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Abstract 

The aim of this study was to investigate the feasibility of optimizing the performance 
of an unmanned aerial vehicle. The mission profile of the vehicle was aerial mapping 
using a LiDAR sensor. Drones, with the same or similar mission requirements, availa-
ble in the marketplace were evaluated. The work done in the thesis used these mar-
ketplace drones as a benchmark. Further analyses, simulations, and selection criteria 
were used to arrive at a conclusion for the feasibility of producing a drone that ex-
ceeded the benchmarks set. It was found that manufacturing a LiDAR capable drone 
optimized for long duration flights, with low total weight, and cost was possible with 
the caveat of certain current limitations. 
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1 Introduction 

Both Unmanned Aerial Vehicles (UAVs from here) and Light Imaging Detection And Rang-

ing (LiDAR from here) are relatively old technologies that are only now becoming widely 

adopted. UAVs are almost as old as manned aircraft with the first successful UAV flight, the 

Curtiss N-9, occurring in 1916 (Abdulla Q) and LiDAR instruments about a half a century 

later, having been invented in 1961 by the Hughes Aircraft Company. Despite the length of 

time these technologies have been available, they have only just started to be widely 

adopted over the last two decades. UAVs in the form of rotary drones have surged in usage 

in both the industrial and commercial applications. LiDAR has been adopted less widely as 

the systems are still prohibitively expensive for most casual consumers; however, demand 

for LiDAR systems has grown for scientific, engineering, environmental, archaeological, and 

agricultural purposes. The combination of UAVs equipped with LiDAR payloads in particular 

is an area of growing importance. Weight, flight time, and cost are all critical issues which 

place limits on the application of these technologies in professional domains. These three 

key constraints present a circular problem: with each node of the problem feeding back to 

another. The researcher aims, in this study, to explore a potential design to overcome these 

limitations and, by so doing, demonstrate the feasibility of lightweight, long endurance, low-

cost LiDAR drones. Regarding the first aim, this study is focused on providing an integrated 

optimized solution to the three issues by reworking the design. The constraint of flight time, 

in particular, was seen as advantageous to overcome as limited duration flights are a bottle 

neck for aerial LiDAR mission conducted by UAVs. Overcoming this impediment would help 

especially for missions where large scale environments are being observed. 

 



 

2 Literature Review 

The researcher reviewed several text-based sources to motivate the development of the 

study. The nature of the study is such that most of the sources were published relatively 

recently: within the last half decade. The sources reviewed concentrated on three key areas: 

drone design principles, LiDAR applications, and other remote sensor technologies. 

Three separate sources helped to expand the researcher’s knowledge in areas of drone 

design and optimization using distinct approaches. First, Optimization of quadcopter frame 

using generative design and comparison with DJI F450 drone frame (Bright et al 2020) took 

a generative design approach and focused on a specific widely available brand drone. Gen-

erative design is an approach to concept development / prototyping that utilizes proprietary 

machine learning algorithms in conjunction with cloud computing to rapidly produce multiple 

iterations of potential designs. The research paper, Novel Drone Design Using an Optimi-

zation Software with 3D Model, Simulation, and Fabrication in Drone Systems Research 

introduced FEA applications using the software 3DEXPERIENCE. Finally, Design and De-

velopment of Unibody Quadcopter Structure Using Optimization and Additive Manufactur-

ing Techniques focused on drone design from a production technology standpoint. In par-

ticular, it introduced the researcher to new additive manufacturing concepts. 

USA Imagery’s web-based article on LiDAR technology and associated terminology helped 

the researcher to gain a solid foundational understanding of LiDAR systems and their us-

age. Airborne LiDAR Technology: A Review of Data Collection and Processing Systems 

(Lohani & Ghosh) furthered that understanding and expanded it to a more academic level. 

While Challenges and Opportunities in Lidar Remote Sensing. Frontiers (Menenti & Zhein 

2021) investigated the limitations of the technology and helped the researcher to gain in-

sight into potential opportunities for optimization. 

Depth Sensing Beyond LiDAR Range (Zhang et al 2020) focused on techniques, technolo-

gies, and procedures to work around the limitations of LiDAR particularly in the domain of 

autonomous driving. Onboard Detection and Localization of Drones Using Depth Maps 

(Carrio et al 2020) evaluated to application of Depth Maps sensors for drone flight and col-

lision detection. The researcher investigated this topic as Zed cameras, incorporate several 

pieces of pieces of equipment that are also used in LiDAR systems into a more compact 

frame. 

Each piece of literature helped the researcher to gain a clearer understanding of the study. 

Nonetheless, the work developed here is rather distinct from most of the literature reviewed 

as the researcher took a different approach to solving the problem. One limitation of this 



 

literature review is that few papers and books on the field of traditional aerospace engineer-

ing were reviewed; however, other resources, such as seminars, and lecture recordings 

were used to fill in the gap. 



 

3 Empirical Study 

3.1 Concept and Development 

To achieve the aims set forth in the introduction, the researcher made the decision to de-

velop a hybrid aerial system. Most commonly, unmanned aerial systems follow one of two 

main morphologies: winged platforms and rotary platforms. Winged platforms tend to pro-

vide optimal flight time and altitude, whereas rotary platforms provide excellent manoeuvra-

bility. Both features can be seen as advantageous for LiDAR mapping. Flight times of siza-

ble duration and high altitudes can be seen as favorable for aerial mapping on large projects 

with geometry that is uniform or simple: such as warehouses or large agricultural plots. High 

manoeuvrability has been demonstrated to be an asset for smaller projects; especially if 

they contain features with nonuniform or complex geometry: such smaller niche construc-

tion projects or gas and electric plants. Unfortunately, both desirable features tend to come 

at the expense of the other. By combining the two, into a third transition, platform it was 

seen as possible to mitigate the cost to both features, to an extent, while maintaining the 

benefits. That is, the key challenge to overcome was the difficulty in successfully hybridizing 

these features into a working unit. It should be noted that other transition / hybrid drone 

platforms have been developed for a variety of purposes: including military, law enforce-

ment, and search and rescue. This study represents the work of the author, as a focused 

attempt at optimizing specifically for LiDAR mapping, primarily for academic purposes. 

To begin, the researcher conducted an analysis of some of the main UAVs dedicated to 

LiDAR mapping, currently available.  This analysis, present in the Appendix 1 Table 1., 

helped to create a preliminary guide for target deliverables for the project. From this analy-

sis, the decision was made to focus primarily on increasing flight time to compete with some 

high-end UAVs. The mean flight time from a sample of 19 units was found to 2.82 x 103 

seconds. A deliverable flight time of 3.60 x 103 seconds, or one hour, was set in response. 

The average payload deliverable was found to be 3.88 kg. In response a target payload of 

3 kg was set. Close to 75% of the UAVs available followed a multirotor morphology; how-

ever, they accounted for only 40% of the UAVs with a flight time equal to or greater than 

one hour. This helped to inform the decision to design a hybrid UAV. It should be noted that 

fixed wing craft only accounted for 20% the morphologies of UAVs with a desirable flight 

time, with unary rotors (Helicopters) accounting for 40%. Hybridizing between multirotor and 

fixed wing morphologies was selected for two main reasons, from the comparative analysis. 

First, the flight time represented by the fixed wing craft was considerably higher than any 

helicopter found in the brief study. Second, hybridizing a multirotor with a helicopter is not 

particularly feasible or necessary, given the nature of those two morphologies. 



 

Another consideration was cost. The total both shaped the development of overall design 

and the selection of structural materials and cost. The aim was to provide a platform capable 

of delivering high performance capabilities, while being produced at a cost much lower than 

the average price point of similarly capable drones. The average price for the LiDAR fo-

cused UAVs compared was found to be approximately $14 900.00 or € 14 300.00 (see ap-

pendix I). For UAVs with the target flight times, the mean cost grew to $27 200.00 or € 

26 100.00. Consequently, the researcher aimed to produce a drone at a production cost 

significantly lower than the averages. An aim of approximately € 7 000.00 was set as a 

production cost. This research was being conducted in the field of mechanical engineering 

and not a business or accounting field; therefore, the researcher recognized that the figure 

set may not quite represent the final end-user price in a production scenario. However, the 

aim was to achieve a price significantly lower than expected, so as to account for any po-

tential markups. As discussed in the introduction, the driving goal of this research was to 

find an aerial LiDAR solution suitable for professional and academic fields. The physical 

features of the UAV were the primary focus, but cost was also a consideration: especially, 

in support of academics in fields with low funding. 

  

3.2 Wing Design Overview 

To achieve a significantly longer flight times than the most common and popular rotary 

UAV’s, used for LiDAR surveys, the researcher decided to incorporate a wing section in 

conjunction with the rotors. The aim of adding the wing was to increase native aerodynamic 

effectiveness, particularly in terms of coefficient of lift. This was hypothesized to be a simple 

mechanical way to overcoming deficiencies in mission duration. However, the addition of 

the wing section to the overall airframe introduced its own challenges: specifically, the wing 

sections would need to be sized correctly, and a suitable airfoil would need to be selected. 

Furthermore, structural components were required to be designed for 3D printing and ma-

terials selected. Despite in inclusion the wing and the extra engineering challenges that it 

presented; the advantages outweighed the disadvantages. 

3.3 Wing Sizing 

In the process of designing the wing, first the required dimensions based on the total load 

of the UAV with payload considered. Following this, an airfoil optimized to increase lift, was 

selected. For dimensioning the wing sections the geometric parameters of area and length 

were focused on. The area of the wing, denoted by here by S, was found using the following 

equation 



 

S = (

(𝑊𝑇𝑜𝑡𝑎𝑙×103)

𝐹𝑊𝐿

100
)   (1) 

Where WTotal represents to total weight of the UAV, including payload and FWL, or the wing 

loading, represents the expected force exerted on each square meter of the wing. Here, an 

estimate of 37 was taken for the wing load and the total mass was determined to be 3.23 

kg from the summation of the UAV’s components and structure. From this an area of 0.873 

m2 was found. It should be noted that based on conventions, the area found here is not the 

total surface area of the wing, but rather the flat surface area taken from the top projection. 

Following the this, the semispan, that is the length of each wing taken from root to tip, could 

be found. First it important to briefly discuss the concepts of aspect ratio and mean aerody-

namic chord. 

 

 

Figure 1: Plane Wing Top View Diagram (Figure: Precious Akpata) 

The aspect ratio delimits the relationship between the length and breadth of a wing. The 

length of a single wing from root to tip, as mentioned above is referred to as the semispan. 

The breadth of a wing from the front edge to the trailing edge is defined as the chord or in 



 

the case of non-uniform sections, the mean aerodynamic chord. In this study a uniform 

rectangular wing was utilized. Hence, the equation for the semispan of a wing is given by 

𝑠 =  
1

2
√𝐴𝑅 × 𝑆    (2) 

Where s is the semispan, AR is the aspect ratio, and S is the area. From this a value of 

1.477 m was found. In order to verify the results, a second approach was applied. This 

approach was referred to as the cubic wing loading or CWL (Durmus S 2020) and has often 

been used for the development of RC planes. It was seen as useful to cross reference this 

method as RC plane design has overlaps with modern UAV designs. Using this method 

requires referring to a general reference for known cubic wing loading values for specific 

types of flight parameters. For RC planes within gliding or sailing parameters a cubic wing 

load or C value of 4 can be taken (Meyers K 2018). From this we evaluate the CWL formula 

and arrive at a given lifting area for the aircraft. 

𝐶 =
𝑊𝑇𝑜𝑡𝑠𝑙

𝑆
3

2⁄
    (3) 

𝑆 = (
𝑊𝑇𝑜𝑡𝑎𝑙

𝐶
)

2
3⁄
   (4) 

 

Using equation (3) a value of 0.867 m2 was found for the wing area. Hence, applying equa-

tion (4) we arrive at a semispan of 1.472 m. This was seen to be reasonable as the CWL 

method is often used more so for estimations rather than rigorous design. 

Initially a semispan of 1.47m was considered to be quite large and undesirable for two prin-

cipal reasons. First, the aim of this study was to investigate the feasibility of an affordable 

3D printed LiDAR drone. Such a large size of wing would exclude most readily available 

and affordable 3D printers, thus reducing the feasibility in most cases. Second, the aim was 

to develop this UAV with the aim of field research or professional work in mind: such as 

archaeological studies, civil engineering as-build data generation, and forestry. A larger size 

could introduce difficulties for conducting such work. However, it was decided, given the 

simple rectangular geometry of the wing that it could be possible to combine 3D printing the 

wing in two or three smaller subsections with snap-fit fastener mechanisms to form the 

complete wing structure. This would also allow the drone to be assembled and disassem-

bled quickly and easily in the field, when necessary. 

 



 

3.4 Air Foil Selection and Analysis 

A critical component of designing any aerodynamic machine element is selecting an airfoil 

to achieve specific aerodynamic qualities. An airfoil is a geometric representation of the 

cross section of an aerodynamic machine element such as a wing, propeller, or turbine. 

There are numerous types of airfoils available to choose from. Airfoils are typically grouped 

into specific series. One of the most well-established series of airfoils are the NACA (Na-

tional Advisory Committee on Aeronautics) series. There are two primary subseries of 

NACA airfoils defined as series 4 and 5 respectively. The researcher chose to focus on 

NACA series 4 for the selection of an airfoil for the drone’s wings. The reason for this being 

the ease of use with a variety of aerodynamics analysis software. Airfoils were not selected 

for the drone’s propellers as the researcher made the decision to select from manufactured 

propellers, whereas the wings would be designed and 3D printed independently.  

NACA series 4 airfoils are defined in a specific way. First, here we will introduce the key 

properties of all airfoils. Next, we will discuss how NACA 4 are defined, using these univer-

sal properties. The key properties that must be considered when defining an airfoil are 

chord, camber, leading edge, trailing edge, upper surface, and lower surface.  

 

 

Figure 2: Airfoil Diagram (Chakraborty 2015) 

Using either dimensions or coordinates in conjunction with these properties allow us to de-

scribe an airfoil.  

The chord of an airfoil refers to the horizontal length of the airfoil from leading edge to trailing 

edge. The camber of an airfoil describes how much the profile of an airfoil curves away from 

the relative to the chord line. Most airfoils could be described as having a “teardrop” profile: 



 

where the camber curves most across the upper surface. Airfoils where this is true for both 

upper and lower surfaces are referred to as symmetrical. The leading edge of an airfoil is 

the first point of the airfoil which contacts the air stream (or another fluid). The leading edge 

is defined using the Cartesian x,y coordinates (0,0). The trailing edge, therefore, is defined 

as the furthest horizontal position away from the leading edge on the physical airfoil. This 

position is expressed using the Cartesian coordinates (n, 0), where n is the horizontal dis-

tance from the leading edge, or the chord. The upper surface refers to series of coordinates 

that parallel a function defining the camber in the positive y direction. Similarly, the lower 

surface is expressed as a set of a coordinates following a function of the camber line in the 

negative y direction. Together these properties allow us to map an airfoil in 2 dimensions.  

NACA series 4 uses these properties in a specific repeatably way to define airfoils in its 

group. NACA 4 series is referred to as such for the four digits used to describe each unique 

airfoil a part of it. The first digit of this series expresses the maximum amount of camber, 

that is curvature, as a percentage of the chord itself. That is the absolute value of maximum 

vertical distance of the camber line from the chord line divided by the chord. The second 

digit points to the position of that maximum vertical distance along a normalized chord (that 

is, the chord is expressed by a value of 1 or 100%). Consequently, this digit is an integer 

value greater than or equal to 1 and less than 10. Finally, the last two digits define the 

greatest thickness of the airfoil itself as a percentage of chord. This can be an integer value 

greater than 0 and less than 100. A NACA 4 series profile of 2405 would thus indicate that 

the airfoil would have a maximum curvature of 20% of the chord, with the position of the 

greatest point of curvature occurring at 40% of the way along the chord line from the leading 

edge. Finally, the general thickness of the airfoil would amount to 5% of the chord. 

The process for selecting the airfoil defining the wing form involved first qualitative analysis 

followed by quantitative analyses separated into several iterative sections. In the qualitative 

analysis, the researcher reviewed material on optimal airfoils for gliding. Extending the flight 

time by combining powered horizontal cruise flight and unpowered horizontal gliding formed 

the rationale for selecting an airfoil optimized for gliding. Even though powered flight in the 

transverse direction could occur, the primary selection criteria was for gliding, as the drone 

would not be required to perform demanding aerial manoeuvres.  

First, qualitatively, the researcher discovered that airfoils optimized for gliding were thinner 

airfoils with low profile curvature, or camber, and with the maximum camber occurring be-

tween the leading edge of the airfoil and about 50% of the total cross section. Consequently, 

three airfoils from each of the NACA 2300, 2400, and 2500 series were selected initially as 



 

the matched the ideal qualities for the position of maximum camber for an airfoil intended 

for use in a gliding wing. From each series a thickness of 6%, 7%, and 8% were selected. 

After an initial pool of airfoils was qualitatively selected, further analyses were conducted to 

determine which would be finally selected. This series of quantitative analyses was divided 

into three sub sections: 1) Preliminary Xfoil analysis 2) Excel analysis 3) Comparative Eval-

uation. The overall purpose of the analyses was to determine the optimal aerodynamic qual-

ities obtainable at an optimal angle of attack. In theory, this would allow of the drone to 

achieve optimal glide characteristics. 

First, each airfoil was individually evaluated across a range of angles of attack (α) in the 

aerodynamic analysis software Xfoil. It was observed that for the given airfoils, the lowest 

consistent value for alpha was -3°. Analyses of the airfoils in angles of attack lower that 

were than -3° frequently failed to converge. Trials were then run in 0.75° increments from -

3° until a solution would no longer converge: indicating aerodynamic stall. Failure to con-

verge could be seen as a wide turbulent separation of the boundary layer of airflow below 

the lower surface of the airfoil in negative α and above the upper surface of the airfoil in 

positive α. 

 

 

Figure 3: Xfoil Nonconvergent Analysis Example (Figure: Precious Akpata) 

 



 

 

Figure 4: Xfoil Airfoil Analysis (Figure: Precious Akpata) 

Trials most commonly ran in range from -3° to 4.5°. This analysis would produce initial re-

sults defining the coefficients of lift (CL), drag (CD), and moment (CM) for a given angle of 

attack. These results were then tabulated together by NACA series, as shown in the figure 

below. 

 

 

Figure 5: Xfoil Airfoils’ Aerodynamic Data Comparison (Figure: Precious Akpata) 

The second part of this iterative process involved taking the lift, drag, and moment coeffi-

cient data and further analysing them in a specific excel program (Hunsaker D 2023). 

  



 

 

Figure 6: Excel Optmized Analysis (Excel Sheet Template: Hansaker D) 

The aim of the sheet was threefold. First, to create an equation for each coefficient. Then 

by utilizing the excel solver to optimize the root mean square value it was possible to mini-

mize the error between values delivered by the equation and values determined in Xfoil. 

Finally, this sheet produced further aerodynamic data to be evaluated using MachUp 5, an 

aircraft simulation application. 

 

 

Figure 7: Excel Analysis Aerodynamic Properties (Excel Sheet Template: Hansaker D) 

Similar to the first step using Xfoil, this second step using Excel was then repeated for each 

airfoil in each series and the results were tabulated together.  



 

In the 3rd step, the results taken from Excel were then iteratively applied to a model of the 

lifting surfaces made in MachUp 5 and the gliding performance was run through two simu-

lations. The first simulation, referred to as Target Lift, evaluated the weight of the UAV in 

conjunction with specific properties of a given airfoil (shown in the figure above) to find the 

optimal angle of attack for cruise flight. The second simulation, Forces and Moments, was 

used to calculate the forces and moments experienced by the craft during cruise flight. After 

all the iterations had been run, the researcher compared the results of all the airfoils, de-

picted in the figure below. 

 

Table 1: Full Airfoil Comparison 

 

The decision was made to use NACA airfoil 2506. Airfoil 2506 was found to have the most 

reasonable angle α for target lift, out of tall the airfoils. It may have achieved a slight greater 

force of lift (FL) than should have been possible; however, this may have been a minor error 

in the program execution. Alternatively, it may have been that at the given angle of attack, 

the airfoil would be able to generate slightly more lift than expected. It experienced the 

lowest drag force (FD) and the least side slip force (FS) of all the airfoils. When evaluating 

rolling (MX), pitching (MY), and yawing (MZ) moments, larger absolute values would result in 

greater stability, but less manoeuvrability. Values closer to zero would result in the contra-

positive. Given that stability was seen as more important for the desired mission profile, the 

2506 airfoil was not evaluated as the best of all the airfoils reviewed. Nonetheless, it was 

seen as reasonable. Its reasonable level of stability combined with good aerodynamic 

forces led to it being selected as the airfoil to be used. It should be noted that MX and MY 



 

are negative while MZ is positive due to the application of coordinate system in the software. 

Further, the value for the angle α from target lift for airfoil 2306 was an error in the program.  

 

3.5 Endurance and Range 

Endurance was a key performance property that was focused on for the study, with aim of 

optimizing it. Range is a property linked to endurance and refers to the distance that an 

aircraft can travel. Range can be determined from the following.  

𝑅𝑀𝑎𝑥 = 𝐻 (
𝑙

𝑑
)

𝑚𝑎𝑥
   (5) 

Where H represents the given altitude and l/d represents the lift to drag ratio. When running 

simulations the lift force and drag force are frequently nondimensionalized and then ex-

pressed as the coefficient of lift to the coefficient of drag. In each case the absolute value 

of the ratio remains the same. Endurance refers to the time of flight for that range. Endur-

ance is found using  

𝐸𝑀𝑎𝑥 =  
𝑅

𝑉𝑠
     (6) 

Where R is the range found in the previous equation and Vs is the velocity of descent or 

sinking speed.  

While the two former equations provide a broad approach for determining the range and 

endurance of an aircraft, more specific equations were used in this study. The method used 

in this study worked to first solve for the endurance and then calculate the range. It was 

possible to solve for the EMax given the following equation. 

𝐸𝑀𝑎𝑥 =
((

𝑄𝐵𝑎𝑡𝑡
1000

)×𝑁𝐵𝑎𝑡𝑡×𝐴ℎ𝑢𝑠𝑒𝑑×
1

100
)

(
(𝐼𝑐𝑟𝑢𝑖𝑠𝑒𝑑𝑟𝑎𝑤+(𝑃𝑝𝑎𝑦𝑙𝑜𝑎𝑑+𝑃𝑎𝑣𝑖𝑜𝑛𝑖𝑐𝑠))

𝑣
)60

    (7) 

Where, 

QBatt = Battery Pack Capacity 

NBatt = Number of Batteries 

Ahused = Total Capacity Used 

ICruiseDraw = Cruise Current Draw 

PPayload = Payload Power 



 

PAvionics = Avionics Power 

v = Voltage = Number of Cells x Cell Voltage 

From this it can be seen that the endurance of the drone was directly dependent several 

variables related to the drone’s power source, in this a case a lithium polymer battery. Ad-

vancements in lithium polymer battery technology made it possible to select a battery of 

extremely high capacity (further detailed in section 3.6.2). In the case of this study, two 

batteries of 10 000 mAh each were selected. It was estimated that the total capacity used 

would 50%. While the payload and avionic power requirements were determined to be 10 

W and 5 W, based on the selected LiDAR payload and other electronics. Finally, the voltage 

was found to total 30.4 v or 15.2 v per battery, given 8 cells and individual cell voltage of 

3.8 v.  

Indirectly, the endurance was also dependent on the total weight of the UAV, the area of 

the wings, and the aspect ratio of the wings. This can be viewed from the equation (8), 

equation (9), and equation (10), where g is gravity, vaircruise is cruise velocity, L/D is the lift to 

drag ratio, ηoverall is the overall efficiency, and ηosw is the Oswald efficiency. Additionally, CD0 

and Cdf represent the zero lift drag coefficient and fuselage drag coefficient respectively. 

 

𝐼𝐶𝑟𝑢𝑖𝑠𝑒𝐷𝑟𝑎𝑤 = (

(W𝑇𝑜𝑡𝑎𝑙×𝑔×𝑣𝑎𝑖𝑟𝑐𝑟𝑢𝑖𝑠𝑒)

𝐿/𝐷

𝑣
)

100

𝜂𝑜𝑣𝑒𝑟𝑎𝑙𝑙
  (8) 

𝐶𝐿 =
W𝑇𝑜𝑡𝑎𝑙×𝑔

1

2
𝜌(𝑣𝑎𝑖𝑟𝑐𝑟𝑢𝑖𝑠𝑒)2𝑆

  (9) 

𝐶𝐷 =
(𝐶𝐷0+𝐶𝑑𝑓)+(𝐶𝐿)2

𝜋𝜂𝑜𝑠𝑤𝐴𝑅
  (10) 

Using equation (7) a maximum flight time of 79 minutes or approximately 1.3 hours was 

estimated. The range was then estimated to be 71.5 km from the following equation. 

𝑅𝑀𝑎𝑥 =
60×𝑇𝑚𝑎𝑥×𝑣𝑐𝑟𝑢𝑖𝑠𝑒

1000
 (11) 

 

 



 

3.6 Components  

3.6.1 Initial Selection Criteria 

Here we discuss the components of the LiDAR UAV that were not designed by the re-

searcher, but rather selected to work together with the drone. It would be possible to con-

struct approximately the same drone using different components. Given advancements in 

technology and improvements in product offerings, it could be seen as necessary to con-

struct the drone using different components. Therefore, this section functions as a proof of 

concept. Most of the selected components were electronic in nature and thus not feasible 

to design from scratch for the scope of this thesis. The exception being the propellers, which 

were included in the selection group to help reduce complexity and increase reproducibility. 

The primary metric, by which components were evaluated against, was weight. Given one 

of the chief aims of the research was LiDAR drone weight reduction, it followed that the 

weight of the selected components would need to be minimized as much as possible. The 

researcher was initially concerned that this could lead to performance trade-offs; however, 

overall, the selected components were able to meet the ideal specifications for the drone. 

 

Table 2: Components List 

 

 

3.6.2 Individual Selection Criteria 

LiDAR Sensor 

The VLP 16 Puck LiDAR sensor was selected for a number of reasons. Primarily, outside 

of weight considerations, the cost affected this decision. Given its comparatively high level 

of quality, its low cost was seen as highly advantageous. As mentioned in the introduction 

and section 3.6.1 the main considerations were time of flight and weight reduction. None-

theless, it was seen as beneficial to design a LiDAR UAV with competitive flight times, low 



 

weight, and low cost. This could expand the use of LiDAR mapping for fields of study and 

organizations where funding may be limited. As mentioned above, the VLP 16 was also 

seen as a reliable sensor, being one of the earliest general purpose LiDAR sensors re-

leased for the commercial market.  

Two other LiDAR sensors were considered during the early selection process. They in-

cluded the DJI Zenmuse L1 LiDAR and the Seed Studio TF03-100 Lidar. In terms of weight, 

the ideal selection would have been seen as the TF03-100, coming at only 89 g. This was 

followed by the VLP-16 at 830 g and lastly the Zenmuse at 930 g.  In terms of LiDAR capa-

bilities for aerial mapping, the order of the sensors was completely reversed. Thus, the VLP 

16 was selected as it was in a set of three, neither the worst performing nor the best per-

forming in each critical criterion.  

 

Propeller Motors 

There was a wide range of propeller motors to select from, even at very low weights. There-

fore, the main criteria the researcher used to evaluate the motor selected was how well the 

motor could perform in relation to the propellers. Certain characteristics, detailed below, of 

the propellers were found to be critical to the overall performance of the UAV in flight. Match-

ing the right motor to the propellers required due consideration. 

 

Propellers 

The propeller tip speed and diameter were found to be critical for performance optimization. 

Given the weight of the UAV was above 1000 g, it was necessary to select propellers with 

larger diameters that could maintain optimal tip speed. From figure 9 in appendix 2 a plot 

showing UAV weight to corresponding propeller diameters can be found. The weight of the 

UAV’s components was found to be 1.2 x 103 g. The additional weight of the frame brought 

the weight up the approximately 1.5 x 103 g. This corresponded to a propeller diameter of 5 

to 6 inches or 127 mm to 152 mm. 

Battery 

The battery pack was selected primarily for its exceptional capacity of 10 000 mAh. In ad-

dition to this the battery pack’s weight (930 g) and physical dimensions (166 mm x 48 mm 

x 68 mm) were also optimal. A good battery was seen as having the properties of low to 

extremely low weight paired with medium to long life. The drone was designed to function 

with both hybrid fixed wing gliding and rotary capabilities. Consequently, the battery itself 



 

did not necessarily have to provide high duration; however, it was viewed as useful in that 

it was capable of providing extended powered flight duration.  

 

Communications and Other Electronics 

A radio transmitter and receiver kit comprised the communications element of the drone. 

The other electronics selected included the Electronic Speed Controller, Flight Controller, 

and feed camera. For the scope of this research and the aims of the UAV design, these 

components were not focused on as much as others. The approach used for these compo-

nents was to review the marketplace for competitive options and finding the components 

which could provide good performance at a low cost. The selected communications and 

other electronics, shown in table 2 above reflected these parameters. 

 

3.7 Materials Selection 

3.7.1 Concept 

The principal concept that the materials selection process for the structural components 

was developed from was based on additive manufacturing. Specifically, the researcher 

aimed to ensure that the structural components that were required could be produced by 

3D printing: making them more accessible to more people and also reducing the overall 

production costs. Stratasys, a company providing a wide range of specialized additive man-

ufacturing products and services, proved to be a great source of information for the selection 

process. They provided some unique and high-end materials for the 3D printing process, 

such as Nylon 12 CF with exceptional chemical and physical properties. The other materials 

evaluated included regular Polylactic Acid (PLA) for 3D printing, ULTEM 9085, Essentium 

PEEK, and carbon fiber PLA.  

3.7.2 Selection Criteria 

To arrive at the decision for suitable structural material to be used in the construction of the 

frame, the researcher used a simplified Pugh approach for selection. In this approach each 

material was evaluated on two separate series of criteria: hard requirements and soft re-

quirements. For each requirement a score of 1 (pass), 0 (neutral), and fail (-1) was given 

based on the criteria. The results of the selection criteria are shown below in table 3. 



 

3.7.3 Materials Selection Evaluation 

 

Table 3: Materials Evaluation 

 

The hard requirements were composed of physical properties necessary to make the struc-

ture stable. These requirements included density, tensile strength, and melting temperature. 

The density was used as a generalized expression of weight, as a consequence of how the 

materials were made available on the market. A lower the density corresponded to a lower 

weight and thus a higher score. A density of 1.3 x 103 kg / m3 was selected as the neutral 

point. A higher density result in a negative evaluation and a lower density resulted in a 

positive evaluation. For strength, 45 MPa was selected as the neutral point; however, unlike 

with density, higher scores resulted in a pass and lower scores with a failure. Finally, melting 

temperature was assigned a neutral point of 200 °C. Similar to strength, higher scores were 

given a passing evaluation and lower scores a failing evaluation. 

The soft requirements were separated into two main groups: price and accessibility. Price 

was evaluated on a quantitative scale where a lower value achieved a higher score. This 

decision was made to express affordability in a quantitative manner. Price was given in two 

forms: first in USD ($) and second in Euros (€). The reason for this was due to the primary 

currency that most materials were sold in. A uniform conversion rate was applied to the 

original price to express the quantities in Euros. This was seen as appropriate for the region 

in which the was being conducted. The last requirement was accessibility. This was more 

of a qualitative value, based on how easy it was to find suppliers for each material. Higher 

accessibility resulted in higher scores.  

Each material was graded on a table against both all the requirements and each other. After 

each requirement an evaluation was given. Under all the requirements a sum total evalua-

tion was calculated, based on the scores achieved in each requirement, by each material. 



 

From the Material Selection Evaluation table, it can be seen that the material Nylon 12 CF 

achieved the highest score. This was somewhat surprising for the researcher, as initially it 

was expected that ULTEM 9085 or Essentium PEEK would achieve the highest score. This 

was not the case. Still, in the researcher’s point of view, both of those materials could be 

seen as reasonably good for the purpose of constructing the frame. The second and third 

placed materials, PLA and Carbon Fiber PLA respectively, could also be seen as appropri-

ate, if only from the perspective of cost and accessibility. 

 

3.8 Challenges, Errors, and Limitations 

This study was conducted over the course of 2 separate academic years, during three non-

consecutive semesters. Consequently, certain initial observations and comparisons 

changed during the study. Particularly the cost and availability of certain components had 

to be slightly adjusted.  

Additionally, it was the researcher’s view that the study could have been narrower. After 

working through the paper, it was evident to the researcher that the most effective work 

done was focused on the wing sizing, airfoil analysis, and materials selection. It may have 

been a more focused study if only these factors were considered.  

Furthermore, optimizing the flight time was both the most challenging and rewarding com-

ponent of the study. In retrospect, this would have been the singular focus of the study, by 

way of the three former mentioned sections of work. Initially, it was the aim of the researcher 

to cover more areas. Work done revealed that depth of study would have been more effec-

tive than breadth. 



 

4 Conclusion 

The aim of this study was to find out the feasibility of producing a relatively lightweight, high 

endurance, and moderately low-cost LiDAR capable UAV. The study was able to demon-

strate that a LiDAR drone capable of over an hour of sustained flight was possible. The 

study was almost able to reduce the weight to the optimal target; however, the results were 

8% greater than desired. The mechanical outcomes are shown in the figure below. 

 

 

Figure 8: General Results and Condition Results (Figure: Modified from Hansaker D Tem-

plate Sheet) 

The financial aim of the research was also met successfully, with the initial target to achieve 

a price lower than 7 000.00 €. A cost of 5 187.95 € was achieved. It should be noted that in 

principle the cost could be lower, as the drone did not require a full kilogram of Nylon 12 

CF. Unfortunately, industrial 3D printing is not typically sold in units under 1 kg and so the 

minimum amount of material was used in the cost evaluation. 

 

Table 4: Components and Material Costs 

 



 

Based on the initial targets set in section 4.1 the study was almost successful, as two of the 

three aims were achieved. 

 

Table 5: Outcomes 

 

The researcher concluded that it would be possible to optimize modern LiDAR drones to 

have much higher endurance and lower costs than initially surveyed in the marketplace. As 

technology improves it is possible that costs may be reduced further. Weight reduction was 

also seen as feasible, although more difficult to achieve in conjunction with desired flight 

times. Overall, the study was able to demonstrate the present and future feasibility of LiDAR 

UAV weight reduction and optimization. 
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Appendix 1: Market Analysis 

4.1 Table 1. Preliminary Drone Market Comparative Analysis 

 



 

Appendix 2: Propeller Analysis 

4.2 Figure 9: Propeller Diameter Analysis 

 


