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Abstract: Robotic arms can be designed to lift defined payloads precisely and these robotic arms are used in operations 
like pick and place, welding, painting, precise motion, etc. These robots are programmed using high-level programming, 
teach pendent, or using graphical programming. If there is any change in the task, then it has to be reprogrammed for the 
new task, and it’s a tedious job. To address this problem this article focuses on the development of a learning model to 
teach the robot skills through demonstrations to a robotic arm (xArm) by interfacing with the Oak - D camera. The 
reach of the xArm robotic arm is 700mm and fitted with a two-jaw gripper.  The Oak - D camera has some significant 
features such as depth sensing, AI capability, and real-time processing. The experimental setup consists of xArm, an Oak-
D camera, and a camera mount. The installation of a robotic arm is through xArm python SDK, and the setting up of a 
camera is through DepthAI python SDK. Initially, color template files for block detection are created using color 
segmentation technique, later camera matches the color template with the real-time image to get the coordinates with 
respect to the camera view. In the learn mode the blocks are detected and the coordinates are calculated with respect to 
the camera and then coordinate transformation is carried out to get the coordinates of the block with respect to xArm. 
This coordinate is matched with feedback from the xArm and the color of the block is logged to learn file. Through this, a 
learning file is created.  In the demonstration phase first, the coordinates of the block are calculated with respect to the 
camera view then coordinate transformation is carried out to get the coordinates of the blocks with respect to the 
xArm, now the controller commands the xArm to sort the blocks using the learn file. It can be concluded that the robot 
arm sorted the blocks in the same order as taught in the learn mode based on color templates and also the robot arm 
was able to adapt to the changes made in the environment.  
Keywords: Learn from demonstration, robotic arm, camera, camera mount 
 

I. INTRODUCTION 
Learn From Demonstration (LFD) is an approach that enables machines or robots to acquire new skills or behaviors by 
observing demonstrations performed by humans or other sources. It is a subfield of artificial intelligence (AI) and aims to 
bridge the gap between human expertise and machine capabilities. In traditional programming, engineers explicitly code 
rules and instructions for machines to follow. However, with Learn from Demonstration, machines can learn complex 
tasks by watching and imitating human actions. This approach allows for more flexible and adaptable learning, as it leverages 
the expertise and intuition of human demonstrators. 
The process of Learning from Demonstration typically involves the following steps: 
1. Demonstration Data Collection: Humans or experts perform the task, and their actions are recorded or observed 

using sensors, cameras, or other data collection methods. The demonstrations can range from simple actions, such as 
grasping an object, to more complex tasks, like driving a car. 

2. Data Pre-processing: The collected data is then processed to extract relevant features or representations that capture 
the essential aspects of the task. This step often involves computer vision, sensor fusion, or data filtering techniques. 

3. Generalization and Adaptation: Once the learning algorithm is trained, it can generalize the learned knowledge to new 
situations or adapt to variations in the task. This allows the machine to perform the learned task in different 
environments or with different initial conditions. 

4. Evaluation and Iteration: The performance of the learned behavior is evaluated against desired criteria or metrics. If 
the performance is unsatisfactory, the process can be iterated by collecting more demonstrations, refining the pre-
processing steps, or modifying the learning algorithm. 
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Learn from Demonstration has various applications in robotics, autonomous systems, and human-computer interaction. It 
enables robots to learn complex manipulation tasks, assistive robots to understand human intentions, autonomous 
vehicles to learn safe driving behaviors, and virtual agents to mimic human behaviors in interactive environments. 
 

II. LITERATURE REVIEW 
 

The authors[10] Dina Khattab, Hala Mousher Ebied, Ashraf Saad Hussein, and Mohamed Fahmy Tolba have done a 
comparative study using different color spaces to evaluate the performance of color image segmentation using the 
automatic GrabCut technique. GrabCut is a semiautomatic image segmentation technique because it requires user 
interaction for the initialization of the segmentation process (like detecting objects). The author proposed automation of 
the GrabCut technique in order to modify the original semiautomatic one and eliminate user interaction. The author 
specifies that the unsupervised Orchard and Bouman clustering technique is utilized for the automation of the GrabCut for 
the initialization phase. The author has reviewed almost 18 papers on the topic of development of the robotic arm [8]. In 
this paper, the author explained the topic of robotic arm and their importance in the current era. The author also speaks 
about the evolution of the robotic arm. This paper mainly concentrates on robotic arm modeling, path planning, and 
control. The author also discussed forward kinematics and inverse kinematics for 2 DOF robotic arms, trajectory 
planning, and actuating systems. 
 

The author [9] Hiranmayee Panchangam has designed a robotic arm based on the IOT system and also uses the raspberry 
pi. The author proposes an easy mechanism in this paper by which a robot can be controlled by using our computer 
science domains such as Python, Adafruit remote, and Raspberry Pi. The development of this arm is along with a personal 
computer for signal processing, which will all be interfaced with each other using serial communication. The author also 
developed a prototype of the arm which is expected to overcome the problem such as placing or picking hazardous 
objects or non-hazardous objects that are far away from the user. To conclude with the summary of the literature many 
authors and engineers are focusing on the design of robotic arms, developing a robotic arm for hazardous situations, 
developing a robotic arm for education purposes, and developing a robotic arm for handling heavy weight objects. One 
has to find a new way of programming a robotic arm so that not only the technicians in the industries but also any person 
should be able to program the robotic arm so that in industries all the robotic arms can be programmed easily. 

 

III. BLOCK DIAGRAM 
 

As the concept of learn from demonstration is used so there will be two modes, one learn mode and the Demonstration 
mode. In the learn mode the operator will teach the robot to sort the blocks based on the color and in the demonstration 
mode the robotic arm will repeat the same order of sorting the blocks. 
 

A. Learn Mode 
Figure 1 shows the block diagram of the learn mode. In this mode, the operator has to move the robotic arm manually and 
the robotic arm integrated with the camera will create the learn file which contains the order of the blocks to be sorted.  

 
Figure 1: Block diagram of Learn mode 

 
 
 
 

B. Demonstration Mode 
Figure 2 shows the block diagram of the demonstration mode. This mode is automatic, which will extract the order of the 
blocks to be sorted from the learn file, and the robotic arm will sort the colored blocks in the same order. 
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Figure 2: Block diagram of Demonstration mode 

 
IV. MATERIALS USED 

There are two important materials used they are xArm (6DOF robotic arm) and oak-d camera. 
A. xArm Robot  
The uFactory xArm is an advanced robotic arm system developed by uFactory, a leading robotics company. The xArm 
series offers a range of versatile robotic arms designed for various applications, including industrial automation, research 
and development, education, and more. The xArm stands out for its precision, flexibility, and ease of use, making it 
suitable for a wide range of tasks. 

 
Figure 3: xArm robotic arm 

 
 

The factory xArm series combines advanced robotics technology with versatility and ease of use, making it a suitable 
choice for a wide range of applications in industries such as manufacturing, research, education, and beyond. With its 
precision, flexibility, and adaptability, the xArm empowers users to automate tasks, enhance productivity, and explore 
new possibilities in robotics and automation. 
 

Some specifications of the xArm arm: 
1) Maximum reach: ±770mm in the X direction, ±770mm in the Y direction, and -400mm to 951.5mm in the Z direction. 
2) Maximum Speed and Payload: The maximum speed is 1m/s, and the payload is 3.5kg. 
3) Weight of the xArm: the xArm weight is 13.5kg and the other parts like the control box weigh 3.9 kg and the gripper 

weight is 809g. 



 
              IRJCS:  International Research Journal of Computer Science                                             ISSN: 2393-9842 

                 Volume 10, Issue 09, December 2023                                                              https://www.irjcs.com/archives 
 

_________________________________________________________________________________________ 
IRJCS: ©2014-23, AM Publications, India -   All Rights Reserved   https://doi.org/10.26562/irjcs        Page -  466 

 
 

B. Oak-D Camera 
The Oak-D camera is an advanced depth-sensing camera developed by Open AI. It has three cameras in it of which one is 
a left camera, a right camera, and an RGB camera, the left camera, and the right camera are used for depth estimation 
hence also called a stereo camera. It is a powerful and compact device designed for computer vision applications, 
robotics, and AI research. The Oak-D camera incorporates a combination of hardware and software components to 
provide depth perception and spatial understanding capabilities. It is used for a variety of applications, including robotics, 
augmented reality, and computer vision. The OAK-D is a fully open-source device, which means that developers can 
access the hardware and software to create their applications. The OAK-D also comes with several pre-trained neural 
networks that can be used for object detection; pose estimation, and tracking tasks 
 

 
Figure 4: Oak - D camera 

 

V. EXPERIMENTAL SETUP 
As the task of the learn-from demonstration is to sort different colored blocks in the order as demonstrated, so there is 
a need for an overhead camera and the overhead camera needs a camera mount, and also, one has to install the robotic 
arm and the camera. Design and Fabrication of camera mount: An overhead camera mount, also known as an overhead 
camera rig or suspension system, is a device used to position and mount cameras securely above a specific area or 
workspace. It is commonly used in various applications such as photography, videography, live streaming, surveillance, and 
automation. The overhead camera mount provides an elevated perspective that offers a wide view and eliminates 
obstructions from the camera's line of sight. The camera mount as shown in figure 5 is designed considering all the 7 
features, and below are some of the specifications of the camera mount. 
1. The maximum height of the camera in the camera mount is 914.4mm (3 feet) 
2. The camera is at a height of 865mm from the ground.  
3. The camera height can be varied between 750mm to 910mm 
4. The horizontal distance between the camera and the base robotic arm can be varied between 310mm to 820mm 
5. Maximum horizontal distance between the camera and the base of the robotic arm is 820mm 
6. The optimum horizontal distance between the camera and the base of the robotic arm is 520mm 
 

 
Figure 5: Design of camera mount 
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Figure 6: Fabricated camera mount 

Overall, an overhead camera mount provides a practical solution for achieving elevated camera perspectives and 
capturing wide-angle views. Whether for professional photography, video production, surveillance, or other applications, 
it offers flexibility, stability, and improved visual coverage from an overhead vantage point. 
 

VI. BLOCK DETECTION AND COORDINATE MEASUREMENT 
A color template, also known as a color scheme or color palette, refers to a predefined selection of colors that are used 
consistently throughout a design or project. It provides a cohesive and harmonious color combination that enhances the 
visual appeal and communicates a specific aesthetic or branding. As the blocks are of uniform colors, a simple technique 
like color segmentation can be used to recognize the blocks. 
1. COLOR SEGMENTATION 
Color segmentation, also known as color-based segmentation or color image segmentation, is a process in image 
processing and computer vision that involves partitioning an image into distinct regions or segments based on color 
information. The goal of color segmentation is to identify and separate objects or regions of interest in an image based on 
their color or color distribution. 
The process of color segmentation typically involves the following steps: 
 Color Space Conversion: The image is often converted from the RGB color space (Red, Green, Blue) to another 

color space, such as HSV (Hue, Saturation, Value), LAB (Lightness, A, B), or YUV (Luma, Chrominance). Color 
spaces like HSV are often preferred for color segmentation as they separate color information from brightness 
information. 

 Thresholding: A thresholding operation is applied to the image based on specific criteria, such as selecting a range of 
colors or defining specific color thresholds. Pixels in the image that fall within the defined color range or thresholds 
are classified as foreground or objects of interest, while pixels outside the range are classified as background. 

 Post-processing: Post-processing steps may be applied to refine the segmented regions and eliminate noise or small 
or connected component analysis can be used to improve the segmentation results. 

 Object Representation: The segmented regions or objects are typically represented by creating binary masks or 
labeled regions that indicate their boundaries or pixel membership. These representations can then be further 
analyzed or used for subsequent tasks such as object tracking or recognition. 

2. CREATE COLOR TEMPLATE FILES: 
Color segmentation will be used to create this file as the block is monocolored. The block is monocolored because of 
human error and the position of the light source the camera will detect a range of values. In the process of color 
template creation, the operator will find two new windows named “Horizontal stacking” and “HSV” as shown in figure 7. 
The window “HSV” has sliders for maximum and minimum Hue, Saturation, and Value, at the time of creation operator 
has to move the sliders to get the right color segmented. After reaching the right combination the operator has to press 
the key ‘q’ on the keyboard and then these HSV values will be saved to a file and the file name will be the block number 
like b1.txt, b2.txt, etc. 
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Figure 7: Color template creation of red block 

 

The first row of the file is the maximum HSV value and the second row is the minimum HSV value. 

 
Figure 8: Color template of block b1 (Red block) 

3. BLOCK DETECTION USING COLOR SEGMENTATION 
To detect a monocolored block using color segmentation, these are the following steps: 
 Color Space Conversion: Convert the input image from the RGB color space to a color space that better represents 

color information, such as the HSV (Hue, Saturation, and Value) color space. This conversion helps separate color 
information from brightness or intensity. 

 Thresholding: Choose a specific range or threshold of values in the selected color channel (Hue, Saturation, or 
Value) to isolate the desired color. Adjust the threshold values to include only the range of values corresponding to 
the monocolored block you want to detect. 

 Create a Mask: Generate a binary mask by applying the threshold values to the color channel. The binary mask will 
have white pixels representing the regions that match the desired color and black pixels elsewhere. 

 Color filtering: All the colors in the range of the HSV values of the color template are filtered and all the other 
colors are eliminated as shown in image 6.5. 

 Contour Detection: Find contours in the binary mask using contour detection algorithms or functions available in 
image processing libraries. Each contour represents a distinct region of the detected color. A range of areas of 
contour can be added which will remove the noise as the size of the block is fixed. 
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 Filter Contours: Filter the contours based on their characteristics, such as area, aspect ratio, or circularity, to 
eliminate unwanted noise or false detections. Keep only the contours that correspond to the monocolored block. 

 Extract Block Position: Retrieve the position or coordinates of the detected monocolored block by calculating the 
centroid or bounding box of the filtered contour. These coordinates represent the location of the block in the image. 

 

4. CALCULATING THE COORDINATE OF THE BLOCK: 
In this project, there are two origins with respect to which the coordinates of the block are calculated they are: 
1. Camera  
2. xArm 
a) Calculating the coordinates of the block with respect to the camera: 
In a camera, 2D coordinates represent the location of points or objects within the two-dimensional image plane captured 
by the camera. These coordinates are typically expressed as (x, y) values, where the x-coordinate represents the 
horizontal position and the y-coordinate represents the vertical position of the point in the image. The origin of the 2D 
coordinate system is usually located at the top-left corner of the image, with the positive x-axis extending horizontally to 
the right and the positive y-axis extending vertically downward. The unit of measurement for the coordinates is usually in 
pixels, where each pixel represents a discrete point in the image. 
 
The following are the steps that can be used to get the coordinates of the block: 
1. Object Detection: The coordinates are used to specify the bounding box of detected objects within the image. The (x, 

y) coordinates of the top-left and bottom-right corners of the bounding box indicate the location and size of the 
object. 

2. Feature Extraction: Key points or interest points in an image, such as corners or edges, are represented by their (x, y) 
coordinates. These points serve as landmarks for further analysis or matching. 

3. Image Registration: In image alignment or stitching applications, the (x, y) coordinates are used to align and merge 
multiple images based on corresponding points or features. 

4. Image Annotation: When manually annotating or labeling objects or regions in an image, the (x, y) coordinates are 
used to mark the location and extent of the annotated areas. 

 
Figure 9: Orientation of axis in camera 

 

It's important to note that the 2D coordinates in the camera plane represent the image projection of the scene and do 
not directly correspond to real-world distances or physical measurements. To obtain accurate 3D information or real-
world measurements, additional calibration, depth estimation, or camera pose estimation techniques may be necessary. 
b) Calculating the coordinates of the block with respect to the xArm base: 
The xArm robot has two coordinate systems one is a base coordinate system and the other is the tool coordinate 
system. But in this project, all the coordinates measured are with respect to the base coordinate of the xArm robot. 
Hence there are two ways of calculating the block coordinates they are: 
1. Calculate the coordinates using feedback from the xArm robot  
2. Use the coordinate transformation 
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i. Calculate the coordinates using feedback from the xArm: 
To calculate the coordinates of the end effector of the xArm robot, you need to know the specific kinematic model and 
joint angles of the robot arm. The xArm robot uses a 6-degree-of-freedom (6-DOF) serial robotic arm configuration, 
which means it has six joints that can rotate in different directions. The forward kinematics equations can be used to 
calculate the position and orientation of the end effector based on the joint angles. The equations will vary depending on 
the specific kinematic model used for the xArm robot. Typically, the Denavit-Hartenberg (DH) parameters and 
transformation matrices are used to represent the robot's kinematics. 
 

Here is a general overview of the steps involved in calculating the end effector coordinates: 
1. Define the DH parameters: Assign a coordinate system to each joint and define the parameters including link lengths, 

joint angles, link offsets, and joint twists based on the specific kinematic model. 
2. Compute the transformation matrices: Use the DH parameters to compute the transformation matrices for each 

joint. These matrices describe the coordinate transformations between adjacent joints. 
3. Multiply the transformation matrices: Multiply the transformation matrices from the base to the end effector to obtain 

the final transformation matrix that represents the position and orientation of the end effector relative to the base 
coordinate system. 

4. Extract the end effector coordinates: Extract the translation components (x, y, z) from the final transformation matrix 
to obtain the Cartesian coordinates of the end effector. 

In this paper, all these steps are included in the python SDK function “get_position()” which will give the coordinate of 
the xArm end effector in the format.  

[x, y, z, roll, pitch, yaw] 
 

ii. Calculate the coordinates using coordinate transformation: 
Coordinate transformation between a camera and a robotic arm is necessary to establish a common frame of reference 
that allows the arm to interact with objects detected by the camera. This transformation enables the arm to move to 
desired positions based on the visual information provided by the camera. 

 
Figure 10: Top view (in 2D) of the experimental setup 
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It's important to note that the specific algorithms and methods for coordinate transformation can vary depending on the 
system setup, camera model, and arm configuration. In this case, the horizontal distance and vertical distance between the 
origin of the camera coordinate system and the xArm robot coordinate system arm are 830 and 270. 
The following are the equations: 

Xarm = 830 – Ycam 
Yarm = 270 - Xcam 

 

VII. MODES 
Initially before running the modes of the LFD first operator has to create a color template of each block which will be used 
for the block detection. 
The following are steps involved in the process of the learn mode and also describe the flowchart of the learn mode as 
shown in Figure 12: 
1. As soon as this mode is started the camera will be turned on, the xArm robot is set to manual mode so that the 

xArm is free to move and also the HSV values of all color template is extracted. This step is a pre-defined process 
2. Now the operator has to move the robotic arm such that the gripper has the block to be sorted, as shown in Figure 

11. 
3. After positioning the xArm to the first block the operator has to press the key ‘c’ to close the gripper. As soon as the 

gripper is closed the blocks are detected using the color template values and named. and the block number is 
appended to the “Data.txt” file 

4. Now the xArm has to be moved to the destination position and the operator has to press the key ‘o’ to open the 
gripper and place the block. 

5. And steps 2, 3, and 4 have to be repeated for all the remaining blocks  
6. Once all the blocks are done the operator has to press key ‘s’ to stop the learn mode  
7. Now the order of the color is saved in the file and the file is closed. 

 

 
Figure 11: Moving the xArm to the block 
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Figure 12: Flowchart of learn mode 

The following are steps involved in the process of the demonstration mode and also describe the flowchart of the 
demonstration mode as shown in Figure 14: 
1. As soon as this mode is started the camera will be turned on, and the xArm robot is set to command mode so that 

the xArm will do the pick and place operation as per commands. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13: Camera view of demonstration mode 
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2. Now the HSV values are extracted from all the color templates and the order of the blocks to be sorted is extracted 
from the Data file  

3. Once all the setup and extraction are done the blocks are detected and the block number is named using the HSV 
values of the color template as shown in Figure 13, then the coordinate of the blocks is measured with respect to the 
camera and these coordinates are undergo a coordinate transformation and coordinates of the block is calculated 
with respect to the xArm base. 

4. Now the first block in the order is moved from its current position to the destination and this step is repeated to all 
the remaining blocks. 

5. Once all the blocks are moved from their position to the destination this mode will be stopped  
 

This mode can be repeated any number of times for the same-colored blocks. 

 
Figure 14: Flowchart of the demonstration mode 

 

VIII.  CONCLUSION 
 

There are two phases/ modes one is the learn mode and the other is the demonstration/ testing mode, in the learn mode 
the operator has to manually teach the robot to sort the blocks based on the color. In the learn phase of the project that 
is while the learn mode is running there were some errors like the block might not be detected due to a sudden change 
in the intensity. To remove these errors, one has to repeat a few steps. The testing phase is an autonomous phase that 
will take the data of the learn file and sort the blocks in the same order as instructed in the learn phase. Overall, both the 
code was working with an accuracy of 83%. To conclude using the concept of the learn from demonstration and building 
a model and repeating the task demonstrated by the operator. The aim of the project to make programming easier for 
any person in society is possible. 
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