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1. ABSTRACT 

 
By creating a hovercraft integrated with a LIDAR system for mapping spaces, we develop 
a way to reach places with hostile conditions that are not suitable for life, hard to reach, 
or even for spaces requiring easy and efficient mapping. The process of how this project 
was created, including pictures, programming, detailed assembly process and costs. 
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1. INTRODUCTION 
 
 

There are emergencies or environments dangerous for man to which access is desired 
for various humanitarian reasons, to a greater extent. These locations can be challenging 
to access and require remote inspection and exploration solutions. This exploration may 
include the need to measure objects, spaces, variables such as temperature, humidity, or 
the presence of some specific target, be it human or inanimate. 
 

 
For this reason, the SubT DARPA challenge arises under which the inspiration for this 

project was born. The difficulty of accessing small spaces and the factors that can put the 
right personnel to inspect and explore these types of environments at risk are the main 
reasons this challenge was created. To cover as many situations and risk scenarios as 
possible and convening a greater variety of exploration vehicles and robotics, the SubT 
challenge is divided into 3 subdomains: Tunnel systems, Urban underground, and cave 
networks. For this reason, this project was born to design and developed this integrated 
hovercraft with mapping functions. 

 
 
In Colombia, some other engineering initiatives aim to reduce the risk of agents 

exposed to this type of exploration work, whether in spaces affected by accidents, 
catastrophes, others, and demining and exploration work in the context of the armed 
conflict in Colombia. As engineers, we have the social and ethical commitment to 
cooperate for the common good and seek engineering solutions that help, facilitate human 
tasks, and reduce the risks that support personnel may suffer. This project aims to explore 
closed spaces that present a significant risk for personnel entry due to ignorance of the 
area and its conditions, seeking to be the first approach to recognizing unknown spaces.
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2. OBJECTIVES 
 
 

3.1 GENERAL OBJECTIVE 
. 

• Design a hovercraft capable of being mobilized by remote control and mapping 
space in 2D. 

 

3.2 SPECIFIC OBJECTIVES 
 

• Design a system to collect and process distance length and angle data to create 
and display a 2D space map. 
 

• Design a power and propulsion system with an autonomy of half an hour to 
raise and propelling the hovercraft. 

 

• Implement a remote-control system that controls the power and steering 
system, allowing the vehicle to be driven as the driver requires it. 

 

• Manufacture and implement the skeleton of a hovercraft using 3D printing. 
 

• Map an enclosed space and counteract the results obtained with the actual map 
of the space.
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3. METHODOLOGY 
 

 
Figure 1. Flowchart CDIO methodology 

 
To develop this project, the CDIO methodology was used: concept, design, 

implementation, and operation. This created a final design because of various iterations 
and prototypes of the different subsystems and components of the hovercraft. For the 
conception part, the requirements and conditions of the design were first analyzed, 
defining and specifying the objective to be achieved and the specific tasks that had to be 
completed. In a second place, considering this design concept, we proceed to carry out 
the general calculations and a preliminary design that considers the research and 
contextualization previously carried out. This prototype had some constants that did not 
change throughout the iterative process, such as the chosen sensor and the calculated 
dimensioning of both the power and the size of the hovercraft. However, data processing, 
hovercraft skirt, data storage, mapping, and the remote-control system were implemented, 
operated, and finally evaluated to implement or reinterpret this component or system.
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4. HARDWARE DESCRIPTION 
 
 

4.1 SKELETON 
 
An investigation into hovercrafts was necessary to create a viable chassis, precisely 

the possibility of a dual fan or single fan configuration. During this research, the single fan 
option was chosen as it saves weight and battery, which are essential for this type of 
project. The chosen CAD showed below: 

 

 
Figure 2 Skeleton CAD. Taken from [1] 

 
This model was modified for the needs of this project by altering the length of the build 

and enlarging the propeller duct, both at a multiplier of 1.38. The benefits of this build also 
include the ease of manufacturing through 3d printing; for all the parts, the following 
settings were used: 

 
Material: PLA 
Layer height: 0.2 mm 
Number of walls: 4 
Fill: 30% 
 

Therefore, for 3d printing, much weight was saved as the whole chassis weighs around 
300 grams, and the structural integrity of the skeleton is not compromised. 
 

 
The assembly was designed in a way where no special tools are required, and only 24 
screws are necessary for the whole process, and the rest of the components are 
integrated so that no special operations are required. The assembly process was a big 
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reason for choosing the skeleton; no special tools are necessary for the assembly, only 
29 screws, 24 for fastening the skirt, 1 for the chassis-propeller duct union, and 4 for the 
motor. 
 
 

4.2  CONTROL SYSTEM 
 
For controlling the system motor, it is necessary to use an ESC controller of speed, 

otherwise, the motor will always be at maximum power, and that may waste a lot of the 
energy supplied by the batteries and may decrease the stability while using the hovercraft. 
This controlling system also must control the direction of the vehicle. In this case, the 
direction is handled by a servomotor. The same control must manage both the servo and 
the brushless motor. An RM controller was implemented. It was chosen: 

 
 
Model: TX 
Part #: 91804G – VT 
Configuration: Pistol grip 
Frequency band: 2.4 GHz 
Channels: 4 
Input Voltage: AA x4 
 
  
In the first channel was connected the servomotor. In the second channel was 

connected the brushless motor. This channel is controlled by the trigger and allows a 
better range of speed on the motor. To energize the receiver, we used a potentiometer 
whose entrance voltage was the 11.1 V battery, and its outer voltage was 5V. This was 
connected to the receiver in the auxiliary channel. 

 
 

4.3  POWER SYSTEM 
 

To use the full power of the brushless motor, it will be used the complete voltage that 
it permits. The battery used to energize the system will give 3S, which is 11.1 V of power. 
The minimum current needed will be calculated knowing the specifications of the motor 
and controller, mainly and from the other components. However, to energize the mapping 
system, an independent energy source is used from the propulsion system to make the 
system's autonomy more durable. To do this, a 9V alkaline battery is used to map the 
system by energizing the Arduino UNO. 
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4.4  MOTORS 
 
The brushless motor implemented in the system is primarily used in drone systems. In 

this case, due to the two objectives, the motor had to accomplish, it was chosen a motor 
with enough power to lift and propel the whole system by itself. It is: 

 
S.M Motor Brushless 2212 2700 KV. 
Operating Voltage: 2-3S 
Weight: 54g 
Recommended Propeller: 5050 (Trihelix) 
KV: 2700 RPM/V 
 
 
Although there are more powerful brushless motors in the market, their capacity and 

ideal propellers are much bigger than the ones that work for this model. Ergo, their power 
is that big that can only be transmitted using propellers whose diameter is bigger than 13 
cm. 

 
 
For direction, the servomotor used was: 
Model: SG 90 
Weight: 9g 
Torque: 1.2 kg/cm 
Turning speed: 0.12 s / 60° 
Dimensions: 22 x 11.5 x 27 mm 
 
 

4.5  ELECTRONICS 
 
The wiring diagram and the electrical components used are: 
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Figure 3 Electronic wiring based on pre-designed wirings. [2] [3] 

 
This system takes mesaurements with de RP LIDAR, then processes the data in 

Arduino and storages it in the micro SD memory. 
 

4.6 MAPPING SYSTEM 

 
A LIDAR sensor was chosen and adapted to the project, specifically a RPLIDAR A1, 

to create a mapping system for the hovercraft. This sensor generates a 2d map of a 3d 
space continually and can be used for many situations, especially in hard-to-reach spaces 
where no map or easy access is available. To program the sensor for this project, the 
official software from Slamtec was used. A software called RoboStudio works well for a 
wired connection and is reasonably exact in showing the space. 

 
 

For the specific needs of this project, a wireless method was necessary. Therefore, a 
connection to an Arduino UNO was implemented. With clever programming and a 
microSD to store all the data, the desired mapping capabilities were possible. The LIDAR 
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is programmed to allow multiple scans of a space that are then saved in a microSD. The 
process to achieve this is detailed below. 

 
 
To program the LIDAR sensor into the Arduino system, the following steps were done: 
1. Test LIDAR functionality into a PC environment 

a. Install driver for the computer provided by SLAMTEC. 
b. Install RoboStudio onto the PC. 
c. Wiring UART cable from LIDAR to Micro USB to USB. 
d. Installing LIDAR plugin into RoboStudio. 
e. Connecting and setting up. 
f. Scan. 

 

 
Figure 4 RoboStudio Mapping 

2. Implementing Arduino Connection 
a. Download available libraries from Github. 
b. Developing scanning software. 
c. Modifying to allow only useful data to be scanned. 
d. Implementing microSD subsystem: 

i. microSD libraries 
ii. number of points of scan per file 
iii. number of scans per location 
iv. number of locations to scan. 

 
For the wireless type of scan, method 2 was implemented. For a small to medium type 

of environment, 2 locations were decided with up to 15 scans per location with 50 points 
per scan. With 750 serviceable points, a full scan is achieved. After all the scans are 
complete, it is time to process the data: 

 
1. Combine location scans into a file. 
2. Convert angle and distances to coordinates. 
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3. Create map graph. 
 
The more data available, the better the map tends to be. Therefore the choice to save 

weight by using an Arduino UNO was an obstacle. It only permits about 80 points to scan 
per scan. To circumvent this situation, the number of files per scan was increased to 15 
individual files.
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5. DESIGN FILES 
 
 

Table 1 STL CAD Files 

Design filename File type Location 

Fuselage .STL https://osf.io/bn4h3/ 

MotorPropellerDuct .STL https://osf.io/bn4h3/ 

Rudder .STL https://osf.io/bn4h3/ 

SkirtClampInner .STL https://osf.io/bn4h3/ 

SkirtClampOuter .STL https://osf.io/bn4h3/ 

MappingCode .ino https://osf.io/bn4h3/ 

H2DM-Operation .mp4 https://osf.io/bn4h3/ 

Wiring_Electronics .png https://osf.io/bn4h3/ 

https://osf.io/bn4h3/
https://osf.io/bn4h3/
https://osf.io/bn4h3/
https://osf.io/bn4h3/
https://osf.io/bn4h3/
https://osf.io/bn4h3/
https://osf.io/bn4h3/
https://osf.io/bn4h3/
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6. BILL OF MATERIALS 
 
 

Table 2 Manufacturing and Costs 

Item Amount Description Price 
(COP) 

Arduino 
UNO 

1  24,000 

Average 
motor 

1  29,000 

ESC 
controller 

1  35,500 

LIDAR 
system 

1  445,000 

LiPo 
Battery 

1 (2 und.) 191,800 

microSD 1  16,600 

microSD 
Reader 

1  5,000 

Propeller 1 (4 und.) 10,000 

Controller- 
Receiver 

1  122,000 

Screws 29  (100 und.) 3,000  

Servo 
Motor 

1  8,500 

Skeleton 1  313,900 

Skirt 1  (m2) 12,000 

 Total 1'215,700 

 
 

The total weight of the chassis with all its components weighs 966 grams. The 
complete hovercraft is lightweight, compact, and energy-efficient, which complies with this 
thesis's objectives and goals. As possible areas of improvement, a case or amount is 
suggested to make the design water-resistant. The final product is shown below. 
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Figure 5 Hovercraft and Controller 
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7. OPERATION INSTRUCTIONS 
 

 

To turn on the hovercraft, you must first connect the male port of the battery with the 
female port of the rest of the system. Then wait approximately 10 seconds for the receiver 
to pair with the remote control. When this happens, the brushless motor will make a final 
beep and then no longer emit sound. The independent 9V battery connection must be 
made to the Arduino UNO to power up the mapping system. The control trigger is used to 
increase the airflow, i.e., propel or increase the hovercraft's speed, while the side wheel 
is used to control the direction. 

 
 
Due to the mapping programming as the system is configured, to correctly operate the 

vehicle and obtain a map faithful to the actual space being studied, the hovercraft must 
be driven to the study point, and there, after the waiting time has elapsed, the system will 
map the space as many times as it has been indicated. Once all its cycles have finished, 
the hovercraft is driven to a new position, and the process is repeated as many times as 
has been decided in its programming variables. 

 
 
Later, once the mapping stage is finished, the micro SD memory is extracted, and with 

all the angle and position data, the Cartesian processing is carried out until the 2D space 
is modeled. To know the map's orientation, the code does not process the data measured 
in the southern part of the hovercraft because due to its high precision, the longitude data 
when it perceives the propeller duct is 0 meters. This means that only the data oriented to 
the front or north of the hovercraft is obtained when processing the mapping data. As an 
improvement in the orientation of the system, a gyroscope could be implemented in the 
future.
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8. APPLICATIONS 
 

 

The result of the processed file is an outline of the studied space. Even though the 
scan has some missing data, mainly from the lighting and visibility conditions of the space, 
the map is accurate in terms of dimensions, shape, and even angles. As shown below, 
the map is highly accurate and depicts the studied space in an easy-to-read graph: 

 

 
Figure 6 Resulting Map 
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9. CONCLUSIONS 
 
 
The project was successful, as a hovercraft, it is agile, lightweight, and efficient, and 

as a mapping system, it is highly effective. The entirety of the project is deemed a success. 
Every objective was met and even exceeded in some cases. 

 
 

• The 1-hour endurance objective was met, the 2200 mAh batteries were a fine 
choice for this project, and the hovercraft can surpass the 1-hour benchmark if 
used correctly; however, at continuous full-power battery lasts about 30 mins 
before needing to recharge. The motors are potent and deplete the battery if 
overused. 

• The LIDAR mapping system can create maps efficiently and accurately. With a 
separate independent system, the LIDAR does not have any interference with 
any other system. with a separate power source. It has enough power to last as 
much as the user wants it to last. The resulting plans end up being a complete 
representation of the space that could later be analyzed to determine access 
safety. 
 

 
However, the system is not perfect and can be improved; the main improvement should 

be autonomous driving capabilities, specifically the ability to move in a planned route while 
detecting nearby obstacles using the LIDAR system. Other improvements are related to 
the chassis. It needs more space to fit all the elements in an organized way, the current 
chassis is functional, it fits everything, but all the components are entirely exposed to the 
elements, and therefore the system is fragile and could be easily damaged, and the other 
issue related to the chassis is the LIDAR placement, the LIDAR has a 360° view. However, 
only about 270° are used due to the propeller and propeller duct size.  
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Appendix A 
 

 
Figure 7 Resulting Map Additional Space 

Appendix B 
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Appendix C 

 
Video presentation: 

 
https://www.youtube.com/watch?v=tFCx7CJqyiA 

 
Appendix D 
 Results Video 

https://www.youtube.com/watch?v=tFCx7CJqyiA
https://www.youtube.com/watch?v=tFCx7CJqyiA
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https://youtu.be/xuqm-i9_VHk 

 
 
 

https://youtu.be/xuqm-i9_VHk
https://youtu.be/xuqm-i9_VHk

