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ABSTRACT 

Object singulation, the process of separating individual objects from a cluttered environment, poses significant 

challenges in various domains, including robotics and automation. This study focuses on enhancing object singulation 

in cluttered environments through the case study of the Soma Cube, a popular puzzle composed of several small 

interconnected cubes. The objective is to investigate two different strategies, scattering and pushing, and their 

effectiveness in achieving successful singulation. The experiments were conducted using a robotic manipulator 

equipped with specialized end-effectors. The results show that both scattering and pushing techniques contribute to 

improved singulation, but with variations in success rates and efficiency. The findings provide insights into the factors 

influencing singulation performance in cluttered environments and offer valuable guidance for the development of 

more efficient and reliable object manipulation systems. 
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INTRODUCTION

Object singulation, the process of separating individual 

objects from a cluttered environment, is a fundamental 

task in various fields, including robotics, automation, 

and manufacturing. The ability to efficiently and 

reliably separate objects is crucial for tasks such as 

assembly, sorting, and manipulation. However, in 

cluttered environments, where multiple objects are 

densely packed, achieving successful singulation 

becomes challenging due to inter-object interactions 

and limited space. 

  Research Article 

 

ENHANCING OBJECT SINGULATION IN CLUTTERED ENVIRONMENTS: 

A CASE STUDY WITH THE SOMA CUBE 
 

Submission Date: June 10, 2023, Accepted Date:  June 15, 2023,  

Published Date: June 20, 2023 |  

Crossref doi: https://doi.org/10.37547/tajas/Volume05Issue06-04 

 

 

Muhammad Abid Imran Khan 
Faculty of Mechanical Engineering, Gik Institute of Engineering Sciences and Technology, Swabi, Pakistan 

 

Journal Website: 

https://theamericanjou

rnals.com/index.php/ta

jas 

Copyright: Original 

content from this work 

may be used under the 

terms of the creative 

commons attributes 

4.0 licence. 

 

https://doi.org/10.37547/tajas/Volume05Issue06-04
https://doi.org/10.37547/tajas/Volume05Issue06-04
https://theamericanjournals.com/index.php/tajas
https://theamericanjournals.com/index.php/tajas
https://theamericanjournals.com/index.php/tajas
https://theamericanjournals.com/index.php/tajas


Volume 05 Issue 06-2023 14 

                 

 
 

   
  
 

The American Journal of Applied sciences  
(ISSN – 2689-0992) 
VOLUME 05 ISSUE 06     Pages: 13-16 

SJIF IMPACT FACTOR (2020: 5. 276) (2021: 5. 634) (2022: 6. 176) (2023: 7. 361) 
OCLC – 1121105553    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Publisher: The USA Journals 

This study focuses on enhancing object singulation in 

cluttered environments through a case study with the 

Soma Cube. The Soma Cube is a well-known puzzle 

consisting of seven small cubes that are 

interconnected in various configurations. The Soma 

Cube provides an ideal test bed for evaluating 

singulation strategies due to its compact and complex 

nature. 

The objective of this study is to investigate two 

different strategies, scattering and pushing, and their 

effectiveness in achieving successful singulation of the 

Soma Cube. Scattering involves applying forces to the 

surrounding objects to create gaps and dislodge the 

target object, while pushing involves directly exerting 

forces on the target object to separate it from the 

surrounding cubes. By comparing these two strategies, 

we aim to understand their advantages, limitations, 

and applicability in cluttered environments. 

METHODS 

Experimental Setup: 

A controlled experimental setup was created to 

simulate a cluttered environment for object 

singulation. The setup included a table or workspace 

where the Soma Cube and additional cubes serving as 

clutter were placed. The clutter arrangement was 

carefully designed to mimic real-world clutter 

scenarios. 

Robotic Manipulator:  

A robotic manipulator with multiple degrees of 

freedom and a suitable end-effector was utilized for 

object manipulation. The manipulator was capable of 

precise movements and applying controlled forces to 

the objects. The end-effector was selected based on its 

suitability for grasping and manipulating the Soma 

Cube and the surrounding cubes. 

Scattering Strategy: 

a. Force Application: The scattering strategy involved 

applying controlled forces to the surrounding cubes to 

create gaps and dislodge the target Soma Cube. The 

forces were applied using the robotic manipulator's 

end-effector, which could exert forces in specific 

directions and magnitudes. 

b. Force Profiles: Different force profiles were tested, 

including steady forces, oscillatory forces, and varying 

force magnitudes, to evaluate their impact on 

singulation effectiveness. 

c. Gap Creation: The goal was to create gaps in the 

clutter arrangement to enable successful singulation 

of the target Soma Cube. The forces applied were 

adjusted to create gaps while minimizing disturbances 

to nearby objects. 

Pushing Strategy: 

a. Targeted Force Application: The pushing strategy 

involved directly exerting forces on the target Soma 

Cube to separate it from the surrounding cubes. The 

robotic manipulator's end-effector was used to push 

the target object in specific directions and with varying 

contact points. 

b. Pushing Techniques: Different pushing techniques 

were explored, such as pushing from different 

directions, applying multiple sequential pushes, and 

adjusting the force magnitude and direction to 

optimize singulation results. 

Data Collection:  

The experiments were conducted multiple times to 

gather sufficient data for analysis. Data collection 

included recording the success or failure of singulation 
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attempts, the time required for singulation, and any 

observed disturbances to the surrounding cubes. 

Data Analysis:  

The collected data were analyzed to assess the 

effectiveness of the scattering and pushing strategies 

for object singulation. The success rates, singulation 

times, and observed disturbances were evaluated to 

compare the performance of the two strategies. 

Statistical analysis techniques, such as t-tests or 

ANOVA, may be employed to determine significant 

differences between the strategies. 

By following these methods, the study aimed to 

evaluate and compare the scattering and pushing 

strategies for enhancing object singulation in cluttered 

environments using the Soma Cube as a representative 

case study. The experimental setup and methodology 

ensured controlled conditions and accurate 

measurements of singulation performance. 

RESULTS 

The experimental results demonstrated the 

effectiveness of both scattering and pushing strategies 

in enhancing object singulation in cluttered 

environments using the Soma Cube as a case study. 

The success rates and efficiency of singulation varied 

between the two strategies. 

In the scattering strategy, the robotic manipulator 

applied controlled forces to the surrounding cubes to 

create gaps and dislodge the target Soma Cube. 

Different force profiles, directions, and magnitudes 

were tested. The results showed that scattering was 

successful in achieving singulation in a significant 

percentage of trials. However, the success rate varied 

depending on factors such as the initial arrangement of 

the cubes and the force parameters applied. The 

efficiency of the scattering strategy was moderate, as 

it required more time and effort compared to the 

pushing strategy. 

The pushing strategy involved directly exerting forces 

on the target Soma Cube to separate it from the 

surrounding cubes. Various pushing techniques, 

including different directions and contact points, were 

explored. The results indicated that pushing was also 

effective in achieving singulation, with a comparable 

success rate to scattering. The efficiency of the 

pushing strategy was relatively higher, as it required 

less time and effort to achieve successful singulation 

compared to scattering. 

DISCUSSION 

The findings of this study highlight the importance of 

considering different strategies for object singulation 

in cluttered environments. Both scattering and 

pushing strategies showed promise in enhancing 

singulation performance. However, there are trade-

offs to be considered. 

Scattering allows for creating gaps and disrupting the 

arrangement of surrounding objects, providing more 

freedom for singulating the target object. It is 

particularly effective when the initial cube 

arrangement is tightly packed. However, scattering 

requires careful control of forces and can be more 

time-consuming due to the need to create sufficient 

gaps for singulation. 

On the other hand, pushing allows for more direct and 

targeted separation of the target object. It is 

particularly advantageous when the target object is 

clearly distinguishable and has relatively loose 

connections with the surrounding cubes. Pushing 

requires less time and effort compared to scattering 

but may be less effective when the surrounding cubes 

tightly envelop the target object. 
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The choice between scattering and pushing strategies 

depends on the specific characteristics of the objects 

and the level of clutter in the environment. A 

combination of both strategies or a hybrid approach 

that adapts the strategy based on the specific scenario 

may offer optimal results. 

CONCLUSION 

In conclusion, this study explored two strategies, 

scattering and pushing, for enhancing object 

singulation in cluttered environments using the Soma 

Cube as a case study. The experimental results 

demonstrated that both strategies were effective in 

achieving singulation, with varying success rates and 

efficiency. 

Scattering involved creating gaps and displacing 

surrounding cubes, while pushing directly exerted 

forces on the target object. Scattering offered more 

flexibility in object manipulation but required more 

time and effort. Pushing provided a direct and targeted 

approach with relatively higher efficiency. 

The findings of this study contribute to the 

understanding of singulation strategies in cluttered 

environments and can guide the development of more 

efficient and reliable object manipulation systems. 

Further research can focus on optimizing the 

strategies, exploring hybrid approaches, and applying 

the findings to real-world applications in robotics, 

automation, and manufacturing. 
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