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Abstract: The paper present design and test of two architectures of practical works for remote laboratories using low-cost 

embedded systems. This practical works are destined to the 3rd year bachelor degree students on renewable energy and others on 

electronics. The first architecture is based on an Arduino microcontroller to control an irrigation system powered by photovoltaic 

panels. The second is based on a powerful mini PC, PcDuino, to control remotely a practical work of logic integrated circuits. 

These architectures can be generalized to others discipline. A simple interface is developed to allow students and instructors to 

access easily to this practical works. This approach of low-cost remote laboratories shows benefits in Moroccan universities, 

especially in open access faculties due to the huge number of registered students and the lack of rooms and materials.  
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1. INTRODUCTION 

The information and communication technologies 
have undergone remarkable development in recent 
years[1], [11], [12]. Web technologies and 
communication protocols play a crucial role for users 
to access shared resources on the net. 

Remote laboratories, a new trend of these resources 
that are used in the field of education. Unlike hands-on 
practical works,Remote experiments allow students to 
manipulate via internet online Practical Work (PW) of 
which may be found anywhere in the world. 

Because of the large number of registered students 
in Moroccan universities, and due to lack of staff, 
machinery room and saw the great importance of 
practical manipulations to strengthen the knowledge 
stores in courses, remote labs become a real need to 
overcome the problems of hands-on PW that can go up 
to its absence in the open-access faculties[3]. 

Our approach inspired project European EOLES 
[6], is based on the implementation of Practical Work 
low-cost integrated into remote labs based embedded 
systems to the multidisciplinary faculty of Beni 
Mellal. 

In this paper, we propose two architectures of 
remote Practical Work, the first based on an Arduino 

board to control a solar irrigation system pumping 
integrating artificial intelligence whose results is 
discussed above. The 2

nd
based on a mini PC PcDuino 

to control a Practical Work of digital electronics. 

Both of it are respectively used by the students of 

the 3rd year bachelor on renewable energy and 
electronics and industrial systems. 

Several students could benefit from remote 

laboratories without occupying any space or damage 

any material. 

The first practical work is developed to test the 

optimization of irrigation using solar pumping [5]. We 

test 2 ways of irrigation through nonlinear algorithms. 

2. RENEWABLE ENERGY PRACTICAL WORK 

2.1. Used architecture  

In order to implement our concept we used a 3-tier 

architecture (client, server and irrigation system)(fig.1) 

 Customer: the supervisor who can use a web 

browser to access a java application (java applet) 

to control pumps and solenoid valves and 

supervised the data remotely and in real time. 

 Server: it stores the data comes from the 

embedded system in a database, then through two 
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controllers ( Fuzzy Logic (FL) and Artificial 

Neural Network (ANN)) processes said data for 
decision support, and real-time sending data to the 

web browser. 

 Irrigation system: it is the heart of our system, 

which is based on an Arduino board with the 
Ethernet Shield connected to the Internet. It is 

connected to three sensors (humidity, humidity 

soil and temperature), two solenoid valves and a 
pump via a relay module. The system is powered 

by a solar panel. 

 
Fig.  1.General architecture 

2.2. Hardware implementation 

 We used Arduino Uno card to process the 

commands and data acquisition from the sensors. The 

Arduino is connected to the server through the 
Ethernet Shield module that has an RJ45 port. 

DHT100 the sensor measures the temperature and 

humidity and the value is converted in  Arduino by the 
analog to digital conversion module. The SEN0114 

sensor measures soil moisture. In our prototype we 

used two sensors to make the comparison between the 

two decision algorithms late. The LCD displays 
different data should acquire by the sensors. The 

Arduino receives the commands of the server using 

our java application to control the pump and 2 
solenoid valves during manual use of our 

system(Fig.2). 

 

 
Fig.2.hardware electrical schema 

 

 
Fig.3.Hardware electrical schema 

2.3. Software and algorithms 

2.3.1. Irrigation control interface 
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Fig.4. User interface 

This window can be separated into 5 zones explained 
as follows:  

 The first zone (1) contains an interface to 

control a pump and two solenoid valves in 

case of control mode is manual. If using other 

work mode it displays the state of the pump 
and solenoid valves. 

 This area (2) allows the user to irrigate the 

area 1 or 2 by choosing the control mode 

(manual, fuzzy logic controller, controller 
RNA, regulation). 

 Zone (3) contains two double needle 

indicators that display the temperature, air 

humidity and soil moisture of sector 1 and 2. 

 For the area (4) it is used to trace the variation 

of the humidity of the areas based on real 
time. 

 The last zone (5) is constituted by two 

counters, the first calculates the amount of 

irrigated water and the second makes it 
possible to count the energy consumed by the 

pump. 

 
In this practical work student control a pump 

remotely and manually and they get as feedback, 

voltage, current produced by the solar panel and some 

measure of sol humidity, temperature and air humidity 
to take decision of irrigation. 

We develop this concept to command automatically 

this installation and allow students to compare 
between their manually application and the automatic 

ones.  

2.3.2. Fuzzy logic 

The main function of this system is to manage 
irrigation and decide how much water irrigated 

depending on the soil moisture, humidity of air and 

temperature. It was therefore decided to retain the 

following variables: 
 

2.3.2.1. Input variables 

 Soil moisture: 

The first input was chosen by three qualify crowds 

subsets (dry, average and wet) defined as (fig.5): 

Dry: 

 

µ𝑑𝑟𝑦  𝑥 =
−1

30
𝑥 + 1   𝑓𝑜𝑟𝑥 ≤ 30

µ𝑑𝑟𝑦  𝑥 = 0                𝑓𝑜𝑟𝑥 > 30

𝑤𝑖𝑡  µ𝑑𝑟𝑦  𝑥 ∈  0,1 

   (1) 

Average: 

 
  
 

  
 µ𝑎𝑣𝑒𝑟𝑎𝑔𝑒  𝑥 = 0                          𝑓𝑜𝑟  𝑥 < 20

µ𝑎𝑣𝑒𝑟𝑎𝑔𝑒  𝑥 =
1

30
𝑥 −

2

3
    𝑓𝑜𝑟 20 ≤ 𝑥 < 50

µ𝑎𝑣𝑒𝑟𝑎𝑔𝑒  𝑥 =
−1

30
𝑥 +

8

3
   𝑓𝑜𝑟 50 ≤ 𝑥 < 80

µ𝑎𝑣𝑒𝑟𝑎𝑔𝑒  𝑥 = 0             𝑓𝑜𝑟   80 ≤ 𝑥 < 100

 

𝑤𝑖𝑡  µ𝑎𝑣𝑒𝑟𝑎𝑔𝑒  𝑥 ∈  0,1 

 (2) 

 

Wet: 

 
µwet  𝑥 = 0𝑓𝑜𝑟𝑥 < 70

µwet  𝑥 =
1

30
𝑥 −

7

3
𝑓𝑜𝑟𝑥 ≥ 70

   (3) 

𝑤𝑖𝑡  µ𝑤𝑒𝑡  𝑥 ∈  0,1  
 

 

Fig.5. Membership function of soil moisture 

 Atmospheric humidity :  

Air humidity is treated as soil moisture: three 

subsets fuzzy (low, medium and high) (fig.6): 
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Low: 

 
µlow  𝑥 =

−1

30
𝑥 + 1    𝑓𝑜𝑟  𝑥 ≤ 30

µlow  𝑥 = 0                𝑓𝑜𝑟  𝑥 > 30
   (4) 

𝑤𝑖𝑡  µlow  𝑥 ∈  0,1  
Medium: 

 
 
 

 
 

µmedium  𝑥 = 0                                 𝑓𝑜𝑟 𝑥 < 20

µmedium  𝑥 =
1

30
𝑥 −

2

3
        𝑓𝑜𝑟 20 ≤ 𝑥 < 50

µmedium  𝑥 =
−1

30
𝑥 +

8

3
        𝑓𝑜𝑟 50 ≤ 𝑥 < 80

µmedium  𝑥 = 0                     𝑓𝑜𝑟 80 ≤ 𝑥 < 100

 (5) 

𝑤𝑖𝑡 µmedium  𝑥 ∈  0,1  
 

 

High: 

 

µhigh  𝑥 = 0                       𝑓𝑜𝑟 𝑥 < 70

µhigh  𝑥 =
1

30
𝑥 −

7

3
        𝑓𝑜𝑟  𝑥 ≥ 70

 𝑤𝑖𝑡 µhigh  𝑥 ∈  0,1 

   (6) 

 

Fig.6. Membership function of air moisture 

 Temperature :  

The variable temperature consists of three fuzzy sets: 

cool, normal, warm (fig.7): 

Cool: 

 

µcool  𝑥 =
−1

35
𝑥 +

3

7
    𝑓𝑜𝑟 𝑥 ≤ 15

µcool  𝑥 = 0                𝑓𝑜𝑟  𝑥 > 15

𝑤𝑖𝑡 µcool  𝑥 ∈  0,1 

  (7) 

Normal:  

 
 
 

 
 

µnormal  𝑥 = 0                              𝑓𝑜𝑟𝑥 < 10

µnormal  𝑥 =
1

15
𝑥 −

2

3
𝑓𝑜𝑟10 ≤ 𝑥 < 25

µnormal  𝑥 =
−1

15
𝑥 +

8

3
𝑓𝑜𝑟25 ≤ 𝑥 < 40

µnormal  𝑥 = 0                     𝑓𝑜𝑟40 ≤ 𝑥 < 50

 (8) 

𝑤𝑖𝑡 µnormal  𝑥 ∈  0,1  
Warm: 

 

µwarm  𝑥 = 0                   𝑓𝑜𝑟 𝑥 ≤ 30

µwarm  𝑥 =
1

20
𝑥 −  

3

2
     𝑓𝑜𝑟  𝑥 > 30

𝑤𝑖𝑡 µwarm  𝑥 ∈  0,1 

   (9) 



Fig.7. Membership function of the variable temperature 

2.3.2.2. Outputvariables: 

For the variable of the output it is mobilized as follows 

(fig.8): 

Little: 

 

µlittle  𝑥 =
−1

35
𝑥 + 1    𝑓𝑜𝑟 𝑥 ≤ 35

µlitle  𝑥 = 0                𝑓𝑜𝑟  𝑥 > 35

𝑤𝑖𝑡 µlittlr  𝑥 ∈ [0,1]

   (10) 

 

 
Average: 

 
 
 

 
 

µaverage  𝑥 = 0                           𝑓𝑜𝑟 𝑥 < 20

µaverage  𝑥 =
1

25
𝑥 −

4

5
𝑓𝑜𝑟 20 ≤ 𝑥 < 45

µaverage  𝑥 =
−1

25
𝑥 +

14

5
𝑓𝑜𝑟 45 ≤ 𝑥 < 70

µaverage  𝑥 = 0                  𝑓𝑜𝑟 70 ≤ 𝑥 < 96

  (11) 

𝑤𝑖𝑡 µaverage  𝑥 ∈ [0,1] 

Big: 

 

µbig  𝑥 = 0                   𝑓𝑜𝑟 𝑥 ≤ 30

µbig  𝑥 =
1

46
𝑥 −  

25

23
     𝑓𝑜𝑟  𝑥 > 30

 𝑤𝑖𝑡 µbig  𝑥 ∈  0,1 

   (12) 
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Fig.8. Membership function of the output variable 

2.3.3. ANN controller 

The irrigation system explained herein feat by a closed 

control loop. The control unit continuously receives 

feedback from various sensors on the ground [4]. 
       The control unit decides is what we will or not to 

irrigate based on data from sensors and preset 

parameters (soil type, nature of the plant, number of 
the day in the year ...) 

2.3.4. ANN Controller architecture: 

This is a model for the irrigation system using the 

ANN 

(Artificial Neural Network). 

 
Fig.9. Modeling of the irrigation system 

ANN Controller is implemented using the following: 
 Topology: Distributed Time Delay Neural 

Network is used. 

 Training Function: Bayesian Regulation 

function is used for training.  

 Performance: Sum squared error is taken as 

performance measure.  

 Goal: The set goal is 0.0001. 

 Learning Rate: The learning rate is set to 

0.05 

. 

2.4. Experimental Result 

2.4.1.  Fuzzy rules  
           To fix fuzzy rules we try many combinations of 

the input parameters to find the most optimized output 

has our system [7]. 
          The table below summarizes all rules and logical 

relationships between the sub- functions of input and 

output. 

Table 1.rules and logical relationships between the sub- functions 

of input and output. 

If Soil 
moisture 

= 

And Air 
humidity= 

And 
Temperature 

=  

then 
amount 

of water 

= 

Dry Low  Cool   Average   

Dry Low  Normal Big  

Dry Low  Warm  Big  

Dry Medium Cool  Average  

Dry Medium Normal Average  

Dry Medium Warm Big 

Dry High  Cool  Little  

Dry High  Normal Average 

Dry High  Warm Average 

Average Low  Cool   Little 

Average Low  Normal Little 

Average Low  Warm Average 

Average Medium Cool  Little 

Average Medium Normal Little 

Average Medium Warm Average 

Average High  Cool  Little 

Average High  Normal Little 

Average High  Warm Little 

Average Low  Cool   Little 

Wet Low  Normal Little 

Wet Low  Warm Little 

Wet Medium Cool  Little 

irrigate 

Do not irrigate 

Soil 

moisture 

Air 

humidity 

Temperatur

e 

Soil type 

Day of the 

year 

.                        

. 

. 
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Wet Medium Normal Little 

Wet Medium Warm Little 

Wet High  Cool  Little 

Wet High  Normal Little 

Wet High  Warm Little 

 
2.4.2. Comparison between the two controllers 

An experiment was carried out to compare between 
our controllers at quantity of irrigated water and have 

an idea on economization provided by these two 

algorithms.  

We chose to plant two rows of the pumpkin the 

first line is irrigated using the fuzzy logic controller 

and the second line with the ANN controller. 

Experience has unrolled for 11 days, for each 24 
calculates the quantity of water for each controller 

based on the output of the pump and the irrigation 

time. 
Pump flow rate = 0.3 L/min. 

Number of plants per line = 3.  

Irrigated area = 1800 mm
3 

 

 
 

Fig.10. Final prototype 

 

Note in Figure 11 ANN controller uses an 

average of 0.68L / day unless the fuzzy logic 

controller using 0.83L / Days.  

 

 
 

Fig.11. Comparison between the controllers at the amount of water 
irrigated 

It was assumed that for manual mode that irrigates 

one liter of water per day. Figure 11 shows that the 
fuzzy logic controller input irrigated water reduction 

of 16.08% compared to manual mode and ANN 

controller 32%. 
 

 

 

 
 

 

 
 

 

 
 

 

 

 

 

 

 
Fig.12. Total irrigation water quantity for each controller 

 

       Certainly our system requires a lot of 

improvement in order to adapt to the real environment; 
among these modification: the achievement of a 

wireless acquisition card that contains our entire 

0
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1.4

1.6

1 2 3 4 5 6 7 8 9 10 11
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sensor to the duplicated on the entire field to have the 

maximum information on the state of the environment 
[8], [9]. 

      Finally the results of our system encourages us to 

continue to help farmers and encourage them to use 
green energies for maximize their income. Our next 

focus will be on implementation and calibration of the 

system in a fruit tree field to validate our prototype 
[10]. 

 

3. DIGITAL ELECTRONIC PRACTICAL WORK 

3.1. Implemented Architecture 

The design is based on a client-server architecture 
using open source software and low-cost embedded 

systems that allow the student,instructor or manager to 

access remotely to the practical work (Fig.13). 

The server part is equipped using PcDuino v3 

board. It provides for the user a full environment for 

development based on embedded Linux as operating 
system. 

The pcDuino is connected to the Internet through 

integrated Wi-Fi. This architecture usesmore less 

peripherals and sophisticated materials. 

 
Fig.13. General used architecture 

3.2. Hardware Description 

The principal hardware used in this architecture is the 

PcDuino v3 that is a high performance board 
computer[13]. It runs operating systems such as Linux. 

PcDuino3 has several outputs and inputs: 

 HDMI: interface to show the graphic desktop 

screen. 

 Ethernet: to connect to the internet through 

RJ45 cable. 

 Wi-Fi 

 Audio out 

 LCD : with a LVDS connector 

 IR receiver : receive infra-red signals 

 Camera : CSI  

 SATA host socket to connect it to external 

hard drive. 

 USB: 1 USB host and 1 USB OTG. 

 Power: 5V and 2A. 

 Arduino Headers : The PcDuino3 is 100% 

compatible with original Arduino shield and 

has the same pin :  

 14 GPIO : General Purpose In/Out Digital pins 

o 6 Analog Inputs connected to an ADC 

(Analog to Digital Converter) module. 

o 2 PWM : Pulse Width Modulation  

o 1 UART , 1 SPI and 1 I2C 

Also, Pcduino3 has a CPU AllWinner A20 1GHz 

ARM cortex, a DRAM with 1GB and a Onboard 

storage 4GB flash. 

3.3. Practical work description 

In this Practical Works destined to the 3rd year 
bachelor class of Electronics, students achieve and 

familiarized with integrated logic circuit such as AND, 

NAND and NO (Fig.14). 

They command the Input ports of the logic gate in 

order to get the truth table of each of them, also, they 

measure the voltage and current of LOW and HIGH 
state in the output using the ADC of PcDuino. 
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Fig.14. Electronic schema of the experimentation 

 

Fig.15. Hardware of the practical work 

3.4. Software description 

The development environment is based on python 
programming language  

3.4.1. Python programming language 
We used python as script to communication with 

the GPIO and system files of PcDuino. Python 

provides a huge number of scientific libraries that 
make of it a robust server programming language. 

To facilitate the execution of functions related 

Pcduino we use an open source project PyDuino [13] 
to code programs using this library to send and get 

orders to and from GPIO, file system and multimedia. 

3.4.2. PyQT4 

In order to develop our interface we chose Pyqt4, a 

design language based on python. In the first step we 
design the window interface using Qt designer tool, 

after we get a python file. 

We will have 2 files : 

 PwMain.py : contains the main code to 

communicate with GPIO and import the 

design code from the second file. 

 Pw.py : contains the design code. 

 

Fig.16. User interface 

The Figure 16 shows the Qt application, part of the 
code and live video from the installed webcam module 

with pcDuino. 

 
This work is also in progress and under test, for this 

reason we use Virtual Network Connect (VNC) to 

connect to the PcDuino for executing the PW. 
 

4. CONCLUSION 

This work was done as a solutionto the real need for 

theteaching of practical work, especially in the open-

access 

Faculties. In this work, we proposed two practical 
works in renewable energy and electronic 3rd year 

bachelor classes. The approach was to use low-cost, 

high performance embedded systems as PcDuino and 
using free open source tools. Student uses VNC to 

connect to the practical work. We develop the first 

manipulation to show that the system is extensible to 
industrial use. 
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 In this paper we built a smart irrigation system 
used as remote practical work for bachelor on 

renewable energy that is based on two closed loop 

controllers, the inputs of the first fuzzy logic controller 
is temperature, soil moisture and air humidity and the 

output is the amount of water to be irrigated, this 

denier has given satisfactory results because the use of 
water devoid of 16.08%. The second controller is 

based on the algorithms of the latter neural networks 

inputs such as temperature, soil moisture, air humidity, 

soil type and day of the year; the output is the decision 
to start irrigation or not irrigated, the results obtained 

by this controller are very satisfactory as it saves water 

consumption to 32%. 

 The second work in progress is a remote 

practical work for electronic bachelor. its objective is 

to manipulate the logic gate and get the truth table and 

measure physical quantities. 
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