
Intelligent monitoring system for laminated henhouse based on
Internet of Things

Li Hualong1,2, Li Miao1※, Zhan Kai3, Yang Xuanjiang1, Weng Shizhuang1,2,
Yuan Yuan1, Chen Sheng1,2, Luo Wei1,2, Gao Huiyi1

(1. Institute of Intelligent Machines, Chinese Academy of Sciences, Hefei 230031, China;
2. University of Science and Technology of China, Hefei 230026, China;

3. Institute of Animal Husbandry and Veterinary, Agricultural Academy of Anhui Province, Hefei 230031, China)

Abstract：At present, various single-parameter measuring instruments are used to measure environmental parameters, which have
complicated operation and low detection efficiency. And the measuring points are too less to reflect the whole henhouse environment.
To solve this problem, we proposed an intelligent monitoring system for laminated henhouse based on Internet of Things and
designed a kind of sensor distribution topology its complex structure. It can realize the real-time online monitoring of environmental
parameters of the henhouse with the local storage and remote transmission of measuring data. Through the web page or intelligent
mobile APP, the users can make query to the henhouse environmental real -time data. The experimental result showed that air
temperature, the concentration of CO2, NH3 and H2S met the requirement of national environmental quality standard of livestock and
poultry farm. But the light intensity, relative humidity, wind speed and PM10 were in the unreasonable range. Correspondingly, the
corresponding optimization methods were given. In fact, we find that the system is suitable for the stable operation and accurate
monitoring of henhouse environment, which application prospects are broad in large-scale livestock precision farming.
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0 Introduction

With the increasing breeding scale of laying hens and the
constraint of land resource in recent years, the breeding mode
is changing from the ladder type cage to the laminated cage.
Due to the increasing feeding density of laminated henhouse,
the requirement of the environmental control technology is
becoming higher and higher. Related research showed that

adverse environment of henhouse can lead to the decrease of
the production performance by 10%-20% [1 -4]. Various single
parameter measuring instruments were used to measure
environmental parameters, which have complicated operation
and low detection efficiency. And the measuring points were too
less to reflect the whole henhouse environment. It was unable to
realize convenient and real-time online monitoring[5-9].

To solve this problem, we proposed an intelligent
monitoring system for laminated henhouse based on Internet of
things and designed a kind of monitoring topology for its
complex structure. It can realize the real-time online monitoring
of environmental parameters of the henhouse with the local
storage and remote transmission of measuring data. Through
the web page or intelligent mobile APP, the users can make
query to the henhouse environment real -time data. The
monitoring experiments were carried out in a laminated
automatic control henhouse with 8 layers, which contained 5
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million hens, of Anhui Sun Daily farm ecological food Co. Ltd
in Tongling city. The henhouse environmental quality
parameters were measured in different positions and the
problems of breeding environment were analyzed to evaluate
the henhouse environment scientifically and provide the
corresponding optimization methods for the standard and
automatic control of henhouse.

1 Overall design of monitoring system

As Fig.1, the system consisted of three parts: Data
acquisition terminal, server and client[10-12]. The data acquisition

terminal included a data collector and the sensors of air
temperature, relative humidity, CO2, light intensity, wind speed,
NH3, H2S and PM10. And all the sensors were connected to
the data collector by RS-485 bus. STM32F103VB(ARM 32-
bit Cortex -M3 CPU), which realized the local storage and
remote transmission of the data, was used as the core
processor in the data collector. The server was developed
based on the Web platform, SQL Server 2008 and ASP.NET.
And it was used to receive data storage and processing. The
clients contained two parts: Web query and Android mobile
client[13-15].

Fig.1 Framework of laying hens breeding intelligent monitoring system

1.1 Hardware design
The data collector adopted the low power consumption

microprocessor STM32F103VBT6 as CPU. The system
function modules included the RS -485 data acquisition,
GPRS wireless data sending, real-time clock, SD card data
storage , man -machine interaction and power management
(Fig.2).

RS-485 data acquisition module was used to connect with
the sensors of air temperature, relative humidity, light intensity,
CO2 (CG-01, Hefei Heinford Electronic Technology Co. Ltd).
The measurement range of air temperature was -40-85℃, with
the measurement accuracy of ±0.3 ℃. The measurement range
of relative humidity was 5%-95%, with measurement accuracy
of ±2%. The measurement range of light intensity was 0-100 lx,
with measurement accuracy of ±1 lx. The measurement range of

CO2was 0-1000mg/m3, withmeasurement accuracy of±10mg/m3).
Wind speed was detected by using HD403TS2 (Italy DELTA
Co. Ltd)with the measurement range of 0.08 -5.0 m/s and
measurement accuracy of ±0.2 m/s; NH3 was detected by TM-
AQ (Handan Yimeng Electronics Co. Ltd), the measurement
range was 0-100×10-6, with measurement accuracy of ±10-6);
H2S was determined by TM-LHQ(Handan Yimeng Electronics
Co. Ltd)with measurement range of 0 -100 ×10 -6, and
measurement accuracy of ±10-6, PM10 was detected by DS-
200 (Shenzhen Blue Control Co. Ltd)with the measurement
range of 0-100 μg/m3 and measurement accuracy of ±1 μg/m3.
All sensors have been calibrated before leaving the factory.
GPRS wireless data sending module (Xiamen Caimore
Communication Technology Co. Ltd)can realize the real-time
transmission of environment data to the remote server. TCP
transparent transmission mode with low power consumption
were used. Combining with SD card data storage module and
the real -time clock module, the environment data was
recorded and stored in SD card. As most poultry farms were
located in remote areas and the henhouse steel structure had
the shielding effect to GPRS signal, GPRS signal in henhouse
some places was poor, which maybe lead to the remote
transmission data loss. This design can effectively solve this
problem to avoid data loss[16-18].

The man -machine interaction module included a 4.3 -
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Fig.2 Data structure diagram of data collector
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inch LCD and a keyboard. All environment parameters can be
real-time displayed on the LCD, and the display module can
be controlled. The LCD power supply can be cut off
automatically after 5 minutes of electrical work, and the LCD
screen can be restarted by a configuring automatic reset
switch, which can reduce system power consumption and
extend the LCD service life. The keyboard was used for setting
of the periodic sampling, filtering and the controlling mode of
data transmission. Power management module includes a
DC12V 48AH large capacity cell group and the corresponding
power conversion circuit.

After the completion of the monitoring system
development, we also used the standard gases samples to
calibrate the data collected by the system in order to ensure
reliability and accuracy of data.
1.2 Software design
1.2.1 Software design of data collector

The system was developed based on the OS μCOS -II,
which was a kind of open source, compact structure operating
system with high efficiency, good real -time performance.
Firstly, μCOS-II operating system was initialized. And then 6
tasks were set up according to the system function
requirements, including the sampling period management
task, GPRS data transfer task, data acquisition task, SD card
data storage task, LCD display task and keyboard task(Fig.3),
and their priority was high to low[19-20].

The overflow of whole system was shown in Fig.2. The
sampling period management task was used to control the
sampling period of the system and the real-time clock RTC
ALARM interrupt mechanism was used, which belongs to the
interrupt level task with the highest priority. The GPRS data
transfer task was responsible for the UART1 to transmit data
to the GPRS module. In order to guarantee the reliability of
data transmission, the priority was set to a higher priority. In
the data acquisition task, each sensor is powered firstly, the
task is hung 10 s in order to ensure the working states of the
sensors were stable. And then the UART0 was started,
querying each sensor real -time to collect the henhouse

environmental parameters with polling mode which was
placed in a DMA buffer for the use of the other task. The SD
card data storage task was responsible for calling the sensor
acquisition parameters and collection time. And then it was
written to the SD card. LCD display task received the sensor
data and real -time display output through the mail boxes
(message)mechanism. The keyboard task was responsible for
setting work mode of the system, such as enable GPRS
module, sampling period, data filtering mode and so on.
1.2.2 Software design of monitoring system

The web server monitoring software was developed based
on SQL Server 2008, ASP. Net and visual studio 2010 web
platform. It realized the real -time storage of environmental
parameters information, user management, safety inspection,
forms and statements establishment. The server included two
parts: The first part was the real time interaction between the
server and the data collector; and the second part responded
and processed the request of intelligent mobile client[21-23].

The Android mobile monitoring software was developed
on Android development platform with Eclipse configuration.
And the Java programming language was used. Through it, the
henhouse environmental parameters can be viewed on the
phone(Fig.4).

2 Design of monitoring experiments

The monitoring experiments were carried out in a
laminated automatic control henhouse with 8 layers, which
contained 5 million hens, in Anhui Sun Daily Farm Ecological
Food Co. Ltd in Tongling city from July 10 to September 7,
2014. The environmental control system was designed by
Guangzhou Guangxing Poultry Equipment Croup Co. Ltd. The
henhouse was 73.0 m long, 16.0 m wide and 6.3 m high. And it
had four columns and five aisles. The cage in the henhouse
used eight layers of stacked cages, which were divided into
upper and lower four floors with the middle of the steel
management network. The longitudinal damp curtain

OSStart()

Keyboard task

The sampling period
management task

GPRS data transfer task

Data acquisition task

LCD display task

SD card data storage ask

OSInit()

System
initializtion
and related
peripherals
configuration

Fig.3 Software design diagram of data collector

Fig.4 Monitoring interface based on Android mobile phone
platform
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ventilation system was installed in the henhouse. Coop lighting
adopted 11 W incandescent lamp with shade.

According to the spatial structure of laminated henhouse
and the distribution of the hens coop, a kind of monitoring
distribution topology was designed. From the damp curtain to
the fan port, the air temperature, relative humidity, light
intensity, CO2, wind speed, NH3, H2S and PM10 in four points
were monitored which were 3.7, 18.3, 39.0, 59.7 m(L3.7 m, L18.3 m,

L39.0 m, L59.7 m) of 5 aisles (Fig.5a), respectively. Meanwhile, 6
points of 0.6, 1.3, 1.9, 3.8, 4.5 and 5.1 m(H0.6m, H1.3m, H1.9m, H3.8m,
H4.5 m and H5.1 m) (Fig.5b)from the ground were monitored each
aisle (Fig .5c). The environmental parameters in each point
were collected per one minute.

SPSS 20.0 was used for analysis of variance and multiple
comparisons were done when the difference was significant
with the least significant difference method(LSD method).

3 Results and discussion

3.1 Analysis of data
Due to the high automation level of the henhouse

experiment and good ventilation in summer, NH3andH2S can not
be detected. The results of henhouse environmental parameters
from the dampcurtain to fanport were shown inTable 1.

From table1, the farther distance from the damp curtain,
the bigger the value of temperature, CO2, PM10 and wind speed
were. But relative humidity had a decrease trend. Light intensity
was relatively uniform. Wind speed at the point of L3.7m was

significantly lower than that of L18.3m, L39.0m and L59.7m（P<0.05).
With the increase of cage layer’s height, the

concentration of CO2, relative humidity and PM10 were
increasing. But the wind speed was decreasing. Light intensity
at H1.3m, H1.9m was higher than that of H4.5m and H5.1m, and light
intensity at H1.3m was significantly higher than that of H0.6m and
H3.8m. The temperature distribution of each cage layer was
uniform. The relative humidity values at H3.8m, H4.5m, H5.1m were
significantly higher than those of three lower measuring points.
PM10 of H3.8m, H4.5m, H5.1m were 50% higher than the three
points in the lower layer.

b. Topology of transverse henhouse aisle sampling points c. Installation map of data collector

Note: The round in the fig a, b were the sampling points.

Fig.5 Topology of henhouse aisle sampling points and installation map of data collector

a. Topology of longitudinal henhouse aisles sampling points
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Table 1 Results of light intensity, relative humidity, temperature, PM10

Note: Different lowercase letters in the shoulder of the same column in the same direction mean significantly different(P<0.05).

Group Light intensity/lx Temperature/℃ Relative humidity/% PM10/(μg·m-3) CO2/(mg·m-3) Wind speed/(m·s-1)

L3.7m 39.57±2.32a 26.62±0.12a 81.64±0.67a 1.66±0.32a 622.0±6.66a 0.08±0.03a

L18.3m 34.65±0.99b 26.93±0.17a 81.57±0.68a 13.15±2.2b 749.6±19.12b 0.28±0.05b

L39.0m 37.31±1.72c 27.37±0.19ab 80.58±0.80ab 13.56±1.2b 818.2±12.59c 1.49±0.09c

L59.7m 37.33±1.45d 27.92±0.17b 79.03±0.79b 18.54±1.6b 933.4±14.33d 1.71±0.07c

H0.6m 35.84±1.08a 27.09±0.22 79.44±0.90a 3.05±0.53a 685.4±20.84a 1.22±0.19a

H1.3m 46.87±1.73bc 27.22±0.24 79.32±0.97a 4.40±0.83a 756.9±32.18ac 1.05±0.20ab

H1.9m 40.46±2.33ac 27.51±0.28 78.87±1.03a 4.17±0.79a 783.6±34.91ac 0.90±0.19ab

H3.8m 29.66±1.29d 27.05±0.19 82.45±0.69b 9.85±1.45b 809.7±26.11bc 0.73±0.15ab

H4.5m 35.75±1.77ad 27.19±0.21 82.20±0.79b 11.88±1.70b 839.5±28.93bc 0.72±0.17b

H5.1m 33.54±2.22ad 27.20±0.24 81.96±0.83b 10.67±1.53b 811.2±28.44bc 0.72±0.16ab

3.2 Optimized proposals
Firstly, the concentration of CO2 in the henhouse met the

requirement of national environmental quality standard of
livestock and poultry farm [24]. But the light intensity in the
lower layer was higher than the upper layer of 7 -10 lx. It
mainly because that the light source above the aisle can
irradiate through the aisle steel net and stack with lower four
layers light source. It was recommended that reducing the
number of the light bulbs, adjusting the spacing distance
between light and replacing the 11W incandescent lamp with
5 W to make the light intensity with a uniform distribution[25-27].

Then the average temperature of the henhouse was 27 ℃,
and temperature control was satisfactory. The relative
humidity was high at the nearest points the damp curtain. And
the wind speed at same points was only 0.08 m/s which was
lower than the national environmental quality standard of
livestock and poultry farm [28]. It can be ascribed to that the
guider plate installed behind the damp curtain guide the
cooling air to rise and meet with the hot air. It was
recommended that adjusting the angle of the damp and
reducing the open time and frequency of damp curtain to make
the relative humidity and wind speed of the henhouse be in the
reasonable range. Additionally, the fan mode was regulated to
reduce PM10 in the upper air.

4 Conclusions

An intelligent monitoring system for laminated henhouse
based on Internet of things and a kind of monitoring topology
for its complex structure were designed in the paper. It can
realize the real -time online monitoring of environmental
parameters of the henhouse with the local storage and remote
transmission of measuring data . Through the web page or
intelligent mobile APP, the users can make query to the
henhouse environment real - time data. The monitoring
experiments were carried out in a laminated automatic control
henhouse with 8 layers, which contained 5 million hens. The

result shows that the air temperature, CO2, NH3 andH2S meet the
requirement of national environmental quality standard of
livestock and poultry farm, but light intensity, relative humidity,
wind speed and PM10 in the unreasonable range. The
corresponding optimization measures are given. Practice shows
that the system is suitable for the accuratemonitoring ofhenhouse
environment, which has broad application prospects in large-
scale livestock precision farming. More precise measurements
and reasonable monitoring topology for laminated henhouse
shouldbe researched in furtherwork.And themonitoring solution
fordifferent typesofpoultry shouldbeconsidered.

Acknowledgements

The authors thank the financial support from National
High Technology Research & Development Program of China
(2013AA102302)and the National Natural Science Foundation
of China (31501223). And we thank Anhui Sun Daily farm
ecological food Co. Ltd for providing experimental conditions.

[References]

[1] Wu P W. Research about Variation of Semi -open Sheds in
Different Seasons on Environmental Parameters and its Effect on
the Performance of Laying Hens[D]. Beijing：Peking University,
2013.

[2] Sharma V, Kumar R. A cooperative network framework for
multi-UAV guided ground Ad Hoc networks [J]. J Intell Robot
Syst, 2015, 77(3/4)：629－652.

[3] Cook R N. Effects of cage stocking density on feeding behaviors
of group-housed laying hens [J]. Transactions of the ASABE,
2006; 49(1)：187-192.

[4] Geng A L. Effects of Housing Conditions on Health and Welfare
of Caged Laying Hens [M]. ASABE Annual International
Meeting, 2007; 6：17-20.

[5] Bekmezci I, Sahingoz O K, Temel S. Flying ad -hoc networks
(FANETs)：A survey[J]. AdHocNetworks, 2013, 11(3)：1254－1270.

[6] Leea W S, Alchanatis V, Yang C, et al. Sensing technologies for
precision specialty crop production[J]. Computers and Electronics

214



增刊 2

in Agriculture, 2010, 74(1)：2－33.
[7] Liang Xiaoyi, Huang Sixiu, Jia Weixin, et al. The developmental

survey and the trend of the stock breeding industrialization home
and abroad[J]. Journal of South China Agricultural University,
2007, 6(1)：50-53.

[8] Dong Mianxiong, Ota Kaoru, Lin Man, et al. UAV-assisted data
gathering in wireless sensor networks [J]. The Journal of
Supercomputing, 2014; 70(3)：1142－1155.

[9] Zhang Y. Study on Different Chicken Coops Environmental
Parameters and Varintions in Laying Hens Economic Traits
Relations in Winter and Spring [D]. Yangling：Northwest
Agriculture and Forestry University, 2013.

[10] Evy Troubleyn, Ingrid Moerman, Piet Demeester. QoS
challenges in wireless sensor networked robotics [J]. Wireless
Personal Communications, 2013, 70(3)：1059－1075.

[11] Zhu Weixing, Dai Chenyun, Huang Peng, et al. Environmental
control system based on IOT for nursery pig house [J].
Transactions of the Chinese Agricultural Engineering
(Transactions of the CSAE), 2012, 28(11)：177-182. (in Chinese
with English abstract)

[12] Lopez R J A, Soto F, et al. Wireless sensor networks for
precision horticulture in southern spain [ J ] . Computers and
Electronics in Agriculture, 2009, 68(3)：25-35.

[13] Jennifer Y, Biswanath M, Dipak G. Wireless sensor network
survey[J]. Computer Networks, 2008, 52(12)：2292－2330.

[14] Green O, Nadimi E S, Balanes-Vidal V, et al. Monitoring and
modeling temperature variations inside silage stacks using novel
wireless sensor networks [J]. Computers and Electronics in
Agriculture, 2009, 691：149-157.

[15] Zhang D M. Design and Implementation of Remote monitor
System of Henhouse Temperature and Humidity based on
Embedded Webserver [D]. Wuhan：Huazhong Agricultural
University, 2009.

[16] Peng G, Qin Z Q. Based on ARM Cortex M3 Series of Embedded
Micro Controller Application Practice [M]. Beijing：Electronic
Industrial Publishing House, 2011.

[17] Wu Y F, Suo Y N, et al. Android Core Technologies and Case

Details[M]. Publishing House of Electronics Industry, 2011.
[18] Zhang J, Yang Q L, et al. WSN monitoring system for greenhouse

environmental parameters and CC2530 transmission
characteristics [J]. Transactions of the Chinese Agricultural
Engineering(Transactions of the CSAE), 2013, 29(7)：139-147.
(in Chinese with English abstract)

[19] Lee W S, Alchanatis V, Yang C, et al. Sensing technologies for
precision specialty crop production [J]. Computers and
Electronics in Agriculture, 2010, 74(1)：2-33.

[20] Jean J Labross. The Embedded Real-time Operating System μC/
OS-II[M]. Second Edition. Beijing：Beihang University Publishing
Press, 2003.

[21] Chen H S. Java Servlet Programming [M]. Beijing：Tsinghua
University Press, 2002：9-14.

[22] Wang S P. Study on Variety Characteristics and Mechanical
Ventilation Dynamic Models of Ammonia and Carbon Dioxide in
Hen House[D]. Zhenjiang：Jiangsu University, 2008.

[23] Bishop - Hurley G J, Swain D L, et al, Virtual fencing
applications：implementing and testing an automated cattle
control system [J]. Computers and Electronics in Agriculture,
2010, 56：14-22.

[24] Wang M, Han T L. Effects of heating stress on layers and
protective practices [J]. Chinese Animal Husbandry and
Veterinary Medicine, 2011, 38(2)：209-211.

[25] Gao T. Methodological Research on Environmental Control of
Ultra-large Scale Automated Laying Hen Houses[D]. Yangling：

Northwest Agriculture and Forestry University, 2013.
[26] Zhao X X, Zhao Q, Liu T T, et al. Principal component linear

weighted model for environmental parameters evaluation in
enclosed henhouse[J]. China Poultry, 2011, 33(22)：31-34

[27] NY/T388 -1999. National environmental quality standard of
livestock and poultry farm[S]. Beijing：Ministry of Agriculture of
the People’s Republic of China, 1999.

[28] Chen H. Study on Environment Control Model and Its Economic
Effects of Modern Super-Large Scale Laying House in Winter
and Spring [D]. Yangling：Northwest Agriculture and Forestry
University, 2012.

基于物联网的层叠式鸡舍环境智能监控系统

李华龙 1，2，李 淼 1※，詹 凯 3，杨选将 1，翁士状 1，2，袁 媛 1，陈 晟 1，2，罗 伟 1，2，高会议 1

（1． 中国科学院合肥智能机械研究所，合肥 230031；2． 中国科学技术大学，合肥 230026；

3． 安徽省农业学院畜牧兽医研究所，合肥 230031）

摘 要：由于层叠式鸡舍的饲养密度大，因此对养殖环境要求高，目前，对层叠式鸡舍环境监测多采用功能单一的检测仪器，操作复杂，

且监测的位置点较少，很难反映层叠式鸡舍环境的整体情况，该文研制了一种基于物联网技术的蛋鸡养殖环境智能监控系统，针对层

叠式鸡舍复杂结构，设计了一种监测布点的拓扑结构，可以实现对层叠式鸡舍环境参数的实时在线监测，可以对采集数据进行本地存

储记录和远程发送，用户可以通过网页或智能手机 APP 进行鸡舍环境数据实时查询。试验发现鸡舍内温度、CO2、硫化氢和氨气浓度分

布符合畜禽场环境质量标准，而光照强度、风速、湿度和 PM10 局部分布不合理，并给出了相应的优化措施。实践表明，该系统运行稳

定、测量数据精确，适合对鸡舍环境进行精准监测，在规模化畜禽精准养殖方面具有广泛的应用前景。
关键词：监测；网络；环境工程；嵌入系统；鸡舍
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