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Abstract— This project provides some solutions to
enable a mapping robot to collect data efficiently and
comprehensively across the ShanghaiTech University
campus and underground garage. Addressing the pri-
mary challenge of the robot’s limited speed, which
restricts its ability to map extensive areas effectively,
we propose innovative solutions to enhance its oper-
ational efficiency. By integrating the mapping robot
with a electric flatbed car as the final solution, we
aim to significantly increase its mobility and coverage
capability. The project will explore multiple adapta-
tion strategies, evaluating each option’s performance,
cost, feasibility, and environmental suitability. Our
goal is to create a versatile mapping system capable of
collecting detailed datasets of the entire campus, thus
overcoming the limitations of the current mapping
robot.

I. Introduction
With the development of robotics technology, a myriad

of technologies have emerged, including SLAM (Simul-
taneous Localization and Mapping), autonomous nav-
igation, path planning, and environmental perception.
The innovation and research in these areas face new
challenges, as they rely on the construction of underlying
data, such as maps. For a school’s robotics laboratory,
obtaining map data of the campus and underground
parking lots would greatly facilitate subsequent simu-
lations and experiments. However, the current mapping
robot in the school’s laboratory is too slow, moving at
only 1 meter per second, making it impractical to map
large areas like the entire campus within a reasonable
timeframe.

Recognizing this challenge, our project proposes a
novel approach to enhance the mapping robot’s speed
and efficiency by leveraging the mobility of small vehi-
cles. By attaching the mapping robot to either a forklift
or an electric platform truck, we aim to significantly
improve its ability to cover large distances quickly and
efficiently. This solution not only addresses the issue
of speed but also allows for the strategic placement of
sensors, such as downward-looking cameras, on these
vehicles to optimize data collection quality.

Our project will detail the technical and logistical
considerations involved in adapting the mapping robot
to these vehicles, including modifications to the robot’s
design and the integration of additional sensors. We
will conduct a comprehensive analysis of each proposed
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solution, assessing their performance in terms of speed
improvement, cost-effectiveness, feasibility of implemen-
tation, and suitability for the campus environment.

By analyzing the benefits and drawbacks of each ve-
hicle integration method, our project specifically focuses
on enhancing the data collection efficiency of the robotics
laboratory, with the aim of obtaining detailed maps of
the school campus and underground parking lots. This
endeavor is poised to significantly improve the labo-
ratory’s capabilities for future simulations and experi-
ments. The success of this project will not only enhance
the practicality and efficiency of the mapping process
but also provide the laboratory with valuable map data
that is crucial for advancing research and development in
robotics. Through this focused approach, we hope to offer
substantial contributions to the laboratory’s ongoing and
future projects.

II. State of the Art
The Oxford Radar RobotCar Dataset [1] is a pioneer-

ing dataset designed for researching scene understand-
ing using Millimetre-Wave FMCW scanning radar data.
This dataset targets autonomous vehicle applications,
leveraging the robustness of radar technology against
adverse environmental conditions such as fog, rain, snow,
or lens flare, which often pose challenges to other sensor
modalities like vision and LIDAR. Collected in January
2019, the dataset encompasses thirty-two traversals of a
central route in Oxford, covering a total distance of 280
km of urban driving.

In the realm of high-precision mapping, the Advanced
Mapping Robot and High-Resolution Dataset [2] in-
troduces a fully hardware-synchronized mapping robot,
which includes support for an externally synchronized
tracking system to achieve super-precise timing and lo-
calization. The mapping robot is equipped with nine
high-resolution cameras and two 32-beam 3D Lidars,
complemented by a professional static 3D scanner for
ground truth map collection. With comprehensive sen-
sor calibration, three distinct datasets were acquired to
evaluate the performance of mapping algorithms within
and between rooms.

The S3E dataset [3] offers a novel large-scale mul-
timodal collection captured by a fleet of unmanned
ground vehicles following four collaborative trajectory
paradigms. This dataset comprises 7 outdoor and 5
indoor scenes, each exceeding 200 seconds in duration,



featuring well-synchronized and calibrated high-quality
stereo camera, LiDAR, and high-frequency IMU data.
S3E surpasses previous datasets in terms of size, scene
variability, and complexity, boasting four times the av-
erage recording time compared to the pioneering EuRoC
dataset.

LiDAR-based SLAM for Robotic Mapping: State of
the Art and New Frontiers [4] provides an exhaustive
literature survey on LiDAR-based simultaneous localiza-
tion and mapping (SLAM) techniques. This comprehen-
sive review covers various LiDAR types and configura-
tions, categorizing studies into 2D LiDAR, 3D LiDAR,
and spinning-actuated LiDAR. The paper highlights the
strengths and weaknesses of these systems and explores
emerging trends such as multi-robot collaborative map-
ping and the integration of deep learning with 3D LiDAR
data to enhance SLAM performance in complex environ-
ments.

The ROS Navigation Stack is a widely adopted soft-
ware library that provides essential autonomous navi-
gation capabilities for robots. It includes tools for path
planning, localization, and obstacle avoidance, making it
indispensable for mapping robots operating in complex
environments such as university campuses. The modular
design of the ROS Navigation Stack allows for extensive
customization and integration with various sensors and
platforms, thereby enhancing the overall efficiency and
adaptability of robotic systems.

Reconstructing maps using data obtained from six
degrees of freedom poses significant challenges due to
the asynchronous nature of ranging data reception, lead-
ing to potential mismatches in the generated point
clouds [5]. The SegMatch method addresses this chal-
lenge by matching 3D segments, thereby enhancing lo-
calization robustness without relying on perfect segmen-
tation or predefined objects [6].

LeGO-LOAM [5] is a lightweight, real-time six-degree-
of-freedom pose estimation method specifically designed
for ground vehicles operating on varying terrain. This
method reduces noise through point cloud segmentation
and feature extraction, utilizing planar and edge fea-
tures for a two-step Levenberg-Marquardt optimization
to solve transformation problems between consecutive
scans, thereby improving both accuracy and computa-
tional efficiency.

The Clearpath Jackal, an unmanned ground vehicle
(UGV) discussed in the literature, is powered by a 270-
watt-hour lithium battery, with a maximum speed of
2.0 meters per second and a payload capacity of 20
kilograms. It is equipped with a low-cost Inertial Mea-
surement Unit (IMU), specifically the CH Robotics UM6
orientation sensor.

Recent advancements in robotic mobility and trans-
portation have significantly expanded the capabilities
of robotic platforms, particularly in tracked robots and
legged locomotion [7, 8, 9]. Zhong et al. [10] introduced
a methodology for enhancing the dynamic stability of

robotic vehicles traversing challenging terrains by em-
ploying semi-active suspensions equipped with spring
and magneto-rheological damper systems. Building on
this, Agheli and Nestinger [11] proposed a stability-based
path planning framework for tracked robots navigating
uneven terrain, leveraging a dynamic high-stability path
evaluation algorithm based on the force angle stability
margin (FASM). Additionally, Zhao et al. [12] explored
stability analysis techniques for various robotic plat-
forms, introducing the Foot Force Stability Margin for
effective stability assessment.

The integration of these advancements into mapping
robot technologies can substantially enhance their per-
formance in car data collection. Methodologies for dy-
namic stability assessment improve robustness on varied
terrains, while stability-based path planning frameworks
optimize path planning algorithms, ensuring safer and
more efficient data collection routes. Stability analysis
techniques provide critical insights for maintaining sta-
bility during data collection missions, further enhancing
the reliability of mapping robot systems.

III. System Description

In the pursuit of advancing the data collection capa-
bilities of a mapping robot across ShanghaiTech Univer-
sity, including its expansive campus and underground
garages, our project introduces a series of innovative
solutions. These aim to address the critical issue of the
robot’s limited speed, which hinders its ability to effec-
tively map large areas. By leveraging the integration of
the mapping robot with various transportation methods,
we strive to significantly boost its mobility and the
scope of coverage. This document outlines our strategic
approach to selecting the optimal transportation options
based on speed, cost, load capacity, stability, and other
relevant factors, thus enabling a comprehensive and effi-
cient mapping system.

A. Solutions and Adaptation Strategies

The core of our strategy involves the utilization of
different vehicles to augment the mapping robot’s op-
erational efficiency. Based on our analysis, the options
include:

1) Electric Forklifts:
• Option 1 : Purchase of an electric forklift offers

a speed of 20km/h and a load capacity of 1000-
3000 KG, with high stability. This requires a
special driver, with costs ranging from 30,000
to 50,000 RMB, plus an additional 300 RMB
per day for the driver.

• Option 2 : Renting an electric forklift presents
a similar speed and load capacity, with a daily
cost of 600-1000 RMB plus 300 RMB for the
driver, maintaining high stability.

2) Electric Flatbed Cars:



Fig. 1: Table for comparison of various schemes

• Car 1 : At 30km/h, this vehicle costs 13,000
RMB, carrying 300-1000 KG with medium sta-
bility. It features robot inversion and variable
gear options.

• Car 2 : This variant provides a 25km/h speed,
costs between 3,000 to 6,600 RMB, supports
300-600 KG loads, and offers medium stability
with a liftable design for robot front place-
ment. Custom modifications are accepted, with
a maximum speed of up to 30 km/h after
modification. The normal delivery time is 5-
7 days, while custom modifications extend the
delivery time to 12-14 days.

3) Electric Tricycle: With a 30km/h speed, a 3,000-
5,000 RMB cost, and a 300-600 KG load capacity,
this option has low stability but offers quick and
agile mobility for smaller areas.

4) Trolley: A cost-effective solution at 1,000 RMB,
moving at 10km/h with a 300 KG load capacity,
suitable for very confined spaces or specific, low-
speed requirements.

B. Evaluation and Implementation
Our approach involves a detailed performance, cost,

feasibility, and environmental impact evaluation of each
transportation option. This includes:

• Speed and Coverage Capability: Assessing how
each option can enhance the mapping speed and the
area covered within a given time frame.

• Cost-Effectiveness: Balancing initial investment
and operational costs against the efficiency gains
and broader data collection capabilities.

• Load and Stability: Ensuring the chosen vehicle
can safely transport the robot and its associated
equipment, with a focus on maintaining data in-
tegrity.

C. Solution selection
We have ultimately selected the Electric Flatbed Car

for our transport robot. Specifically, we have chosen the

hydraulic lifting flatbed car model. This vehicle meets
our requirements for load platform speed and endurance,
with an empty car range of 30 km and a maximum speed
of 25 km/h. The motor has a power rating of 1000W,
which is sufficient for our needs.

The lifting platform of this vehicle could be beneficial
for our load handling tasks, as well as for information
collection and map construction tasks performed by the
robot. The size of the load platform is 1500 x 800 mm,
and it has a lifting capacity of 500 kg. Additionally, the
platform can be raised to a maximum height of 1600 mm
above the ground.

IV. System Evaluation

Given the challenges presented by the specific condi-
tions within the underground garage at ShanghaiTech
University, our mapping enhancement project must ad-
dress several obstacles to ensure efficient and comprehen-
sive data collection. These challenges include restrictions
due to the height of fire doors, the presence of speed
bumps that can cause vehicle instability, and slopes that
might further compromise the stability of the robot when
mounted on a vehicle. Below, we describe these issues in
more detail and outline how we plan to evaluate and test
our system to overcome these challenges effectively.

A. Challenges to Overcome
1) Height Restrictions Due to Fire Doors: The

underground garage is equipped with fire doors
standing at a height of 2.4 meters, potentially
limiting the types of vehicles that can be used for
transporting the mapping robot. This restriction
necessitates a careful selection of transport vehicles
that are capable of navigating the garage without
exceeding height limitations.

2) Speed Bumps: Speed bumps ranging from 2 to
3 cm in height can cause significant vehicle insta-
bility, particularly for vehicles carrying sensitive
equipment like mapping robots. This instability
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Fig. 2: The Hydraulic lifting flatbed car and driving the
Hydraulic Lifting Flatbed Car on the road.

Fig. 3: Fire doors standing at a height of 2.4 meters

can affect the quality of the data collected, necessi-
tating the need for vehicles with enhanced suspen-
sion systems or other stability-improving features.

Fig. 4: Speed bumps ranging from 2 to 3 cm in height.

3) Slopes: The presence of slopes with inclines be-
tween 6 to 10 degrees can further challenge the
stability of the robot on the vehicle, especially
when moving at higher speeds or when stopping.
This requires vehicles that can maintain a steady
and controlled speed, as well as secure mounting
mechanisms for the robot to ensure it remains
stable throughout the data collection process.

4) Endurance Issues Due to Large Coverage
Area: The considerable size of the underground
garage poses a challenge to the endurance capa-
bilities of our equipment. Both the mapping robot
and its transport vehicles must have sufficient bat-
tery life or energy reserves to cover the entire
area efficiently without needing excessive pauses for
recharging or refueling.

V. Work Plan
A. Installation and Fixation

Considering stability and the need to minimize inter-
ference with sensor operation, we have chosen to install



Fig. 5: Slopes with inclines between 6 to 10 degrees.

a fixed bracket around the Husky A200 and then mount
the bracket onto the carrier. Given the mass of the
device and potential deformation during transport, we
plan to use steel as the material for the bracket due
to its greater hardness compared to aluminum profiles.
The bracket is intended to be fixed to the transport
device using L-shaped brackets and bolt connections. To
ensure stability, additional firmness can be achieved by
strapping diagonally across.

Fig. 6: Schematic of fixation of robot.

B. Testing

Do system integration testing. Ensure seamless func-
tionality of the integrated system in controlled envi-
ronments. Do field testing. Conduct comprehensive field
tests to evaluate the performance of the mapping robot
on vehicles under real-world conditions. Ensure all the
challenges are solved through team work and efforts.

C. Data Collection
Make sure that we know clearly abut data collection

and processing workflows, sensor configurations. Do real
campus mapping data collection. Use the integrated
mapping robot and vehicles across ShanghaiTech Uni-
versity campus and underground garage, ensuring com-
prehensive coverage of the campus and garage.

D. Evaluation
For the collected data, clean data and do some simple

work such as video compression and dataset labelling.
Based on the collected datasets, generate maps and
trajectory data, which is then fed into evaluation algo-
rithms. Analyze the collected data for accuracy, coverage,
and quality assessment. Evaluate the effectiveness of the
integration approach in enhancing mapping capabilities.
Analyze data collected during the field tests, assess
system performance, and identify areas for improvement.

E. Documentation
Prepare detailed documentation covering system de-

sign, implementation details, testing results, data col-
lection methodologies, and evaluation outcomes. Contin-
uously document progress, methodologies, results, and
insights gained throughout the project. Finish Mid-term
report, Final demo, Final Report, Website on time.

VI. Frame Design and Manufacturing
Based on the project requirements and discussions

with professor and teaching assistant, we have decided
to add a suitably sized frame to the bottom of the car
body. This frame utilizes the elasticity of the tires to
allow the car body to snap into the frame. Finally, the
frame is fixed to the platform surface, thereby indirectly
securing the car to the platform.(Fig.6)

To achieve this, we need to measure the relevant
dimensions to design the frame. The UGV model used
in our project is from the Husky series by Clearpath
Robotics. We downloaded its Solidworks model from
the official website and used the software’s measurement
tools to obtain the necessary parameters. Given that
actual dimensions may vary and to avoid interfering with
sensor data collection, our plan is to initially fabricate a
preliminary frame and adjust its shape and size based
on real-world conditions. Additionally, since our lab has
ample wood supplies and wood’s strength is sufficient for
our needs, we decided to replace the initial steel frame
design with wooden.

The first version of the design is shown in Fig.7.
The available wooden boards in the laboratory have a
sufficient thickness of 21mm. Therefore, our initial plan
involved using six equally sized wooden boards, each with
four holes to accommodate the wheels. The size of the
holes would be adjusted based on the dimensions of the
wheels and the position of the wooden boards, aiming to
securely fit the wheels in the holes. However, this design
had a drawback: each wooden board provided a pivot



Fig. 7: First design.

point for the wheels, allowing them to easily roll out of
the template. Additionally, the precision required for an
exact fit was limited by our machining capabilities.

Fig. 8: Second design.

The second version of the design is shown in Fig.8.
In this design, the pivot points between the wheels and
the wooden boards are reduced, making it less likely for
the wheels to slip out. The elasticity of the tires can be
effectively used to secure the car body within the wooden
boards. However, this design requires a large number of
wooden boards. In reality, only the topmost board is nec-
essary to restrict the UGV’s movement. The remaining
boards can be replaced with beams and connectors of a
fixed height. Therefore, we further adjusted the design.

Fig. 9: Third design.

Scheme Three retains the topmost wooden board,
while the remaining boards are replaced with beams
made from 21mm wooden boards.(Fig.9) These beams
are connected by connecting components, which are
also crafted from 21mm wooden boards. The shapes
and parameters of some components are shown in the
figures(Fig.10 and Fig.11) below.

All wooden components, including the Top plate,
Beams, and Connecting components, are connected us-
ing screws driven into pre-drilled holes(Fig.12). Then
securely fasten the Connecting components and Flatbed

Fig. 10: Parameters of top plate.

Fig. 11: Parameters of beam.

Fig. 12: Fabrication process.




