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Abstract
The Lunar ROADSTER (Robotic Operator for Autonomous Development of Surface

Trails and Exploration Routes) is an autonomous lunar-working rover designed to groom
traversable trails that enable sun-synchronous circumnavigation and long-duration mobil-
ity on the Moon. The system features a custom front dozer, developed through iterative
design and testing, capable of crater grooming and backblading using a high-force linear
actuator.

The rover uses a global 3D Moon Yard map with a preprocessing pipeline that classifies
craters and provides geometric data for navigation. The perception system, powered by a
custom-trained YOLOv8 model, detects target craters in real time and computes source,
sink, and backblade poses for manipulation. Combined with a Pure Pursuit controller
for Ackermann navigation, the system enables smooth, accurate motion through complex
terrain while the tool planner coordinates blade actuation for excavation and grading. A
dedicated validation module evaluates terrain slope from depth data to verify traversal
requirements.

During the Fall Validation Demonstration (FVD), the system successfully performed
fully autonomous crater identification, navigation, grooming, and revalidation across mul-
tiple craters. The rover achieved an average path-following deviation of 7%, well within
the 10% requirement. Localization robustness was significantly improved through the
integration of the SkyCam-based global localization method and reduced delay in pose
updates. Additionally, upgrading to the Jetson Orin improved onboard compute, enabling
real-time perception, validation, and navigation without bottlenecks.

Lunar ROADSTER lays the foundation for autonomous lunar surface preparation,
supporting future infrastructure, resource transport, and sustained human presence on
the Moon.
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1 Project Description

Humanity is preparing to return to the Moon, with the Artemis missions focusing on
exploring the South Pole, a region rich in sites of interest. Establishing a circumnavigating
route around the lunar pole will serve as a critical �highway� connecting these sites and
enabling key activities such as transportation, human settlement, and resource extraction.

A solar-powered rover capable of sun-synchronous circumnavigation could achieve per-
petual operation by avoiding lunar sunsets. At high latitudes, this is feasible at low
speeds, as shown in Table 1. However, these assumptions rely on the terrain being �at
and traversable, free from major topographical challenges. A mission to manipulate the
lunar regolith in the circumnavigating path to make it more traversable for future mis-
sions is thus, a clear step forward. A robotic system can be designed to conduct these
operations e�ciently for extended durations.

Table 1: Average Speed Required to Circumnavigate at Di�erent Latitudes on the Moon

Latitude Distance (km) Speed (kph)
Equator 11,000 16

50° 7,040 10
60° 5,500 8
70° 3,700 6
75° 2,800 4
80° 1,870 3
81° 1,529 2.5

The Lunar Robotic Operator for Autonomous Development of Surface Trails and
Exploration Routes (Lunar ROADSTER) is an autonomous moon-working rover, capable
of �nding exploration routes and grooming the lunar surface to develop traversable surface
trails. These groomed trails will become the backbone for the colonization of the Moon
by enabling transportation, logistics, and enterprise development.

2 Use Case

The conceptual use case for the Lunar ROADSTER system is illustrated in Figure
1. The process begins with the system receiving detailed maps of the user-speci�ed lat-
itude from prior exploration missions, such as orbiters or exploratory rovers. Due to
the natural irregularities of the lunar surface, this initial reference latitude (white dotted
line) often intersects with craters, dunes, and rough terrain, resulting in a non-traversable
original path (blue line). These irregularities make the path non-traversable for standard
solar-powered rovers, which rely on relatively �at terrain for safe and e�cient motion.
Traversing such terrain would not only consume excessive energy but also increase the
risk of mechanical failure or mission interruption.

To address this, Lunar ROADSTER autonomously navigates this original path and
identi�es areas requiring terrain conditioning. Using onboard perception and terrain anal-
ysis, it classi�es craters into two categories: those that are too deep or wide to groom
(red), and gradable craters (orange) that fall within the rover's manipulation capabilities.
The rover uses a custom-designed dozer blade to push regolith from the rim into the
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crater, smoothing the terrain and forming a groomed, traversable path (green line). This
path is shorter, safer, and more energy-e�cient than the original route.

Figure 1: Conceptual System Graphic Representation

After completing the initial grooming operation at a designated crater, the Lunar
ROADSTER does not immediately continue along its path. Instead, it retreats slightly
to a vantage point where it can scan and assess the modi�ed terrain using its onboard per-
ception system, such as a depth camera. This evaluation step is critical to ensure that the
crater has been adequately �lled and leveled to meet de�ned traversability criteria. If the
surface still exhibits irregularities such as steep inclines, or dips, the rover autonomously
initiates a re-grooming cycle. It re-plans its manipulation trajectory and performs another
round of dozing or backblading, adjusting the terrain further. This closed-loop grooming-
evaluation cycle continues iteratively until the rover con�rms, through sensor feedback,
that the modi�ed surface is suitable for safe traversal. Once validated, the rover marks
the crater as complete and advances to the next waypoint, progressively transforming the
rugged trail into a continuous, traversable path.

This use case demonstrates Lunar ROADSTER's ability to autonomously transform
hazardous lunar terrain into a continuous, navigable highway, enabling long-duration sun-
synchronous missions and supporting future lunar exploration and infrastructure.

3 System-Level Requirements

The system requirements for the Lunar ROADSTER project are derived from a com-
prehensive understanding of the problem statement, its use cases, and the high-level
objectives. These objectives shown in Figure 2, informed by inputs from stakeholders,
provide a clear framework for de�ning the system requirements.
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The requirements are organized into mandatory and desirable categories, further clas-
si�ed into functional, performance, and non-functional requirements. The mandatory
requirements form the core functionalities essential for the project's success, while the
desirable requirements, though initially out of scope, aim to enhance the system's overall
performance. The requirements may evolve as the system develops, further research is
conducted, and tests re�ne the design. The team will focus on meeting all mandatory
requirements by project deadlines while working to implement desirable ones as resources
permit.

Figure 2: Objectives Tree

3.1 Mandatory Requirements

3.1.1 Mandatory Functional Requirements

Table 2: Mandatory Functional Requirements

Sr.No. Mandatory Functional Requirement (Shall)

M.F.1 Perform trail path planning

M.F.2 Operate autonomously

M.F.3 Localize itself in a GPS denied environment

M.F.4 Navigate the planned path

M.F.5 Traverse uneven terrain

M.F.6 Choose craters to groom and avoid

M.F.7 Grade craters and level dunes

M.F.8 Validate grading and trail path

M.F.9 Communicate with the user
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3.1.2 Mandatory Performance Requirements

Table 3: Mandatory Performance Requirements

Sr.No. Performance Metrics

M.P.1 Plan a path with cumulative deviation of � 25% from chosen lati-
tude's length [2]

M.P.2 Follow planned path to a maximum deviation of 10%

M.P.3 Have a contact pressure of less than 1.5 kPa [3]

M.P.4 Avoid craters � 0:5 metres

M.P.5 Fill craters of up to 0.5 meters in diameter and 0.1 meter in depth
[1]

M.P.6 Groom the trail to have a maximum traversal slope of 5 �

3.1.3 Mandatory Non-Functional Requirements

Table 4: Mandatory Non-Functional Requirements

Sr.No. Parameter Description

M.N.1 Weight The rover must weigh under 50 kg (Achieved:
23.8 kg)

M.N.2 Cost The cost for the project must be under $5000
(Achieved: $4,993)

M.N.3 Computing Capacity The onboard computer should be able to run all
required tasks (Achieved: Shown in Ap-
pendix)
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3.2 Desirable Requirements

3.2.1 Desirable Non-Functional Requirements

Table 5: Desirable Non-Functional Requirements

Sr.No. Parameter Description

D.N.1 Technological Extensibility The system will be well documented and
designed so that future teams can easily ac-
cess and build on the work

D.N.2 Aesthetics Requirement from sponsor, the rover must
look presentable and lunar-ready

D.N.3 Modularity To enable tool interchangeability, the tool
assemblies must be modular and easy to as-
semble/disassemble

D.N.4 Repeatability The system will complete multiple mis-
sions without the need of maintenance

4 Functional Architecture

Figure 3: Functional Architecture
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Figure 3 illustrates the functional architecture of our system. The system receives
three types of input: user input in the form of a map of the environment from the oper-
ational terminal, battery input as the electrical energy that powers the components, and
environment input from the moonpit (worksite).

The Communicate with User block serves as the critical interface between the user
and the system. It transmits the map to the Plan Path algorithm and updates the user
with real-time job status information for active monitoring. The Plan Path algorithm
processes environmental information from the map to identify craters to groom and avoid.
These constraints are de�ned in the performance requirements (M.P.4 and M.P.5). Based
on this analysis, it generates precise waypoints near the craters requiring grooming and
sends them to the Navigate block. Before initiating navigation, the robot undergoes

localization through the Localize block, using information from the sensor stack to ac-
curately determine its position within the environment. The Navigate block translates
the planned waypoints into motor commands for the chassis, which are executed by the
Traverse Terrain block, enabling the robot to maneuver through the moonpit and

approach the target crater e�ectively.

Once positioned near the crater, theTool Planner is activated, sending motor com-
mands to the Manipulate block to initiate tool operations, such as excavation and grad-

ing. The grooming process is then evaluated by theValidate block to determine if the
crater meets the speci�ed grooming criteria, as de�ned in the performance requirements
(M.P.6). If validation fails, the system repeats the cycle, navigating the robot back to the
position near the crater and restarting the tool operation. If grooming is successful, the
Communicate with User block updates the user with the job status, and the system

outputs a groomed trail. This iterative and modular work�ow ensures precise grooming
operations while maintaining active user monitoring and operational reliability.

5 System and Subsystem-Level Trade Studies

Trade studies are an integral part of decision making in the systems engineering pro-
cess. It identi�es the most balanced technical solution among a set of proposed viable so-
lutions and determines which viable architecture or system we should use. Rigorous trade
studies were performed on the systems-level and important subsystems to determine the
most viable solutions. A summary of the chosen architecture from the conducted trade
studies can be found in the morphological chart in Figure 4.

5.1 Systems-Level Trade Study: Lunar Grader

A systems-level trade study was conducted to determine which lunar grader concept
is best suited for meeting our performance requirements. Figure 5 identi�es 4 potential
concepts to use for a lunar grader. The criteria and weight factors were obtained via a
weighted objectives tree and can be found in Appendix A.4.

Based on available concepts, we identi�ed 3 di�erent autonomous rovers suitable for
lunar grading. They are the Lunar ROADSTER, Crater Grader (made by MRSD 2022
Team A), and the O�world Dozer (made by O�world.ai). We also include a benchmark
and compare against human performance. Since lunar earth-working is a very dangerous
task, we determined that safety should be of utmost importance. This is why it has a
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Figure 4: Morphological Chart of Cyberphysical Architecture

Figure 5: Systems-Level Trade Study on Lunar Grader Concept

weight factor of 12%. The 3 rovers are comparatively safe since they can operate au-
tonomously. Contrastingly, the benchmark scores very low in safety due to human-prone
accidents and a high fatality rate from space suit punctures and explosive decompression.

The ability to localize itself and navigate autonomously is also highly prioritized. This
is because the aim of our system is to create a circular lunar polar highway. The concept
needs to be able localize and navigate by itself so the path created does not deviate too
far from its objective path. Additionally, the tool planner and the navigation planner
both requires accurate localization to be able to function e�ectively. The three rovers
all tend to perform well in these aspects, with the commercial O�world Dozer arguably
performing slightly better due to the use of commercial-grade sensors. However, the hu-
man benchmark performs poorly in this criteria. Without the proper navigational tools,
humans can quickly become lost in the relatively featureless lunar surface.

Our next priority is the concept's ability to grade and excavate while maintaining
traversability. This is what di�erentiates the Lunar ROADSTER concept from the other
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rover concepts. The Lunar ROADSTER concept can both grade and excavate, whereas
the Crater Grader concept can only grade, and the O�world Dozer and only excavate.
The versatility of having both a grader and an excavator prove to be highly appropriate
for our functional requirement of grading craters and leveling dunes (M.F.7). In the end,
this is arguably the deciding factor to use the Lunar ROADSTER concept.

5.2 Subsystems-Level Trade Study: Manipulation

A trade study on which manipulation subsystem to implement is shown in Figure 6.
This is arguably our most important subsystem as it pertains to our primary objective of
grooming an exploration trail on the lunar surface.

Figure 6: Subsystems-Level Trade Study on Manipulation Concept

For the manipulation subsystem, we put heavy emphasis on the concept's excavation
volume and grading area. This is because our path can be groomed faster when the ex-
cavation volume and grading area is large. Comparing the di�erent concepts, the front
grader and chassis grader have a high grading area, but negligible excavation volume.
Contrastingly, the front loader has a high excavation volume, but is not able to grade e�-
ciently. While not being able to perform at the level of the specialized concepts, the front
loader plus chassis grader concept uniquely can achieve both a high excavation volume and
a high grading area. This is the di�erentiation factor from the other 3 specialized concepts.

However, one drawback of the dual-machinery concept is that it requires a higher
manipulation e�ort to operate. The size and weight of the rover chassis will also need
to be larger to accommodate both a grader and loader. Despite this, the advantages
of having two tools on trail grooming e�ciency greatly outweigh its downsides. Thus,
we have decided to use a combination of a front loader plus a chassis grader for our
manipulation subsystem.

5.3 Subsystems-Level Trade Study: Localization Method

Our second most important subsystem is the localization method. This is because vir-
tually all aspects of our rover requires accurate localization for it to function e�ectively.
The tool planner subsystem requires localization to plan motor commands, whereas the
navigation planner subsystem requires it to plan trajectories and paths. A trade study

8



on which localization method to use is shown in Figure 7.

Figure 7: Subsystems-Level Trade Study on Localization Method

An accurate and robust localization is a necessity. This is why these two criterion
constitute 48% of the total weight factor. The total station and motion capture concepts
score highly in these categories due to their low localization errors. The motion capture
system arguably scores slightly higher due to its ability to discern both location and orien-
tation whereas the total station can only determine location. The sun/star sensor, Lunar
Reconnaissance Orbiter (LRO), and visual odometry concepts all score relatively low due
to their high localization error rates.

However, a downside of the total station and motion capture system is that they are
highly dependent on external infrastructure. The total station requires at least 1 surveyor
whereas the motion capture system requires at least 4 cameras to function. This is why
both score relatively low in external infrastructure dependency and lunar transferability.
Despite this, a total station setup is relatively reasonable for a well-established moon
station. In conjunction with its high localization accuracy and robustness, we have decided
to utilize a total station as our localization method.

6 Cyberphysical Architecture

The Cyberphysical architecture, depicted in Figure 8, shows how our Lunar rover is
physically realized. It integrates a network of the following major subsystems: Sensors,
Computations, External Infrastructure, Mechanical subsystem, Actuation and Electron-
ics, and Electrical Power. Each component plays a speci�c role, with all of them working
together in unison to meet the unique demands of lunar surface operations.

6.1 Sensors

The rover relies of the following set of sensors for the essential data, which are crucial
for navigating and executing tasks:

ˆ Wheel motor encoders
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Figure 8: Cyberphysical Architecture

ˆ Mast depth camera (ZED 2i)

ˆ Inertial Measurement Unit (IMU)

ˆ Actuator feedback sensor

ˆ Fisheye camera

These sensors provide critical feedback on the rover's position, orientation, and material
to manipulate.

6.2 External Infrastructure

The extrernal infrastructure comprises the Total Station, a Wireless Transceiver, and
an Operations Terminal. The robotic total station provides precise robot pose estimates,
and the operations terminal allows for seamless communication between the rover and
mission control through the wireless transceiver, by providing a user interface to monitor
progress and receive updates.

6.3 Computations

The computations subsystem is the processing powerhouse of the rover, where data
from sensors are transformed into actions. It includes the following components:

1. The drivers form the interface between sensors and processing units.

2. A 3D map is fed into the 3D Map block through a wireless transceiver from the
operations terminal. A global path planning algorithm runs directly on the Jet-
son Orin that serves as the brain of the rover, which processes the map, identi�es
gradable and ungradable craters based on their diameters, �ts a ring through all
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the gradable craters, and allows for planning a smooth path between craters for the
rover to follow.

3. A robotic total station in the external infrastructure, which provides precise robot
pose, sends its data to the localization block. This can also be replaced by the
�sheye camera, which can be used to look at the ceiling in the Moon Yard and
obtain position information of the rover by regressing points to the lights.

4. The data from the total station or �sheye camera is fused with the data from wheel
encoders, and IMU, and sent to the localization block, which keeps track of the
rover's position on the lunar surface.

5. The Behavior Executive Node manages high-level decision-making and receives in-
puts from the localization block and the global path that the robot has to follow.
The set of waypoints obtained from the Global Path Planner is used by the Global
Navigation Controller to move the robot close to the crater.

6. Once the robot is close to the crater, the Local Navigation Controller, Tool Planner
(or Perception module), Validation, and Tool Controller all work together in order
to achieve reliable grading.

7. The Tool Planner (or Perception module) is responsible for identifying the crater
and extracting geometric information from it such as crater centroid and diameter.
Using this information, grading poses are calculated and sent to the Local Navigation
Controller.

8. The Local Navigation Controller takes robot poses from the Tool Planner as tar-
gets and sends commands to the Wheel Motor Command block in order to move
the rover to the source and sink poses of the crater. During this operation, the
Tool Controller also generates commands for terrain manipulation and passes them
directly to the Dozer Motor Command block, which actuates the dozer blade for
grooming operations.

9. Once a single pass of the grading operation is completed, the Validation block looks
at the groomed terrain and veri�es if the grading has been performed satisfactorily
or not. If yes, it moves on to the next crater by going to the Global Path Planner
block. Otherwise, it repeats another pass of grading.

6.4 Actuation and Electronics

This subsystem translates electrical signals into physical movements. The dozer motor
controller receives commands from the dozer motor command block in the computations
subsystem. Similarly, the wheel motor controller receives commands from the wheel
motor command block in the computations subsystem. These controller blocks provide
signals to the respective dozer actuator and wheel motors, which then make the respective
assemblies connected to them in the mechanical subsystem move.

6.5 Mechanical Subsystem

It forms the structural backbone of the rover. The main components include the Chas-
sis, Dozer Assembly, and Wheel Assembly. This subsystem provides both the physical
support required for the rover and the mechanisms needed to interact with the lunar sur-
face. All the sensors and hardware sit on the chassis of the rover, and the dozer assembly
is used to groom the trail on the Moon.
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6.6 Electrical Power

This subsystem is responsible for supplying energy to the entire rover. In the opera-
tions terminal, a power source supplies power to the robotic total station as well as the
operations terminal via a tether. On the rover, a battery provides the electrical power and
is connected to the Power Distribution Board (PDB) through a primary fuse for safety.
The PDB allocates power to the Systems Distribution block and the Actuation Distri-
bution block. The systems distribution block supplies power to all the subsystems on
the rover, and the Actuation Distribution block supplies power to the actuators � motor
controllers and motors. We also have a wireless emergency stop (E-stop), which translates
to a mechanical E-stop to cut o� all power to the actuators in case of an emergency.

7 Current System Status

7.1 Overall System Depiction

Figure 9 shows the overall system hardware depiction and Figure 10 shows the overall
system software depiction.

Figure 9: Overall System Depiction - Hardware
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Figure 10: Overall System Depiction - Software

7.2 Subsystem Descriptions

The following section presents a comprehensive overview of all subsystems developed
during the spring semester. It also summarizes the modeling, analysis, and testing con-
ducted to meet design speci�cations and validate subsystem functionality. Appendix A.1
shows the completion status of each subsystem.

7.2.1 Sensors Subsystem

The sensors subsystem is responsible for capturing data from the environment and the
internal state of the rover to support various computational tasks. It includes four wheel
encoders, an ZED 2i depth camera, a VectorNav IMU, and a linear actuator.

The IMU is integrated using the VectorNav ROS2 package, and the wheel encoders
are interfaced via micro-ROS. The linear actuator came with an onboard potentiometer
for feedback. The depth camera is interfaced using ZED ROS wrappers, which provided
point cloud data for perception.

We 3D printed the camera mount and explored optimal mounting angles for depth
perception. The functionality of this subsystem was veri�ed through targeted unit tests,
including Optimal Mast Depth Camera Placement (T10) and a Maintenance and QA Test
(T14).

7.2.2 Computations Subsystem

Jetson & Docker:
The Jetson and Docker unit hosts all key system packages and manages device drivers

through a Docker-based ROS2 framework running on the NVIDIA Jetson Orin.

We built a custom Docker container building on the ZED-SDK wrapper image, and
runs ROS2 Humble, micro-ROS, and several other necessary system packages and device
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drivers. We also con�gured the Jetson with a static IP for remote SSH access.

Localization:
The localization unit enables the rover to estimate its pose within the Moon Yard. It

combines data from the Leica TS16 Total Station, VectorNav IMU, and wheel encoders,
to support both global and local localization. We also calibrate the rover's yaw to ensure
consistent orientation w.r.t the map frame.

The Leica TS16 Total Station acts as our "GPS on the Moon". While it provides reli-
able position data by tracking the prism on the rover, it is not Lunar accurate. In order to
eliminate dependency on the Total Station, we implemented a new localization technique
using the �sheye camera, which also provides position information of the rover, thereby
mimicking a Sun-Star Tracker. Detailed explanation regarding the two implementations
is provided in Appendix A.2.

Navigation:
The Navigation subsystem is responsible for identifying gradable craters, retrieving

their coordinates, and generating feasible paths that allow the rover to reach these tar-
gets while avoiding obstacles.

A high-resolution 3D map of the Moon Yard is generated using a FARO laser scanner.
From this map, craters are extracted and classi�ed as either gradable or obstacles based
on geometric thresholds de�ned during the Mapping the Moon Yard Test. These gradable
crater centroids form the basis for the global navigation procedure.

For global planning, we employ a Lattice A* planner that incorporates yaw orientation
as a third dimension, ensuring adherence to the rover's Ackermann steering constraints.
Unlike di�erential-drive robots that can execute abrupt turns, the rover requires kinemat-
ically feasible, smooth curvature transitions. The planner generates paths that satisfy
this constraint and incorporates several cost terms, including penalties for backward mo-
tion, maintaining counter-clockwise traversal, enforcing smooth heading evolution, and
encouraging the rover to �hug� a reference spline.

This reference spline also referred to as the grading ring is derived from a polynomial
�t passing through the centroids of all gradable craters. It provides a consistent, circular-
like path around the Moon Yard, guiding the global navigation solution.

For control, we use a Pure Pursuit controller for real-time path following. During ma-
nipulation tasks (approaching crater sources, sinks, or backblade poses), the rover operates
in con�gurations that are much closer to obstacles, where the global planner settings are
too conservative. In these scenarios, we switch to a manipulation-speci�c con�guration
of the same Pure Pursuit controller, referred to as the "manipulation controller." A sim-
pli�ed A* planner, referred to as "manipulation planner," is used to generate these short
manipulation paths, as they are usually nearly linear and may require controlled forward
or backward motion.

Perception:
The perception subsystem is the eyes of the rover system. It uses the Zed 2i camera to
detect crater information from the live feed and processes the information to provide goal
poses for terrain manipulation.
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We trained a YOLOv8-nano model on a custom dataset to detect craters in the Moon-
yard. Using the RGB and Depth data, the subsystem provides the crater centroid coor-
dinates in the robot frame, as well as the crater diameter, which are used to compute the
goal poses (Source->Sink->Source Backblade->Sink Backblade) for terrain manipulation.

The manipulation involves the following motions, executed by the manipulation plan-
ner and controller:

1. Reach Source Pose and actuate the tool down

2. Drive to sink pose (Forward Grading)

3. Actuate tool up and drive to Source Backblade

4. Actuate tool down

5. Drive backwards to Sink Backblade (Backblading)

The tool height is calculated based on depth data collected by the Zed Camera.

Validation:
The validation unit veri�es whether the groomed crater satis�es M.P.6, which is to

groom the trail to a maximum traversal slope of 5� . We use the ZED 2i stereo camera to
evaluate the terrain by computing metrics such as mean elevation and elevation RMSE.
We calibrated the camera to ensure that �at ground is perceived as having zero elevation
and no tilt.

Behavior Executive Node (BEN):

The BEN is the node that executes the �ow of the software system shown in Figure
10. It is a ROS2 node that maintains a �nite state machine (FSM) that:

1. Switches rover MUX modes betweenIDLE, FULL_AUTONOMY, and FULL_TELEOP.

2. Plans and executes global navigation to crater sites.

3. Triggers crater perception and goal-pose generation.

4. Plans and executes manipulation/tool trajectories around craters.

5. Runs terrain validation and uses grading results to decide on second passes or next
craters.

6. Provides DEBUGand MANUAL_OVERRIDEstates for safe �eld debugging and teleop-
eration.

The FSM advances on a periodic timer callback, consuming odometry, crater detec-
tions, and planner/validation responses to drive the mission fromSTART_MISSIONto
END_MISSION/ STOPPED.

7.2.3 External Infrastructure Subsystem

The external infrastructure subsystem includes the o�-board components required for
localization and network communication between the rover and the operations terminal.
It comprises the Leica TS16 Total Station, an NVIDIA TX2 relay chip, a LAN router, and
the team's laptop, as shown in Figure 11. The total station continuously tracks the Leica
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