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Use Case Submission Form 

The quality of use case submissions will be evaluated for inclusion in the Working Group’s 
Technical Report based the application area, relevant AI technologies, credible reference sources 
(see References section), and the following characteristics: 

— Data Focus & Learning: Use cases for AI system which utilizes Machine Learning, and those that 
use a fixed a priori knowledge base. 

— Level of Autonomy: Use cases demonstrating several degrees (dependent, autonomous, 
human/critic in the loop, etc.) of AI system autonomy. 

— Verifiability & Transparency: Use cases demonstrating several types and levels of verifiability 
and transparency, including approaches for explainable AI, accountability, etc. 

— Impact: Use cases demonstrating the impact of AI systems to society, environment, etc. 

— Architecture: Use cases demonstrating several architectural paradigms for AI systems (e.g., 
cloud, distributed AI, crowdsourcing, swarm intelligence, etc.) 

1. General 

 
1 The scope defines the intended area of applicability, limits, and audience. 
2 The intention of the system; what is to be accomplished?; who/what will benefit?. 

ID (leave blank, for internal use) 

Use case name Robotic task automation: Insertion 

Application 
domain 

Manufacturing 

Deployment  
model 

Embedded systems – Cloud service 

Status PoC 
Scope1 Robotic assembly 

Objective(s)2 
1. Simple programing/instruction and flexibility in usage 
2. Automation of tasks lacking analytic description 
3. Reliability and efficiency 

Narrative 
Short description 

(not more than 
150 words) 

Assembly process often includes steps where two parts 
need to be matched and connected to each other through 
force exertion. In an ideal case, perfectly formed parts can 
be matched and be assembled together with predefined 
amount of force. Due to imperfection of production steps, 
surface imperfection and other factors such as flexibility of 
parts, this procedure can become complex and 
unpredictable. In such cases, human operator can be 
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instructed with simple terms and demonstrations and 
perform the task easily, while a robotic system will need 
very detailed and extensive program instructions to be able 
to perform the task including required adaptation to the 
physical world. The need for such a complex program 
instruction will make use of automation cumbersome or 
uneconomical. Control algorithm that are based on machine 
learning, especially those including reinforcement learning 
can become alternative solutions increasing and extending 
the level of automation in manufacturing. 
 

Complete 
description 

The case described here is a common step in assembly 
processes in manufacturing industry and includes matching 
and properly connecting two parts when one needs to be 
inserted into another. Successful and efficient insertion 
usually needs action by feeling. It is difficult to describe in 
terms of mathematical algorithms and therefore is difficult 
to program. Complexities in programming, or high degree of 
operational failure make usage of robots, or automation 
unattractive. Use of machine learning and artificial 
intelligence is one of promising methods to overcome such 
difficulties. 
 
As will be described below, there are several different 
phases in the process, where different methodologies can 
and should be used. To make the methodology usable in a 
practical case, it should be utilizable by operators without 
deep technical knowledge with an effort that can be 
accepted on a production line. Ultimately, such methods 
must remove the need for programing completely. 
 
The assumption here is that the parts to be assembled are 
properly localized, such that they can be manipulated by a 
robot in the desired way. The problem concerns the 
following steps: 

1. Identification and picking the first part (A). 
2. Moving A to the vicinity of the second part (B). 
3. Alignment of the two parts. 
4. Exertion of force with simultaneous movement for 

smooth insertion. 
5. Termination of the task when complete insertion is 

complete. 
 
The above task, with all possible challenges, can easily be 
performed by a human operator. An operator in majority of 
cases needs very limited amount of information. Using prior 
knowledge and experiences and the sensory system the 
task can be completed and all possible exceptions can be 
handled. With time, a human operator becomes constantly 
more efficient and performs the task faster and more 
reliably. 
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3 Stakeholder are those that can affect or be affected by the AI system in the scenario; e.g., organizations, customers, 

3rd parties, end users, community, environment, negative influencers, bad actors, etc. 

 
The topics to be handled in this use case are how a machine 
can be instructed, trained, perform and improve to a high 
level of reliability and efficiency. The process can be divided 
into following steps: 

1. Localization of parts: Image processing, object 
identification, classification and localization. 

2. Alignment of parts: Control and optimization with 
(mainly) vision inputs. 

3. Insertion through exertion of forces: Control and 
optimization with (at least) vision and force sensor 
feedback  

4. Sensing the termination of the process: Pattern 
recognition in time series. 

5. Continuous improvement: Reinforcement learning. 
 
Vision and force sensors are most commonly used sensors 
in such processes. The objects and environment need to be 
observed at moderate as well as in very close distances. 
Force sensors are needed but have the weakness of not 
being active before a complete contact. Therefore, use of 
other sensors could be helpful. 
 
The method is used for assembly tasks with the target of 
reducing the programming effort and increasing flexibility. 
For that to be achieved, the effort necessary to teach, train 
and use the system should be minimum and the reliability 
should come high at short time. This implicitly means that 
the system should become useful with limited amount of 
data and at limited amount of time. After an initial relatively 
stable state is reached, reinforcement can be used to 
improve the efficiency of the system.  
 
The solution will become more attractive if transfer 
learning is utilized to further reduce the initial training 
time. 
 
For benchmarking purpose a specific set of objects to be 
assembled together should be defined and performance of 
the methods can be measured by necessary training time, 
need for computing power and memory as well as time for 
completion of the task. The objects in the tests can be 
geometrically relatively simple. Special features such as 
rough surfaces, tight fitting or flexibility of the objects can 
be considered for different classes of problems. 
 

Stakeholders3 Discrete manufacturing industries; Operators 
Stakeholders’ Competitiveness; Productivity 
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4  Stakeholders’ assets and values that are at stake with potential risk of being compromised by the AI system 

deployment – e.g., competitiveness, reputation, trustworthiness, fair treatment, safety, privacy, stability, etc. 
5 Threats and vulnerabilities can compromise the assets and values above - e.g., different sources of bias, incorrect AI 

system use, new security threats, challenges to accountability, new privacy threats (hidden patterns), etc. 
6 AI method(s)/framework(s) used in development. 
7 Hardware system used in development and deployment. 

assets, values4 
System’s threats & 

vulnerabilities5 
Incorrect AI system use; New security threats 

Key performance 
indicators (KPIs) 

ID Name Description 
Reference to 

mentioned use 
case objectives 

1 Ease of use  Simplicity and 
efficiency during 
initial learning. 
Teaching process 
should be easy. 

2 Training 
efficiency 

 Amount of 
necessary data for 
training might 
lead to practical 
obstacles in 
application. 

3 Initial success rate   After initial 
training, the 
success rate needs 
to be acceptable 
such that the 
system can be put 
in the production 
line. 

4 Speed of 
improvement 

 Higher 
convergence 
speed of the 
reinforcement 
algorithm is 
making the 
solution more 
attractive. 

5 Operational 
efficiency  

 Cycle time is the 
primary measure 
in manufacturing 
industry. 

6 Success rate  Very high success 
rate is required 
for the solution to 
be accepted. 

AI features 

Task(s) Recognition, classification, control, optimization 
Method(s)6 Deep learning, image processing, control, Optimization 

Hardware7 
PC equipped with GPU accelerators 
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8 Topology of the deployment network architecture. 
9 Terms and concepts used here should be consistent with those defined by Working Group 1 (AWI 22989 and AWI 

23053) or to be recommended for inclusion. 
10 To be inserted. 
11 The Sustainable Development Goals (SDGs), also known as the Global Goals, are a collection of 17 global goals set by 

the United Nations General Assembly. SDGs are a universal call to action to end poverty, protect the planet and 
ensure that all people enjoy peace and prosperity.  

 URL: http://www.undp.org/content/undp/en/home/sustainable-development-goals.html 

 

Topology8 
NA 

Terms and 
concepts used9 

Reinforcement learning 

Standardization  
opportunities/ 

requirements 

• Standardization of definition of KPIs; 
• Standardization of fail-safe options w.r.t. safety and quality; 
• Standardization towards “Human-Co-working” 
• Minimum acceptable standards for commercialization; 
• Standard data set to independently validate the claims; 

Challenges and 
issues 

• Complex and unpredictable assembly process due to imperfection of 
production steps, surface imperfection and other factors such as 
flexibility of parts. 

• Accuracy of sensing 
• Coworking with humans 

Societal  
Concerns10 

Description 
Promoting sustainable industries, and investing in scientific 
research and innovation, are all important ways to facilitate 
sustainable development. 

SDGs11 to be 
achieved 

Industry, Innovation, and Infrastructure 

http://www.undp.org/content/undp/en/home/sustainable-development-goals.html
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