm, 

however it still below the national standard of the highest concentration of 25 ppm, 

meeting the standard of beef production. 

 

 

Figure 8. The Change of Hydrothion Gas Content in 24h 

By the Figure 8, between 1:30~2:00 and 23:00~24:00, the hydrogen sulfide 

concentration reached a relatively high 4.52 ppm, during 7:00~8:00, it began to decline, 

reached a minimum of 0.16 ppm. After 8:00, it raised again. Almost at 23:00, the content 

floated up and down around 1.60. From 23:00 to 24:00, it soared to 4.66 ppm. Data 

fluctuation is relatively large, the value is frequently less than 5.00 ppm. Therefore, 

according to Chinese production standard (NY / T 388-1999) [13], the overall content is 

not enough to cause a negative impact on production in actual. 

 

 

Figure 9. The Change of Temperature in 24h 

Given the temperature is not low, according to Figure 9, the average maximum 

temperature reached 32 degrees Celsius, the average minimum temperature reached 19.5 

degrees Celsius, and the tendency of overall indoor temperature is soar. During 
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10:00~15:00, temperature is above 25 degrees Celsius. That cooling conditions is a little 

poor. 

 

 

Figure 10. The Change of Relative Humidity in 24h 

By relative humidity broken line chart, between 2:00~3:00 and 6:00~7:00, the relative 

humidity reached 60%, In the rest of the time, relative humidity is generally more than 

70%, and far higher than 60% to 70% which is the most optimum relative humidity in 

LH, due to its poor production conditions, it failed to take necessary measures in high 

relative humidity. The overall humidity is too high, according to Chinese production 

standard (NY / T 388-1999)[13], which is not favorable to the production of beef cattle. 

 

 

Figure 11. The Change of Light Illumination in 24 

From the light data broken line charts, the illumination here varies greatly between day 

and night, it was affected by the artificial light source at night. The fluctuation of 

illumination is slightly .And according to Chinese production standard (NY / T 

388-1999), in the daytime, illumination should not be lower than 50 lux [13], meeting the 

standard. 
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5. Conclusions 

As livestock and poultry house scale up, and feeding density and the degree of 

refinement is much bigger than before, the demand for environmental factors in the 

breeding process is also growing strongly. In this paper, a set of intelligent monitoring 

system for the environmental parameters of LH was realized based on wireless sensor 

network. It could monitor real-time environmental parameters in LH, such as carbon 

dioxide and hydrogen sulfide and so on, threshold alarm and historical data query, and 

other functions. 

Comparing with industrial-grade components high precision monitoring instruments, 

the error of sensor and wireless communication network is a little large. In the process of 

data fusion, a relatively elementary method is adopted. In the future work, we will carry 

on further research on the data fusion and other data processing [14-15], and improving 

the level of system performance. 
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