
INTRODUCTION TO CONTEMPORARY 
ROBOTIC SYSTEMS
Robotic systems are utilized in many applications today, such as paint 
and sealant applications, welding, assembly, material handling, 
inspection, and so forth. These tasks are highly repetitive and may be 
performed in environments and conditions not appropriate for 
humans. A comprehensive set of robot structures have since been 
designed and built to fulfill the industry needs in many domains 
(automotive, aerospace, etc.). These multi-Degrees of Freedom 
(DOF) structures are highly complex in their form and control. Most 
manipulators used in the industry today are articulated with six or 
more rotational joints. This structural form provides the manipulators 
with a great deal of flexibility, dexterity, and an ability to reach every 
specific coordinate of their workspace in more than one configuration. 
Sophisticated simulation tools are used for path planning, and 
complex control strategies are employed to control the positioning, 
velocity, acceleration, jerk, joint wrap, etc. This basic foundation for 
automation is being expanded upon. Current robots, such as industrial 
robots, medical robots, robots in space, etc., are designed to do tasks 
that a human is not able to do. New human / machine interface 
interactions strategies are being developed: collaborative robotic 

systems or ‘CoBot’ systems. Why are CoBot solutions being 
introduced? This integration strategy leverages the ‘strength’ and 
‘endurance’ of robots with the flexibility and decision making of 
human participants. Unique kinematic structures and process 
planning strategies are presently being launched. Therefore, the goal 
of this research is to review the literature, highlighting the challenges, 
and use this information to provide a foundation and four tier 
framework to facilitate the design, development and integration of 
‘CoBots’. It must be emphasized that CoBots are designed to be a 
complementary working tool for human workers, and that this 
perspective guides design and implementation criteria.

Current State Relating to CoBots
A ‘CoBot’ (from collaborative and robot) is a robot intended to 
physically interact with humans in a shared workspace [1]. Initially 
invented in 1999 by Professors Edward Colgate and Michael Peshkin 
at Northwestern University in Evanston, Illinois [1], CoBots’ are now 
a $100 million segment of the industrial robotics market with 
continued growth projected at more than 50 percent per year [2]. As 
further evidence of the importance of this growing market segment to 
the US economy, ABI Research recently published a new forecast 
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putting the market for CoBots at over $1 billion by 2020 [3]. CoBots 
have piqued the interest of many corporations from automotive and 
aerospace OEMs to small and mid-sized businesses [4]. Within the 
advanced manufacturing environment, Samuel Bouchard, President 
of Robotiq, indicates that many large manufacturers are considering 
CoBots and are starting to look at automation in different ways [5]. 
The current automotive industry relies heavily on robotics, according 
to Jim Lawton, chief product and marketing officer at Rethink 
Robotics. The good news, from his perspective, is that ninety percent 
of manufacturing tasks can be automated and he expects 150,000 
CoBots to be installed worldwide in 3 years [5].

A recent Forbes article demonstrates how a CoBot at GM’s Orion, 
Michigan assembly plant is assisting workers to pull spare tires off a 
conveyor and stack them based on their assigned vehicle. The article 
indicates the most challenging step was teaching the maneuver in a 
crowded workspace where people are usually two feet away. Humans 
need to learn to work with the CoBot before being able to consider it 
part of the team [6]. CoBots are becoming a staple on the production 
floor and are changing how we work [7,8,9,10,11]. This example is 
just one of hundreds of scenarios whereby humans will be required to 
learn to interact with their robotic partners. A predicted 150,000 
CoBots are to be installed worldwide in the next three years, and it is 
expected that this new manufacturing paradigm will affect both 
productivity and workers’ safety solutions [12, 13].

As shown in Table 1 and Figure 1, the standard characteristics of 
CoBots are summarized as follows:

Table 1. Comparison between Traditional Industrial Robots and CoBots

Figure 1. CoBots as a mulita-disciplinary tool for manufacturing, service, and 
medical applications.

EXISTING COBOT SOLUTIONS

At present, there are several CoBot solutions that exist. A review of 
commercially available CoBots is presented in Table 2 [14, 15]. It can 
be seen that there is a variety of manufacturers, and many CoBot 
structures do not adhere to the ‘standard’ serial 6 axis configuration. 
Several CoBots contain dual arm configurations. This should 
introduce offline and online programming complexity, but ‘ease of 
use’ is a key feature with CoBots. Specialized control algorithms, 
man-machine interfaces, and embedded sensors to address collision 
and safety concerns solutions are embedded within the present 
solutions to allow for rapid reprogramming and task management 
flexibility.

Table 2. Summary of current CoBot solutions [14, 15]
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Table 2. (cont.) Summary of current CoBot solutions [14, 15] ‘COBOT’ FRAMEWORK
As a CoBot based solution balances the advantages of advanced 
automation with the adaptability and decision making of human 
participants, unique design strategies must be considered from the 
systems level to the man-machine interface levels. A multi-
perspective systems viewpoint is used to represent and map these 
requirements. The Zachman framework [16], used for enterprise 
architecture design, is modified in order to be used for CoBot 
applications (Figure 2).

Figure 2. CoBot design and implementation framework illustrating the 
multiple key perspectives to be considered

The framework matrix consists of a vertical axis that provides 
multiple perspectives of the overall architecture and a horizontal axis, 
which provides a classification of the various elements within the 
architecture. Although enterprise architecture frameworks are very 
powerful for examining aspects of a business and its interactions, the 
Zachman Framework provides a solid, non-specific structure that can 
be readily transformed to provide a foundation to represent the CoBot 
design and implementation challenges, as many perspectives must be 
considered to effectively design, operate, and maintain as system. A 
selection of key attributes to be evaluated at the various viewpoints is 
shown in Figure 3.

Figure 3. Essential component-process-CoBot interactions
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