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Abstract—In this paper, we investigate the design and 
simulation of an electronic system for automatic controlling of 
water pumps that are used for agricultural fields or plant 
watering based on the level of soil moisture sensing.  The 
detected signal from the soil moisture sensor is processed by a 
conditional comparator circuit corresponding to different levels 
of actual soil moisture content. A logic circuit follows the 
conditional circuit with its output signals used to activate a 
system of relays that control the power circuit of the motors used 
for water pumping. The speed of the motor is varied according 
to the level of the soil moisture content; the motor is OFF during 
maximum wet and is running with HIGH speed during dry soil 
conditions respectively. The duration of water pumping is 
controlled by a timer circuit where the timer can be designed 
according to the desired watering time. The different stages of 
the overall electronic system are simulated and tested using NI 
MULTISM simulation software. The technique is useful to save 
human-power, enhances crop or plant productivity, saves water 
and provides proper water management to ensure efficient and 
viable farming industry especially in those places that receive 
less rain or mostly dry areas.   

Keywords—soil moisture sensor, comparator, logic circuit, relays,  
DIAC, TRIAC, motor,  water pumps. 

I.  INTRODUCTION  
The use of water for irrigation has been a farming practice 

since older days.  Farmers were used to irrigate their lands 
manually or use flood irrigation by diversion of ground water 
from wells, surface water withdrawn from rivers, lakes or 
reservoirs or from non-conventional sources like treated 
wastewater, drainage water or other related sources. Such 
practice of manual irrigation is not efficient with limitations 
among others, non-uniform distribution of water for the crops 
or plants, leaching off soil nutrients and fertilizers, erosion due 
to flooding, loss of water from plant surfaces through 
evaporation, water wastage which can result to water scarcity 
in drought areas and production of unhealthy crops and weak 
productivity [1].  Competition for water resources, the decline 
and scarcity of water resources, high irrigation pumping costs 
and the overall impact to our environment and ecosystem 
drives us to create a proper and effective irrigation 
management. In the world, water development for agriculture 
is a priority, but poorly designed and planned irrigation water 
management procedures and practices undermines efforts to 
improve livelihoods and exposes people and  environment to 
risks [2]. In recent days, several research works have been 
done in order to develop viable irrigation control systems 
including with capability of remotely managing farm fields. 
The work in [3], [4] investigated how to use the DTMF 
telephone signalling technique for remotely controlling 
agricultural pumps used for irrigation. Irrigation water pumps 
will be activated remotely from a telephone keypad when there 
is a need of watering of the farms. Several works have also 

shown microcontroller based irrigation control systems where 
controlling is executed based on the measurement of the soil 
water tension, soil water suction, soil water potential which all 
are parameters directly related to the soil moisture content [1], 
[2], [5], [6]. The higher the absolute soil water tension 
(measured in units of Pascal or bars), the higher the amount of 
energy that the plant requires to extract water from the soil. All 
the proposed systems are based on soil moisture content of the 
soil, which in turn signals the microcontroller that controls the 
water-pumps depending on the sensor input. The soil moisture 
sensor types can be tensiometric systems, which measure 
water potential, resistive sensors which measure the soil-water 
resistivity, time domain reflectometry based on dielectric 
constant of soil water and capacitance based sensors [7], [8]. 
The WATERMARK granular matrix sensor is an example of 
soil moisture sensor based on measuring the electrical 
resistance or conductivity of soil-water. It consists of a 
granular matrix supported in a metal or plastic screen and a 
wafer of gypsum embedded in the granular matrix. The 
electrodes are embedded in the granular fill material and the 
measured electric conductivity between the embedded 
electrodes gives a value for the water tension inside the sensor 
[9]. Taking into account the electrical conductivity of water, 
the granular matrix sensor responds to changes in the contents 
of soil moisture. As the soil dries, water is removed from the 
sensor and the resistance measurement increases and 
conversely, when the soil is rewetted, the resistance lowers and 
thus providing different resistance measurements according to 
the contents of soil moisture.  In this work, we assumed such 
type of soil moisture sensor as sensor input data of the overall 
electronic system. In contrast to the previous related works, 
which are microcontroller based irrigation systems, the overall 
electronic design in this work is based on easily available 
discrete passive and active electrical and electronic 
components, which can be easily constructed in a Laboratory. 

Different quantity of water can be supplied to a given farm 
land, garden vegetables or plants, houseplants depending on 
the level of soil moisture by controlling the speed of the DC 
motor used for water pumping. We can have different levels of 
motor speed while high speed refers to high quantity of 
pumped water, medium speed refers to medium quantity of 
water and zero speed (Motor OFF) is no water pumping. The 
speed of the motor can be controlled by specially designed 
TRIAC based electronic power circuit that belongs to the 
Thyristor family [10]-[14]. The level of the supplied rms 
voltage to the DC motor is varied automatically based on the 
sensor information resulting different levels of speed and 
hence different quantity of pumped water according to the 
water requirements of the farmland. The interval or duration of 
the water pumping is also controlled by a special timer circuit 
logically connected to the power circuit. Overall, the technique 
saves unnecessary wastage of water, preserves soil structure 
and nutrients from being flooded and washed away in due 
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time, saves human labour, saves electricity and more generally 
saves our environment from depletion and scarcity of soil and 
water resources.   

II. SYSTEM OVERVIEW 
The proposed system comprises a resistive soil moisture 

sensor (with voltage output readings), a conditional circuit, 
which modifies the sensor voltage outputs to a suitable level 
for comparison purposes, a digital logic circuit, a timer 
circuit, a TRIAC based power circuit controlled by a system 
of relays used for adjusting the required level of input voltage 
for the motor pumps. The digital logic controller generates a 
suitable logic command for controlling the switching states of 
the relays and the timer circuit controls the working duration 
of the motor pumps. Fig. 1 shows the general block diagram 
showing the different parts of the system.  

III. SOIL MOISTURE SENSOR AND CONDITIONAL CIRCUIT 
The soil moisture sensor is an electrical resistance sensing 

device like WATERMARK soil moisture sensor and it 
provides different voltage reading outputs corresponding to the 
amount of soil water tension.  In the proposed design, we 
assumed sensor resistance of Rs =2kΩ  (voltage output reading 
= 100 mV) to Rs = 22kΩ (voltage output reading = 1 V) 
corresponding to soil maximum wet and soil dry threshold 
conditions respectively [7], [9], [16], [17].  The water pump is 
not working during the maximum wet condition as the soil is 
assumed to contain enough water for the farm land, on the other 
hand, the water pump will be working at high speed during the 
soil dry conditions in order to provide sufficient water for the 
farm land.  

 

 

 

 

 

 

 

Between maximum wet and dry conditions, we have three 
other intermediate levels showing the degree of soil moisture 
content condition. All the levels in sequence of decrease 
moisture content are: maximum wet, over-mid wet, medium 
wet, minimum wet and dry conditions. Therefore, we have four 
different water pump speeds in an increasing order 
corresponding to the over-mid wet, medium wet, minimum wet 
and dry conditions. We assumed that water pumping is 
necessary for the four conditions as the soil water isn’t enough 
to support the healthy growth of the plants or crops in the farm 
land. However, the speed of water pumping is minimum for the 
minimum wet condition and highest for the dry conditions in 
order to discharge minimum and the highest quantity of water 
respectively to the farm land. The sensor output voltage is often 

low level amplitude and hence the signal is amplified by the 
conditional circuit in order to make suitable decision voltage 
intervals between the different soil moisture conditions. A 
feedback operational amplifier of gain, G =10 is used to bring 
the minimum and maximum sensor voltage thresholds to 1 volt 
and 10 Volts respectively [15]. The rest of the conditional 
circuit consists of four comparators suitable for the decision 
making between the four different soil conditions that require 
water-pumping as shown in Fig. 2. A buffer follows at the 
output of the comparator circuits to obtain a clear HIGH and 
LOW voltage levels. The buffer high output voltage (+15 V) is 
logical 1 and the buffer low output voltage (0 V) is logic 0. 
Table I shows the different soil moisture content cases and their 
corresponding output voltages. The corresponding speeds of the 
motor for the different soil moisture conditions are also given in 
the Table I. The motor is expected to be in the OFF conditions 
when in maximum wet condition and hence all the comparator 
outputs are zero volts in effect de-activating all the relays and 
the relays disconnect the motor from the power supply making 
it OFF. The other extreme condition is the dry condition where 
all the relays are working so that the motor is getting the 
maximum rms supply voltage and hence the motor running at 
the maximum speed to provide highest quantity of water to the 
farm land. 
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Fig. 2: The Soil moisture sensor and the conditional circuit 

TABLE I. SENSOR VOLTAGE AND COMPARATOR OUTPUTS FOR DIFFERENT SOIL 
MOISTURE CONTENT CASES 

  

Cases Soil 
moisture 
content 

Amplified 
Sensor 

voltage (Vs) 
Volts 

Comparator output 
voltages (in Volts) 

Motor 
speed 

VA 
 

VB 
 

VC 
 

VD 

0 Maximum 
wet  

0≤<Vs≤ 3.25 0 0 0 0 OFF 

1 Over-mid 
wet 

3.25<Vs≤ 5.5  0 0 0 15 Minimum 

2 Medium-
wet 

5.5<Vs≤ 7.25 0 0 15 15 Medium 

3 Minimum 
wet 

7.25<Vs ≤ 10 0 15 15 15 Over 
Medium 

4 Dry Vs>10  15 15 15 15 Maximum 

Soil 

Digital Logic 
Controller  

Motor for 
Water Pump

Soil moisture sensor 
 &  
Conditional circuit 

Timer Circuit  
System of 

Relays 

Fig. 1: Automatic Agricultural Pump System based on Soil Moisture Sensing
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IV. RELAY CONTROLLED POWER CIRCUIT AND 
THE LOGIC CONTROLLER 

 The output signals from the comparator circuit are used to 
activate a system of relays that in turn control the level of 
power supplied to the motor water pump by connecting and 
disconnecting different resistance values to the power circuit. 
The relay switching contacts are connected to a TRIAC based 
power circuit and the relays are used to control the resistances 
that will be connected and disconnected to the power circuit, 
where the level of the power supplied to the load motor is 
controlled by varying the charging time constant (RC) of a 
capacitor connected to the gate terminal of the TRIAC. In this 
design, we consider three relay switches to provide the five 
speed options shown in Table I.  Fig. 3 shows the TRIAC 
based power circuit with the three relay switch contacts. The 
diodes D4, D5, D6, and D7 function as bridge full wave 
rectifier circuit as we are assuming that the pumps are working 
with a DC motor load.  

 For the power circuit shown in Fig. 3, Vin is the input AC 
source voltage; RL is the load resistance which simulates the 
motor pump. The switches Relay 1, Relay 2, and Relay 3 are 
the three relay switch contacts that are controlled by the 
comparator voltage outputs discussed in section III after 
passing through a certain combinational logic circuit. The 
control command from digital logic circuit can be “logic 1” 
(HIGH Voltage) that closes on the relay switch contacts or 
“logic 0” (LOW or ideally zero voltage) that deactivates the 
relays and makes the relay contacts open. In this way, the 
resistances R1, R2, and R3 can be either connected or 
disconnected from the power circuit according to the soil 
moisture conditions. We consider five soil moisture content 
cases discussed above Case 0 (maximum wet), case 1 (over-
mid wet), case 2 (medium wet), case 3 (minimum wet) and 
case 4(dry).  Let the open and closed states of relay contacts 
are logic 0 and logic 1 respectively and let the total resistance 
controlled by the relays at a given state is R, which can for 
example be R1+R2+R3=503.3kΩ when the relay 1 is closed and 
the two other relays are open. Table II shows the relay states 
and the total resistance values for the five cases. 

Fig 3. TRIAC based power circuit. 

 In case of maximum wet (case 0), we have motor 
switched OFF state since the power supply is cutoff. During 
the switched ON condition of the TRIAC, we have four 
different cases of motor speed conditions. When soil moisture 
state is case 1, we have high total resistance (high RC time 
constant); the capacitor takes longest charging time to switch 
on the TRIAC. Hence the load gets minimum power or the 
motor is running in its minimum speed supplying minimum 
water to the farm land. During case 2, we have the contacts for 
Relay1 (Ry1) and Relay3 (Ry3) in the closed state and Relay 2 
(Ry2) in the open state, R= R1+R2=336.3kΩ and the power 
circuit provides medium power to the motor and hence the 
motor is running at medium speed. During case 3; Ry1 and 
Ry2 are in the ON state and Ry3 in the OFF state, R= 
R1+R3=170.3 kΩ, the circuit provides the third level of power 
(over medium) and lastly when case 4; all relays are in the ON 
state, which means R= R1=3.3kΩ (lowest time constant) and 
the circuit provides the maximum power to the motor and 
hence maximum motor speed during this soil dry condition. 
The firing angle or equivalently the time the TRIAC starts to 
be in a conducting state within one period of the AC voltage is 
highest during case 1 and lowest during case 4. 

TABLE II. RELAY STATES CORRESPONDING TO .FIVE SOIL MOISTURE STATES 

Cases Relay states Total 
Resistance, R 

Motor 
speed state Relay 1 

(Ry1) 
Relay 2 
(Ry2) 

Relay 3 
(Ry3) 

0 0 0 0 Open circuit OFF 
1 1 0 0 503.3 kΩ Minimum 

2 1 0 1 336.3 kΩ Medium 
3 1 1 0 170.3 kΩ Over 

Medium 
4 1 1 1 3.3 kΩ Maximum 

  

 The switched ON and switched OFF state of the relays 
shown in Fig. 3 is achieved by combinational digital logic 
circuit and a transistor relay switching circuit that is a follow 
up of the conditional circuit. Table III shows the truth table for 
the output condition of the three relays for the different soil 
moisture content cases. Consider the logical states of the four 
comparators & buffer outputs for VA, VB, VC, and VD are simply 
denoted by A, B, C, D, respectively. Using Table III and after 
logic analysis and simplification, the inputs to the three relays 
are given as: 

DRy =1    (1) 

BRy =2   (2) 

CBARy '3 +=    (3) 

 Where B’ denotes the complement of B. Fig. 4 shows the 
switching transistor circuit diagram that drives relay 1 and 
used in our MULTISIM simulation. When only relay 1 is in 
the ON state, the motor is working at minimum speed.  The 
duration of the working time of the motor pump can be 
controlled by the 555-timer circuit. The output of the 555 timer 
circuit can be combined with the output of logic circuits as 
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given in relations (1)-(3) with AND gate to control the overall 
switching states of the relay 1, relay 2, and relay 3.  Therefore 
the digital control signal for relay 1 is modified as: 

 3311 DTmTmRRy yT == ,  (4) 

Where Ry1T output of AND gate, Tm3 is the output signal of 
the 555 timer at pin 3, Ry1 is as given in relation (1). The 
transistor, T1, will be switched ON when the output of the 
AND gate as given in (4) is 1, Ry1T =1 (+15 V) and in this case, 
relay 1 will get activated and its switching contact in the power 
circuit be in a CLOSED condition.  When Ry1T =0 (0 V), the 
transistor T1 will be in a switched OFF state and the relay1 
will be de-activated and the relay switching contact in the 
power circuit be in an OPEN condition.  Therefore, the relay 1 
(EDR201A12) shown in Fig 4 represents the relay switch that 
controls the power circuit in Fig 3. The indicating lamps are 
placed for the purpose of indicating the ON and OFF status of 
the relays during the MULTISIM simulation. We have a 
similar circuit like Fig.4 for relay 2 and relay 3 based on the 
inputs as given in (2) and (3). 
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Fig 4. Relay 1 driving circuit 

TABLE III. RELAY SWITCHING STATES CORRESPONDING TO THE COMPARATOR 
OUTPUTS FOR THE DIFFERENT SOIL MOISTURE CONTENT CASES  

Soil moisture 
content 

Logical states of 
comparator outputs 

Relay Control 
Signals 

A B C D Ry1 Ry2 Ry3 
Maximum wet 0 0 0 0 0 0 0 

Over-mid wet 0 0 0 1 1 0 0 
Medium-wet 0 0 1 1 1 0 1 

Minimum wet 0 1 1 1 1 1 0 
Dry 1 1 1 1 1 1 1 

 

 The 555 timer circuit working in astable state is shown in 
Fig. 5 with the related components connected to it. It has 
automatic built in triggering that switches it continuously 
between its two unstable states both set (HIGH) and reset 
(LOW) states. It is also called a free-running multivibrator as it 
doesn’t require any additional inputs or external assistance to 
oscillate producing a continuous square wave from its output 
[12].  In this design, we modified the usual design of the 
astable operation so that the time duration for motor OFF 
condition can be suitably selected to be higher or lower than 
the motor working (ON) condition. The durations THIGH and 
TLOW, which are the duration of times when the output of the 
555 timer are HIGH (supply voltage, VCC) or Low (0 V) 

respectively are related to the external connected resistors and 
the capacitor as: 

CRTCRRT LOWHIGH 421 693.0.)(693.0 =+=  (5) 

The overall period of the oscillator, T, is 

CRRRTTT LOWHIGH )(693.0 421 ++==+=   (6) 

The motor will be in the SWITCHED ON condition or will be 
working during THIGH and will be OFF during TLOW time. This 
is because the switching states of relays are controlled by the 
timer output, where the relay contacts are open during the TLOW 
time.  The values of external resistor and capacitor components 
will be fixed according to the working time requirements of 
the motor. 

 
 
Fig 5. The 555 timer working as astable mode 

V. MUTLISIM SIMULATION RESULTS FOR THE 
POWER CIRCUIT 

 The working of the power circuit is tested using 
MULTISIM by emulating various cases of soil moisture 
content. The rms voltage of the input voltage is kept Vin=220 
V. Fig. 6 shows the motor or load voltage (Channel B-red 
color) and input voltage (channel A-blue color) during case 0, 
maximum soil wet condition  with all the relays OFF. As 
expected the load voltage is 0V as the TRIAC is in the OFF 
state. Fig. 7 and Fig. 8 show the cases 1, 4 soil moisture 
conditions respectively. The load voltage increases as expected 
in our theory and we get maximum motor voltage in case 4, 
soil dry conditions. 

 
Fig. 6. Load voltage when all the relays are OFF (case 0, maximum soil wet 
condition) 
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Fig. 7. Load voltage when Ry1 is ON and Ry2 and Ry3 are OFF (case 1, over-
mid soil wet condition) 

  
Fig.8. Load voltage when Ry1, Ry2 and Ry3 are ON (case 4, soil dry 
condition). 

 Table IV shows the summary of the load voltage for the 
five different cases that are found from MULTISIM 
simulations. The firing time or angle decreases from case 0 to 
case 4 and hence an increase in the output load voltage or 
power as per our expectations. The results of the simulation 
showed that the system can automatically control the speed of 
the water pumps by controlling the supplied power to the 
motor. Therefore such an automatic electronic system can be 
designed to control the levels of water that can be supplied to a 
farm land based on the condition of soil moisture content. 

TABLE IV. LOAD VOLTAGE FOR DIFFERENT SOIL MOISTURE CONTENT CASES 

Cases Soil moisture content Load  
Voltage (V) 

0 Maximum wet  0 

1 Over-mid wet 45.71 

2 Medium-wet 95.44 

3 Minimum wet 144.94 

4 Dry 194.49 

VI. CONCLUSIONS 
 In this paper, an electronic system is designed to control 
and operate a water pump automatically based on the level of 
the soil moisture (water) content. The different stages of the 
proposed system are designed using easily available discrete 
components, gates, timers, op-amps and relays. The design is 
tested using MULTSIM simulation software and a desired 
pump controlling is achieved by emulating different cases of 
soil moisture content. The proposed system eliminates the 
manual switching mechanism used by farmers or users to 

ON/OFF an irrigation or similar watering system.  Moreover, 
the system achieves proper water management, saves human 
power and enhances crop or plant productivity from 
automating. The overall design methodology can be used for 
designing and developing an advanced system capable of 
providing several levels of water pumping according to the 
state of the soil moisture content.  
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