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Abstract: The robotic platforms currently available for testing the software stability and 

functionality are expensive and are not highly customizable in terms of hardware. This makes the 
platforms out of reach of the grasp of researchers and small-scale start-ups. We have proposed a 
design of a robotic platform that is easier to manufacture and cheaper to build (totaling under USD 
1000). The components used are easily available and are cheaper as compared to the components of 
currently available robotic solutions. The design features of the platform are explored along with 
factors and features that make the proposed platform favorable to small-scale researchers and start-
ups. The components of the platform are discussed along with their purpose in the design. A model 
that is highly customizable, easy and cheap to manufacture, and capable of carrying out general tasks 
of navigation and manipulation was made. Scaling the model physically down to making its smallest 
gearbox (in wrist actuator) of about 10 cm in diameter, was also made possible using the design 
principles proposed in the paper. Further scope of improvement and ideas for the next version design 
were also explored. 

 
Keywords: Robotics, Design, Robotic Arm, Degree of Freedom. 
 

1.  Introduction  
In robotics research, the main constituents have always 

been the code that runs the robot and the body that the 
code moves. These two aspects of robotics have been 
interdependent for a while now, but this has been changing 
over the last few years with the development of simulation 
and visualization software1,2). This software has allowed 
the software developers to run a program that is meant to 
be deployed to real hardware, on a simulated model of the 
target robot and its environment3,4). Though in a 
simulation, every parameter is set to replicate the 
performance of the robot in the real world, there are 
always some caveats 5,6).  

The development of a testing platform that is capable of 
performing general applications and which is simple 
enough to be customized to the specific application for 
prototyping or testing purposes is the goal of our research 
7,8). There hasn’t been a robot model which is highly 
customizable in terms of hardware. In this paper, we are 
proposing a design of a robotic platform that is capable of 
general manipulation and navigation tasks, along with 
options for customization and design changes for specific 
experimentations or applications 9, 10). The proposed 
model is highly customizable in the sense that the user can 

control or change the physical size of the model according 
to the needs, which has not been seen in many available 
robotic models. The compatibility of the design with 
different hardware components, like actuators or motors 
and sensors, is also not commonly seen in such platforms. 
The cost of manufacturing the model was targeted to be 
kept under USD 1000. 

 
2.  Problem Statement 

As discussed, the simulations have been a solution for 
testing the software on virtual hardware before investing 
in hardware development further than prototyping, but the 
simulation has its flaws 11,12).  
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Fig. 1: Render of the Proposed Robotic Platform 

 
The simulation that is developed to simulate the “life-

like” environment for the experiments requires 
computations that can only be performed by expensive 
high-end hardware13). This elevates the overall cost of 
only testing the program before deployment. This might 
not be an issue for an enterprise but for a start-up or an 
individual with a self-funded project, this might be the 
limiting factor that has held them back from deploying 
their solution. Moreover, there are always some changes 
and tuning that are required to be done in the program 
while porting the software from simulation to real-world 
hardware 14). 

The solution is to develop a robotic platform that can be 
used to test the software before deployment, but the 
platform needs to be cheap, easy to acquire, flexible, and 
easily customizable for specific applications15). Such a 
platform can present itself as a test bench for developers 
at a small scale and help tweak and prepare their software 
for deployment 16). 

 
3.  Hardware Description 

The target function of the platform is to perform the 
tasks of general manipulation and navigation 17). For this 
the platform design is based on a robotic arm with 6 
degrees of freedom, mounted on a moving base 18). This 
platform is targeted to be manufactured using 3D printing, 
which allows us to make parts lighter and cheaper 19). 
Another benefit of using 3D printing is that we have rapid 
prototyping at our disposal and hence, customization for 
specific applications can be done very easily and 
rapidly20). The hardware has been divided into two 
segments - mechanical and electronic hardware21). 

 
3.1 Electronics  

The electronics for any robotic platform can be the 
driving factor for alleviation of the overall cost of the 
hardware 18). The electronics are half of what determines 
the performance of a robotic platform 20). Components like 
motors, motor drivers, encoders, etc. determine the 
accuracy of the motion of a robot’s joints and also the 
torque or power that the individual joint can transmit 21).  

 

Table 1. Electronic Components Used in the Platform. 

Electronic Component Model of Component 

DC Motor (Shoulder and Elbow 
Joints) 

RS775 DC Motor 12V 

DC Motor (Wrist Joint) RS540 DC Motor 12V 

Gripper Motor MG995 Servo Motor 

Encoder Sensor 49E Hall Sensor 

Homing Sensor 49E Hall Sensor 

Motor Driver BTS7960 Motor Driver 

Microcontroller Arduino Mega2560 

Main Board NVidia Jetson Nano 

 
The components chosen for our platform were defined 

by the guideline to keep the overall manufacturing cost of 
the build as low as possible while keeping the platform 
functional enough to perform the targeted tasks. Table 1 
presents the list of components that we have chosen for 
build 22). 

For the naming convention for the joints, we are 
bridging the comparison between our robotic arm and the 
human arm, where the gripper corresponds to a human 
hand and the base joint of the robotic arm corresponds to 
the shoulder joint. The wrist joint has been decided to be 
powered by a RS 540 DC motor. The motor was chosen 
for its cheaper cost along with its high RPM and 
lightweight. The weight (0.15 Kg) allowed us to use this 
motor for the wrist joint of our robotic arm. 

 

 
Fig 2. Comparison of a Robotic Arm to a Human Arm for the 

Naming Convention of Joints. 
 
The motor for the shoulder and the elbow joints was 

chosen to be a RS 775 DC motor. This motor was chosen 
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for its low current consumption and high torque output. 
The high availability of motors also benefits the ease of 
manufacturing the platform. This motor is also used as the 
main driver for the base of the platform 23). 

To drive the said motors, the motor driver chosen was 
BTS7960 Motor Driver. This double half-h-bridge motor 
driver allows the control of the motor using PWM signals 
from a microcontroller. The said driver was chosen for its 
high current and voltage limits 24). The motors chosen are 
capable of drawing about 6 amperes of current at full load 
at 12 volts; most of the widely available drivers such as 
L298 drivers are only capable of handling 3 amperes of 
current at most. Also, the high voltage limit of the 
BTS7960 Motor Driver allows for easy upgrade to 24 Volt 
DC motors or higher voltage DC motors if required 25).  

The encoders chosen for position tracking of the motors 
and joints are the 49E Analog Hall Sensors. The sensors 
were chosen to keep the cost of the encoder low. The 
encoder setup of our actuators depends on 6 equally 
spaced magnets mounted on the planet gear of the 
gearbox. This allows the sensor to be near the magnets and 
detect changes in the magnetic field due to the rotation of 
the planet gear. This setup allows the microcontroller to 
keep track of the rotational position of the joint with 
granular precision. The precision of this setup is no way 
near to what one can get through the use of stepper motors, 
but the cost of the setup is a lot cheaper as compared to 
the one required to drive stepper motors 26, 27).  

The microcontroller - Arduino Mega, was chosen for 
the availability of PWM and Analog pins required to drive 
the motor controllers and to take input from the hall 
sensors respectively. Also, the ease of programming the 
microcontroller and the well-established community for 
support helped in making this choice 28). The main board 
of the robot is an NVidia Jetson Nano. This board is the 
center for all the processing and computing of the robotic 
platform. As the objective of the platform is to be used for 
research and development of manipulation and navigation 
applications, this board will be suitable for running a 
Robot Operating System (ROS) which is widely used 
software in research and development in the robotic 
industry. The board will also provide great expandability 
and flexibility in terms of sensors and communication in 
the case of a multi-robot network. 

 
3.2 Mechanical Description 

The robotic arm and the mobile base of the robotic 
platform have been designed by us from scratch. The 
robotic arm has 6 degrees of freedom which when 
combined with the planar motion that the mobile base 
provides, is capable of performing manipulation tasks 
while not being bound by a permanently mounted 
position. The design has been developed while keeping 
the ease of assembly, cheap manufacturing, and easy 
maintenance of the components of the platform. The 
platform is designed to be scalable in either direction. The 
mechanical components’ scale depends on the electronic 

components that the user might decide to power the 
platform with. For structural rigidity, 8mm chrome-plated 
rods are used across the structure of joint actuators. Such 
rods have been used in 3D Printers for sturdy hotend axes. 
The mechanical design of the platform has major 
components - the robotic arm and the mobile platform. 

 
3.2.1 Mobile Base 

The mobile base has dimensions - 400x300x150 mm 
(lxbxh). The base has 4 wheels of diameter 160mm that 
supports the whole weight of the robot. The base is driven 
by four RS 775 DC motors, which engage the axles of 
wheels via a belt-pulley reduction assembly.  

The base is responsible for housing all the electronics 
except the motors and sensors of the robot. The power 
delivery of the robot is handled by two DC 120W power 
supplies. These are housed in the front portion of the base. 
The base also has a maintenance hatch to easily access all 
the electronics housed in the base. This will allow easy 
maintenance of the electronics. For cooling all the 
electronics stored in the base, four 120mm computer fans 
are attached in the exhaust configuration at the bottom 
panel of the base; this setup will provide sufficient cooling 
for all the electronics.  

The base maintenance hatch also has all the female 
connectors used to connect all the electronics in the 
robotic arm to the control panel in the base. The 
connectors are 10-pin ATX connectors. These are used for 
systematic cable management and also for easy 
disassembling or replacement of any components of the 
robotic platform. 

 
3.2.1 Robotic Arm 

The robotic arm as mentioned above has 6 degrees of 
freedom which are demonstrated in Fig 3. The joints of 
the robotic arm are linearly arranged concerning each 
other, i.e. when the arm is stretched to full extension, all 
the joints are placed along a single axis. This arrangement 
allows the arm to be highly balanced along the axis and 
also the inverse kinematic solutions are easier to compute 
for such an arrangement. The publications presented great 
insight into the dynamics and analysis of the design of the 
robotic arm. The robotic arm has a wrist, an elbow, a 
shoulder, and a gripper.  
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Fig 3. 6 Degrees of Freedom in a Robotic Arm 

 
3.3.2.1 Joint Actuator 

All three joint actuators are identical in design but are 
just scaled according to the gearbox dimensions. The 
identical design of the actuators proves the scalability of 
the actuator design. The joint actuator consists of two 
degrees of freedom each. The setups for each of the 
degrees are similar in design to each other along with the 
constituents of the components required to assemble them. 
This allows ease in manufacturing the actuator without 
much change in the manufacturing setup. Each actuator 
consists of a pair of mechanical or structural components 
mentioned in Table 2. 

 
Table 2. Mechanical and Structural Components in a Joint 

Actuator. 

Component Name Naming Convention for Theta and 
Fi. Components 

Output Ring Cover 
(ORC) Theta-ORC Link; Fi-ORC 

Input Ring Cover 
(IRC) Theta-IRC; Fi-IRC 

Motor Support Theta-Motor Support; Fi-Motor 
Support 

Gearbox Same for both 

6201-2RS Ball 
Bearing Same for both 

 

 
Fig 4. Blue - Theta Portion; Red - Fi Portion. The motors 

and rods have been removed from the render. (top, blue) Theta-
ORC Link 

 
The naming convention for the actuator components 

uses a prefix for distinguishing between the two degrees 
of freedom to avoid confusion while referring to the 
components. The prefixes are - theta and fi. The 
components for demonstration purposes are shown in Fig 
4 with color coding for distinguishing between theta and 
fi components. The axis about which the theta-gearbox 
revolves is named the theta-axis and the one about which 
the fi-gearbox revolves is named the fi-axis.  

The components are designed to be 3D printed without 
the use of support material for any of the parts. All the 
components of the robotic platform that are required to be 
3D Printed can be printed without the need for support 
material. This has been accomplished by the use of 
sacrificial bridging and other techniques to make the parts 
printable without support material (Fig 5.) This feature of 
design allows for much faster printing of parts and reduces 
the wastage of material while printing. This also reduces 
the post-processing of 3D Printed parts. 
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Fig 5. Top - the orientation of Theta-IRC for printing without 

support material. Bottom - The sacrificial bridging (blue) for 
making the holes in the model printable without support 

material. 
 

● Gearbox 
The gearbox chosen for the platform is a split-ring 

compound planetary gearbox. Though the proposed 
platform can be built using any type of gearbox due to the 
flexibility of the design, we went with a split-ring 
compound planetary gearbox due to the benefits it 
provides us with as compared to the other types of 
gearboxes used in robotics applications. Other gearboxes 
considered for the application were - harmonic drive 
gearbox, cycloidal gearbox, and compound cycloidal 
gearbox. Many factors presented were considered for 
making the choice of selecting the gearbox which would 
have been well suited for our proposed platform. 

The harmonic drive gearbox has been praised for its 
high-density reduction with zero backlashes for years 
now. Its applications range from being used in space 
rovers or satellites to precise robotic manipulators. The 
main drawback of the harmonic drive that led us to reject 
this design was the lack of a proper method or design 
procedure to make this gearbox 3D Printable. Many 
attempts had been made to make the flexible spline using 
TPU or Flexible Filament for 3D Printing but the teeth 
skipping and low torque transmission were unacceptable 
drawbacks of the design.  

The cycloidal drive, though not providing as dense 
reduction as the harmonic drives, design of the cycloidal 
gearbox is simple enough to be 3D Printed with precision. 
But the drawbacks the said gearbox introduced were again 
not in favor of being used in our design. The inherited 
drawback of the cycloidal drive is the wear of the 
cycloidal disks in the gearbox. The constant rubbing of 
plates and their teeth rolling against the outer ring of the 
gearbox lead to a high wear rate of cycloidal plates, and 
this flaw is elevated in the 3D Printed version of the 
cycloidal gearbox. Moreover, to reduce the friction of the 
plates, the use of bearings in the outer ring of the gearbox 
introduces weight to the whole assembly which makes the 
movement of the actuator by the other joints very difficult. 
Because of these reasons, the cycloidal and compound 

cycloidal drive gearboxes were rejected. The split-ring 
compound planetary gearbox was our chosen gearbox 
because it was the only gearbox that could be easily 3D 
Printed and has a high reduction density that is required 
by our design. The gearbox consists of two stages of the 
planetary gear arrangement. The stages have different gear 
modules and the number of teeth as compared to each 
other and hence result in differential gear reduction. The 
gearbox configuration for each joint actuator is given in 
Table 3.  

 

 
Fig 6. (from left) Output Ring Cover (ORC), Output Ring 

Gear, Output Sun Gear, Planet Gears (1-8), Input Sun Gear, 
Input Ring Gear, and Input Ring Cover (IRC) 

 

 
Fig 7. Input Sun Gear Drawing, the slots around the central 

Hexagon are for magnets for the encoder setup. 
 

Table 3 a. The Gearbox Configuration for Each Actuator Joint 
(Wrist Actuator Joint Gearbox Configuration) 

Helix Angle - 30 
degrees 

Gear Ratio - 
53.39 

Number of 
Planets - 4 

 Input Stage Output Stage 

Gear Module 1.6 1.223 

Sun Gear Teeth 
Count 

16 22 

Ring Gear Teeth 
Count 

36 46 
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Planet Gear Teeth 

Count 
10 12 

 
Table 3 b. The Gearbox Configuration for Each Actuator Joint 

(Elbow Actuator Joint Gearbox Configuration) 

Helix Angle - 30 
degrees 

Gear Ratio - 
238.235 

Number of 
Planets - 6 

 Input Stage Output Stage 

Gear Module 1.8 1.4727 

Sun Gear Teeth 
Count 

17 21 

Ring Gear Teeth 
Count 

37 45 

Planet Gear Teeth 
Count 

10 12 

 
Table 3 c. The Gearbox Configuration for Each Actuator Joint 

(Shoulder Actuator Joint Gearbox Configuration) 

Helix Angle - 30 
degrees 

Gear Ratio - 
424.827 

Number of 
Planets - 8 

- Input Stage Output Stage 

Gear Module 1.8 1.6363 

Sun Gear Teeth 
Count 

29 32 

Ring Gear Teeth 
Count 

51 56 

Planet Gear Teeth 
Count 

11 12 

 
The procedure of designing the split-ring compound 

planetary gearboxes for each joint has been done by using 
the following equations and constraints. A python 
program was made for us that parses through each and 
every possible gearbox configuration according to the 
constraints and gives the list of possible configurations for 
us to choose from for developing the gearbox. 
 
𝑅𝑅 = 𝑆𝑆 + (2 ∗ 𝑃𝑃)                      (1) 
(For both input and output stages) 

 
2 ∗ 𝑆𝑆+𝑃𝑃

𝑛𝑛
 = 𝑤𝑤ℎ𝑜𝑜𝑜𝑜𝑜𝑜 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛               (2) 

(For both input and output stages) 
 

𝐷𝐷 ≤ �𝑃𝑃𝑃𝑃
2
� ∗ 𝑀𝑀𝑀𝑀 ∗ 𝑠𝑠𝑠𝑠𝑠𝑠 (𝜋𝜋

𝑛𝑛
)                         (3) 

 

𝑀𝑀𝑀𝑀 = 𝑆𝑆𝑆𝑆+𝑃𝑃𝑃𝑃
𝑆𝑆𝑆𝑆+𝑃𝑃𝑃𝑃

∗ 𝑀𝑀𝑀𝑀                             (4) 
 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 1
1
𝑅𝑅𝑅𝑅�𝑅𝑅𝑅𝑅− 𝑅𝑅𝑅𝑅∗𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 �∗ 𝑆𝑆𝑆𝑆

𝑅𝑅𝑅𝑅+𝑆𝑆𝑆𝑆

           (5) 

 
The gearboxes were then designed according to the 

configurations selected. The selection of the configuration 
was done on the basis of the module of each stage of the 
gearbox and the number of planets in the gearbox. Factors 
such as the number of planet gears reduce the load exerted 
on individual teeth, but also introduce more surface area 
and hence increase friction. The pressure angle of the teeth 
of the gear was set to be 25 degrees to make the gears 
stronger, though again increasing the surface area and in 
return increasing the friction in the gearbox. The total area 
of teeth engagement for the planetary gearbox is also high 
and helps in the distribution of load across the surface of 
all the teeth engaged. 

The output stage of the gearbox and the face of the 
planet gears and the output sun gear facing the output 
stage of the gearbox have been embossed with lines for 
making the alignment of gears while assembling easier. 
Along with lines, the planets are marked with numbers 
because the order of the planets' arrangement matters in 
such gearboxes. For axial rigidity of planet gears, there are 
cylindrical slots for 5mm chrome-plated steel rods in the 
planet gears. The insertion of these rods allows the 
gearbox to be more rigid and impervious to axial loads. 

 
● Motor Assembly 

The motor assembly consists of the components that are 
responsible for motor mounting and gearbox housing. The 
components are – the motor support, the motor, and the 
input ring cover for the gearbox. The motor support is just 
the component that provides support for the motor and 
mounts it to the body of the actuator. The motor support 
has slots for motor cooling and cable management. Along 
with support for the motor, this component plays the role 
of housing the bearing and is one of the mounting points 
of the Theta-Output Ring Cover Link.  

The input ring cover component is the half of the 
gearbox housing that is holding the input stage of the 
gearbox. This component is also responsible for holding 
the motor so that the motor can be connected to the input 
stage of the gearbox. Inside the input ring cover, there is a 
slot for holding the hall sensor for the encoder setup. The 
components of the motor assembly are present for both 
theta and fi axis and are very similar. There are a few 
changes among the components of the two axis which are 
due to the mounting position of the respective 
components. The fi-motor support component is used to 
connect to the theta-output ring cover of another actuator 
joint and has a similar design to the theta-motor support 
component but the mounting design is different for both 
due to differences in where they are mounted or 
connected. 
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●  Theta-Output Ring Cover Link (Theta-ORC Link) 

This is the component responsible for connecting the 
joint actuators with each other. This is connected to the 
output stage of the theta-gearbox and the theta-motor 
support component of an actuator. The next actuator is 
connected to the flat side of the Theta-Output Ring Cover 
Link through the fi-motor support component of the next 
actuator. This component is divided into two sections to 
make it easier to 3D Print. Also, this has a slot for a magnet 
that is used in conjunction with the hall sensor embedded 
in the Fi - Output Ring Cover for homing purposes. 

 
● Fi-Output Ring Cover (Fi-ORC) 

This component holds together the components of the 
theta portion and the fi portion of the actuator. This is the 
middle link of the actuator joint which connects the output 
stage of the fi gearbox and the theta motor assembly. It has 
mounting holes for screwing in bolts that hold the 
assembly together. Also, this has a slot for a hall sensor, 
which is used here for homing purposes of the theta-axis 
of the actuator joint. 

 

 
Fig 8. (left) Theta-Motor Support, (bottom) Fi-ORC, (right) 

Theta-IRC 
 

3.2.2.2 The Gripper 
The end effector of the robotic arm is a two-pronged 

parallel jaw gripper which is powered by a single MG995 
servo motor.  This end effector can be changed easily as 
the gripper is just mounted to the theta-output ring cover 
link of the wrist actuator joint. 

The servo motor is used here to provide the required 
torque to hold onto the objects that this platform would be 
programmed to manipulate. The parallel jaw gripper was 
chosen as compared to other options because of its wide 
adoption in industrial robots. The gripper consists of three 
component assemblies - the jaw assembly, the servo rack, 
and the mounting plate. The mounting plate is a part upon 
which other component assemblies are mounted. This 
plate is then screwed onto the theta-output ring cover link. 
The servo rack is what houses the servo and is used to 

mount the servo onto the mounting assembly. The servo is 
connected to the jaw assembly via a link that is connected 
to one of the jaws and is intermeshed with a link that is 
connected to the other jaw.  

The jaw assembly consists of two prongs of the gripper, 
a center block, and the links which connect the prongs to 
the center block. This block is mounted to the mounting 
plate and houses all the bearings that allow free rotation 
of the links connected to this. These links form a parallel 
linkage with the jaws which allows the jaws to always be 
parallel to each other. Each jaw is supported by three links, 
two of which contribute to the parallel linkage and the one 
left is the driver link which is either connected directly or 
is intermeshed with the servo motor. 

The tips of the parallel jaws are customizable and 
changeable. The tips of the jaws for now are based on. 
They made a computational model, which predicted 
changes in the design of the gripper surface based on the 
success rate of the different designs throughout their 
design pool. Unlike the suggested material which is 
silicon-based resin, our gripper tips are made of TPU with 
a shore hardness of 90A. The infill percent of the model is 
changed to vary the flexibility of the tip according to the 
model suggested in the paper. 

 

 
Fig 9. Render of our Parallel Jaw Gripper. 

 
4. Benefits of our Design 

The proposed platform is made using components that 
are readily available for cheap to researchers or start-ups 
for their research and development. The model 
components also support the targeted manufacturing 
method by being able to be printed without support 
material, which results in faster and more efficient 
printing of the components. The manufacturing method 
also allows rapid prototyping for the customizable add-ins 
or changes that the user might want to make to the 
model. The model is also open for any changes to the 
components used to make this platform; the motors are 
easily replaceable by making a few adjustments to the 
motor assembly components. The gearboxes are 
replaceable without any changes as long as their form 
factor is also cylindrical, which for most gearboxes is true. 
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The platform is scalable which broadens the scope of 
applications that this platform could be used for. The 
gearboxes can be made of any size required by using the 
program made and that could be the scaled-down or up 
version of the gearboxes used in the customized model. 
 
5. Future Scope of Improvements 

There is room for improvement in this design. Besides 
the hardware improvement that could deal with better 
motors and better encoders for accuracy, the end effector 
could be modified to be a variable end effector. This 
variable end effector could be programmed to change 
tools on the go with a mounted tool rack on the mobile 
base. The gearbox efficiency could be improved by using 
a self-lubricating material like nylon or other synthetic 
composites to have a smoother rotation. Further 
development of the platform will include an improved 
version of the gearbox, which we hope would increase the 
load-bearing capacity of each actuator. This study has an 
impact on practical implications and new views in the 
practice of robotic platforms. An in-depth analysis of 
factors affecting the efficiency of the planetary gearbox 
will be the basis of improvement in design further. 
Another improvement is to create a dedicated space for 
mounting a mapping or navigation like a stereoscopic 
camera setup or a LiDAR sensor. The variable end effector 
will also be part of the newer developed platform. 
 
6. Conclusion 

We have developed a platform that is capable of 
accomplishing general tasks of navigation and 
manipulation. The hardware that controls the platform is 
well capable of computing and running deep learning 
models for adaptive functionality and testing of some 
applications or tasks. The platform is easily manufactured 
and is considerably cheaper as compared to already 
available similar platforms. The proposed platform is a 
test bench that many small-scale researchers and startups 
can use to test and tune their software before deployment, 
and can also base their hardware on our platform. 

 
Nomenclature 

COP 
Si 
Ri 
Pi 
Mi 
N 
D 
So 
Ro 
Po 
Mo 
 

coefficient of performance (–) 
Teeth count of the input sun gear 
Teeth count of the input ring gear 
Teeth count of the input planet gear 
Gear Module of the Input Stage 
Number of Planets 
Inter Planet Clearance (mm) 
Teeth count of the output sun gear 
Teeth count of the output ring gear 
Teeth count of the output planet gear 
Gear Module of the Output Stage 
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