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Abstract—Monitoring and controlling microclimate in a 
greenhouse becomes one of the research hotspots in the field of 
agrometeorology, where the application of Wireless Sensor 
Networks (WSN) recently attracts more attentions due to its 
features of self-adaption, resilience and cost-effectiveness. 
Present microclimate monitoring and control systems achieve 
their prediction by manipulating captured environmental factors 
and traditional neural network algorithms; however, these 
systems suffer the challenges of quick prediction (e.g. hourly and 
even minutely) when a WSN network is deployed. In this paper, a 
novel prediction method based on an Extreme Learning Machine 
(ELM) algorithm is proposed to predict the temperature and 
humidity in a practical greenhouse environment in Nanjing, 
China. Indoor temperature and humidity are measured as data 
samples via WSN nodes. According to the results, our approach 
(0.0222s) has shown significant improvement on the training 
speed than Back Propagation (BP) (0.7469s), Elman (11.3307s) 
and Support Vector Machine (SVM) (19.2232s) models, plus the 
accuracy rate of our model is higher than those models. In the 
future, research on faster learning speed of the ELM based 
neural network model will be conducted. 
 
Keywords—Wireless Sensor Networks, Extreme Learning 
Machine; Greenhouse Microclimate; Prediction Model 

I. INTRODUCTION 
Modern greenhouses provide a suitable indoor microclimate 

meeting the requirements of plant growth. A prediction model 
of the microclimate in a greenhouse therefore becomes critical 
for the establishment of control strategies and consequent 
evaluation [1]. The design of such a model becomes 
challenging due to the features of the greenhouse 
microclimate, i.e. nonlinear, multiple input multiple output, 
and its strong coupling between relevant factors. It is also 
affected by the indoor and outdoor climate environment, crops 
grown inside and movements of control facilities [2]. All 
reasons above make it difficult to establish a precise 
mathematical model to achieve fast and accurate prediction 
[3]. With rapid development of short-range wireless 
communication, e.g. Wireless sensor networks (WSN), real-
time (or nearly real-time) collection of relevant environmental 
data in a greenhouse turns out to be convenient, but also raises 
new challenges on microclimate prediction [4]. 

Mechanism modelling method based on energy balance 
because of its multiple parameters and low accuracy, it is 

difficult to meet the need of practical application [1]. Another 
system identification method based on the data input and 
output because it needs less parameters, good adaptive ability 
and higher simulation accuracy [1-3]. And it has been widely 
applied. The traditional neural network algorithm, Back 
Propagation (BP) was applied to build the prediction model of 
microclimate in a greenhouse. Support Vector Learning was 
also used for the prediction [5-6]. However, the existence of 
slow training speed, easy to fall into local minima and the 
choice of learning rate sensitive etc. inherent shortcomings in 
the neural network makes its application in the greenhouse 
prediction model is not ideal.  

Extreme Learning Machine (ELM) algorithm [7] is a new 
algorithm for these mentioned shortcomings of the neural 
networks, and it has the advantages of faster training speed, 
the global optimal solution and good generalization. In this 
paper, the ELM algorithm is applied to establish prediction 
models of microclimate in a greenhouse. 

This paper presents the WSN-based prediction model of 
microclimate in a greenhouse using ELM algorithm and is 
structured as follows: Section II introduces the related work... 
Section III presents the principles of ELM algorithm and the 
principles of modelling the greenhouse environment using 
ELM algorithm. Section IV presents the experimental results 
from real-world data and discussion, and Section V presents 
conclusions. 

II. RELATED WORK 
The system identification method based on input-output 

data needs less parameter and obtains high simulation 
precision. Patril et al. [8] used the auto-regression and neural 
network to build a temperature model of tropical greenhouse. 
Wang et al. [9] used BP algorithm to establish the rainy 
season greenhouse microclimate model in Jianghuai area, and 
results show that the model has higher precision and is a 
beneficial supplement to the physical model. Ferreira [10] 
used Radical Basis Function (RBF) neural networks to 
establish fitting model of a hydroponic greenhouse, and 
obtained the very good fitting results. Fourati [11] used an 
Elman neural network to emulate the direct dynamics of a 
greenhouse, the Elman model was used to train control model. 
Another identification method of nonlinear systems, support 
vector machine regression (SVMR) was applied to the 
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modelling of greenhouse microclimate sys
online modelling method of weighted lea
vector machine based on [12]. 

III.   MODEL 

A.  Principles of ELM 
For a given set of random samples, 

Where ࢞௜ ൌ ሾݔ௜, ,௜ାଵݔ … , ,௜ା௡ିଵሿݔ ௜ݐ ൌ ௜ା௡ݔ
vector, ti is the output corresponding to xi, 
dimension. An ELM regression model conta
layer neurons can be expressed as in [13]: ෍ ௜௅ߚ

௜ୀଵ ݂൫࣓௜ ௝࢞ ൅ ܾ௜൯ ൌ ,௝ݐ ݆ ൌ
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input weights between the ith neuron and th߱௜ ൌ ሾ߱௜ଵ, ߱௜ଶ, … , ߱௜௡ሿ，ߚ௜ is the output w
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H is an output matrix of the hidden lay
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In most cases, Q is much greater than L. B
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Where Hା  is the Moore-Penrose generaliz
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is the output vector of prediction model usin

B. Prediction Model of Microclimate in a 
Using ELM  

Greenhouse microclimate is an extre
system, influenced by outdoor environm
structures of greenhouse and the ope
environmental control equipment, etc. So th
of indoor temperature and humidity 
information. Hence in order to predict
humidity in greenhouse that can only use th
of indoor temperature and humidity to e

tem areas, such as 
ast squares support 

ܵொ ൌ ሼሺ࢞௜, ௜ሻሽ௜ୀଵொݐ , ௡ , ௜ݔ is the input 
n is the embedded 

aining the L hidden 

1,2, … , ܳ 

aining set, ߱௜ is the 
he input layer, and 

weights between the 
threshold values of 
atrix form as: 

er, can be written ൅ ܾ௅ሻ൅ ܾ௅൯቏ொൈ௅ 
ten specifically as: 

ght, can be written 

By solving Eq. (2), 
n [14]: 

zed inverse of the 
n be calculated as: 

iction model using 

model using ELM, t 
ng ELM. 

Greenhouse 

emely complicated 
mental factors, the 
eration status of 

he historical sample 
imply the above 

t temperature and 
he historical sample 
establish prediction 

models. While establishing pre
next sample prediction model ݏ௧ିଷ, ,௧ିଶݏ  ௧ିଵ, and the currentݏ
output instance is ݔ௧ ൌ ሾݏ௧ିଷ, ,௧ିଶݏ ௧ݏ
The sample s can be temperatur

The ELM algorithm can be re
Step 1. Initialization. Set th

activation function 
generate input weig
b; 

Step 2. Use the parameter
input matrix of the
output matrix H of 

Step 3. Use H and T to β෠: β෠ ൌ HାT; 
Step 4.  Use Eq. (5) to calcu

IV.   RESULTS AN

A. WSN 
A weather observation syste

ZigBee enabled wireless senso
nodes are designed providin
interfaces for wide compatibili
support multiple wireless d
including free short-range ISM
915MHz, as well as enhance
technologies, e.g. EDGE and H
hardware block diagram and P
shown in Figure 1. 

Figure 1.  The hardware implementatio
prototype design; (b) the PCB design of

assembled design of a nod

(1)

(2)

(3)

(4)

(5)

ediction model To predict the 
uses the three past samples: 

sample ݏ௧. Hence, the tth input-

௧ିଵ, , ௧ሿݏ t௧ ൌ  ௧ାଵݏ
re or humidity value. 
epresented as follows: 
he number of the neurons and 
in the hidden layer, randomly 

ghts ૑ and the threshold value 

rs obtained in Step 1 and the 
e training set to calculate the 
the hidden layer; 
calculate the output weights 

ulate the predicted results. 

ND DISCUSSION 

em is implemented based on a 
or network. Customised sensor 
g four open communication 
ity of sensors. The nodes also 
ata communication methods 

M radio bands at 2.4GHz and 
ed mobile telecommunication 
HSDPA. The prototype design, 
PCBs of the sensor node are 

 

 
on of a customised WSN node. (a) The 
f communication module and the entire 
de; (c) the block diagram 

134ISBN 978-89-968650-4-9 July 1-3, 2015  ICACT2015



Figure 2.  The pin arrangement of four interfaces. (a)
names specified in four pin tables; (b) the pin names a

description 

A closed polycarbonate casing design
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TABLE I   PERFORMANCE COMPARISON OF THE ELM, BP, ELMAN AND SVM ALGORITHMS

Environment 
factors 

Algorithms Training 
Time(seconds) 

RMSE R2 Nodes of 
Neurons 

              
temperature 

ELM 0.0222 1.0586 0.9883 26 
BP 0.7469 1.1841 0.9858 5 

Elman 11.3307 1.1840 0.9853 13 
SVM 19.2232 1.1537 0.9865 - 

              
humidity 

ELM 0.0187 1.4177 0.9648 18 
BP 0.6833 1.6398 0.9586 5 

Elman 11.5784 1.4191 0.9641 18 
SVM 20.0633 1.4635 0.9605 - 

= 0.125, in humidity model c = 11.3137, g = 0.353553, other 
parameters are set as default values.  

Table I shows the results of predicting the environment 
factors using three algorithms just mentioned. Since the input 
weights and thresholds are generated randomly, for without 
loss of generality, performance evaluation parameters for all 
algorithms were taken average of 50 times as the results. The 
performance evaluation parameters are training time, root 
mean square error (RMSE) and the coefficient of 
determination (R2). And the smaller training time, the smaller 
RMSE and the higher R2 indicated a better performance of the 
model. Specific calculation formulas are shown as Eq. (7) and 
(8): RMSE ൌ ටଵ௟ ∑ ሺ̂ݐ௜ െ ௜ሻଶ௟௜ୀଵݐ  ܴଶ ൌ ቀ௟ ∑ ௧መ೔௧೔೗೔సభ ି∑ ௧መ೔೗೔సభ ∑ ௧೔೗೔సభ ቁమ

൬௟ ∑ ௧መ೔మ೗೔సభ ି൫∑ ௧መ೔೗೔సభ ൯మ൰൬௟ ∑ ௧೔మି൫∑ ௧೔೗೔సభ ൯మ೗೔సభ ൰ 
Where, ݈ is the number of testing samples, ݅ݐሺ݅ ൌ 1,2, … , ݈ሻ 

is the actual value for the i-th sample, ̂݅ݐሺ݅ ൌ 1,2, … , ݈ሻ is the 
predicted value for the i-th sample. 

Seen from Table I, the ELM algorithm ran around 33 times 
faster than BP, 510 times faster than Elman, and 865 times 
faster than SVM for predicting the temperature in the 
greenhouse. So the ELM model showed great superiority in 
training speed. At the same time, the RMSE of ELM model 
are lower than and Rଶ was higher than BP, Elman and SVM 
model, the ELM model showed the high accuracy and fitting 
ability. The ELM model of humidity also exhibited the same 
advantages. It can also been that ELM models can quickly 
predict the greenhouse environmental factors in the context of 
maintaining the accuracy. Therefore, ELM model is more 
suitable to predict the greenhouse environmental factors. 

V. CONCLUSIONS 
This paper applied ELM algorithm to predict the 

greenhouse environmental factors. Different from the 
traditional learning algorithms, ELM algorithm randomly 
generated input weights and thresholds, and simply set the 
number of hidden layer neurons, we can obtain the unique 
global optimal solution. The algorithm is simple, fast and high 
simulation precision. Comparison of BP, Elman and SVM 
algorithms in environmental factors prediction, ELM showed 
better performance. It proved that it is feasible to use ELM 

algorithm to predict environmental factors, and which can 
provide support for the intelligent control of greenhouse. 

Because of the influence of environment factors in 
greenhouse by different types of greenhouse structure and 
material, the types of crops and planting mode, the weather 
changes, human disturbance and run state of control 
equipment and many other factors, the steady model to predict 
the environmental factor is inappropriate. In future research, 
the model will be improved further. Building an online model 
of greenhouse environment factors is very necessary. 
Moreover, if shortening time interval (e.g. 5min, 10min), 
whether or not to make model more perfect, there is need for 
further study. 
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