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ABSTRACT 

 

 

As autonomous robots become less task specific to able to handle a larger variety of task that 

it may come across in the world, its ability to isolate the environmental objects from the 

object of interest becomes an increasingly important ability to have. This is in comparison 

to the current literature interest which focuses on the isolation of the object from the 

environment due to its precise nature. This method often consists of two distinct actions 

which is the action to improve the robot’s perception followed by another to manipulate the 

object of interest. This however becomes a problem when considering it might be impossible 

or undesirable to manipulate the object of interest such as the case of cleaning up 

archeological finds or even rescue missions of earthquake victims. In cases such as those, 

the precise nature of the actuation becomes a hindrance due to the long duration needed in 

order to manipulation every single object in the field one object at a time. This research 

explores the idea of combining both actions to improve perception as well as action to 

manipulate the object into one single motion with the added goal of manipulating as many 

objects as possible in a single action with minimal/no effect towards the object of interest. 

This research proposes three novel algorithms on a robot to plot out the position for each 

unwanted objects and its destined position as well as its trajectory and then utilizes 

manipulation primitives (pushing motion) to move said object along the planned trajectory. 

The algorithm was demonstrated using a KUKA Youbot with a camera fitted above the 

workspace. Results from the experiment indicated that all proposed algorithms successfully 

reduced the number of manipulations per object up to 0.605 manipulations albeit with a 

small tradeoff in accuracy from 97.7% to 93% which translates to average of 

0.85cm/actuation for MSMAPPS, 0.75cm/actuation for MSMAPOS and finally 

0.27cm/actuation for BSMAPOS. These results indicate a relatively small displacement per 

actuation at 4.35% displacement per actuation, 3.75% displacement per actuation, and 1.35% 

displacement per actuation relative to the workspace respectively. As a conclusion, the 

proposed methods is shown to be significantly more efficient then current methods employed 

in the field of object isolation in exchange for a small reduction in performance in terms of 

accuracy of actuation. 
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ABSTRAK 

 

 

Oleh kerana robot autonomi menjadi tugas yang kurang khusus untuk dapat mengendalikan 

pelbagai tugas yang lebih besar yang dapat dilihat di dunia, keupayaannya untuk 

mengasingkan alam sekitar dari objek kepentingan menjadi lebih dan lebih relevan 

berbanding dengan keupayaannya untuk mengasingkan objek dari alam sekitar 

terutamanya apabila objek kepentingan adalah objek yang tidak diketahui. Sehingga kini, 

kebanyakan teknik pengasingan menumpukan kepada pengasingan objek dari alam sekitar 

kerana sifatnya yang tepat. Kaedah ini sering terdiri daripada dua tindakan yang berbeza 

iaitu tindakan untuk meningkatkan persepsi robot diikuti oleh yang lain untuk memanipulasi 

objek yang menarik. Walau bagaimanapun, ini menjadi masalah apabila kita tidak dapat 

atau tidak mahu memanipulasi objek yang menarik seperti kes pembersihan arkeologi atau 

misi menyelamat mangsa gempa. Dalam kes-kes seperti itu, sifat yang tepat untuk bertindak 

menjadi halangan kerana jangka masa yang panjang diperlukan untuk memanipulasi setiap 

objek tunggal dalam bidang satu objek pada suatu masa. Makalah ini meneroka gagasan 

untuk menggabungkan kedua-dua tindakan untuk meningkatkan persepsi serta tindakan 

untuk memanipulasi objek dalam satu gerakan tunggal dengan matlamat tambahan 

memanipulasi sebanyak mungkin objek dalam satu tindakan dengan sedikit / tiada kesan ke 

arah objek kepentingan. Dalam kajian ini, kami mencadangkan tiga algoritma novel pada 

robot untuk merancang kedudukan untuk setiap objek hingar dan kedudukannya yang 

ditakdirkan serta trajektorinya dan kemudian menggunakan primitif manipulasi (gerak 

gerak) untuk memindahkan objek tersebut di sepanjang trajektori yang dirancang. 

Algoritma ini ditunjukkan menggunakan KUKA Youbot dengan kamera yang dipasang di 

atas ruang kerja. Keputusan dari eksperimen menunjukkan bahawa semua algoritma yang 

dicadangkan berjaya mengurangkan bilangan manipulasi bagi setiap objek daripada 1.78 

manipulasi dalam penyelidikan lain sehingga 0.605 manipulasi walaupun dengan tradeoff 

kecil ketepatan dari 97.7% hingga 93% yang terjemahkan kepada purata 0.85cm / actuation 

untuk MSMAPPS, 0.75cm / actuation untuk MSMAPOS dan akhirnya 0.27cm / actuation 

untuk BSMAPOS. Keputusan ini menunjukkan satu anjakan yang agak kecil bagi setiap 

aktuasi pada anjakan sebanyak 4.35% bagi setiap operasi, 3.75% anjakan setiap operasi, 

dan 1.35% sesaran bagi setiap operasi berbanding dengan ruang kerja masing-masing. 

Sebagai kesimpulan, kaedah yang dicadangkan kami ditunjukkan dengan lebih cekap 

berbanding kaedah semasa yang digunakan dalam bidang pengasingan objek teraoi dengan 

pengurangan kecil prestasi dari segi ketepatan pengaktifan. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Motivation 

 Object isolation in essence is the problem of removing the clutter/unwanted objects 

away from the object of interest or the object of interest from the cluttered environment. 

Most research when it comes to isolation focuses on singulation instead which is the act of 

removing of the object of interest from the scene as it is often the fastest way to isolate and 

arguably the most useful in the industry. Methods to tackle said problem in the manner 

mentioned previously often coincides or is in fact often treated as an extension to the field 

of object sorting due to its precise nature in handling the objects with minimal interactions 

to its surroundings.  

 However, there is a case to be made for isolation as well. In a naturally occurring and 

hence a complex environment, there will arise cases where we’re unable to remove the object 

of interest because it is too big/heavy to be manipulated e.g an exploratory robot wanting to 

collect training images of an interesting monolith but is blocked by environmental objects 

such as leaves where if smaller manipulatable rocks and even people where if allowed to 

remain in the training image can lead to incorrect perception and ultimately failure in future 

operations. There are also cases where while it is possible to manipulate the object of interest, 

it might not be the best course of action e.g a robot clearing the rubbish or rubble from the 

victim after an earthquake so that rescue workers can access the victim as well as the 

previously mention rubble from ancient artefact. In both cases, while it is possible to 
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manipulate the object of interest (person/artefact), In cases like this, it is unknown if said 

person is injured from the earthquake or the whenever the artefact is brittle where one wrong 

move in manipulation can result in severely injuring the person or destroying the artefact 

instead. 

In the process of performing isolation in a complex environment, another key discussion 

that props up is the efficiency of the standard utilization of manipulation primitives in order 

to improve perception followed by another to manipulate the environment. Due to the precise 

nature of singulation methods, often the system requires one action in order to reconfigure 

the environment such as dispersing the pile with a pushing motion or poking to test if an 

object is loose and then followed by another motion to actually move the object that was 

being targeted. While it is accurate, in the niche case of isolation, the double action can be 

condensed into a single action to both manipulate the intended target as well as to pseudo 

improve the environment for perception thus significantly reducing the total number of 

actions required to accomplish the same task.  

In addition to that, the ability to use a more general motion instead of a task specific 

action with a specific end effector in order to accomplish a specific task while not new in 

nature is rarely discussed in academia. It is common for people to use the broom to sweep 

the rubbish on the floor from one end to the other compared to picking every single rubbish 

one by one using a persons hand. It is also common for people to not only use their hands 

but also their shoulder and elbow in order to manipulate the environment when their hands 

can no longer effectively grasp or manipulate an object for example, pushing an oversize 

structure with their shoulders or sweeping away multiple objects with their arm. These broad 

actions allow people to manipulate objects that are larger than what their end effectors 

(hands) were designed to handle as well as enables us to manipulate multiple objects faster 
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and more efficient compared to picking them up one at a time and translocating them. Not 

only that, the utilization of a broader and more general motion will mean that it is possible 

to apply said method across a larger variety of robotic arms with various degrees of freedom 

as long as they all have a vision base feedback system to capture the environmental data of 

the workspace that is to be manipulated. 

All of this thus becomes a motivating factor for this research in robotics manipulation 

of environment to help its perception of understanding of the environment with the fastest 

method available. The manipulation of unwanted objects from a scene can be easily 

accomplished using manipulation primitives such as pushing, pulling, picking and dropping. 

However, while the manipulation itself may not be an issue, the planning for manipulation 

motion/strategy, motion variables/ parameters i.e. initial position, final position and even the 

pile selection may prove to be a challenge due to its complexity in regard to the environment, 

objects characteristics and behavior, interaction with other objects as they are displaced as 

well as cross compatibility across different types of mobile robots.  

 

1.2    Problem statement 

  The problem faced by this research is in essence the lack of research in the field of 

isolation. Because object singulation is such an extensive and well researched field, often, 

people opt for object singulation techniques even for isolation problems and rightfully so. 

However there are cases where singulation, while convenient, is not the most effective way 

around the problem. An example of such case is when the object of interest is too large or 

too heavy to be singulated away via isolation. In cases like this, while singulation can be use 

to isolate the object of interest, the process will take a long time and thus highly inefficient. 

This becomes especially an issue when considering robots like these who require these 

3 



 

  

 

 

specific techniques are often exploratory robots who have limited battery life and thus 

wasting time inefficiently on one case is highly detrimental to its cause. 

However, when it comes to singulation techniques, the reason why it is slow is because 

it takes two distinct action in order to complete the clearance of a single object. The first 

action is the action to improve perception and the next is the action to manipulate. Action to 

improve perception is the action prior that rectifies the properties of an object or verify the 

movability of an object. Action to manipulate on the other hand is the action to move the 

targeted object itself once it has been determined. While this is no doubt a solid foundation 

for environment manipulation in terms of singulation, it causes inefficient when it comes to 

the specific problem of isolation. This is because, with only a single object to move via 

singulation, it can take as an additional one or two more actions without adversely affecting 

the performance in terms of duration. However in the case of isolation, because the aim is to 

remove everything else, one or two extra actions is then multiplied for every object that need 

to be removed hence causing this inefficiency. 

Lastly comes the problem of implementation. There are different robot operating 

system that exist currently and each of which have different forms of manipulators attached 

to them from arm to tools. There are different approaches which can be applied depending 

on the type of end effector and robotic arm and some of which are more suitable or unsuitable 

depending on the type of end effector. The challenge is in terms of finding an appropriate 

and fair measure to comparing performance between these methods with each other when 

taking into consideration different setups.  
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1.3    Objective 

   Based on the motivations and the identified problems, a few objectives are identified 

in for this research in order to tackle the given research problems. The objectives is as 

follows: 

a) Design and develop and algorithm that can effectively isolate with minimal 

disturbance towards its intended goal. 

b) To design and develop an algorithm combining both actions to improve perception 

as well as action to manipulate the environment to effectively isolate the object of 

interest from a random environment. 

c) To evaluate the performance of the designed algorithms in terms of number of 

manipulations required per object, accuracy of actuation as well as its effect on the 

object of interest. 

 

1.4    Scope 

  The research focuses on the development of an algorithm with the ability to. In lieu 

of this, the ability is defined in terms of its capacity to determine the unwanted object to be 

manipulated from the scene as well as the most efficient path for the end effector to travel in 

order to remove the most number of unwanted objects with minimal disturbance towards the 

object of interest.  In addition to that, a random environment is defined as a fix number of 

randomly placed objects in a predefined space. 

In order to reduce the errors which may arise from the field of the subsidiary functions 

such as image recognition, its utilization was kept to the bare basic. What this means is 

problems which may arise from the issue of complex object recognition such erroneous 

recognition of a variety of random objects is omitted by us via using simple image 
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