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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment 

of the requirement for the degree of Doctor of Philosophy 

DEVELOPMENT OF A ROBOTIC WEED CONTROL SYSTEM FOR 

GREENHOUSES  

By 

AMID HERAVI 

April 2018 

Chairman 

Institute 

:   Professor Desa Bin Ahmad, PhD, P.Eng      
:   Advanced Technology 

In this study, a robot prototype that moves on a monorail was designed and 

developed using analytical and experimental methods.  It’s purpose was weed 

elimination between cucumber plants inside the greenhouse plants since there is not 

much research done for a robotic weed control in a cucumber greenhouse. The plants 

are cultivated in one row and the distance between two plants is about 40 cm. The 

distance between two rows is almost 1 meter. The soil type of the cucumber 

greenhouse was sandy loam soil. The robot benefits from 3 arrays of ultrasonic sensors 

for weed detection and a PIC18 F4550-E/P microcontroller board for processing. The 

feedback from the sensors activates a robotic arm which moves inside the rows of the 

cucumber plants for cutting the weeds using rotating blades. Fifty four experiments 

were carried out inside a greenhouse to find the best combination of arm motor (AM) 

speed, blade rotation (BR) speed, and blade design. Three BR speeds of 3500, 2500 

and 1500 rpm were  assigned.  The selection of the BR speeds was based on the 

previously published results on rotary movers,  and two AM speed of 10 and 30 rpm 

to three blade designs of S-shaped, triangular-shaped, and circular-shaped. These 

blades were selected due to their availability, low cost, and their performance during 

the initial test experiments.  

The results of analysis of variance indicated that different types of blades, different 

BR speed, and different AM speed had significant effects (P < 0.05) on the percentage 

of weeds cut (PWC). However, no significant interaction effects were observed. The 

comparison between the interaction effect of the factors (three blade designs, three BR 

speeds, and two AM speeds) showed that maximum mean PWC was equal to 89% 

with standard deviation of 3.9% and was achieved with the S-shaped blade when the 

BR speed was 3500 rpm, and the AM speed was 10 rpm. Using this setting, the 

maximum PWC that the robot achieved in a random experiment was 95%. The lowest 

mean PWC was observed with the circular-shaped blade (mean of 45.66% and 

© C
OPYRIG

HT U
PM



 

ii 

SD=1.86) which  resulted from BR speed of 1500 rpm and AM speed of 30 rpm. This 

study can contribute to the commercialization of a reliable and affordable robot for 

automated weed control in greenhouse cultivation of cucumbers.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktor Falsafah 

 PEMBANGUNAN SISTEM KAWALAN WEB ROBOTIC UNTUK HIJAU

Oleh 

AMID HERAVI 

April 2018 

Pengerusi: :   Profesor Desa Ahmad,PhD,P.Eng. 

Institut :   Teknologi Maju 

Dalam kajian ini, robot prototaip yang bergerak di atas monorel di sepanjang rumah 

hijau untuk penghapusan rumpai di antara pokok timun telah direka dan dibangunkan 

menggunakan kaedah analitik dan eksperimen memandangkan tiada kajian dilakukan 

mengenai kawalan rumpai menggunakan robot dalam rumah hijau. Tumbuhan ini 

ditanam dalam satu baris dan jarak antara 2 tumbuhan adalah kira-kira 40 cm. Jarak 

antara 2 baris hampir 1 meter. Jenis tanah rumah hijau timun adalah tanah berpasir 

berpasir. Robot ini mendapat manfaat daripada 3 aras sensor ultrasonik untuk 

pengesanan rumpai dan papan mikrokontroler PIC18 F4550-E / P untuk diproses. 

Maklum balas dari sensor mengaktifkan lengan robot yang bergerak di dalam barisan 

tumbuhan timun untuk memotong rumput menggunakan pisau berputar. Lima puluh 

lima percubaan telah dijalankan di dalam rumah hijau untuk mencari kombinasi 

terbaik kelajuan motor lengan (AM), giliran putaran bilah (BR), dan reka bentuk bilah. 

Tiga kelajuan BR sebanyak 3500, 2500 dan 1500 rpm, pemilihan laju BR didasarkan 

pada hasil yang diterbitkan sebelum ini pada penggerak putar, dan kelajuan dua AM 

10 dan 30 rpm hingga tiga reka bentuk bilah bentuk S, bentuk segi tiga, dan bentuk 

bulat. Bilah-bilah ini telah dipilih kerana mudah diperolehi, kos rendah, dan prestasi 

mereka semasa eksperimen ujian awal. Keputusan analisis varians menunjukkan 

bahawa jenis bilah yang berlainan, kelajuan BR berbeza, dan kelajuan AM yang 

berlainan mempunyai kesan ketara (P <0.05) pada peratusan potongan rumpai (PWC), 

namun tiada kesan interaksi signifikan yang diperhatikan. Perbandingan antara kesan 

interaksi faktor-faktor (tiga reka bentuk pisau, tiga kelajuan BR, dan dua kelajuan AM) 

menunjukkan bahawa maksimum PWC adalah sama dengan 89% dengan sisihan 

piawai 3.9% dan dicapai dengan bilah berbentuk S apabila Kelajuan BR adalah 3500 

rpm, dan kelajuan AM adalah 10 rpm. Dengan menggunakan tetapan ini, maksimum 

PWC robot yang dicapai dalam eksperimen rawak adalah 95%. PWC min yang paling 

rendah diperhatikan dengan bilah berbentuk bulat (min 45.66% dan SD = 1.86) yang 

disebabkan oleh kelajuan BR 1500 rpm dan kelajuan AM 30 rpm. Kajian ini boleh 

menyumbang kepada pengkomersialan robot yang boleh dipercayai dan berpatutan 

untuk kawalan rumpai automatik dalam penanaman timun dalam rumah. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Overview 

The world’s point of view about the usage of the resources has changed, and the 

extensive agriculture is replaced by compact cultivation. Indiscriminate use of 

chemicals has changed with its reasonable alternatives. The demand for off-season 

production of fruits and vegetables and other agricultural products require controlled 

environmental conditions. The greenhouse technology can answer almost all the items 

mentioned above. In addition, greenhouse technology is a career in which payback 

occurs very quickly. One of the main reasons to exchange greenhouse cultivation with 

open-field cultivation is to be able to better control environmental conditions. A 

greenhouse generally is a closed, roofed area. It looks like a big room from a distance.  

The types of commercial greenhouses: 

1.  Tunnel Green house (ground to ground).  

2.  Combined greenhouses with a saw tooth roof. 

3.  Combined Greenhouse with triangular roof. 

4.  Greenhouse interlocking curved roof.  

5.  Interconnected greenhouses with a domed roof. 

 

 

In greenhouse planting  and growing, some objectives are normally followed: 

 1.  Control over the water soil temperature and sunlight  

 2.  Out-of-season crop production; 

 3.  Dense planting; 

 4.  Producing crops original to regions other than the location where greenhouses 

are established; 

 5.  Optimal control over pests and diseases; 

 

 

A greenhouse can protect crops against factors such as high temperatures, strong 

winds, heavy rains, devastating storms, pests, and diseases. Other benefits of the 

greenhouse technology include  off-season production, efficient use of equipments, 

increasing the export capacity, annual production per unit area,  and the productivity 

of resources, and ultimately improving profitability. Greenhouse cultivation is an 

agricultural technique that has many advantages compared with the open-field 

cultivation. Tropical conditions for vegetable production throughout the year is ideal, 

depending on the temperature and light in a good condition for greenhouse cultivation 

by reducing bottlenecks in the production of high quality fruits and vegetables. 
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Vegetable production in the tropics is one of the main sources of fresh food, minerals, 

and especially rural livelihoods. (Vilas and Ajay, 2011). 

1.1.1 Overview about Cucumber 

Cucumber (cucumis sritivas) is a grass plant that originates from India. (Robinson & 

Decker Walters, 1997). It is widely consumed in the Middle East and is available all 

year round. About 13 million tonnes of cucumbers, like tomatoes and lettuce, are 

grown globally where 8 million tons are produced in Asia alone. 

Optimum conditions for cucumber production include : minimum temperature of  16 

to 18 degrees Celsius, normal temperature of 22 to 27 degrees Celsius,  maximum 

temperature of 30– 32 degrees Celsius, average daytime temperature of 25 degrees 

Celsius, and night time temperature of 20 Celsius. Cucumbers grow well at 10,000 lux 

with 12 – 24 hours of light and with intensive light of 18,000– 20,000 lux. Suitable 

moisture for cucumber growth is 70%. Excessive moisture  leads to diseases and low 

moisture leads to 25% – 30% increase in production. An increase in Co2 by 6 hours a 

day leads to a 30% increase in the output. Cucumbers need 800– 1000 liters of water 

per square meter and irrigation is necessary after seedlings have been planted.  After 

two weeks, watering should decrease to allow new roots to develop. Systemic watering 

should then be conducted:  15 minutes of watering every two hours. Soil Ph should be 

at 5 – 6 or 6 – 8 and electrical direction of 2 mili mous/cm or DC Zimens/m.  

Airflow of 0.5 meter/s leads to gentle movements of the leaves which in turn increase 

moisture in the lower levels of the greenhouse under the leaves. Co2 levels  increase 

leaf size-especially for cucumbers and feminine flowers (Gynoecious). (Hassandokht 

and Nosrati, 2003). 

Average time of budding is 3 -4 days and the length of time needed for fruits to ripen 

is 35 – 50 days. The area needed for seeding is 1000 square meters; 1700 – 2000N 

with plant accumulation 1.7 to 2.2 plants. (Hassandokht and  Nosrati, 2003). 

1.1.2 Cultivation Distances 

Many farmers think that growing more plants in a small area yields greater output. 

This is a fallacy because successful cultivation depends on the quality of soil. When 

plants are densely populated, it is hard to monitor them and diseases can occur. Good 

soil and summer plough with a concentration of seed per 2– 2.2 square meters is 

suggested. However, in winter it has to be 1.5– 1.7 square meters with a one square 

meter passageway separating the plants. In some corridor greenhouses, it is necessary 

to grow plants 40 – 45 centimeters apart, with 1700 – 2000 bushes every 1000 square 

meters. 
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1.1.3 Production of Cucumber 

Typically consumers want cucumbers that measure 10 -15 cm in length with a bew 

crop every two or three days. Cucumbers are harvested manually and grand total 

produce is 5 to 10 kg for each bush (Hassandokht and Masiha, 2012). 

1.1.4 Overview of Weeds in Greenhouse 

The growth of weeds like Cleavers, Amaranth, Camelthorn, Grass Quack, Oat wild, 

in greenhouses decreases the production of cucumbers (Generally every type of plant 

besides cucumber is considered a “weed”). Weeds compete with cucumbers for 

nutrients,water and photosynthesies in greenhouses (Table 2.1). 

They also attract insects and plant diseases such as aphis, triphis and other fungi which 

attack cucumber plants. Viruses like wild spinosa (Atriplex. Spp) often infect 

cucumber plants. They can be treated by using michelberomyte or sun energy (Ansari 

et al, 2007 ). 

1.1.5 Control and Destruction of Weeds 

The growth of the weeds can be prevented by irrigating the greenhouse with tap water, 

using compost instead of animal manure, and removing weeds before they produce 

seeds. 

Weeds can be controlled by using the seedling system. Weed growth usually occurs 

during irrigation and transplanting seedlings. Often weeds “hide” amongst cucumber 

plants and shrubs and  cause damage to them by using their nutrients.  

Weeds can be destroyed before or after cultivation with herbicides. However, non-

chemical forms of weed control are better as the use of herbicides leads to inorganic 

cucumbers of low quality. Weeds can also be removed manually. It must be mentioned 

that the soil type of the greenhouse was the sandy loam soil.  

1.2 Problem  Statement 

The growth condition for cucumber in the greenhouse  provides the leeway for the 

growth of other  plants too. This condition is ideal for the  growth of weeds  because  

due to their physiological conditions, they grow simultaneously with the original plant. 

To date, many methods and ways have been proposed to prevent the growth of weeds, 

including controlling them before cultivating the main plant and after that. In the first 

method, the soil can be disinfected the soil bed before planting either naturally or 

chemically. The chemicals are used to prevent the growth of weeds that remain in the 
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soil for a long time and cause poisoning (acidic). In the second method, a dark plastic 

cover is pulled over the greenhouse and on the ground floor in the summer. This 

increases the temperature under the plastic significantly which in turn results in the 

destruction of the weed seeds. This method is expensive, and also a high percentage 

of weeds maintain their potential to grow. 

Another method is to remove weeds  entangling with the main crop using herbicides. 

which are usually general type of herbicides due to a variety of weeds including 

(hardwood, narrow leaves, etc.). However, it must be noted that not only do herbicides 

pollute the soil but also a small mistake can lead to the loss of the main plant. 

1.2.1 The reasons for not using typical robots in cucumber greenhouse 

The typical instruments and robots used for removing weeds in open-field cannot be 

used in the cucumber greenhouse. Below are some of these reasons: 

1. Given that  the greenhouses are usually small, farmers try to use the maximum 

available space. 

2. Each plant is fastened to the ceiling by a string, so the instruments and robots 

cannot move from the above or to the rows that have planted 

3. There is not enough space for the machines and robots to turn back at the 

beginning and end of each row. Hence, a rail or monorail is needed for a robot 

or device to travel to the next row 

4.  Most of the instruments and robots that are used in the open field have engines 

that run on fuel. However, if such devices are used in greenhouses that are 

enclosed, they pollute the atmosphere and generate toxins. 

5. Most robots that are used to detect weeds, depend on GPS and satellites. As 

greenhouses are enclosed and have roofs, robots cannot be used in such 

environments. 

6. The terrain in greenhouses is not always level and as there are chassis in the 

rows, most robots and devices cannot be used. 

 

 

Therefore, most of the farmers tend to use the manual way to pull out the weeds and 

have the workers carry them outside. These methods have two main problems. First, 

it is time-consuming ; for example, in a one-hectare greenhouse, four workers should 

work eight hours a day throughout the growing season (about 8 months, 832 man/hour) 

to eliminate the weeds and once the workers get to the end of the greenhouse, they 

must start again to remove the weeds from the beginning. Moreover, employing this 

is highly costly  for the farmers. 

Given the new approach across the world  and increasing demand for organic products, 

old methods are obsolete because  these manual methods have not only resulted in the 

production of non-organic products, but also they have been found to be inefficient as 

they are expensive and time-consuming. 
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This review clearly shows that new methods for removing weeds in the greenhouses 

such as using weeding robots are necessary. Therefore, in this study, a robot was 

designed that can move in cucumbers greenhouses where the products are planted in 

the ground floor. The robot, removes the weeds and solves the problems related to the 

manual methods. In this study, an attempt has been made to remove weeds through 

the fastest mechanical method and without the use of chemicals. In addition to being 

economical for the farmers,  this method is very simple to understand and apply.  

1.2.2 Summary of uncertainty in the proper functioning of the robot 

Unfortunately, farmers ignore or change all or parts of the principles to reduce their 

costs and this can result in some problems. Here's a summary of some of them. 

1.  While designing this robot, it is assumed that the cucumbers greenhouse 

should be fully mechanized and should be based on the scientific planting 

maintenance, and harvesting. 

2.  Every other two rows must use one aisle, which could also be used for the 

weeding and harvesting as well as using two rows of monorail. 

3.  Manure spills are usually stacked in rows, and the seed is planted in the middle. 

This stack has a rough surface and is curved shaped. 

4.  After seeding, the irrigation pipes will be placed on it. These pipes usually 

have to be placed at a depth of 1 cm from the ground, and the subsurface 

irrigation should be done. 

5.  When 3 to 5 leaves of cucumber were grown since then, the bush should be 

connected to the ceiling by a string. Otherwise, the plant will be tilted and start 

to grow horizontally. 

6.  The distance between the seeds that should be 40cm, must be adhered to 

correctly. 

7. The main stem will be placed in a pipe-shaped bar laid inside the frame, which 

is called chassis. 

8.  While using the chassis of the greenhouse, it should be considered that the 

bases of the chassis are placed completely in the soil exactly across form the 

stem of the plant (at a distance of 40 cm from each other). 

 

 

The comprehensive of uncertainty in the proper functioning of the robot is presented 

in Sections 4.10. 

1.3 Objectives of the Study 

The main objective of this research was to develope and test a robot for weeding in 

between cucumber plants in a greenhouse with some specific conditions for it to be 

functional. 
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The specific objectives of this study were:  

1- To determine the capability of the robot to remove weeds within the cultivation 

rows in a greenhouse. 

2-  To determine the best type of blades to cut weeds within the cultivation rows. 

3-  To determine the best rotational speed for the cutting blade. 

4-  To determine and investigate the best speed for the robot and the guiding arm 

of the blade  within the cultivation rows (a specific machine to control weeds). 

 

 

The mechanical weeder robot was tested for the time and motion study in caring 

weeding operation in the greenhouse.   

1.4 The Scope of the Study 

The scope of this project was to design and develop a  moving robot to control weeds 

in a cucumber greenhouse.  This study was limited to designing and fabricating 

different parts of the robot for weed control and developing a mono rail system to 

optimize the performance of the robot. Choosing the right blade type and rotation rate 

facilitates the cutting and disposal of weeds. Several experiments were conducted to 

evaluate the performance of each blade, types and shapes and also cutting speed of the 

prototype robot. The best main arm speed was investigated. Systems and units were 

chosen based on the best performance in cutting and removing weeds. 

1.5 Outline of the Thesis 

The thesis is organized as follows; Chapter One describes the overview of the 

greenhouse, cucumber, weed and objectives of the study. The related literature was 

reviewed in chapter two, including the general purposes as follows: 

The purpose behind the greenhouse establishment, definition of greenhouse, 

advantages and disadvantages of greenhouses, the introduction of  greenhouse 

cucumber, cultivating conditions and its necessities, definition of weed, the 

conventional ways of weed elimination, and introducing some types of weeds  and 

controlling weeds methods.  

Chapter Three deals with the materials and methodology used for designing, 

fabricating, and testing  the weed control robot. A detailed explanation of the  results 

is presented and discussed in Chapter Four. Conclusions are drawn at the end of the 

study and suggestions for future research are discussed in Chapter Five 
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