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I. Abstract

Autonomous systems are becoming increasingly prevalent and have an expected market
growth of ~20% annually through 2027. With advances in technologies such as computer vision
and machine learning, autonomous systems can be applied to many different industries including
automotive, manufacturing, and agriculture. UIC’s Robotics and Motion Laboratory is looking to
upgrade their Unitree A1 quadruped robot with an autonomous navigation system to assist with
automated testing of the robot. We have designed a computer vision based autonomous system
capable of detecting and avoiding objects in the robot’s path of travel. This system mounts and
interfaces directly with the quadruped robot. Testing showed that we exceeded our goals of
identifying static and dynamic obstacles in the robot’s path and maneuvering away from those
obstacles to prevent collisions. As an added feature, we also implemented an object following

algorithm where the robot can be set to follow an object of a certain color.
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II. Overview

Project Goals

The project goal is to create an autonomous collision avoidance system for an Unitree Al
quadruped robot. The autonomous system will rely on computer vision and additional sensors to
detect obstacles in order to avoid them. The autonomous system should transfer avoidance
instructions to the robot control system to prevent collisions during operation. Additionally, the

robot should be able to navigate an indoor environment while maintaining obstacle avoidance.

Needs Statement

The Robotics and Motion Laboratory at UIC, run by Professor Pranav A. Bhounsule, is
looking to upgrade their Unitree A1 robot (quadruped, dog type robot) with an autonomous
system capable of obstacle detection and avoidance. Furthermore, the laboratory requests that the
autonomous system will be capable of operating in indoor environments and that it will be able

to avoid static objects.

Objective Statement

For the project, the team will use a single board computer with a camera system to
provide the necessary data to the autonomous system. The computer will process the image data
and return information that can be used by obstacle avoidance algorithms. These algorithms will
use the processed data to issue commands to the robot’s control system and avoid collisions. The
autonomous system may also use other ranging sensors such as LiDAR, in combination with the

camera system, to develop enhanced maps of the operating environment.

Background

To properly develop the autonomous system, the team conducted research to better
understand the capabilities of current technology and better understand where this system will fit
into modern technology. First the team researched existing technologies to explore different
types of autonomous systems and different applications. Additionally, the team interviewed the

research lab to better understand their needs from the system.
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1. Research Survey
For the research survey, the team looked at different autonomous systems and how they
are currently used. In addition the team researched quadruped robots and how they can be used,
particularly in combination with autonomous systems. Finally, the future of autonomous systems

was researched.

Real World Autonomous Solutions

In recent years, there has been a large increase in the production of systems using
autonomous technologies. We can see evidence of this across many different industries including
agriculture, automotive, manufacturing, shipping, and defense. Autonomous solutions in these
industries have led to an increase in safety, production, and even profits in many instances which
in turn has led many companies and universities to continue research on creating smarter and
more efficient systems.

There are many different approaches to implementing autonomous systems. In the
automotive industry, there are many companies conducting research and actively using
autonomous solutions. Perhaps one of the greatest challenges for autonomous systems exists in
the self-driving space. About 94% of automotive accidents are caused by human error and cause
over 35,000 deaths each year[1]. Given the dangers of driving, this has led many different
companies to pursue research in autonomous solutions for cars ranging from basic antilock
braking systems to advanced autonomous systems like Tesla’s Autopilot. Systems such as the
latter have consistently shown accident averages about seven times better than vehicles without
Autopilot[2]. The Boston Consulting Group comments on the projected timeline in the push
toward self-driving cars, “Level 4 self-navigation is fully autonomous with a backup system that
can turn the machine off in ostensibly rare, unexpected situations, but no human involvement is
required. We expect Level 4 capabilities to be perfected around 2030. When that occurs, we’ll
see the emergence of mobile machines that are self-driving in specific limited environments,
such as room service robots in hotels or last-mile delivery robots[3].” These systems typically
use a variety of sensors, including but not limited to, ultrasonic sensors, LiDAR, radar, and
cameras. Then, they use the data from these sensors, often in conjunction with a form of artificial
intelligence such as neural networks, to control the vehicle and autonomously respond to its

surroundings[4]. While many of these systems have been proven to reduce accidents, there is still
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a lot of mistrust in their safety as they do not 100% of the time respond to their surroundings
properly due to limitations of the technology[5]. Artificial intelligence and computer vision
applications are somewhat novel but typically very complex technologies. The main limitations
of these systems are the fact that not much research has been done to collect enough data and
fully train the artificial intelligence. In systems not using artificial intelligence, there can be
limitations in how quickly a computer can process the image data, as well as properly being able

to identify objects in the environment.

Autonomous Algorithms

Given image data and a powerful computing system, an important function of an
autonomous system is successfully interpreting the data and actually issuing movement
commands. This idea of interpreting data leads to the use of algorithms. A common family of
algorithms specifically used for autonomous navigation are referred to as “Bug” algorithms[6].
This family of algorithms loosely model path planning on the capabilities of insects[7]. The
algorithms assume that an autonomous system knows its position, a goal position, and can
locally sense obstacles. The most simple algorithm in this family works as follows: the robot
heads towards its goal. If an obstacle is encountered, the robot follows the obstacle until it can
proceed towards the goal again. The preceding steps are repeated until the robot successfully
reaches its goal. Due to their simplicity, bug algorithms are exposed to a wide range of cases in
which their operation would seem illogical. An example of this would be entering an enclosed
space and hugging a wall to exit and proceed around the obstacle. In more advanced autonomous
systems like self-driving cars, machine learning algorithms are utilized to address more

significant tasks that potentially carry safety concerns.

Existing Autonomous Quadruped Robots

Automated quadruped robots have become more prevalent in the commercial world
largely due to companies like Boston Dynamics. One of their first designs was called BigDog
and was designed to carry a payload through rough terrain that a wheeled robot wasn’t capable of
traversing[8]. This robot contains over 50 sensors and includes an onboard computer that
performs both low level and high level controls. The BigDog robot was mainly manually

operated, but it also included a stereo vision system. This system used stereo cameras, LiDAR,
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and a computer to run computer vision software. The computer vision was used to map out the
terrain and allow BigDog to follow a human leader without having to be manually controlled.
Boston Dynamics has also recently developed a new version of the quadruped robot called Spot.
This robot is fully autonomous and can maneuver through rough terrain and avoid obstacles.
Spot also has the ability to be programmed for the specific needs of a business using the sensors
and cameras that are a part of the robot[9]. Also, incorporated into Spot is the ability to detect a
disturbance and the ability to determine if it needs to wait to avoid the object or to go around.
This is described in Boston Dynamics’ patent “Handling gait disturbances with asynchronous
timing[10]” filed in July of 2019. Spot is designed to automate routine tasks, inspections, and
collect a wide variety of data. Boston Dynamics has also filed a patent in January of 2021 for
“Autonomous Map Traversal with Waypoint Matching[11]”. This patent outlines a system that
processes sensor data to trigger waypoint to waypoint mapping. This patent additionally outlines
how a system can be implemented with three-dimensional cameras and LiDAR data. The design

also uses cloud data to determine and set waypoints with the sensor data.

Computer Vision and Quadruped Robots

Overall, these features of Spot share some similarities with the pathVision design.
However, the pathVision team is implementing autonomous features from scratch for the
laboratory at a significantly lower price point. The team plans on initially developing a computer
vision system for obstacle avoidance and high-level control. Once this is achieved, the team will
be able to further program the robot for specific applications such as navigating through a maze
or following an object. Sony has also worked on an autonomous quadruped robot using a similar
camera system. Their robot had a primary focus on an entertainment application, which differs
from the goals of the pathVision team. Although the end features may be different, Sony uses
similar technology and computer vision approaches to the team. This robot uses a camera system
for object detection and it uses ultrasonic sensors for depth perception. The vision system on the
Sony Quadruped Robot was primarily used to automate testing of the control algorithms in a
controlled environment[12]. While Sony may not be a direct competitor, the features they
developed for their autonomous testing are similar to the needs of the RML lab for evolving their

quadruped robot.
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The Future of Autonomous Robots

As shown by the previous research, the prevalence of autonomous robotic systems will
only continue to increase with improvements in technology. According to Boston Consulting
Group, “As these technologies take hold, we believe many customers will shift from buying core
robot systems, such as arm, controller, and end-of-arm tools, to purchasing broader, modular
systems comprised of the core as well as edge controllers, machine vision software, and Al for
smart and autonomous activities, among other emerging innovations[3].” It is known that the
departure from traditional robotics is already well under way. As robots leave controlled
environments of factories and warehouses they will have to increasingly rely on the special
technologies mentioned above. Integration of robotics with the fields of machine vision and
artificial intelligence will begin to bridge the gap that prevents full autonomous operation in
dynamic environments. But, applications that require autonomous solutions are still waiting on
the development of the supporting technologies.

Once the technological barrier has been surpassed, autonomous systems will be able to be
incorporated into full production of a vast array of different applications. To illustrate the impact
of autonomous systems, again the automotive industry can be used as a window. According to
MarketWatch.com, “The global sale of autonomous vehicles was valued at 1.4 million units in
2019 and is projected to reach 58 million units by 2030, expanding at a CAGR of 40.3%, from
2020 and 2030[13].” Therefore, the metrics show that there is strong growth to be had in the
autonomous vehicle industry. It is important to note that this is only one of the many areas that
utilize autonomous systems. The total impact of autonomous systems will have a far greater
reach. There will not only be economic effects, but also far reaching political and social

consequences.

2. User Survey
The users of the senior design project will be individuals associated with the Robotics
and Motion Laboratory. This laboratory falls under the Department of Mechanical and Industrial
Engineering at the University of Illinois at Chicago. The laboratory develops cutting-edge
robotic prototypes and control systems that are pushing forward current state-of-the-art systems.
Since this project is being done in collaboration with the laboratory, the team decided that

interviews would be most appropriate in learning more about the project as well as the needs of
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its users. Thus, the interview questions were split between two sections. The first grouping
addresses why autonomous development is desired. The second focuses on technical details that
will support the development of the project. Finally, it is important to note that two individuals
were interviewed for this project. First, the team interviewed Professor Pranav A. Bhounsule.
The Professor leads the Robotics and Motion Laboratory. The team also interviewed Jonathan
Garcia, who works as an undergraduate research assistant in the laboratory and is involved with
day-to-day use of the robotic system.

Being a mechanical engineering lab, research is primarily focused on low level control
such as robot balancing and movement. The development of an autonomous system would
improve the laboratory’s capabilities in conducting testing as the robot would have to rely on its
own sensor data rather than remote control. This is more representative of systems that would be
deployed to the real world. Discussion then shifted to the topic of whether the autonomous
system should be solely focused on complementing the capabilities of the Unitree A1 robot or if
a more general approach should be taken. The professor advised the team that this type of project
has two aspects. First, the cameras/sensors must work with a single board computer to indicate
where obstacles are located. This could be incorporated into the development of any general
system. It is important to note that how this data is used will depend on the capabilities of the
robotic system it is being deployed to. The second aspect to consider is that in order to move
forward with any autonomous deployment, work must be done to integrate with the control
system of the given robot. Thus, it would make the most sense to keep the primary focus of this
project on working with the Unitree A1 robot. Finally, challenges to the development of the
autonomous system were discussed. The professor noted that in order to be successful, students
need to have time on their side. With an early start, the team can become more familiar with
hardware and software components. This allows for the identification of limitations and corner
cases that could significantly impact the project. This would put the team in a much better
position for the start of ECE 397. Other common challenges that were discussed included system
integration, learning system hardware limitations, and debugging. Overall, these topics further
emphasized the need for an early start with technical aspects of the project.

Technical discussion began with a focus on hardware. The team learned that the robot has
its own battery that can power both an external single board computer as well as an internal

microcontroller. The primary approach being considered is to use the single board computer for
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imaging processing tasks. After performing the processing, the results would be passed to the
internal microcontroller which is responsible for actual control of the robot. Continuing on, the
robot has an Inertial Measurement Unit (IMU), position sensing capabilities, and power usage
monitoring. It is important to note that there is no on-board GPS system, the robots actions must
be based on data received from the environment. Professor Bhounsule explained that when
collecting data from the environment, the team is not only limited to cameras. The Unitree Al
robot comes with a LIDAR module that can be easily attached/removed from the system. Other
sensors to consider include radar, infrared, and ultrasonic types. Efforts should be made to make
sure that the operating environment does not negatively impact sensor performance. During the
meeting with Jonathan Garcia, the team had the opportunity to to view the capabilities of the
robot in-person. The robot had a very high build quality and was able to move through the testing
environment with ease. The robot can lower itself towards the ground, but it cannot jump. One
concern that was raised was that as the robot moved, it tended to shake. This will have to be
considered when working with many different aspects of the system.

The final interview questions centered on the topics related to software. The team’s
primary concern was finding a manual/documentation that covers general code by which the
team could interface with the robot. Jonathan Garcia was able to provide a Github repository that
contains essential system code. With the concern addressed, discussion shifted to additional
features that should be implemented. Jonathan Garcia and Professor Bhounsule both emphasized
the importance of completing the obstacle detection system before any other systems can be
added. Once this is completed, the team may develop a system to navigate the robot through a
maze. The maze initially will be static, but the maze can also be made more complex to include
dynamic obstacles. Additional features such as real time display of robot video, a user interface
that allows control over autonomous operations, or object following would only be approached
following completion of the initial objectives. Only if the core system is reliable, should the team

move forward with additional features.

Marketing Requirements
In order to satisfy the requirements from the lab, the design must comply with the following
marketing requirements. It should be noted that the sponsor has stated that the design must use

cameras as a part of the system.
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The system must use cameras.

The system must integrate into the onboard power and control system.

The system must detect objects blocking its path.

The system must navigate around or avoid obstacles.

The system must be able to turn on and off so the robot can enter manual control mode.
The system must be well documented to support its use within the laboratory

environment.
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The following engineering requirements outline performance measures that can be evaluated to

ensure that the needs of the user are identified and met. Each of the engineering requirements

addresses at least one of the marketing requirements and has a justification either from the lab or

an industry standard.

Marketing Requirements Engineering Requirements Justification

1,3 The vision system must detect | The specified distances allow
90% of static objects within the autonomous system ample
0.5 to 5 meters in front of the | time to detect obstacles
robot. before coming into contact

with them. The accuracy and
range values come from
technical specifications from
Unitree [14]. The distances
reflect a room scale
environment. (IEEE
1873-2015, IEEE P2851)

4 The system must navigate Requirement based on
around any static obstacles functionality requirements set
that are detected. If the by the laboratory. In addition,
system cannot avoid an object | this enhances system
or is unsure how to proceed, | reliability. (IEEE P2851)
it must cease movement.

1 The camera system must be To support object avoidance
able to measure distance to operations, the robot must be
objects at a minimum of .3 able to measure distances to
meters and up to at least 5 objects. Furthermore,
meters away from the center | Unitree’s documentation
of the robot. provides the noted distance

values for the robot’s
on-board camera [14].

2,4 All sensors and hardware Any additional hardware
must be able to mount to the | must not interfere with the
robot without inhibiting mechanical operation of the
mobility. robot. (IEEE P2851)

2,5 The processing computer for | The Unitree documentation
the autonomous system must | states that the robot has 4
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be able to connect and
communicate with the robot’s
onboard control system.

USB connections and 2
ethernet connections. This is
the sole way for the
microcontroller to
communicate with the
onboard computer [14].
(IEEE 1118-1990)

Software must be well
documented and accessible
from a gitHub repository.

Request from the laboratory.
Will assist with future
use/maintenance of the
system.

The system must have a
control override that returns
the robot to manual control.

Required by laboratory for
safety purposes. (IEEE
P7009)

The system must connect to
the onboard power supply and
be compatible with 5V, 12V,
or 19V voltage supplies.

The robot provides the
specified output voltages
[14].

The system must have a
physical kill-switch that cuts
power to the robot preventing
it from moving any further.

In case of an emergency
where the autonomous mode
cannot be disabled via
software, kill-switch allows
for rapid shut-off of the robot.
(IEEE P7009)

Costs for additional hardware
must not exceed a value of
$250.00. This does not
include additional hardware
provided by the lab.

Maximum allotted budget
from ECE 396.

The system does not have significant political, economic, social/cultural, environmental, or legal
connections therefore we have excluded requirements in these categories. The system will only
be used for the laboratory at UIC and will not be reproduced so manufacturability requirements

are also not needed.
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Objective Tree

The objective tree breaks down the functions of the autonomous system. This is broken down
into two parts, the object avoidance system and the object detection system. The object detection
system is responsible for identifying objects that are in the path of the robot. The object detection
system may also be responsible for finding an alternate route around the object in the path of the
robot. The object avoidance system is responsible for sending commands to the robot’s
microcontroller to adjust speed and change direction. This system will use the object detection

system data in order to issue commands to move the robot.

Autonomous

- System
/ J \
\'\
/’
pd \\

Object Avoidance Object Detection
System (0.4) System (0.6)
}_r_.---’x.-f’ \\‘\ I.,ff __-1-_“"-.
_-"'-_‘--—. \ |,r/ --—__“'-_
e F =
Avoiding any object Identifying objects Finding a way around
Walk or Run (0.2) in the path (0.2) blocking a path (0.2) an obstacles (0.4)

Fig 1. Objective tree

Engineering Requirements Updates

While there are no updates made to the engineering requirements, the team did add functionality
to perform obstacle following as well. Obstacle following is not discussed in this paper as it was
not originally part of the project but does utilize some of the same features and components. This

functionality was requested by the UIC Robotics and Motion Laboratory.
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IV. Engineering Design Alternatives

In order to satisfy the engineering requirements, three different design alternatives were

proposed. Each of these design alternatives addresses all of the engineering requirements. The

level zero table describes the input, output, and functionality of the design, and it applies to all

three of the design alternatives.

Table 1. Level Zero Table

Module Quadruped Autonomous System
Inputs Environment Data (eg. cameras, LiDAR, ultrasonic), Power (19V),
Autonomous/manual mode select, Robot data (eg. IMU data)
Outputs Movement Commands
Functionality | Use visual data, additional sensors, and robot data to detect objects in the
path of the robot. The system will then interpret the input data sources and
send motor commands to avoid objects.
Robot Data
Environment
et Quadruped Autonomous .| Movement
System Commands
User Input
Power

Figure 2: Level 0 Diagram

This level zero diagram is based on the engineering requirements. The diagram applies to all of

the design alternatives as the inputs and outputs for the system will remain the same. The inputs

include on-board power from the robot to power the autonomous system and user input that

includes a kill-switch and input to set the robot into autonomous or manual modes. Next, there is

robot data input that consists of IMU data and any other positional data given by the robot.

Finally, there is environment data which includes all data collected by the cameras or any other
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supplemental sensors. The autonomous system will use the user input, environment data, and
robot data to generate movement commands to send to the robot. Below are three different

design alternatives that list out options for hardware and software for the system.

Design Alternative 1

For the first design alternative, the robot utilizes a Bug 2 algorithm[11]. This algorithm is
also referred to as a “Greedy” algorithm. It works in the following manner: assume that a robot is
heading towards its goal in a straight line and note that there is only one straight line defined. If
an obstacle is encountered, the robot will depart from the line and follow the obstacle until the
line is re-encountered. The robot then resumes its progression toward the goal along the line.
This process is repeated until the robot reaches its goal.

The unique hardware used in this alternative is LIDAR, ethernet connection, a physical
autonomous mode switch, and a Jetson Nano. Adding LiDAR to the system will increase
confidence in the depth perception of objects. LIDAR is known to be a reliable and fast sensor
used to detect distances to objects. Additionally, there is a LIDAR module that is specifically
intended for use with the robotic system, this allows for ease of use. The only downside to
LiDAR is that the data can be difficult to analyze. This design will also rely on a hardwired
ethernet connection to communicate movement commands with the robot’s main computer.
Ethernet is a communication link that has been used due to its speed, efficiency, and reliability.
For user input, this design alternative calls for a physical flip switch to switch between the
autonomous and manual mode. This was selected to simplify the implementation, the only
downside is that a user wouldn’t be able to switch modes unless they were near the robot.
Finally, this system will use a Jetson Nano as the processing unit for the autonomous system. The
Jetson Nano is a relatively new computer but is used quite frequently due to its affordability and
low power consumption[15]. The Jetson Nano is also designed for object avoidance and image
processing systems and has a variety of input ports to accommodate a wide range of sensors and
other inputs.

As with the other design alternatives, this system will mostly rely on stereo cameras for
depth perception as defined by the lab requirements. For the software, this system will use a
combination of C++ and Python. This will be beneficial because while Python has many libraries

and resources for computer vision applications, it is a slower language. Being able to use both
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languages together will allow for ease of development while still maintaining high processing

speeds so the system can quickly respond to its surroundings.

Design Alternative 2

For the second design alternative, the robot will use a bug 1 algorithm[11]. This
algorithm is also referred to as an exhaustive search algorithm. It works in the following manner:
Given that a robot is heading towards its goal, if it encounters an obstacle, the robot will depart
from its approach towards the goal and instead circumnavigate and map out the obstacle. After
completing the mapping, the robot will resume its progress towards the goal from the point of
closest approach. This algorithm would be utilized for its dependability and consistency.
However, the tradeoff is speed and live operation would not seem very intuitive for simple
obstacles.

The unique hardware for this design is the ultrasonics sensor, Rock Pi N10, 12C
communication, and a remote interface for controlling the autonomous mode. The system will
also use stereo cameras and ultrasonic sensors to provide environment data to the single board
computer. Ultrasonic sensors will provide extra information regarding depth perception to the
autonomous system to increase confidence in the systems sensing. Ultrasonic sensors are used
frequently and require little setup and processing but they are only effective in low noise
environments and have limited range. This design will use the Rock Pi N10 single board
computer which has a CPU, GPU, and Neural processing unit which are designed specifically for
deep learning to process inputted sensor data [16]. The Rock Pi N10 is useful because it has
interfaces for cameras and has various input/output pins to accommodate the ultrasonic sensor
and the Inter-Integrated Circuit (I2C) communication protocol to communicate with the robot’s
main computer. This communication protocol is native to the Rock Pi N10 and has simple
hardware implementations. This design will implement an interface on the robot’s remote
controller for initiating the autonomous system or for turning it off. This allows the system to be
turned off while maintaining distance to the robot. This design will be implemented in the
Python programming language which is commonly used in the computer vision field for its vast
libraries and community resources. The downside of Python is that the language is interpreted so

it runs slower than other compiled languages such as C++.
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Design Alternative 3

The robot will use the bug 0 algorithm[12] which is the least complex of the three. The
algorithm is defined as follows, the robot heads in the direction of a target location. If an obstacle
is detected, the robot will follow the obstacle until it can head in the direction of its goal again.
Note that this is different from Design Alternative 1 where the robot chooses to follow a single
line towards the goal. Rather, the path is dynamically updated as the goal is sighted. These steps
are repeated until the robot has successfully reached its target.

In this design alternative, there will be no supplemental sensor. This will simplify the
overall implementation but will also decrease confidence and reliability. This design alternative
will use the BeagleBone Al as the single board computer to process the input data. This SBC is
designed for machine learning applications and has embedded-vision-engine cores which are
optimized for computer vision tasks [17]. This is ideal for this design alternative which is only
using stereo cameras. This device is also open source and many community resources are
available. The system will communicate with the robot’s main computer by Serial Peripheral
Interface (SPI) which does not require processing overhead but can have more complex
hardware. A voice command will be used to initiate and deactivate the autonomous system. This
allows for the autonomous system to be turned on and off from a distance, without having to
reprogram the robot’s remote controller. This design will use the language C++ due to its
versatility and speed. C++ has external libraries to assist with computer vision and image
processing, it is also compiled and thus can be executed much faster than Python. The downside

to C++ is that it can be complex to implement when compared to Python.

Design Alternatives Comparison

In selecting design alternatives, the team gave significant weight to the object avoidance
algorithm. Depending on the algorithm that is selected, the team will take different approaches in
the hardware that is used and the programming that is done. The choice to include or not include
additional sensors reflects finding a balance between setup difficulty and system reliability. For
example, alternative 1 would make use of LIDAR in addition to the camera system. Thus,
distance measurements could be compared and validated, but this comes with an expense of an

increase in complexity. Alternative 3 on the other hand does not call for the use of additional
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sensors. This simplifies setup, but puts the system integrity on the capabilities of the camera.
Continuing on, the different single board computers share similar capabilities, however, since
they are at the heart of the autonomous system, the corresponding communication methods,
programming language(s), and user interface will reflect options that are most suitable for each
computer. Overall, the three design alternatives are viable options by which the project can be

completed.
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V. Design Alternative Evaluation Criteria

To select the best design alternative, the team chose five selection criteria and performed a
pairwise comparison on a scale of 1-9 for all five criteria. From the pairwise comparison, each

criteria was given a weight.

1. Time needed to complete design and development

Time is one of the greatest constraints placed on the group. Due to the relatively high
technical complexity of the project, the group anticipates to allocate a significant amount
of time. To help reduce the pressure of this constraint, the best design alternative should
have hardware/software that is easy to work with. This will streamline the development

process.

2. Hardware/Software Compatibility

Since the project goal is to create an autonomous system, it is extremely important that it
is possible to integrate it with the designated platform, the Unitree A1 Robot. The team
worked to verify that all design alternatives are compatible. However, some approaches
may be easier to work with than others. The best design alternative should have robust

interaction between sensors, processing algorithms, and control commands.

3. Group’s Technical Knowledge

Through experiences in student organizations, internships, and classes, the group has a
diverse set of technical skills. It would be beneficial if the group could rely on what they
already know during project development. This saves time and gives more confidence
when working towards a solution. However, due to the nature of the project, the group is
expecting to adapt and learn to work with new tools/concepts. The best design alternative

should have a strong overlap with the technical skills of the group.
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4. Simplicity of Design

Some design alternatives use additional hardware or more complex software
implementations. This criteria emphasizes the importance of having a design that has the
fewest hardware components while still meeting all of the engineering requirements. By
having fewer components, this means that the overall complexity of the system is
reduced, and it can prevent compatibility issues between different components. This can
reduce development time. Having a simpler software approach and fewer sensors ensures
that the single board computer is able to perform all necessary calculations and ensure an

accurate and fast response time.
5. Availability of Project Resources (documentation, datasheets, application notes, etc.)

The team is making use of both hardware and software for this project. The availability of
documentation will allow for successful integration between the various components of
the system and help fill any gaps in the group's knowledge. Furthermore, clear resources
reduce development time as guesswork is removed. The best design alternative should

have a strong set of resources to back both the hardware and software.
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VI. Selection of Design Alternative & Justification

Each design alternative was reviewed in terms of the selection criteria on a scale of 1-5, one
being does not meet criteria and five being completely meets criteria. The team then averaged

and applied the weights from the pairwise comparison to choose the best design alternative.

Table 2: Decision Matrix

Criteria Weights Alternative 1 Alternative 2 Alternative 3

Development

Time 0.23 4 4

Compatibility 0.32 5 3 4

Technical

Knowledge 0.12 5 2 3

Simplicity of

Design 0.10 4 3 3

Resource

Availabilities 0.24 5 3 3
Score 4.67 3.11 3.55

The design selection process showed that design alternative 1 aligned most closely with
the valued criteria. It had the highest score of 4.67 whereas alternatives 2 and 3 had scores of
3.11 and 3.55, respectively.

The most valued criteria is compatibility because without it, the system would not meet
most of its engineering requirements. It is important that our system work specifically with the
Unitree AI Robot to meet all of the requirements set by the team and the UIC Robotics Lab. With
design alternative 1, we are able to communicate with the robot via the ethernet ports on the
Jetson Nano and the robot. The robot command scripts are natively written in C++, therefore
using C++ ensures that the autonomous commands are compatible with the robot.

Next, resource availability is the second-highest criteria since this is one of the largest
aids in development and research. Given that both the Jetson Nano and mapping/localization
algorithm strategies are widely used in the world of autonomous systems, there are many
different resources available online to help with research, development, and debugging.

Development time is a significant constraint so it was also given considerable weight.
Given that design alternative 1 has compatibility with the robot and many external resources, it

should have a lower development time compared to the other design alternatives which use less
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common microcontrollers and communication interfaces. Design alternative 1 also has the
simplest implementation of the autonomous enable/disable functionality. With just a physical
switch, this feature has a very fast development time as opposed to voice command and remote
interface which can take weeks to implement properly.

While the team does have widespread technical knowledge, it is important that we have
enough in order to complete the project in a timely manner. Given that many members of the
team have worked on mapping algorithms, Jetson Nanos, and remote controls, design alternative
1 supports the team’s technical knowledge. C++ is a language that is taught in many classes at
UIC so the team will be comfortable using it. But, given that Python is typically used in this
application, the team plans to use both Python and C++. A few members on the team have done
considerable work in Python and given their collective coding knowledge in C, Matlab, and C++,
they will be able to transfer that knowledge to using Python.

Finally, in terms of simplicity, design alternative 1 has features that are simpler than other
designs, which make it easier to implement. Design alternative 1 uses ethernet to connect to the
robot’s microcontroller, which requires no additional hardware and allows for a high data
transfer rate. Using the Jetson Nano also aids in simplicity because of the GPIO pins, 4 USB
ports, ethernet port, and HDMI port. This prevents the need for additional converters to connect
sensors to the Jetson Nano. This design also uses a physical switch to enable and disable the
autonomous system. This only requires a single device and minimal software compared to the
other design alternatives. This design does use LiDAR as a supplemental sensor, although an
additional component is being added, this should increase the reliability of the autonomous
system. Using python and C++ also simplifies the design because of the features of each
language. Python has a large collection of libraries specifically suited for image processing and
machine learning while the robot control algorithms are programmed in C++. By using these two
languages together, the team is able to use the advantages of each language, which will make the

software implementation easier.
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VII. Preliminary Design

Based on the design alternative and the team’s decision matrix, design alternative 1 was chosen
as the most appropriate alternative. Below is a preliminary design based on design alternative 1,

including a level 1 schematic, circuit designs, and software workflows and designs.

Level 1 Schematic

Autonomous GPIO i

iy Autonomous |
Enab.le.- Disable Mode Switch !
{input) !

Ethernet Ethernet

R i Movement
e Jetson Nano 5 Commands
: (output)

Camera Data® i
LiDAR Data®
IMU Data* 5V

Buck Converter i

Power (input)

Figure 3: Level 1 Schematic

Figure 3, shown above, is a level 1 schematic for the autonomous system design. The main
computer being used is a Jetson Nano, and it is receiving data via ethernet from the camera,
LiDAR, and IMU located on the Unitree A1 robot. The Jetson Nano will receive power directly
from the 19-volt source located on the Unitree A1 robot, which will be stepped down to 5 volts
using a buck converter. From the user side, a switch on the controller will enable/disable the
autonomous mode, which is read through a GPIO pin on the Jetson Nano. Finally, the Jetson

Nano will communicate movement commands back to the robot via ethernet.
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Circuit Design
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Figure 4: Circuit Diagram

Figure 4, shown above, is the circuit schematic for the pathVision project. The team is using a
Jetson Nano as the single-board computer to process environmental data and detect objects in the
path of the robot. The Jetson Nano is connected to the Unitree Al robot using an ethernet
connection directly from the Jetson Nano to the Unitree A1 Robot. This connection will send
camera data, IMU data, and LiDAR data to the Jetson Nano and send commands to the Unitree
A1 robot. The Jetson Nano is powered from its barrel jack port, which is connected to a buck
converter that steps down the 19V supply from the Unitree Al to 5V to power the Jetson Nano.
The autonomous enable/disable will be the physical switch to enable and disable the autonomous
system. This switch is connected to the 3.3V voltage supply pin on the Jetson nano, the other
side of the switch is connected to GPIO pin 15 and GND. The datasheets for the Jetson Nano,

buck converter, switch, and Unitree A1 Robot are in appendix E.
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Software Design

Data Collection
(RasPi/Nano - Python/C++)

Data Processing
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Figure 5: Software Workflow

The team anticipates that software development will be the most involved aspect of the project.
For simplicity, the team has split the design between 4 different subroutines: data collection, data
processing, command generation, and robot control. The core autonomous system as shown by
the level 1 diagram is represented by the data collection and processing subroutines, as well as
the command generation subroutine. The robot control subroutine is the link to physical

implementation.
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Figure 6. Data Collection Subroutine

The data collection subroutine shown above is relatively straightforward. All sensors must be
initialized and then set to continuously feed data to the Jetson Nano. The following data is
collected: camera, LiDAR, and IMU. As previously stated, all the data received from the robot

will then be transmitted to the Jetson Nano via an ethernet connection.
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Figure 7: Data Processing Subroutine

After the data is collected, it is fed to the processing subroutine. The purpose of this subroutine is
to calculate useful metrics that will support the generation of commands. Metrics to be calculated
include the estimated time to a collision, distances to detected objects, and the m-line. The m-line
is part of the bug 2 algorithm that is described in the design alternatives. For the purpose of this
project, the m-line will be hardcoded but can also be modified by the lab. An example of this
would be to set the robot to follow a line extending 5 meters forward. Progress along the line will
be tracked using the IMU and the autonomous system will prevent collision as the robot

progresses along the line.
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Figure 8: Command Generation Subroutine

The command generation subroutine is responsible for taking the processed data and converting

it to commands that can be used to control the robot. First, a check is done to see if the estimated

time to collision is decreasing. If this is true, then the robot is approaching an object. This means

that the system will issue a control command that reduces the speed of the robot until it reaches a

preset minimum distance away from an object. Next, the robot works through a loop of

following the object’s edge until it returns to the m-line. Once it returns, the robot will continue

on the path towards the goal. For the other branch, if the time to collision is not decreasing, the

robot will simply continue along the m-line. The implementation described above falls in line

with the bug 2 algorithm. It should be noted that the group will make attempts to optimize the

algorithm as they encounter and work through different corner cases or challenges to

autonomous operation.
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Figure 9: Robot Control Subroutine

The final step before having the robot move autonomously is to convert the actual movement
command from the autonomous system, into direct instructions for the robot. The Unitree Al
Robot has a Raspberry Pi which is responsible for controlling the robot’s movements. The
movement scripts are written in C++. The idea is that general movement commands (eg. move
forward, move left, etc.) would be taken and incorporated into the aforementioned movement

scripts. The robot would then be capable of autonomous operation.
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The team conducted various testing throughout the build process and has highlighted the major

tests below. Also in the table are accounts of each engineering requirement and where the team

confirmed testing for that engineering requirement.

Engineering Requirement

Was the engineering requirement met?

The vision system must detect 90% of static
objects within 0.5 to 5 meters in front of the
robot.

Yes, as described in the Final Testing section.

The system must navigate around any static
obstacles that are detected. If the system
cannot avoid an object or is unsure how to
proceed, it must cease movement.

Yes, as described in the Final Testing section.

The camera system must be able to measure
distance to objects at a minimum of .3 meters
and up to at least 5 meters away from the
center of the robot.

Yes, as described in the Camera Testing
section.

All sensors and hardware must be able to
mount to the robot without inhibiting
mobility.

Yes, as described in the Integration Testing
section.

The processing computer for the autonomous
system must be able to connect and
communicate with the robot’s onboard control
system.

Yes, as described in the Communication
Testing section.

Software must be well documented and
accessible from a gitHub repository.

Yes, as described in the Conclusion section.

The system must have a control override that
returns the robot to manual control.

Yes, as described in the Integration Testing
section.

The system must connect to the onboard
power supply and be compatible with 5V,
12V, or 19V voltage supplies.

Yes, as described in the Buck Converter
Testing section.

The system must have a physical kill-switch
that cuts power to the robot preventing it from
moving any further.

Yes, as described in the Integration Testing
section.

Costs for additional hardware must not exceed

Yes, as described in the Final Design - Bill of
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a value of $250.00. This does not include Materials section.
additional hardware provided by the lab.

Camera Testing

One of the first devices selected for the autonomous system was the camera. The team worked
with a number of different cameras and ultimately found the Intel Realsense camera to work the
best. The main requirement for the camera alone was to be able to detect objects from distances
0.3 to 5 meters aways. This requirement was set in the early stages of the project and was later
found to be partially unnecessary for the system. Ultimately the team found that the camera did
need to measure objects in close proximity, and was able to fulfill the 0.3 meter minimum
distance requirement but, the camera did not need to see up to 5 meters away as the final
algorithm for the object detection did not need to process objects that were 5 meters away.
Regardless, the camera used in the system does meet the full requirement of 0.3 to 5 meters of
distance capture and the team measured this by visually testing being able to see objects that

were in the distance requirements.

Buck Converter Testing

One of the first tests conducted was of the buck converter. This test was to ensure the converter
was working properly and providing the accurate power for our system. The components we
tested included the harness and buck converter itself. To begin the testing, before plugging
anything into the buck converter and its harness, the continuity on each input and output wire
was checked. This was done to ensure that the system was wired with the correct polarity and the
system did not have any unexpected shorts or open circuits. Next, the system was plugged into
the Unitree A1 robot and calibrated using the instructions provided. Then, the output voltage was
tested to ensure it matched the expected output after calibration. The output voltage matched the
required 5 V. The current was not tested as the system was not expected to draw current at this
time. Finally, the system was plugged into the Jetson Nano, making it fully connected from the
robot to the Jetson, and the Jetson was powered on and monitored for current warnings. After
careful inspection, it was confirmed that the Jetson was receiving its full power and operating as
expected. This concluded the testing for the buck converter and meets the engineering

requirement of system compatibility and power consumption.
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Communication Testing

Another vital test completed for this system was a communication test. The goal of this test was
to ensure that the system could connect and communicate effectively with the robot. To complete
this test, the system was connected to the robot via ethernet and TCP communication was started
on both the robot and Jetson Nano. A message was sent from the robot to the Jetson and the
Jetson sent a confirmation message back to the robot. This test passed as both devices were able

to send and receive messages, meeting the effective communication requirements.

Integration Testing

Many of the system’s components were tested and validated individually, but during the
integration phase it was important to test compatibility and safety to protect the robot, the team,
and the autonomous system. Testing during these stages helped ensure that each component of
the system integrated with the others, and the system was safe to test as a whole. With safety
being a priority, some of the first tests conducted were those pertaining to system override and
shutdown. As documented in the engineering requirements, the system needed a sort of physical
kill switch, which was fulfilled by manually lifting the robot off of the ground. This action
causes the Unitree A1l robot to cease movement as it has sensors in its feet that detect when it is
and 1s not in contact with the ground. For manual override, while connected to the autonomous
system, one could terminate the autonomous scripts running on the Jetson Nano to cease the
robot’s autonomous movement. This automatically places the robot back into its manual control
mode and can now only be moved with its joystick controller. The system now could be attached
to the robot and the team could ensure safe operation and could intervene if necessary. Next, all
of the autonomous system hardware was mounted and connected to the robot. A major
requirement by the team and lab was for the autonomous system to not interfere with any
movement functionality native to the robot. To meet this requirement the team created custom
harnessing and a custom mount to attach the system to the robot. Once the system was fully
attached and plugged into the robot, the team carefully moved the robot about and assessed how
the entire autonomous system interacted with the robot and was able to determine that the
autonomous system did not interfere with any of the robot’s normal movements. This completed

integration testing as now the autonomous system could fully attach to the robot, communicate
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with the robot, receive power from the robot, and the team could respond appropriately in an

unexpected situation.

Final Testing

Lastly, once the entire system was integrated with the robot, the team tested all final functionality
to assess their completion of their goals for this project. The main goal of the final testing was to
prove the autonomous system functionality with the robot. Here we set up our system fully
connected to the Unitree Al robot and allowed the autonomous system to run. We placed objects
in the robots path to test if the robot would avoid the obstacles. As the system was running we
took note of the objects it avoided and if the avoidance was successful. The team found that in
the final round of testing, the autonomous system with the robot successfully detected and
avoided all obstacles placed in its path after ten minutes of running continuously. The team ran
this test a multitude of times and found the system's continuous performance to be consistent

with the engineering requirements.



pathVision 37

IX. Final Design

The final design for the robot includes two parts; the hardware design and the software design.
The hardware design includes all of the physical components that are needed for the function of
the autonomous system. Each component that is used is included in the bill of materials. In the

software design, each piece of the software is outlined and how they interact together.

Hardware Design

The hardware design for the autonomous system is seen in figure 10. The design included the
Jetson Nano, Intel RealSense Camera, and the buck converter. These components were then
powered from the 19V battery on the robot. The ethernet port from the robot’s raspberry pi was
connected to the Jetson Nano. Note that the preliminary design discussed the use of LIDAR. This
was dropped from the final design because of the added complexity. Additionally, the physical
switch was removed from the robot since the autonomous system can be deactivated wirelessly
from the user’s keyboard. The robot also has built in safety features so that all movement can be
stopped if the robot is picked up. Finally a mount for the autonomous system was designed to
house the Jetson nano and the buck converter to secure them to the robot (figure 12). The Intel

RealSense camera was then mounted to a built-in mount on the front of the robot (figure 11).

Unitree A1 Robot Autonomous System
Raspberry
Pi
Ethermnet USB
L Jetson Nano intel
RealSense
Battery
Ao | Buck SV
Converter

Figure 10: Hardware Design



pathVision 38

Figure 11: Robot Front View Figure 12: Robot Top View

Software Design

The software design for the autonomous robot is shown in figure 13. For the obstacle
avoidance portion, the system collects the depth map data and checks if the object is within a
certain threshold. Once the object is within the threshold, it looks for an alternate path. If an
alternate path is found, the system sends a command to move the robot left or right. If an
alternate path is not found, a stop command will be sent to the robot. For the object following
system, once the data from the current frame and the depth map are collected, it is then
interpreted using OpenCV in python. Then, the system locates the predetermined colored object
in the frame and calculates the angle to recenter the robot in reference to the object. A command
is then issued from the Jetson Nano to the robot’s Raspberry Pi which contains the angle the
robot needs to turn. Finally, the commands are converted to allow them to be sent over a TCP
connection which is established over ethernet. All of this is processed on the Jetson Nano and
then the commands are sent using ethernet to the robot’s Raspberry Pi to translate them into

movement.



Obstacle Avoidance

Collect current
depth map

Check i chstacle
wiliie distance
threshold

Check if alemative
path of ravel i
availlable

Send letiinght turn
cammand and move
forgard
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The bill of materials for the autonomous system consists of five components for a total

cost of $313.57. The team has chosen to not include the Unitree A1 Robot, or any of its included
components, into the product budget because the autonomous system will be connected to the
Robots’ Laboratory robot as a separate system. Due to materials provided by the UIC Robotics
and Motion Laboratory, including the Intel Realsense camera, the team was able to remain under

the $250 senior design budget. When this system is added to the robot, the total cost comes out to

$3,113.57.

Part Name Vendor Quantity | Cost per Total
Unit
Jetson Nano UIC Robotics | 1 $99.00 $99.00
Laboratory

DFRO0379 - 20W _Adjustable DC-DC Buck | DFRobot 1 $4.90 $4.90
Converter with Digital Display

Barrel Jack Converter Digi-Key 1 $3.81 $3.81
Wifi Adapter Walmart 1 $10.86 $10.86
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Intel Realsense Camera

UIC Robotics
Laboratory

$195.00

$195.00

Total:

$313.57
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At the beginning of the semester, the team planned the building process for the entire

autonomous system. Included in this section is a week by week breakdown of the tasks

completed and the contributions of each team member.

Timeline

Below is the approximated time allocated to completing the project. The team defined

tasks for each week of the Spring 2022 semester that include implementation, testing, and

presenting at the UIC Engineering Expo event.

Start Finish | Number | Week | Lead Task Description
Date By of weeks

01/10/22 [ 01/17/22 | 1 2 A Software configuration, conduct | Configuring Jetson Nano,
research for prototyping and researching different ways of
purchases. using computer vision and

purchasing critical
components.

01/17/22 | 01/24/22 |1 3 J Begin prototyping code for Begin development of
different subsystems. prototypes for

communications, computer
vision, and movement.

01/24/22 [ 01/31/22 | 1 4 E Achieve basic communication Send messages over TCP to
functionality, judge prototyping | verify communication
results to determine best functionality. Test Neural
computer vision methods. Network Approach.

01/31/22 | 02/07/22 | 1 5 P Begin stereo depth map Set up dual webcams that
generation attempt, analysis on | support depth map generation
converting sent data to functionality. Explore how
movements. simple commands can be

transformed into robot
movements.

02/07/22 | 02/14/22 | 1 6 A Modify depth map script to Low quality of depth maps
support better depth map from dual webcams will try to
generation. Test Alternate be improved through
object following approaches. modifications. Begin Testing

OpenCV Object Following.
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02/14/22 | 02/21/22 7 J Purchase IntelRealsense IntelRealsense must be
camera, begin developing purchased because of
command generation prototype, | continued difficulties with
power Jetson Nano from robot. | other depth map approaches,
Create a basic movement script. | command generation can be

prototyped using static images,
hardware integration begins
with receiving power from the
robot. Basic movement script
allowed us to understand how
to program the robot.

02/21/22 | 02/28/22 8 E Learn about use of Code samples were collected
IntelRealsense, Develop general | so depth mapping can be
software outline. quickly implemented once the

camera arrives. General
software will be useful before
full system integration begins.

02/28/22 | 03/07/22 9 P Modifications to Communication script was
communication script (on RasPi | modified to facilitate
in C++), implement depth transmission of data. Accurate
mapping on IntelRealsense, depth maps were created using
determine how to transmit robot | the IntelRealsense. Angle is
angle (for object following). based on the difference

between the detected object
and the current robot
orientation.

03/07/22 | 03/21/22 10 A Implement depth map Tasks to be completed before
generation on Jetson Nano, system integration, each
Integrate socket script with module can now fully
movement code on RasPi. accomplish its individual task

(communications, command
generation, movement)

03/14/22 | 03/28/22 11 J System Integration Perform integration of all

subsystems, work to ensure
that every subsystem is
working properly. Verify that
stated performance objectives
are fulfilled.

03/21/22 | 03/28/22 NA NA | Continued System Integration | Perform integration of all

subsystems, work to ensure
that every subsystem is
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working properly. Verify that
stated performance objectives
are fulfilled.

03/28/22 | 04/04/22 12 Final System Integration, System integration is
Testing, Expo Preparation completed. Robot is
functioning as desired.
Complete all expo items.
04/04/22 | 04/18/22 13 Expo Presentation UIC Engineering Expo Event
Contributions of Work

For the project, the team broke it up into three parts: robot motion, communication, and
computer vision. Pranay was responsible for programming the robot to move, Emily was
responsible for creating the communication link between the autonomous system and the robot,
and Alex and Jonathan were responsible for the computer vision portion. The Computervision

system was also broken up into two parts: depth mapping and object tracking.

Alex

My work on the project was centered around the computer vision objectives. Early on in
the project I performed research on different methods of computer vision that could be used to
fulfill the objectives of the project. I then moved to implementing a prototype for generating
depth maps. This included a traditional stereo camera, dual web cameras, and the IntelRealsense.
The latter option was selected because of the high quality depth maps it generated and its overall
ease of use. The first step in working with the IntelRealsense involved installing the appropriate
drivers in order to interface with the camera in a programming environment on the Jetson Nano.
As this process was ongoing, I developed a prototype command generation script that takes
depth information and outputs collision avoidance commands. As soon as depth information was
available from the IntelRealsense on the Jetson Nano, I integrated with the prototype command
script to complete the computer vision module. During system integration I worked on adding
depth map capabilities to the object following and collision avoidance algorithms. Finally, I
helped debug and ensure that all system components tied to computer vision were functioning as
expected. I also created and edited the expo video from the recorded parts from my teammates

and myself.
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Emily

As mentioned above my main priorities for this project were the communication system
as well as the hardware setup on the robot. The communication link was set up with an ethernet
cable and this design decision was made in the previous semester based on our research. I
implemented python and C++ scripts on both the robot and Jetson Nano to allow both systems to
send data and communicate. I then helped integrate these scripts into the code that Pranay and
Jonathan created. I also created all of the electrical harnessing for our system and created a 3D
mount for our hardware. This 3D mount was designed to hold the Jetson Nano, and the buck
converter, while attaching to the robot. I then 3D printed the mount and did some post processing
to ensure the mount properly fit and securely held the components. I also mounted the Intel
Realsense and secured all components and harnessing onto the robot for operation. Finally,
during our integration phase I helped with script integration and testing. This included being in
the lab and assisting with code changes and any errors we encountered. For expo and our final
report, I gathered all of our extra materials for expo and helped create the expo slides. For the
final report I wrote the testing section and created the table comparing our engineering
requirements. [ also added to the appendix including part of the intel realsense datasheet as well

as our task management document.

Jonathan

My primary focus was on the computer vision aspects of the design. My primary focus
was on object detection and following. Originally, I researched implementations for line
following using neural networks. However, after I conducted initial testing with these neural
networks, I decided to switch to using OpenCV to detect objects. I was able to develop two
different systems; one for tracking a designated object and one for line following. The line
following script was not used in the final design, but it could have been combined with the depth
mapping system in the future. After completing the object following system, I worked closely
with Pranay and Emily to link up the object following to robot motion. I also worked with Alex
to track the distance to the object we were following. During integration testing, I also helped
troubleshoot issues that occurred with the different systems of the robot. In addition to making

the autonomous system, I outlined the expo video and made the slides.
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Pranay

My main focus was with the robotic movement itself. I had to understand how the robot
worked and how to program the remote so that the team and I could use it to receive commands.
Initially, my primary focus was to read into the libraries and understand the prewritten functions
for the high level code of the robot. Then, I had to implement a test script to see if the research I
have done actually allows the robot to move. This was the hardest part for me as I was getting a
lot of errors and was not able to get the robot to move. Once I got the test script working I
created the final script which was able to be ready for testing with the object following and
object detection code. Finally, I was working on integration itself, making sure that all elements

of everyone's code worked flawlessly, especially my part.
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XI. Lessons Learned

Alex

The senior design experience illustrated many of the nontechnical aspects of engineering.
The team had to conduct interviews/surveys to understand users needs, schedule meetings,
manage many different deadlines, etc. Although these tasks can be less interesting than technical
development, a project is less likely to succeed if they aren’t addressed. On the project
management side, I realized the importance of leaving plenty of time available for system
integration and testing. This was the most laborious part of this project as it involved a lot of
troubleshooting and adjustments. The team was able to successfully complete the project due to
the strong schedule that was set up. Overall, senior design reflected the importance of teamwork,

organization, and strong communication with all parties involved.

Jonathan

From this project I was able to learn the full engineering process. In most of my prior
experiences the problem that I was trying to solve was well defined and I had limited options to
solve the problem. However, in senior design, I was able to learn how to properly define a goal
and identify the needs of a project. Then I was able to learn how to translate these needs into
technical requirements. From this I learned better communication skills that I believe helped me
to improve my ability to describe an engineering problem. In addition, I learned a lot from the
integration of our system. It helped me to understand how important good communication and
planning is when making a design to make all of the parts work together. Ultimately, the senior
design project helped me to fully understand the engineering process and gain valuable technical

experience.

Emily
My senior design experience has taught me many technical and non-technical skills
which I am grateful for and look forward to continuing building throughout my career. As far as

technical skills, I was able to work on the networking and hardware sides of the project, two
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areas of which I have little to no experience in. Through our project I was able to learn about
ethernet communication between two devices while also building my python and C++ skills. I
was also able to assemble hardware after writing and completing testing on the devices. Outside
of the technical aspects of the project I was able to build on my communication skills, time
management, organization, and teamwork. Through all of the in-class presentations and
discussions as well as the weekly forms, I really was able to refine organizing my time and
effectively communicating in regard to our project. When working with my team, I was also able
to work on communicating in a healthy way and contributing to the project in ways that best
helped the team. While a lot of our work was done individually, when we all came together for
testing and integration, it was clear how well we worked together and that made things go very
smoothly in a project stage that is notoriously difficult. All in all my senior design experience
was a positive one and I am proud of myself and everyone on my team for all of their hard work

this semester!

Pranay

What this project and this whole senior design class have taught me is the thought
process of a project like this in the real world. It gave me an insight into how I need to
brainstorm, prototype, and develop a product with a team. One field I am particularly interested
in is robotics itself, and this project catered to my interest and let me expand on my knowledge
of quadruped robots. Specific technical skills that I greatly improved on while working on the
Unitree A1 robot are coding in C++ and understanding the movement of robots. Also, one of the
major hiccups of this project was integration, and though we did discuss what we needed
beforehand, I severely underestimated the amount of time it would take in order to get all the
systems to be working together flawlessly. Which shows how nothing will work on the first try
and help me understand it is a laborious process to ultimately get what we are looking for.
Overall, this senior design project helped me learn a lot and I am delighted by all that my team

and I have accomplished.
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XII. Conclusion

The final product successfully achieved the goals of obstacle avoidance and object
following. Each team member contributed a component that was vital to the fulfillment of these
goals. In order to complete the handoft of the project, the team collected and uploaded all
necessary code files to gitHub for use by members of the Robotics and Motion Laboratory. For
future improvements, two possible changes stand out. First, the startup process of the
autonomous system could be streamlined. In the current form, a set of specific actions must take
place in order to activate the autonomous functionality. The addition of scripts that simplify this
process would allow for more rapid testing/use of the system. Second, the team noticed that the
robot would slightly deviate from its path. This was likely caused by the native
software/mechanical components. The team experimented with counteracting this drift through
the use of software, but the issue continued to persist. Streamlining startup and eliminating drift
could be achieved with future work. Overall, the team is satisfied with the final product and

thankful for the learning experiences during the project.
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XIV. Appendices

Appendix A: Survey Answers

Survey questions addressed to Professor Bhounsule and Jonathan Garcia
1. What are the main uses of the robot?

- The main uses of the robot are to support research on low level control and to act
as a testbed for developing autonomous systems.

2. What type of environment will the robot typically operate in?

- The environment is indoors with consistent lighting.

3. How would having an autonomous system benefit the lab and/or contribute to research?

- Having an autonomous system will improve the laboratory’s capabilities in
conducting testing and be a better representation of systems being deployed to the
real world.

4. Would it be beneficial if the autonomous system could be run on different robots?

- An autonomous system is a collection of hardware and software and can be
deployed to different robots. The best result would be achieved when working
with a single system.

5. What are common challenges teams face while developing autonomous systems?

- Common challenges are time constraints but, an early start with the technology

allows teams to make progress and get around any roadblocks that may be faced.
6. Have any corner cases been identified with this particular robotic system?

- Corner cases will be identified as the team works through the project, it is up to
the team to decide how they should be handled.

7. What model robot is the autonomous system being designed for?

- Unitree A1 Quadruped

8. What are the general capabilities of the stock setup of the robot?

- The robot can move through a flat environment with ease, it can lower itself to the

ground, but cannot jump.
9. What are the robot’s on-board power capabilities?
- The robot has its own battery that can power an external Jetson Nano as well as

any other sensors we choose to add to the system.
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What type(s) of microcontrollers are used to control the robot?

- The robot has two computers, the one we will be using is the onboard Raspberry
Pi 4b+.

What internal data can be received from the robot to complement sensor data?

- The robot has an Inertial Measurement Unit (IMU), position sensing capabilities,
and power usage monitoring.

What type(s) of external sensors are included with the robot?

- The robot has a LiDAR system that we may be able to work with. Otherwise we
will be using off-the-shelf sensors.

Will the environment inhibit the use of certain sensors?

- Sensors should be carefully selected so that the robot can effectively and
efficiently operate in a pre-selected environment.

What types of documentation are available to gain familiarity with the robot?

- We were supplied with a manual for the robot as well as a GitHub repository with
code examples on how to control the robot.

Should an interface be developed that allows users control over autonomous operations?

- A user interface is not something that is required but may be implemented for
ease of use and testing.

Should the robot camera feed be displayed in real time?

- This requirement is not needed for the lab but we may implement it to make
testing easier.

What type of obstacles should the robot be able to avoid?

- A maze would be a good way to showcase the object avoidance capabilities of the
robot, another approach would be to develop a more general system that avoids
any object that is moving towards the robot.

Does obstacle avoidance include maneuvers like ducking/jumping?
- The robot does not have the ability to jump but it can duck. We can choose to

implement these but they are not necessary.
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Appendix B: IEEE Standards

IEEFE 1118-1990 - Standard for Microcontroller System Serial Control Bus

IEEE 1118-1990 is relevant to the project because it describes the importance of having a
control bus that incorporates microcontrollers and other devices using a communication protocol.
This standard was published in 1990 and is now inactive, but the standard describes high level
standards for using a control bus with a microcontroller. This standard emphasizes the
importance of selecting a communication bus that is optimized for the data acquisition system,

the control devices, and for testing purposes.

IEEE 1873-2015 - Robot Map Data Representation for Navigation

IEEE 1873-2015 applies to the engineering requirements because it brings formal
definition to the operating environment. Specifically, the standard outlines three different types
of operating environments for autonomous systems. First, examples of the Room scale
environment include homes, offices, or shops. Vista scale environments include factories,
terminals, farms, and campuses. Finally, the Environment scale covers broad areas such as towns,
districts, and cities. Per the user’s needs, the autonomous system will operate in the room scale

environment.

IEEE P2851 - A Landscape for the Development of Dependable Machines

IEEE P2851 applies to the engineering requirements because it specifies activities for
autonomous systems and the dependability of intelligent machines. This standard addresses the
safety engineering issues of creating dependable autonomous systems. This applies directly to
our requirements regarding functionality. The system will be attached to the robot in a way that
ensures it will not affect the movement or normal functionality of the robot. Also, in the event

where the system is unsure how to proceed, it will cease movement.

IEEE P7009 - Standard for Fail-Safe Design of Autonomous and Semi-Autonomous Systems

IEEE P7009 is related to the engineering requirements because it creates a fail-safe
mechanism in the case of an emergency or unintentional behavior. This standard describes a

system test and rates the fail safely scale from weak to strong. This is important for our
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requirements since we are working with a quadruped robot, and if something unintentional

happens we need to take into account the safety of the people near the robot.

Appendix C: Concept Map

Concept Map of Design Alternatives

Obstacle Supplemental | Autonomous Programming | Single Board | Autonomous

Avoidance Sensor system Language Computer Mode

Algorithm Module(s) connection to Enable/Disable
robot

Bug 2 LiDAR Ethernet Python/C++ Jetson Nano Physical Switch

(Greedy)

Algorithm

Bug | Ultrasonic e Python Rock PiN10 Remote Interface

(Exhaustive)

Algorithm

Bug 0 None SPI C++ BeagleBone Voice Command

(Simple) Al

Algorithm

The concept map is broken up into six categories. The obstacle avoidance algorithm defines the

type of approach that will be used to avoid obstacles in the path of the robot. The supplemental

sensor modules will be used along with the camera system and the robot data as the inputs into

the autonomous system. The autonomous system connection to the robot is the communication

method that will send commands to the robot and receive data from the robot (imu, motor

encoder data). The single-board computer will be receiving all of the input data and processing it

to detect objects in the path of the robot. Then it will send commands to the robot’s

microcontroller. The autonomous mode enable/disable will be the system that will turn the

autonomous system on and off.
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Table D-1: Individual Pairwise Comparison

Level of importance
1.0 equal weight
3.0 moderate

5.0 strong
7.0 very strong
9.0 extreme
Development Technical Simplicity of | Resource
Alex Time Compatibility | Knowledge Design Availabilities | Geometric Mean Weights
Development
Time 1 3 1 1/3 1.00 0.19
Compatibility 1/3 1 2 1/2 5 1.11 0.21
Technical
Knowledge 1 12 1 5 3 1.50 0.29
Simplicity of
Design 1 2 1/5 1 1 0.83 0.16
Resource
Availabilities 3 1/5 1/3 1 1 0.72 0.14
Development Technical Simplicity of | Resource
Emily Time Compatibility | Knowledge Design Availabilities | Geometric Mean Weights
Development
Time 1 1/5 2 1 1/5 0.60 0.09
Compatibility 5 1 5 4 1 251 0.39
Technical
Knowledge 12 1/5 1 172 1/5 0.40 0.06
Simplicity of
Design 1 1/4 2 1 172 0.76 0.12
Resource
Availabilities 5 1 5 2 1 2.19 0.34
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Development Technical | Simplicity of [ Resource
Jon Time Compatibility [ Knowledge Design Auvailabilities | Geometric Mean Weights
Development
Time 1 1 5 7 1/5 1.48 0.21
Compatibility 1 1 9 9 1 2.41 0.34
Technical
Knowledge 1/5 1/9 1 173 1/5 0.27 0.04
Simplicity of
Design 1/7 1/9 3 1 1/5 0.39 0.05
Resource
Availabilities 5 1 5 5 1 2.63 0.37
Development Technical Simplicity of | Resource
Pranay Time Compatibility | Knowledge Design Availabilities | Geometric Mean Weights
Development
Time 1 3 7 7 1 2.71 0.41
Compatibility 1/3 1 9 7 3 2.29 0.34
Technical
Knowledge 1/7 1/9 1 1 3 0.54 0.08
Simplicity of
Design 1/7 1/7 1 1 1 0.46 0.07
Resource
Availabilities 1 1/3 1/3 1 1 0.64 0.10
Table D-2: Average Weights of Pairwise Comparisons
Alex Emily Jon Pranay Weights
Development
Time 0.19 0.09 0.21 0.41 0.23
Compatibility 0.21 0.39 0.34 0.34 0.31
Technical
Knowledge 0.29 0.06 0.04 0.08 0.12
Simplicity of
Design 0.16 0.12 0.05 0.07 0.10
Resource
Availabilities 0.14 0.34 0.37 0.10 0.24
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Table D-3: Rating of Each Design Alternative Relative to Criteria

1 - Does not meet the criterion
3 - Partially meets the criterion
5- Completely meets the criterion

Development Technical Simplicity of
Time Compatibility | Knowledge Design Resource Availabilities
Alternative 1 4 5 5 4 5
Alternative 2 4 3 2 3 3
Alternative 3 4 4 3 3 3

Table D-4: Decision Matrix

Criteria Weights Alternative 1 Alternative 2 Alternative 3

Development

Time 0.23 4 4 4

Compatibility 0.32 5 3 4

Technical

Knowledge 0.12 5 2 3

Simplicity of

Design 0.10 4 3 3

Resource

Availabilities 0.24 5 3 3
Score 4.67 3.11 3.55
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Appendix E: Datasheets

Unitree A1 Robot

Product Description

The high* performance A1 gquadruped robot consists of a guadruped robot; 2 remote control and a
remote control software. The whole machine has 12 DOF {composed of 12 high-performance servo
miotors], uses force control technelogy to perform compound contrel of force and position for each joint
Adopt streamiined mechanical structure to reduce manufacturing difficulty and improve machine

reliability. A1 have reached domestic and international leading |levels in terrms of structure, kinematics and

g
| Fl

The optimal design of joint parts makes the gquadruped robot not only reduce the cost, but also greatly
improve the motion perfosrmance and service [ife. In Sport mode, the maximum joint speed of 21rad/s
allows Al to speed up to 33m/s in' an instant, possess excellent balance ability; and the torgue of
33.5NM allows Al bo easily achieve backflip; the joints can be quickly disassembled and easy to maintain.
The addition of a multi-eye depth camera allows the guadruped robot platform . to have intelligent
applications such as real-time image transmission {image transmission quality 720P / 30fps) and
character following; and supports secondary development. With opticnal lidar, extended functions such
as dynamic obstacle avoidance, navigation planning, autonomous positioning, and map construction
can be completed; optional NVIDIA TX2 can be used for visual SLAM and gesture recognition. At: the
same time; Al supports’APP control for Andreid and 105,

B 11l Upper Box
[1] 112] Remate Control Placernent
[131 ' [13] Charger Placerment
o [14] Motor Placement
f14] [15] Charger Base Placerment
Hind leg tied with Velro srap —[15]

\ 2] Lower Case
A

13} Quadruped Robot 45° Top View

—
4} Quadrupead Robot Sids View
[42] [41] Front Leg
{42} Hind Leg
= T
;_u_ a’"_‘““ |
[41]

Frant leq tied with Welcro strap
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Unpacking

Place the box on the flat ground according to the placement requirements (Face up), then open the
upper box and lift the whole robot out, as shown in the figure above. Remove the robat and remote
control, charger etc from the box, place the robot on the flat ground,- untie the velero strap of the
robot's leg, and then prepare for the boot.

Before Packing

First rotate the legs of the robot to the position shown in Figure [4] above(the rear leg is folded up:
rotate the rear leg hip motor so that the rear thigh is piaced in the position shown in the above figure [4]
above, and the lower leg is closed: Piace it in the position shown in Figure {4] above, and tie the left rear
leg and the right rear leg together with a Velcro strap, as shown in Figure [3] above. The front leg is
folded up: smiiar to the hind leg, as shown above Figure [3], [4] above placed and bundled).

Packing

After completing the preparation work before packing: load the robot into the lower case [2] in the
direction shown in the figure (note that the two rear thighs of the robot are respectively engaged in the
A and B slots during the loading process. After the robot is loaded into the lower case, place the remote
control, charger, etc. that came with the product into the corresponding positions in the upper case and
fix them with elastic straps, make sure the above parts do not fall when the upper case is closed.

: & =|f not using the robot for a long time, take ocut the battery pack and put it into battery box |

T i e i e e B o e B i o o Tt e B

2]
1] Jaystick
{2] Mobile phone
; f”\
[3] Rocker (pull out the
@'@@ / telescopic rod when using,
\!g ‘ﬁ‘f take it out, and put it back
d when it Is transport or not

31
\'étt_,;f) used for a long time |
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(B3]
L
| i
T e R
[ ' 2 (1] Body
s, [
® /> [€] Front cover
/ : 8 [3] Abdominal support pad
—" i [4] Foot assemibly
[5] Hip joint
[] Thigh

[7] Knee joint
[B] Calf
[9] Thigh rictoré Reducer

[10] Caif motoré: Reducer
[T] Power switch

[12] Bady motorf Reducer

[13] Battery clasp

[ [14] Multi-Eye depth camera

. [15] Camera angle adjustment knob

[16] Developing reserved power interfaces

(5 i) [17] Developing reserved communication

1[4 t | ;
interfaces

| H
¥ F 2[—1 t__]J{ i | [18] Frant suspension plate (Reserved
: - HED_;'J_' L threaded hole, can be equipped with laser
| =R

radar and other components)

Frmmmeriebd 8 W =it rmn Dababies Al Biahts Shenemed @
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Install the Battery Pack

Insert the battery pack into the. battery slot from the side of the robot, and pay sttention to the
installation direction. If the battery cannot be completely inserted, please adjust the battery direction
and do not press it forcibly to avoid damaging the battery interface and Clasp:

"Q:' #Recommended that the battery be fully charged before use robot !

Body Placement

Harizontal boot please make sure that the robot s placed on the leveling ground before starting the
machine. The robot's abdominal support pad should be flat on the ground. The body level is not tilted
on the ground, The robot calf is fully stowed {As shown below) |, 'make sure that the robot's thighs and

calves are not pressed by the body, otherwise the robot may fail to boot

Connect the remote control module

The remote control module includes a joystick and mobile phone. First press the power button for a
shart time, and then press and hold the power button for more than 2 seconds to tum on the
Joystick The joystick corresponds.to the robot data transmission module one by one, and it can be
automatically connected after starting. The data transmission ssgnal light on the left sde of the handle is
fully lit to control the robot; at the same time, the Bluetooth of the mobite phone can be turned on, and
the handle can be connected through the APP to wiew the connection status of the handle and the
robot.

The robot dog launches 5G WIFI hotspot for image transmission connection. Enter the phone settings,
turn on the WLAN, and find the comesponding WIFI hotspot, namely UnitreeRoboticsAT-)004 XXX
corresponds to the robat dog code Click to connect, enter the password 00000000, the image
transmission function s opened after the connection is'successful, and the characters:can foliow and
autonomous navigation operations.
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A1 Quadruped Robot

The Al consists mainly of control systems, communication systems, power systems, and battery packs.
This chapter will detail the functions of the various components of the robot.

Al uses a new hardware architecture and contral system, contral system as follows

External power source, Extemnal power supgly (3V. 12V, 19V]
i
Smart battery M—# Power management Onboard buitt-in hast || Sensor (realsense
‘/ (Raspberry Pi4) LISB| etc)
Master contralier Ethernet switch oy Optional built-in host
ML (TXZ, ®ic.)
3
485 \‘ External user personal
r PCo i
LeglFRE LegiFil L] LeglRL
Muotdi] cmaor|1] Ratarl] Pestewd 1)
Wit Wt (7] K [E] Moteel 7
Wi Motar| 1] W] ]

suppaorts the following operating states and operating modes;

Static Standing State:

The static standing state refers to the initial height of the robot body position after the start-up, the body
level, and the joystick has no operation state. In this state, the power consumption of the whole machine
is the smallest, and the longest battery life can be achieved,

"A'Mode (3-Axis Attitude And 3-Axis Position Control While Standing) -

When the robot is standing, the joystick can be used to control the robot in 3-axis attitude and 3-axis
position: Including the body pitch, body roll, bedy yaw, continuous sguat, jog-type sguat, contnuous
standing, jog-up, and varnous combinations.

“‘W'Mode (Walking)

When the robot is in W mode, the robot can realize the step by step without manipulating the joystick;
the joystick can realize the forward and backward movement, the left and right side shift, the in-situ
turning; and the walking according to certain rules on the flat ground (straight line, circle, arc,
Rectangular), crawl forward, up and down slope/step, large<scale Push Recovery, etc, also has super
adaptability to irregular terrain, the maximum walking speed is3.3 m/ s

“Sport™Mode

When the robot dog is standing {in A mode), holding down the L2 key, single-click the B key. the robot
dog squats and lays on the ground, enters the damping mode; then hold down the L1 key, single-click
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the START key, start the robot dog In sport mode, there will be obvious current sound, and the robot
diog will stand up again; refease the L1 key and click START orice to enter the sport mode. In the motion
miode, the robot has a strong adaptability to irregular terrain, and the maximum motion speedis 3.3

& sSince the actual control personnel have different levels of control proficiency, in order to be
reliable and stable, please use it in an open and flat environment. When operating the robot,
be careful to avoid steps above Scm, slopes greater than 25", and obstacles that may cause
the robot to fall. When the robot s walking on a terrain with a certain undulation or slope, the
controller should reduce the walking speed of the robot

=The robot have certain requiremnents for the ground to walk. Do not use robot on the ground
with wery fow fricton, such as jce. Do not use robot on soft ground, such as thicker sponge
foors: For use on smoother floors; such as glass; tiles, etc:, carefully and compliantly controf
the robot o exercise, avoid strenuous exercise, and reduce the walking speed of the robot fo
prevent the robot's foot from slipping and falling.

e+ @Through the START key on the joystick, the robot can switch between static standing mode !
and W mode. The L2 + START key enables the robat to switch between static standing mode |

and trotting mode.

Startup

After placing the robot according to the reguirements in the “Preparing Before starting up® section, start
the foliowing steps: short press the power switch once, then press and hold the power switch for more
than 2 seconds to turn on the battery {when the battery is tumed on, the indicator lightis the green light
is-always on and the indicator shows the current battery level). Then the robot will perform the
power-on self-test. If the self-test & successhul, the robot will stand up to the initial height of the body,
and the boot Is successful, If the robot is not stand up during the above process, the robot fails the
self-test. If the boot fails, the robot can't stand up. At this time, you need to re-start the body according
to the two steps of "body placement”  in the "Preparing Before Starting Up® section

Shutdown

Before shutting down, please make sure that the robot stands on the level of the ground, make sure that
the robot is in Static Standing State (the height of the robot body is at the inttial height after starting up,
the ‘body level, the joystick has no operation, the state when standing statically). Press and hold the
handle L2 button, then click the A button three times, the robot will then complete the squat, stand up,
and lie down; then hold down the handle L2 button, and then dick the B button twice, the robot then
completes prone (Damping), prone (undamped) action; after the robot enters the prone (undamped)
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state, press the power switch once, then press the power switch for maore than 2 seconds to turn off
battery. When the battery is turned off, the indicators are off After shutting down, please adjust the size
of the robot's =ze legs and hips according to the requirements in. the "Preparaticn before starting
section, and prepare for the next boot.

After shutting ‘down, please adjust the: size of the mbot's size legs and hips according to the
reguirements in the "Preparation before starting” section, and prepare for the next boot:

-:(.2:- oThe step of shut down will be described in the "Joystick Operation® section.
*Pl=ase pay attention to Unitree’s officlal website - service and suppart - technical support -
firmware update or contact Linitree staff \We will develop a one-button shutdown function as

soon ds possible, and upload the firmware At that time, the customer can update the

firmware to make the robot have a one-button shutdown function.

Intreduction

The battery pack s designed for the A1 with a capacity of 4200 mbhand a voltage of 216 V with charge
and discharge management. The battery pack features a high-performance battery and uses the
advanced battery management system developed by Unitree to provide sufficient power for the Al The
battery pack must be recharged using a dedicated charger from Unitree,

T

E& =Be sure to fully charge the battery before using it for the first time :

e e e e e e e e e e S s R

Battery Pack Function
The battery pack has the foliowing features:

1.Battery Display: The battery has its own battery indicator, which can display the current battery level

2 Battery Storage Self-discharge Protection: \Wnen the power of battery is Righer than 65% After 10 days
without any operation, the battery can start self-discharge to 65% 1o protect the battery, Each

self-discharge process lasts for about 1 hous There is no LED light indication during discharge, and
there may be slight heat, which is normal.

3.Balanced Charge Protection; Automatically balance the internal battery woltage of the battery to
protect the battery,

4 Overcharge Protection: Overcharging can seriously damage the battery, our battery can automatically
stop charging when it is fully charged.

5.Charging Temperature Protection: Charging will damage the battery when the battery temperature is



pathVision 65

below 5 *C or above 55 *C. At this temperature, the battery will tngger charging abnormalrty.

6.Charging Current Protection: High current charging will sericusly damage the battery. When the
charging current is greater than 44, the battery will stop charging.

7.Over-discharge Protection: Onver-discharge will senously damage the battery. When the battery is
discharged to 18, the battery will cut off the output,

&.Short Circuit Protection; \When the battery detects a short circurt, the output will be cut off to protect
the battery

8.Battery Load Detection Protection: When the battery 15 turned on, if no powered device s connected,

the battery will automatically shut down after 3 seconds.

i ‘{_'h aPlease read and strictly follow reguirements of Unitree in this manual, disclaimer, the sticker |
: on battery pack surface and dedicated charger surface before using the battery pack. The |
: consequences of failure to use as required are borme by the user. !

i

[1] Power switch
LED1
[3] LED2
o MILED3
[5] LED4
[6] Buckle
(71 Clip
[8] Battery pack panel

Battery pack charger interface.
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Turn the Battery On/Off

Tum on the Battery Packc In the off state, hirst press the power switch once, then press and hold the
power switch for more than 2 seconds to turn on the battery. When the battery is turned
an, the power indicator is steady green and the battery indicator shows the current battery
level,

Tum off the Battery Pack: In the on state, short press the power switch once, then press and hold the
power switch for more than 2 seconds to turn off the battery. When the battery is turned
off the indicators are off

Precautions For Use:

1.The battery pack should be used between 5 *C and 40 *C and the temperature is too high (above

45 *C), which may cause the battery pack to catch fire or even explode. If the temperaturs is-too low
{below 0 * ), the battery pack life will be seriously damaged.

2 0o not use the battery pack in strong magnetic or static environments. Otherwise, the battery pack

protection board will mafunction, causing the battery pack-and the robot to malfunction.

3 When the battery pack charge is less than two compartments, stop using the robot as soon as possible,

replace the new battery pack or charge the battery pack.

4 Before inserting or removing the battery pack into the robot battery compartment, make sure that the

battery pack is closed, otherwise the battery pack or the robot may be damaged

View Battery

When the battery pack 1s off press the battery switch once to view the current battery level.

mThE battery indicator can be used to display the battery level during charging and discharging
of the battery pack. The indicators are defined as follows.
@/ndicates that the LED light is always on -E']ndﬂ:ates that the LED light is flashing
Olindicates that the LED light is off

1 LEDZ Remaining Battery
87 5%-100%
75%-87.5%
62 5%-75%
50%-62.5%
37 5%-50%
25%-37.5%
12.5%-25%
0%-12.5%
=0%

00000H00O [

000000080

0oL 0o0000000R
Q0000000
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Charging

1.Connect the charger to an AC power source (100-240V, 50/60Hz). Before connecting, you must ensure
that the external power supply voltage matches the rated input voltage of the charger, otherwise the
charger will be damagedithe rated input voltage of the charger s indicated on the charger
nameplate),

2. Betore charging the battery, the charger & connected to the AC power supply before the battery is
connected.

3.Before charging the battery, please make sure the battery pack is off otherwise it will damiage the
battery and charger

4 Under the charging state, battery indicator will flash in a cycle and Indicate the current battery level

5.Wheri the battery indicator is off the battery pack is full. Please remove the battery pack and charger
to complete the charge

G.after the robot |s running, the battery pack temperature may be high. The battery pack must be

charged after the battery pack temperature drops to room-temperature.

1.Schematic diagram of charging connecton;

LED1 LED2 LED3 LED4 Current Battery
O @] @) 0%-25%
O Q 25%-50%
O 50%-75%
O ' Cr 75%-100%
Full

Charging Protection Indication
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The LED can display information about battery protection triggered by abnormal chargirg.

LED1 | LEDZ | LED3 | LED4 | Display Rule Protection Project
O «@- QO | O | LED2: 2 timesisec Excessive charging current
Q|| O| O | LED2 3timesisec Short circuit
| O ﬂ (O | LED3: 2 times/sec | Overcharge causes battery voltage be too high
O| O| & | O | LeD3: 3timessec Charger voltage is too high
D D O 'ﬁ' LED4: 2 times/sec Charging temperature is 100 low
|l 0| O E' LED4: 3 times/sec Charging temperature is too high

Troubleshioot {charge current is too large, charge short circuit, charge overcharge causes battery voltage
is too high, charging voltage is too high), please re-plug the charger to resume charging. If the charging
temperature is abnormal, please unplug the charger first. After the charging temperature returns to
normal, plug in the charger and recharge.

:(;f; sfor safety reasons, the battery needs to be discharged during transportation: The discharge ;
mode s divided into active discharge and passive discharge: :
LActive discharge: Run the robot until the battery is at a low battery (eg 50% or less), |
2.Passive Discharge: The battery is stored in self-discharge protection. For details, please refer i

to the chapter "Battery Pack” - 'Battery Pack Function® |

EE

Intreduction

The foot assembly adopts a new design. The movement of the robot will compress the alr in the foot
pad and send the pressure signal through the air pipe to the pressure sensor in the shoulder, so a5 to
Judge the emviranment the robot is in-and adjust the movement of the robot accordingly

Foot end components include: foot end base, bottom curved muebber pad, air needle and other
components.|t can ircrease the friction of the foot, avoid the damage of the foot, and reduce the impact
on mechanical parts.

The toat end components.are consumabies, and the service Iite s generaily 2-b months (depending on
the use frequency, duration and working condition).Especally in the rough ground running wear will be
more senous; such as obvious foot pad wear, damage, or found that the robot walking on the ground
sigrificantly increased Impact noise, please replace the foot components in time, so as not to damage

the foot, resulting in the robot movement disorder.
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[ @
) (1] Air Needle
LA o - _#H [2] Foot Protection Cover
Kt_.:rllf P_:.-.-'I_:_ --'-” m s =3 [3] Foot Cap Screws
[l = _— -2 (4] Rubber Foat Pad
e g (5] Rubber Trachea
y : [6)ir Needle and Trachea
Connection Slots

[4] [ e [

Foot Assembly Replacement Method

Remove the [3] foot cap screws; and gently rotate the [1] air needle and [5] rubber trachea connected in
the {6] connection slots;- Attach the new foot assembly air needle to the rubber trachea {make sure the
connection does not koosen easily), and then install the foot end compaonent in the comespanding
position-of the lower leg (note that the foot end component is divided into left ard nght parts, the
directions are different), and then tighten the screws.
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Jetson Nano

niioNA,

SMALL. POWERFUL. POWERED BY Al

The NVIDIA™ Jetson Mano™ moduls is opening amazing new passibilities for edge
cormputing. It delivers up to 472
madern neural networks
multiple high-r

5 of accelerated computing, can run mary

L, and delivers the performance to process data from
s—a requirement for full Al It's also production-
idaal

art network

ram

3, Ma

ready and sug

platform for ays

wvidea re INspec

by the NYIDLA Maxowell™ GPU witk
of high-resolution inputs. It offers a
combination of performance, power advantage, and & rich set of 10
CSand PCle 1o low-5 120 and GP0s, Plus, it supports mu
ations. with incredibie pow

syslams

GE af memory,

unigue

erefficee

Jetzan Nano is supported by NVIDA JetPack
|BSP], Linux 05, NVIDIA CUDA®, cuDNM, and
arning, comguter vision, GPU
he comprehensive

, wihich inc

des 3 board support package
TensorRT™ software libraries for deep
compating, muttimedia proc
soft ck makes Al deployment an a
reduces complexity, and speeds time to market.

i, and much more
tonomaws machines fast,

The same JetPack SO is used across the entire NVIDIA Jetson™ family of products and

ampatible with NVIDIA's world-leading Al platform for training and deploying
Al software.

KEY FEATURES




NVIDIAJETSON NANO MODULE
TECHNICAL SPECIFICATIONS

GPU 128-core Maxwell

CPU Ouad-core ARM AS7 @ 1.43 GHz

Memary 408 st LpoDRS 5.4 0

Storage 'Ién lhﬁ.’;‘lﬂ_-,_.u— . i

Video Encode LK @ 30 | 4x 1080p @ 30 | 9x T20p @ 30 [H.264/H.265)]

Video Dacode LK @ 40 | 2x &K (@ 30 | 8x 1080p & 30 | 18x T20p @ 30
[H.284/H.265)

CSi 12 [3x4 or £x2) lanes MIPI C51-2 D-PHY 1.1

Canmectivity Gigabit Ethernet

“Display HDMI 2.0, £DP 1.4, DP 1.2 {two simultaneously)

PCle 1x1/2/4 PCle Gen2

use 1x USB 3.0, 3x USB 2.0

Others: I*C, F5, 5P|, UART, 50/5010, GPIO

Mechanical &9.6 mm x £5 mm 260-pin 50DIMM Connector

Learn more at https://developer.nvidia.com/jetson
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b e, VDA, e HVITNA kg, CUDA, Jefaon, Julwan Kano, WVITHE Maowell, avd TenssrfiT o
rmarha o WVIDIA Corporation in the U 5. and o oo v Dher- toerparty s produst names may be
Irateraris of the respacine coenpanies wth wiich thay are assecatid, SRR AMEA snd ARM Powersd e mgis et nslemaris of ARM
Lomutued. Corinn, MPCure s Mt aew tragermeris of ARM Limiied. &3 athar be s o grodutt names am e praparsy ol Sunr respacine bolders
AR i uawd So reprasanl AR W Heldings phe; b aperadeg exmpairy ARM Lirmitad: sni the megicnal sl e 550 e AR 203 ARE Kema
Lorrwtind | ARM Tamwun Linfad, 478 Frasce 945, AP Conaultng Ehanghail Gz Lhi; 578 Bermany BriH; ARM Em bed dull Tacheoiigis Pt

ek [ ARM Morway, &5 ainl ARM Sveduen B JULTY
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DFRO0379 - 20W Adjustable DC-DC Buck Converter with Digital Display

20W Adjustable DC-DC Buck Converter with Digital Display
SKU:DFRO379

INTRODUCTION
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The car-bourd vedtage meter aipports sell-calibeation mode. You only need to calibrate i once and the value will be storal
putivmatically. The metlsod b a8 follows: .

1. Hold the buiton for 3 seconds, Belease the bution Lo enter inpul voltage cal:bmtion mode (“IN"1s OX} ) Held the button for 2
seconds and release the button 1o enter output volmge calibrition mode (“OUT" i3 ONY; hold the bution for 3-seconds; snd
pelease the button i exit celibration mode, all pammeters will be kave sutommtically.

2 In calibration mode, elick the buttong bo sdjust the value.

FEATURES

& Supparts self-calibration funcion o provide high-precison volage oulpul. (Recenmended inpuf voliage is maintained at 45V
or mare)

# Touch the batten to switch the measuremeant inp or outpil voltage, and an isdicator shows which veltage i beang, tusssined.
& The display cun be disabled if neceszary. Hold the button fior 2 seconds. and reléase the bution b turn of  the display

® With wire werminals. no roldering s necessary

& The mput voltoge s 40— 40, (The mput voltage sust be |5V higher tem the oulpul valtage)

o Contimpotisly adjustable outpur voltage range of 28 — 3TV [ The input vobidge must be L5V hrgher dan the oulpul voltage)
o The Maximun Gulpal curment i 3AL it s recommended T vse within 104, higher currenis will peed a hewisink 1o/ dissipate
heat

& The cutpul powet 2 20W, For mane than | 5W a heasink i onoce ded
o The umit offere high conviersaon efficiency, with an Svermge of 8%
& The unit inclides reverse policiiy' protection, avirheating protection and short cincuit protection

SPECIFICATION

® Inpur Voluge: 4.0 - 4V

o Churpur Volge: 123V 3TV

o Churput Power: 200

o Churput Curveni: 34

o Moy Dimensions: . * 3lem/ 24 % 122 mohes (L x W)
® Dhiremsaon: 6,6 * 36 %] Jem2 36 * 142 * 047 inches

o Woight: 3¢

SHIPPING LIST

o 20W Adjustable TRC-DE Buck Converier with Digiel Display xf

Fowered By DFRobat © 2008-2017 hetps: . dfobot comproduct. | 552 heml 5.3-17
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* Lip o 4 podaw available
& Wmriety of switching fonctioes * Instrementaion

= Mk fire & Nepauikng

= Multizlo aciustes & bushing nptions * Mesos nguipmest
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T (S E-swiTcH:

of SERIES 100 SWITCHES
TOGGLE SWITCHES - MINIATURE

APPLICATIONS/MARKETS
* Tetwcomimarications

Comtact Rating:

Sen contact mateial options

Life Expectancy:

40,000 muke-and-wank cycles

Comtnct Resistanon:

10 mE2 max. eypiral initinl & 2-8 VOO
100 méh for both ghver and gold plated contscs

Ingulaton Aealstance:

1,000 MILE amin,

Desdactne Srengiin

1,000 V' RIS & san lewsl

Oparating Tomparatura: -30° £ w 85* 0

Casit: Oialyl Phihalate (JAF)
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SERIES 100 SWITCHES
TOGGLE SWITCHES - MINIATURE
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Intel Realsense
(*Limited pages were chosen due to file size)

(intel) REALSENSE

TECHWNOLOGY

Intel® RealSense™
D400 Series Product Family

Datasheet

Intel® RealSense™ Vision Processor D4, Intel® RealSense™ Vision
Processor D4 Board, Intel® RealSense™ Depth Module D400, Intel®
RealSense™ Depth Module D410, Intel® RealSense™ Depth Module D415,
Intel® RealSense™ Depth Camera D415, Intel® RealSense™ Depth Module
D420, Intel® RealSense™ Depth Module D430, Intel® RealSense™ Depth
Camera D435, Intel® RealSense™ Depth Camera D435]

Revision 005

January 2019

Document Mumber: 337029-005
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(inteD REALSENSE

ECHNDOLOGY

Intel prodiscts described herein. You agree to grant Inted a non-exclusive, royaity-free license ko any patent claim thereafter
drafied which includes subject matter disdosed herein,

Ma Mcense |express ar imiplied, by estoppel or obherwiss] to any ntellecssl property: rights is granted by this dooument;

Intel technalogies! features and benefits depend on system configuration and may requine enabled hardware, software or serece
activatian. Performance varies depending on system configuratian. No comauter system can be absolutely secure. Check with
wour system manufacturer or retailer or leam more 2t intel.com,

Intel techinalogies may reguire eneabled hardware, specific software, or services activation. Check with your systemn manufacurer
or retader,

The products described may conbain design defects or errors known 2s emmata which may cause the product to deviabe from
published specifications. Current charactenzed errats ane avafiable on request.

irtal disciaims a8l express and imglied warranties, inchuding withaut limitstion, the smplied wanrantses of merchantahiity, fitness
far a particular purposs, 2nd non-infringement, as wedl as any wasrranty arising from course of performance, course of dealing, or
usage in trade.

All information provided here is subject to change without notice. Contact your Inted representative to obtain the trbest Intel
praduct specifications and roadmaps.

Coples of documents which kave an order number and are referenced in this document may be obtained by calling 1-8040-538-
4725 or vislt www_intel.com design/ Iberature_htm.

Irtel 2nd the inted iogo, Inte® Care'™, Intef® Atam™, trademarks of Intel Carparation in the U.5_ andfor other contries:
*Other names and brands may be daimed as the property of others.
i 2019 Inted Corporation. &l rights reserved,

2 337029-005



Description and Features

1
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TECHND

Description and Features

Description

The Intel® RealSense™ D400 series is a staren
vision depth camera system. The subsystem
assambly contains stereo depth module and vision
processor with USB 2.0,/USB 3.1 Gen 1 ar MIPT®
connection to host processor.

The small size and ease of integration of the
camera sub system provides system integrators
flexibility to design into a wide range of products.

The Intel® RealSensa™ D400 series also offers
complete depth cameras integrating vision
processor, steren depth module, RGBE sensor with
color image signal processing and Inertial
Measurement Unit® (IMU). The depth cameras are
designed for easy setup and portability making
them ideal for makers, educators, hardware
prototypes and software development.

The Intel® RealSensa™ D400 saries is supparted
with cross-platform and open source Intel®
RealSense™ SDK 2.0

Features

a2 Generation Sterep Depth Camera System

= 2™ Generation dedicated Intel® RealSense™
\ision Processor D4 with advanced algorithms

= Infrared (IR} Laser Projector System [Class 1)

»  Full HD resolution Image sensors

= Active Power Management

= Selection of Stereo Depth Module options to
meet your usage requiremants

1. MIPLis not currently supported. Please
contact your Intel representative on MIPT
enablement timelines.

2. Camera SKU dependent

Usages/Markets

= Drones

= Robots

= Home and Surveillance
Virtual Reafity

« PC Peripherals

Minimum System Reguirements
UsSE 2.0/USB 3.1 Gen 1
Ubuntu* 16.xx,/ Windows* 10

Intel® RealSense™ Depth Camera D415
Features
Intel® RealSense™ Vision Processor D4
=  Upto 1280x720 active stereo depth resolution
= Upto 1920x1080 RGBE resolution
= Depth Diagonal Field of View over 707
« Dual rolling shutter sensors for up to 80 FPS
depth streaming

= Range 0.3m to over 10m (Varies with lighting
conditions)

Intel® RealSense™ Depth Camera

D435/ D435 Features

Intel® RealSense™ Vision Processor D4

= Upto 1280x720 active stereo depth resolution

=  Upto 1920x1080 RGE resolution

= Depth Diagonal Field of View over 90°

= Dual global shutter sensors for up to 90 FPS
depth streaming

= Range 0.2m to over 10m (Varies with lighting
conditions)

= Intel® RealSense™ Depth Camera D435
includes Inertial Measurament Unit {(IMU) for &6
degrees of freedom [GDcF) data

Datashaet

8§

11
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Figure 2-1. Active Infrared (IR) Stereo Vision Technology

1) Capture 2) Search

Q s

Image
S i IR Projector

The depth pixel value is a measurament from the parallel plane of the imagers and not
the absolute range as illustrated.

Figure 2-2. Depth Measurement (Z) versus Range (R)

Depth (Z) {D il
o e o T JEI:t

_-—f""'-;iansem]

IR Camera

337029-005
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ECHNOLDEGY

Camera System Block Diagram

The camera system has two main components, Vision processor D4 and Depth
maodule. The Vision processor D4 is either on the host processor motherboard or on a
discrete board with either USB2.0/USB 3.1 Genl or MIPI connection to the host
processor. The Depth module incorporates ieft and right imagers for stereo vision with
the optional IR projector and RGE color sensor. The RGE color sensor data is sent to
wision processor D4 via the color Image Signal Processor (ISP} on Host Processor
maotherboard or D4 Board,

Figure 2-3. Vision Processor D4 Camera System Block Diagram

337029-005

o o C]
Imager Projector Imager
] Dapth .
| |
~
Intel” RealSense
Vision Processor D4
Host VS D/VER 1L
Processor | S s
1 I
~
Flash Clock
* Dptional color semor on 16Mb 24 MHz
depth or standabone module o

15
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3

Component Specification

3.1

Vision Processor D4 Camera System Components

Table 3-1. Component Descriptions

3.2

3.3

3.3.1

18

Component Description

Host Processor | Host Processor thal receives Depth and other data streams from Viskon

Processor D4
WVision Depth Imaging Processor with USE 2.07USE 3.1 Gen 1 or MIPI interface
Processer D4 cennection to Host Processor
(DS5 ASIC)
Clock 2daMHz Clock soorce for Vision Processor D9
Serial Flash SP1 16Mb Serial Flash memary for fiemware storage
Memibry

Steren Depth Carmera modile with left and Right Imager, Color Sensort, IR projectort
Module enclosed ina stiffenar

Power Delivery | Circuitry on motherboard/Vision precessor 04 Board to deliver and manage
power to Vision Processor D4 and Stereo Depth Modube.

Stereo Depth | 50 pin connectar an motherboard/Vision Processor D4 Board and Stereg
Connactor and | Cepth module with (nterposer for connectian
Interposer

[1) SKU dependant

Host Processor

The host processor interface to \Vision Processor D4 is either USB 2.0/USBE 3.1 Gen 1
or MIPI. To ensure the best of guality of service, the Vision Processor D4 must be
connected to a dedicated USB 3.1 Gen 1 oot port within the host processor system.

Intel® RealSense™ Vision Processor D4

The primary function of Vision Processor D4 is to perform depth stereo vision
processing. The Vision Processor D4 on Host Processor motherboard or on Vision
Processor D4 Board communicates to the host processor through USB2.0/USB 3.1 Gen
1 ar MIPI and receives sensor data from stereo depth module. The Vision Processor
D4 supports MIPL CSI-2 channels for connection to image sensors.

Vision Processor D4 Features

+« 28nm Process Technology.

337029-005
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Appendix F: User Manual

I.  System Activation
A. Power on the Unitree A1 Robot. This will power the Jetson Nano which will have

a green LED enabled.

II.  System Setup
A. Connect the computer to Jetson Nano via HDMI.
B. Adjust Parameters (for Jetson Nano) using laptop computer.

1. Autonomous Operation Mode: user specifies whether they want the robot

to perform obstacle avoidance or object following.
2. Minimum Obstacle Distance: user specifies the minimum distance that the
robot must maintain between itself and an obstacle.
C. Connect the computer monitor to the robot via HDMI and prepare to execute the
movement script in the command terminal. Use a wireless keyboard and mouse to
interface with the robot when connected via HDMI.

D. Remove all external connections so the robot is ready for autonomous operation.

[II.  Autonomous Operation
A. Orient the robot so that it will be able to travel without immediately facing any
obstacles.
B. Enable autonomous operation by executing the movement script.

C. Monitor system as it proceeds toward destination.

IV.  System Shutdown
A. Use wireless keyboard to stop execution of autonomous operation.

B. Power down the Unitree A1 Robot.

V. Troubleshooting
A. Unable to power on Unitree Al robot
1. Check battery charge
2. Check robot connections
B. Unable to activate Jetson Nano

1. Observe Jetson Nano LED
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2. Check power connection from buck converter
3. Check battery charge
C. Obstacle avoidance failure
1. Toggle killswitch (lift robot in air)
2. Check camera readouts from Jetson Nano

3. Check camera connections
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Appendix G: Task Management Document

Tezm Name |pathvision
Week 2
Manager  |Alex Domagala
Tapic:
Task W Description Deliverabie Assigned To Status
1 Fired wilfl 2elapter Create purchase arder for wifl adapter Emily Hemandaz Complete
3 Install ertical librares/software for Jatson Nang Alex Domansis Complete
3 ‘Coniect Jon G Jonathan Pedhel Complete
4 ‘Coniact Rolobics b for scces b mbot Heve dates whers we tan oo in ft!!mnﬂu Prenay Singh Compiela
5 Esiablish eihemnet connection betwesn jetson and raspl Is-end pings between Jetson and P Emily Hemandez Compiete
[ steren camers algorms and implementations Have & seript sised and ready 1o test by week & Emily Complete
T [Research single camera algorithms and implementations Have & script sierfed and ready io test by week 4 Pranay Singh Complete
8 Research neural netwark algomihis snd Imlementstions Find 2 example rams. and creale 8 e Iz eal week 4 Jonaihan Peshel Compiete
] [Research sterep camers algorithms and implementations Find &t feast 2 successhil e s of a heatmap gensrated using slereo cameras | Alex Domagals Complete
10 | Setup gitHub repository Create erganized reposinny b upload code, ensure teammates can uplead code Alex Dormansls Complete
e piame j
I'N!et 1
B Joraiban Pedhel
Topic:
Task 8 Dscription Deliverable Assigned To Statws
1 : | Compisie-prinun lost gl o i suins ael s semiy b dookon domis lovwani s |Emy Henender |incomplete |
2 Etablizh simple data transfer (i Between jetson and o using ethernel | Creste soipt to print data on the pi sent over ehamset fram the Jetsan Enmiy Hernandsr Compiete
3 Comilete single camera serial frorh previous week il of cribne soripts snd creats own for nexd wesk Praray Singh Paially Carmgilets
4 Famiiarize with rebol mewemerd Ga thrawgh robod github 8nd underskand movemen commands ahd credte daty i Pranay Singh Pantially Comalebe
B Lesatn sbout the cameds capabiliies of B fobot Creahe rese srch document sboal e camers $hat is avakable on the Uniree A1 Robet Al Dornagals Comphete
(] Simreo Deoth hap Gensration altsmol Connect sheren camera snd panerale heatmas on Jetson hang. document any roadbiocke and possible Alex Domsgaia Partially Comalste
7 Ve Al tht sl kel (Bensies wre: Insbiliod on pelnon kor lesling 4 |Pend rigin e il welltbn seclpha el vy that all escesary Dhades i bubalied an delsan | Jonalkan Pethel | Samplhade
B Gather 200 iokal Wmages using dala Collecton scriph for aming neural network Jorattan Perthiel Parially Carmglets
8 Using the colécled images irdin the model io be lested week 4 Joralhan Pethel Pantially Comglete
Team Made | palhVisian
Wiesk 4
anager  |Emidy Hermandez
i
Task 0 Description il gned Ta Status
1 Tesl stereo camers soriplis) froom previous week Miake determination on moving forwand with clarent b e pending on how well i works Emily Hernandez Complete
2 Selup sthernet connections on lab robol | S p bepawan Jeieon snd P ocated on b obot Emily Hesmander Complete
3 EIME uil&mmgmé Troem hast week [ Test e o dslection stipl on Jelson and determine if s feasie to e on ol Prafiay Sangh Complte
4 Al Tles 4o Gilhudy Finish dacumeniation and sdd eompatible movement fikes 1o GilHub Pranay Singh Compilate
& Dieveiop olan for Trairng sdviranient Deatailed wiileup fof ine ofidwer envarnment (wheds ieaining ocours, hivw will lins be drwn Alex [} Complebe
L] Research abstacke aviidanos wih line following program | Detailed wiiteup of how e robot will break off the fine and relum when obstacs is encountered | Alex Domagals Complate
7 Owvder Wibeam {Sutmilt Punchass ander far webram Jonathan Pedhel | Compilebe
@ Finalize Lir tats sguislition seipl Campéate serip for saihering baining dals of fallawing line_ add 1 @hus snd downlead o jetsen | Jensthan Perthal Complats
L, Begin gathering iraming dats ko ine folowing Teat dala iSilioe) SEAipl LSiNg WEning enironment by ool scling 20-30 imai Jonathan Penhel Incomplebs
10

Team Mame |pathVision

M _I_Planay Singh

Find & way to connect to LIC wili or find a reliable aliemative to
connect the jetson 1o a wifi network when in the isb in order to use

2 Connect Jetson o LIC wifi or find aflemative Emily Hermandaz Complate
3 Get movement command |syout IWnd( with Pranay and Jon io understand documentation Emily Hernandaz. Complate
& Wyork on Movemeni script Take in the data being fed and convert thal o movements Pranay Singh Compiate
5 |Set up Gazsbo for the robot Use the Gazebo fes given to try 1o set up the simulatos Pranay Singh Partislly Complate
& Stereo Camera test on Jetson wsing Logitech Camaras Jetson Mano connectad to (2] itech Cameras, erates depth map us Ader O EIE] Complate
rd OpenCy manual line following script development Uplosd on that 5 bounding boxes on a3 detected bne in | Alex ala Complate
8 Reflash Jetson Reflash the Jetson S0 Card with Jetbot code preinstalled Jonathan Perihel Complete
g Get Jupyier notebooks to work with jetbot code Be abée to run the [etbot line following scripts Jonathan Perhel Complete
i (] Get Logitech Camera display working Use T notebooks to be run one of the 5 0 view camers Jonathan Perhal Complate
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Team Name Wision
Weak ]
Manager  |Alex Domagala
Topic:
Task # Description Deliverable Assigned To Status
Raspi on Robot is nof communicating over ethernet propesty, Work
with Jon G 1o get the robat working Get ethemet connection fixed'working on robol Emily Hernandez Complete
We may not be able to get ethernat working so0 we should look into
2 alternatives so we can im nt them asa Find an altemative to ethernat communication Emily Hernandez Complate
3 Testing basic movement script Script handling basic movement such as moving forward and tuming  |Pranay Singh Complete
Seeif s possible to dedicate a switch on the controdler fo change
4 Autonomus ONGOFF switch modes Pranay Singh Partially Complete
Modify cusmrent depth map scripts to allow for reliable viewing of
5 |Improve stereo camers image feed polygons Alex Domagala Partially Complate
] Research movement command ¢ based on Diepth map Document with at least 2 approaches for specifying if object is detected|Alex Domagala Compiete
7 Explore fine following using opency Use Alex's fine following code on jetson in testing funclionality at hd Jonathan Perthel Complete
] Research Intel Realsense Camera Ressarch fundlionli dacide whether or not teal Jenathan Parthel Complete
ITuam iWision
Week 7
Mary Jonathan Perthel
Topic:
Tassk # Dascription Deliverable Assigned To Status
Tha jetsan wil be powesed by the rabol We reed o difinifvely &4 un & creut
diagram on whese we ate tagping into the roboi bo get sooess o the power Set up cicul diagram io connect e jetson to the robol and get it reviewed by Jon G. Should atso incude
i =nd then inchude the cormvener as well a3 decide how bo connedt io the jelson. | conneclor | . Caiher manerials 1o prepare b buid = and create sefup and iesd procedure e
There will be manual mode. auonomous, startup, idle, efo. states for the
robot, we would enumerate them as well &s oreate an FSM so we can easily
2 ‘uiﬂbehﬂlhanhuhmwawﬁsmdm. Crmate F5 dlagram for obol states
Ensure the stharnet comim the devices work i Should
| be sensng strings. Test eommunicabion an the robot and jeison df Camg
4 Irriplesan btion of ksl moverment scrpts Fiest moveimend seripd from previous week [Pranay Singh | Complets
5 Finalize autoronus OWNOFF swilch Continue trang ko gel an ONADFFFor the doramus mods working Pranay Singh | Partiafly Comolels
[ Use researth o develop sample comimand genesation script Develop peofolype scriph thit ge nerates commands o depth map
¥ Tesd depth map script on altermale camena module Dwcumesnt test resuits. f camers frouble, inquine sbou inbel realsense i Professor Bhounsuie
8 Coafigure coency fine following script Adfust the openey seriol so that it sccuraiely ollows a fine a4 home ard ouipis dissction changes
a ikmmehmmmslnmh:ﬂ

Team hiame Wision
Wimek ]
an E Hexruandes
Task & Desaription Delivorable Assigned To Status
From {he orcuit diagram revewed last week, buid and tes the hamess i power ihe
Jetson from the mbot o we can compietsty attach Se ten according 1o e diagram in
the final report_ This includes 1 ) the
buck conmverter. I festing we should ensune we ane getting $ie expecied vakage outp
1 from e robot before in the Jeton, {Build 2 te3t the haness for conneding the Jetion 1o the mbol Esmidy ¢
R Alex's resaasch, work with flex b put togsther 3 plan for movement genesbon
2 warkflow. work oo overall software achitscturs/utine. Devitiop softwire cufine E Herm
3 c i Between Pyhon and £+ code Using #he Pi find away for the vihon code to be read in by the C++ code Praray Singh | Partially Complele
4 Jeton moverment cammand output Creabe o key for Bie cxact dafa that is being senl from the Jetsan b the PP Praray Singh | Camplets
[ Leam about the ibrary: C sarple code fhai can be deplayed onee camena order armves lex Domagata| Complete
T Formalize protobyps corenand genenation scriph and share results wish fedn Cl comrEng Scripk from noteboatk fils (i -] Sle {.pyi for use on Jetson Alex |
B Test out ine following scipd in the ah  Test o see how the sysism works in the lab, and ensute rdisbi ity of system. Maks changes i neccesary |Jonathan Partially Complele
] Creste bomic movement script using |ine folowing |Create 2 soript that reads the output from opency and convens (o iefiiright'simight and and eglJonathan Campiese
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Team Name | pathVision
Week 9
Manager  |Pranay Singh
Topic:
Task # Deseription Daliverabbs Assigned To Status
Rewrite server scnpt in C++, probably the easlest way to allow
e c++ movement code to recseve the daia being sent over
ethemet, soript showsd allow for easy integration inta the
1 movement G++ files | Rewrite server seript in G+ Emély Hemnandez Complete
2 Test the above script to ensure it s working properly Test Ca+ goript Emiéty Hernandez Complate
Talk with Jon G sbout mountng the jetson and camers onto the
3 robot, discisss options Put ipgether 8 pisn to mownt the camers and jetson Emily Hermnandez Parfiafly Compliete
4 Camera ordes arrived, stream map from intsl realsense Seript that collects depth map data | Alex Domagala Complats
5 Famn data Command generaton seri Modified command generston script that takes & camers siream Al ala Partiafy Compiete |
] Start writing fimal code Given the map and the constant string translste that into movement commands Pranay Singh Partially Complete
T \Work on remapping Controlier for stop. Figure cut fow 0 remap the controBer using high level coda Pranay Singh Partiafly Completa |
& Fian how i send commands using c n link ‘Contact Emily in dsscuss how to fransmit angle, and work with Pranay 1o controd nobot | Jonathan Perthel Partisfy Complete
] Develop classes for object irecking Restructure obect following scrpt io be in ciass format to be used with other files Jonathan Perhel Partially Completa
i0
Team Name | pathiision
Weaek 10
Manager | Alex Domagata
Topic:
Task# Deserl Deliverable Assigned To Status
Cumently the script to nun the socket to collect data over ethemet
‘and the acript to move the robot are separate. We need io integrate
1 tham &0 they Eve in one acript snd can be ran together | ate socket scmpt with movemant code on pl Emily Hem
Usang the line foliowing script, integrats the socket scripis so we can
2 contsnuously send dats from the Ehim aver ethermetio the | & SOChet st wil following cods Emilly Hefm
3 Start writing finel movement code Continue working on finid script Pranay Singh | Partiall ate
4 Work on remappeng Controller for stop Conpnue remapping the controler uaing high level code Pranay Singh | Parbally Complate
5 Test Intel Reaisense wih Jetson Nano Depth Map generation script functioning on Jetson Nano Ahex Domapals | Compleie
B 8 a a3 Partiall ate
7 ]
a
]
| Team Name | path\Vision
Week 11
Manager Jonathan Perthel
Topic:
Task # Description Deliverable Assigned To Status
1 We need to mount the jetson nano onto the robot | Create 3d model for mount Emily Hernandea Complete
2 Finish integraticn Communication system properly sending all generated commands Emily Hernandea Completa
3 Test movement code Once intergration is dane wait start working on bugs Pranay Singh | Complate
& Thest enmmiaping Controller code Tersd ool e scripl for e key mapping Pranay Singh | Complete
5 Finish Integration Basic command generation ylelds actual movement from robat Alex Domagala |Complete
& Testing & Improvements to Command generation | Uipdate command generation script as testing reveals corner cases Alax Domagala | Complete
7 Finish Inf tion I ate objact following and line following with communication system Jonathan Perthe| Complete
-] Full system Testing Fine lune system io ensure all system requirements are met Jonathan Perthel Complete
]
10
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Team Name | pathVision
Week 12
Manager | Emily Hemandez
Topic:
Task # Description Deliverable Assigned To Status
1 Hardware needs o be attached to the robot | mount hardware Emily Hernanded Complete
2 work on expo video make final edits to expo video Emily Hernanded Complete
3 Integration Constant testing of code to make sure movement is flawless | Pranay Singh  |Complete
4 Expo Video make final edits to expo video Pranay Singh | Complete
5 Review Testing Results Werify which requirements are met following testing Alex Domagala |Complete
6 Work on expo video Make final edits to expo video Alex Domagala | Complete
7 Review Testing Results Werify which requirements are met following testing Jonathan Perthe| Complete
8 Finalize Expo Video Make final edits to expo video Jonathan Perthe| Complete
9
10
Team Name |pathVision
Week 13
Manager |Pranay Singh
Topic:
Task # Description Deliverable Assigned To Status
1 work on final paper finish final paper draft Emily Hernanded Complete
2 meet with expo judge answer any questions for expo judge Emily Hernandeg Complete
3 Meeting with expo judge answer any questions for expo judge Pranay Singh  |Complete
4 Revising expo draft Editing and revising expo draft Pranay Singh _ [Complete
5 Final report draft complete and edit final report draft Alex Domagala |Complete
6 meet with expo judge answer any questions for expo judge Alex Domagala |Complete
7 Schedule Appointment with Judge Schedule g&a with expo judge Jonathan Perthe| Complete
8 Begin revising expo draft Start adding comments to sections that need | Jonathan Perthe| Complete
Team Name | pathVision
Week 14
Manager  |Alex Domagala
Topic:
Task # Description Deliverable Assigned To l Status
1 complete final report Final report Emily Hemanded Complete
2 Review Final Report Make sure report is ready and finallized Pranay Singh | Complete
3 Address Final report comments Use the comments to change the final report Pranay Singh | Complete
4 Address Final report comments Make any necessary content changes to final report Alex Domagala | Complete
5 Review Final Report Make any necessary edits to final report Alex Domagala | Complete
6 Address Final report comments Address all comments on final report Jonathan Perthel Complete
7 Review Final Report Review that all content is up to date and check grammar | Jonathan Perthel Complete




