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Abstract—Sugarcane is a kind of important sugar crops, which has been 
planted in large area of southern China, but traditional manual operation still 
applied on sugarcane planting and management at present, leading to higher la-
bor costs. In recent years, the development of Internet of Things technologies 
such as wireless sensor technology, ZigBee, RFID, etc., as well as the applica-
tion of technologies such as video image processing, automatic control, and 3S, 
etc. have provided technical supports for precision planting of agricultural pro-
duction, visual management, and intelligent decision-making. This paper, rely-
ing on the Internet of things technology, has designed and implemented a set of 
sugarcane growth monitoring system according to the growth characteristics of 
sugarcane crops, this system has passed the test, and results showed that it can 
effectively monitor growing environment of sugarcane, such as temperature, 
humidity, crop plant height, thus realize the whole process management of agri-
cultural automation. 

Keywords—RFID; agricultural automation; sugarcane; growth monitoring  

1 Introduction 

With the development of information industry in recent years, agriculture in our 
country has transformed from extensive form to refine, systematic form. “Intelligent 
agriculture”, proposed in “13th Five-Year”, has realized the simplified operation of 
agricultural production, cost reduction, process visible and controllable by using In-
ternet of Things technology. Sugarcane is an important sugar crops in China and has 
been planted in large area of southern China, it is the major income source of sugar-
cane growers. This paper designed and implemented a set of sugarcane growth moni-
toring system based on RIDF and ZigBee, this system can be used for network moni-
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toring through Internet network monitoring, and implement real-time monitoring by 
relying on the Internet of Things technology and video image processing technology. 

2 Overview of intelligent agriculture and Internet of Things 

2.1 A brief introduction to intelligent agriculture and technology  

"Intelligent agriculture" is the result of traditional agriculture injected element of 
the information age, by using the related technology of Internet of things to imple-
ment real-time monitoring, collection and analysis of agricultural information. 
Through the Internet of things technologies such as wireless sensor technology, 
ZigBee, RFID, etc., combined with technologies such as video image processing, 
automatic control, and 3S, etc., this system has provided technical supports for preci-
sion planting of agricultural production, visual management, and intelligent decision-
making. For example, the collection of all kinds of parameters of growing environ-
ment (concentration of carbon dioxide, nitrogen, soil PH, temperature and humidity, 
light intensity, etc.) can be achieved by a large number of sensor nodes in the aspect 
of cultivation of the collection, by big data analysis on the collected parameters, envi-
ronment can be automatically regulated, such as cooling, fertilization, humidity 
changes. The system can real-time show the growing states of crops more intuitive 
with advance video image and image processing technology introduced from Europe-
an and American countries. Intelligent agriculture not only improves the production 
efficiency, will also completely reform the structure system of agricultural production 
to the sales. 

 
Fig. 1. The Intelligent detection system schematic diagram of intelligent greenhouse based on 

IOT 
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2.2 The application of Internet of Things in intelligent agriculture 

Internet of Things technology is mainly applied in planting as well as the preserva-
tion of agricultural products, therefore grower can collect the data of crop growing 
environment, growing states during these processes through the wireless sensor tech-
nology. First the data will be sent to management center through the network trans-
mission, second the data will be undertaken big data computation analysis, and 
achieve the refine remote control finally. Internet of Things includes three layers: 
perception layer, transport layer and application layer. Perception layer realizes com-
munication, energy, environmental perception mainly through sensors, video, RFID, 
which are mainly used for data acquisition and environmental monitoring; transport 
layer sends the collected data of sensor back to background data management center 
mainly through the application of WLAN network, 4G networks, etc.; application 
layer implements analysis and summary to data through big data and cloud compu-
ting, to realize detection, data storage, data management, and automation control. The 
framework diagram of intelligent agriculture control system based on Internet of 
Things frame is shown in figure 2 below. The application of “Intelligent agriculture” 
has transformed the traditional extensive agriculture to refine form, such transfor-
mation can avoid the waste of necessary production costs, thus save time, manpower 
and material resources, reduce the pollution of land and water resources, therefore 
produce more ecological and environmental agricultural products, the application of 
Internet of Things technology in the agricultural industrial chain is the sign of integra-
tion of information and agricultural modernization, which has directed a scientific 
development path for the development of modern agriculture in China and laid the 
foundation for sustainable development of agriculture based on Internet of Things in 
the future. 

 
Fig. 2. Framework diagram of control system of intelligent agriculture based on IOT 

98 http://www.i-joe.org



Paper—Design and Implementation of Sugarcane Growth Monitoring System based on RFID and ZigBee 

3 Monitoring test and method of sugarcane growth  

3.1 Experimental design 

We have done experiment in sugarcane planting area of efficient ecological exper-
imental base in order to track and collect sugarcane growing data. We have analyzed 
the influence of parameters (planting area, environmental factors) to sugarcane 
growth in experiment, then effectively predicted the experimental results based on 
data. In experiment, the transport layer conducted data transmission through ZigBee, 
4G network, perception layer mainly used all kinds of sensors (carbon dioxide sensor, 
image sensor, temperature sensor, photosensitive sensor, humidity sensor, etc.) to 
collect data, predict data collection and data transmission, thus provided powerful 
evidence for the effectiveness of the experimental results. 

In order to guarantee the validity of the experiment, it will randomly select a moni-
toring area in planting base before planting, the size of monitoring area generally is 
2m!2m, after the monitoring area selected, insert indicating poles in the four corners 
of area, place a bench-marking pole to identify monitoring center in monitoring area, 
install a binocular camera in front of pole for image data collection, send data to 
background management control center at 10 AM each day in sugarcane growth cy-
cle. 

 
Fig. 3. Sugarcane growth height monitoring diagram  

iJOE ‒ Vol. 14, No. 3, 2018 99



Paper—Design and Implementation of Sugarcane Growth Monitoring System based on RFID and ZigBee 

3.2 Real-time image acquisition method of sugarcane growth 

Video module. Speed XT core is generally used in European and American coun-
tries, which can help CCD camera to restore image effectively, reduce the color dif-
ference, make the picture appear more real gorgeous; in order to facilitate the data 
transmission and connection, using usb2.0 interface; at the same time can solve the 
sample positioning problem without the staggered influence, this module has obvious 
advantages in mobile object analysis. According to the request of the experiment and 
binocular vision positioning principle, we adopted double CCD camera for image 
collection of benchmarking region, two cameras should be in the same height in the 
process of data collection, parallel to the optical axis, the monitoring area is selected 
in experimental field after fully testing according to the experimental requirements. 

The image information collected by double CCD camera will be transmitted to the 
background of management center finally. But before this, we will use the video de-
coder to do simple pretreatment on collected information and then segment color of 
the image to obtain binarization image, and then transmit the information to the back-
stage management center for data processing. Video module operation framework is 
shown in figure 4. 

Sensor module. Iot technology in agricultural applications, the sensor network 
plays a huge role, in the whole experiment, has a pivotal position.Mainly applied in 
perception layer, main effect is to data collection, the planting area of temperature, 
humidity, illumination, soil PH, concentration of carbon dioxide, and so on data ac-
quisition, sensor data acquisition terminal equipment, which is the sensor distribution 
in monitoring area. 

The data collected by various functions of sensors distributed in monitoring area 
will be delivered step by step along the level of nodes, data information is finally 
converged to the network nodes, and then be transmitted to remote backstage manager 
via ZigBee, 4G network communication module on transport layer, and the sugarcane 
growth data will be analyzed. 

 
Fig. 4. Video module running framework 
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Fig. 5. Communication module diagram 

Communication module. The wireless communication module plans to adopt 
SM50 series micropower wireless data transmission module with technical designs as 
micro system control, disconnection detection and modular design, the transmission 
power range of SM50 module: 10mW~1W; communication frequency is ISM fre-
quency, carrier frequency is 433MHZ; in GFSK modulation, SM50 can realize low 
error rate of precision communication even under strong noise interference, and the 
expansion of the channel space is larger, on the basis of standard configuration, user 
may need to do channel expansion, the extension extremum of channel number is up 
to 116. In addition, hardware is the combination design of integrated circuit and single 
chip MCU, peripheral circuit is less, so the occurrence of failure is less. Communica-
tion module is shown in figure 5. 

3.3 Field measurement of sugarcane plant height  

Sugarcane sowing is generally in spring, sugarcane growth in seedling stage, but 
due to the climate, the sugarcane may not be suffered severe disaster during April to 
May, rain is abundant and sugarcane grows well during the period, but should pay 
attention to weeding. Two or three months starting in June, this period is the golden 
stage of sugarcane growth, the temperature of sugarcane production field is generally 
high, sunshine duration is long, humidity is larger in this period, these conditions are 
very suitable for the growth of the sugarcane, so it is the best period for sugarcane 
fertilizer absorption, growing, and elongating, so the fertilizer utilization ratio will 
reach the largest in this period. Next stage is from September to November, this stage 
is the sugar accumulation of sugarcane, because the larger of temperature difference 
between day and night, the faster the sugar accumulation will be. In order to fully 
understand the sugarcane plant growing states in different growth periods, we will 
conduct data collection and analysis in several different periods of sugarcane in our 
experiment. 
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When measuring, we will use a portable measuring instrument, the maximum 
range of measuring instrument is 4m, can basically satisfy the requirement of sugar-
cane length measurement. The measuring instrument can obtain sugarcane plant 
height data within 1s, and the measuring instrument can undertake corresponding 
autonomic regulation according to the environment, so the measurement error caused 
by weather, sunshine, and temperature is reduced. Using visual technology, the cam-
era can get image of the measuring instrument directly, and do corresponding algo-
rithm calculation to obtain further sugarcane plant height data. Plant height data ob-
tained from real-time measurement can be transmitted to background data manage-
ment platform through network transmission. The average of plant height in each 
growth cycle can be determined through data analysis and calculation, compared with 
sugarcane plant height data obtained by double CCD camera, find the error value of 
both. Confirmatory experiments have verified the scientificity and real effectiveness 
of the collected data, which indicates the reliability of the measuring video module. 

4 Systematic design for sugarcane growth monitoring analysis 

The basic system framework of the Internet of Things including perception layer, 
transport layer, and application layer, and the sugarcane growth monitoring and anal-
ysis system designed by this framework also includes these three layers. Perception 
layer mainly collects and monitors the sugarcane plant growth, the ambient environ-
ment data (temperature and humidity, sunshine, CO2, etc.) through sensors, video, 
RFID; transport layer sends the collected data mainly through the application of In-
ternet, WiFi, network management, realizes the linking of application layer and per-
ception layer; application layer implements analysis and summary to data, realize the 
client data detection and storage, according to industry demands, this layer can apply 
the intelligent Internet of Things. The system uses unified communication protocol, 
data interface and information sharing protocol conforming to the standard of agricul-
ture based on Internet of Things, which has integrated the real-time perception of 
sugarcane growth information collection and control of equipment. The system 
framework is shown in figure 6. 
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Fig. 6. Sugarcane growth monitoring analysis system framework 

5 Experimental results and analysis 

This experiment has selected one month from three periods of sugarcane growing 
to do real-time monitoring data collection. The mainly data collected in the system 
include temperature and humidity, sunshine, CO2, as well as to plant growth height. 
The actual measured plant height is analyzed with video measurement analysis data 
by using the portable measuring instrument, Monitoring and management system 
needs to use big data analysis technology to do data analysis more efficiently due to 
long test period, large amount of data. The effective image information can be cap-
tured through double CCD camera, as shown in figure 7, the actual measurement area 
is marked red. 

Origin is a professional drawing and data processing tools, which can effectively 
improve the efficiency of data import, transformation, data processing, drawing, and 
data analysis. In experimental process, using this software to compare the collected 
environmental data and sugarcane plant height, the results are shown in Table 1 be-
low. 

 
Fig. 7. Images shot by double cameras  
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Table 1.  Analysis of sugarcane plant height and environmental factors 

Period after 
planting 
(days) 

Temperature 
(°C) 

Radiation 
(w/m2) 

soil moisture 
content 

(1%) 

system meas-
ured crop 

height 
(cm) 

actual meas-
ured crop 

height 
(cm) 

1 18 319 15.7 0 0 
30 19 364 12.5 10.5 10 
60 23 326 14.7 60 58 
90 26 386 11.8 98 101 

120 30 416 9.95 153 152 
150 31 427 9.52 201 203 
180 30 461 8.92 269 267 
210 29 412 10.5 308 305 
240 28 452 9.41 312 310 
240 26 432 9.32 313 311 

 
It can be known from above table that, the actual measured height of sugarcane 

plant has a probable 0 ~ 3 cm error with the video measured value, which indicates 
the experiment data collection has a higher accuracy, and the objective of accuracy 
requirement of experiment on data has achieved. Now the sugarcane growth monitor-
ing system has realized the real-time remote monitoring by using visualization mod-
ule (video image processing technology), as well as the in-time comprehensive com-
parison and analysis of data collected by sensors, the system can realize  independent 
operation based on experimental results. So to speak, the refine, intelligent remote 
control of agricultural production has initially implemented. Sugarcane monitoring 
system, by using the Internet network connection, sensing technology of Internet of 
Things and the advanced image processing technology, can real-time master crop 
growth and the latest growing environment by login the system. Through multiple 
data comparisons, it can also find out the accurate optimal growth environment of 
crops, as well as the golden period of growth, so as to improve crop yield and maxim-
ize the economic benefit. 

6 Conclusion 

The development of modern agriculture is an effective way to solve the problem of 
a large population with relatively little land in our country. The use of Internet of 
Things technology in agriculture is a symbol of the process of agricultural moderniza-
tion. In recent years, the application and improvement of technologies in the Internet 
of things on agriculture, including wireless sensor, wireless sensor networks, video 
image processing technology, automation control system and so on, have obtained 
certain achievements, which indicates the development of agriculture is gradually 
transforming to modernization, and realizing real-time refine monitoring, automatic 
control of agricultural production gradually. This paper has designed a sugarcane 
growth analysis system to realize real-time monitoring of sugarcane growth and anal-
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ysis of collected data. Experiment results show that users login the system can grasp 
the crops growth and latest growing environment through network connection of 
Internet, sensing technology of Internet of Things and the advanced image processing 
technology, therefore, growers can implement remote visual management and im-
prove their production efficiency. 
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