
The purpose of this research is to
enable manufacturing industries to
increase their production ratio and
quality by exploiting Artificial
Intelligence (AI). AI is penetrating
into various industrial solutions
enabling systems automation for
smart machines to improve the
quantity and quality of production.
Collaborative robots (cobots) are
extensively employed in
manufacturing factories to
accelerate their production.

Nonetheless, programming a cobot
to perform an accurate and safe
operation is a time-consuming and
delicate process which requires
trained engineers, and its
operations should be carried out
with the supervision of a human.
This leads to a high cost for
factories, and it is an obstacle to
increasing their production ratio
and revenue.

Machine Vision for Automated 
Collaborative Robot 
Programming in Manufacturing 
Industrial Factories

At the beginning of the operation, it
requires a human to validate the
operation for a single process and then,
the system can continue the whole
operation without a supervisor. The
process of automated cobot
programming results in a significant
time reduction in setup time, from 2
hours to 5 minutes. Our results indicate
that the object poses are identified with
1 millimeter translation error and 0.5
rotation degree error (Fig. 3). The
presented solution is tested in both
laboratory and the factory environment
and is ready to be exploited in more
use-cases.

To minimize the role of a human in
programming the cobots and increase
the operation’s accuracy, we develop a
computer vision-based solution for
cobots to automatically program them
in a short time. Our AI-powered solution
is facilitated by a camera and an
embedded computer connected to a
cobot and developed for a CNC milling
machine in a factory. The AI algorithm,
which is developed based on OpenCV
and is facilitated by automatic eye-to-
hand robot calibration, detects the 6D
poses and measures the dimensions of
objects on a table with high accuracy
using a stereo camera (Fig. 1). We
developed multiple algorithms for
object detection and measurement
using AI markers including image
thresholding, pose estimation, Hough
line transform, etc.

Aided by eye-to-hand calibration, the 6D
objects poses from the camera’s
reference frame are transformed to the
cobot base using linear algebra (Fig. 2).
We developed a set of libraries and
APIs in python that can synthesize all
information into low-level URScript
instructions to be executed by the
cobot. Therefore, we can generate a
program for the cobot to operate on
each piece. Throughout the process,
the machine vision system supervises
and validates the progress of the
operations to ensure its safety.

In this work, we present an innovative
method for increasing the production of
industrial factories through machine
vision that can be integrated into cobots
and be fine-tuned for various working
environments. This solution enables
companies to remarkably increase their
production and decrease their costs.
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Fig. 2. Automatic eye-to-hand calibrationFig. 3. Sub-millimeter accuracy

Fig. 1. Object detection from 
camera’s point of view
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