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Section I: Concept Definition 

1.0 Context  

1.1. The Entertainment Industry 

The entertainment industry in the United States is one of the key industries with substantial 

impact on the economy. For instance, in 2012 the total revenue generated from the U.S. 

entertainment and media market industry was $479.23 billion (Table 1). This was 29.2 percent 

of the total global industry revenues, a substantial market portion compared to most industries. 

By the year 2017, the industry in the United States is expected to generate $632.09 billion, 

which is equivalent to 29.4 percent of the global industry revenues; a figure approximated to be 

more than $2.152 trillion (Bind, 2013). In the category of light show entertainment, fireworks are 

the most dominant alternative followed by Laser light displays in terms of revenue. The demand 

for fireworks has been growing over the years with revenues which appreciated from $284 

million in 1998 to $36 million in 2010 and again to $755 million in 2015 (American Pyrotechnics 

Association, 2015). 
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Table 1. Entertainment market from 2011 until 2020 (in Billions) 

 

1.2 Light Shows  

Safety and health concerns remain to be major issues when it comes to fireworks and laser 

light show entertainment options. The major risks associated with fireworks include the risk of 

injuries and fatalities to the public and the risk of fires. A report by National Fire Protection 

Association indicates that in 2013 alone, fires emanating from firework displays were estimated 

at 15,600 (NFPA, 2016). In 2015 Consumer Product Safety Commission (CPSC) reported 11 

deaths and 11,900 injuries that were caused by fireworks. There are also concerns about 

environmental effect of fireworks. Mainly, noise and air pollution are the key concerns. 

Fireworks have detrimental effect on air in terms of release of particulate matter, carbon 

emissions and other metallic components. Past studies have identified potential negative health 

effects in regard to respiratory health. Additionally, fireworks have significant effects in terms of 

noise pollution (Gouder & Montefort, 2014). Due to the health and safety concerns which are 
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associated with fireworks, the demand for laser light displays is on the rise. The laser light 

alternative is also associated with several side effects on human health including the risk to eye 

damage due to direct contact with laser rays. 

2.0 Problem Statement 

As it is indicated in the previous paragraph, there are only a limited options with regard to light 

show entertainment and the status quo does not have any new viable means of entertainment 

that have evolved regarding light shows. Additionally, due to the increased risks of fire and 

injuries to the audience in close premises, fireworks do not meet the required public safety 

standards in relation to mass crowd entertainment. A remediation will be necessary  to build a 

system which is safe for the people, safe for the environment, superior in entertainment to the 

current alternatives, cost effective and renewable.  

3.0 Gap Analysis 

The demand for light display entertainment has been increasing over the time. Fireworks are 

traditionally the mostly used light show entertainment option worldwide. Over time, people have 

used fireworks innovatively to create unique firework displays. There are several concerns with 

the use of fireworks as an entertainment option. First, use of fireworks is associated with the 

risk of fire incidents and injuries. Secondly, fireworks have negative environmental 

consequences such as noise and air pollution through releasing carbon fumes to the 

atmosphere (Worland, 2015). Another drawback is that fireworks are not renewable. 
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The alternative to fireworks has been use of laser light displays. Laser Light displays involve 

use of laser lights technology to display entertaining light pattern similar to firework displays. In 

many instances, laser light displays are accompanied by other forms of entertainment, for 

instance, music and rhythms. Laser light displays are advantageous in the sense that, they are 

considered to be safer as compared to fireworks and they do not involve noise and air pollution. 

In addition, laser shows are renewable and the cost of laser display is almost comparable to the 

cost of firework displays (Onian, 2013). However, laser light displays provide limited 

entertainment options and equipment can sometimes be very costly. 

 

Figure 2: Capability Gap 

  

It is therefore clear that fireworks and laser light displays as light show entertainment options 

not meeting the demand for innovative safe, environmental friendly and cost effective light show 

entertainment options. The proposed drone light show system is aimed at bridging the gap 

being created by the available options. The drone light show system will an innovative 

entertainment option that leverages on modern technology and at the same time, it will permit 

enhancement of safety of public and have minimal risks of fire. Drone light show system will 
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also address the environmental concerns because it does not have carbon emissions. The 

proposed system will also be cost effective because it will be renewable. 

4.0 Statement of Need 

Due to the problem at hand, there currently is a need for a light show system that is safe for 

large-scale crowds, entertaining for all viewers, and that which is safe for the environment as 

well. 

5.0 Stakeholders Analysis 

Before developing the system, it was crucial to identify the stakeholders who have interest in 

the system. In order to do that, the team conducted a thorough analysis on all of the different 

stakeholders who directly and indirectly involved with the system. 

 

A. Viewers - One of the 5 major stakeholders. Their key objective is to observe an enjoyable 

and entertaining light show. Their main concerns fall in the categories of safety risks and cost. If 

either of these categories is high, then they may opt for other alternative light options. 

 

B. Venues - The key purpose of the venues is to make profit from their rental spaces. They are 

interested parties who wish to host small events, parties, and other grand scale events. Their 

main concerns relate to the safety of the people they cater to and the general public. If some 

event has a risk associated with it in the preliminary analysis, they may or may not be willing to 

rent for such an event. 
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C. Drone Parts Manufacturers - The major objective for the parts manufacturers is to maintain 

their profit margins and continue selling their merchandise. If a particular drone, which is not 

one of their models was to become chosen in terms of safety and entertainment, these 

manufacturers may end up with a loss. That is a tension which needs to be overcome in 

regards to this project. 

 

D.Insurance Companies - Their role as a major stakeholder is to provide insurance in cases of 

emergencies and liabilities. Since drones were previously used for military purposes, 

companies are hesitant to outright provide them with insurance. They are likely insure light 

shows with drones if some risk analysis data was available for them to view and insure 

appropriately. 

 

E. FAA/OSHA - Both the Federal Aviation Administration (FAA) and Occupational Safety and 

Health Administration (OSHA) play are regulatory bodies for drones. The FAA has recently 

come up with Part 107b as part of the regulation which states the rules that need to be followed 

with regard to drone licensing and certification for their safe use (faa.gov) . OSHA controls and 

handles the legislation for indoor spaces (osha.gov). However,  at this specific project, it is 

following the rules issued by the FAA. 

 

Secondary Stakeholders 

● Swarm Vendors- Main objective is to sell own swarming technology. 

● Sponsors - Main objective is to profit from their initial investment in a business 

venture. 
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● Law Enforcement - Main objective is to provide a safety and security for everyone. 

● Competition - Main objective is to gain viewership for their own light show display. 

● Sound Entertainment- By having the collaboration with music industry will aid in 

bringing more viewers. The negative effect this may result is that profit may be split 

between the two entertainment industries.  

● Programming Software - Main objective is to sell their specific software. A 

possible tension is that the specific software is not the best quality so a company may 

suffer from profit loss. 

● LED Manufacturers- Main objective is to make a profit from selling LEDs. Similar 

to the programming software and drone parts manufacturers a possible source of tension 

arises from having inferior products which may lead loss of profit. 

Stakeholder Tensions 

    

 

Figure 3: Stakeholders Tension Diagram 

 

The primary tensions within the major stakeholders arises from safety and risk concerns, 

satisfaction needs, and monetary needs. As the diagram above illustrates there are 
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interdependencies between each of these key regions that must be met and satisfied. In terms 

of the regulatory branch of the tensions diagram, the FAA’s concern is that UAVs  do not 

interfere with public airspace, as they are risk inducive. The public airspace is FAA jurisdiction 

and it significant concern if UAVs interfere. Thus, they are against having UAVs flown. Another 

concern is  safety versus entertainment for viewers. Viewers may tend to favor their personal 

safety over entertainment if safety is not properly addressed. Similarly, the venues, insurance 

companies, and drone parts manufacturers are concerned that they may have potential loss of 

profit if their products are not used or implemented in the best sense. 

In order to have a win-win solution all of these concerns need to be met. Drones are here to 

stay. So, the faster that they are incorporated into all aspects of our lifestyles the easier it will be 

for their implementation and regulation. So, the FAA and OSHA’s first priority must be how 

regulate properly as this part of their jurisdiction and advancements must be taken into account. 

If the safety risks are taken into consideration and reduced to a minimalistic number, then 

viewers may be interested in viewing the light show. Likewise this would help insurance 

companies to come up with quotes and generate profits for venues. There will always be a 

need for spare drone parts, so there is potential for profit for drone parts manufacturers. 

 

 

 

 

6.0 Requirements 
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According to the what the sponsor has wanted in the DLSPS, we have taken it into account the 

what was mentioned. In addition, we had researched past requirements for drones, in order to 

come up with the requirements.  

MR.0 Mission Requirements: 

MR-1 The system shall produce light patterns that can be seen from any seat in the venue. 

MR-2 The system shall provide a minimum continuous performance for 15 minutes. 

MR-3 The system shall pass the mandatory, pre-show site survey. 

MR-4 The system shall meet the following safety requirements: 

MR-4.1 The system shall have a risk of fatality of less than 10-7. 

MR-4.2 The system shall have a risk of injury of less than 10-5. 

MR-4.3 The system shall have a risk of property damage of  less than 10-3. 

MR-5 The system shall have setup time of no more than 5 hours. 

MR-6 The system shall have a breakdown time of no more than 4 hours. 

MR-7 The system shall have a final system check time of no more than 10 minutes. 

MR-8 The system shall have a MTBF of two years. 

MR-9 The system shall be monitored by at least 2 on site engineers during a show. 

MR-10 The System shall be monitored by as few as a single drone pilot during a show. 

FR.0 Functional Requirements: 

FR-1 The system shall have a radio frequency communication between the drones and the control 

station. 

FR-2 The system shall produce light patterns using drones.  
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FR-3 The system shall monitor real time performance through a control station. 

FR-4 The system shall have drones that fly according to an encrypted pre-programmed trajectory 

patterns. 

FR-5 The system shall use drones that have a stabilization mechanism during flight. 

FR-6 The system shall have built in navigation system that has a horizontal accuracy of at least 3.5m. 

 

DR.0  Design Requirements 

DR-1 The system shall use drones that have a maximum takeoff weight of  0.91 Kgs. 

DR-2 The system shall have a built in gimbal for stabilization. 

DR-3 The system shall have a built in INS system for navigation. 

DR-5 The system shall use drone cameras that have a resolution of at least 8.1 Megapixels. 

DR-6 The system shall use drones with LEDs that have at least 1500 lumens brightness. 

DR-7 The system shall have at least two spare drones as replacements in case of emergency. 

DR-8 The system shall have a life cycle of at least every 2 years. 

DR-9 The system shall use launching and landing  pads with an area of at least 25” x 25” each.  

DR-10 The system shall have no more than 2.14 failures per 100 show hours. 

OR.0 Operational Requirements 

OR-1 The system shall have a pre-show inspection of at least 10min. 

OR-2 The system shall limit the maximum indoor flight altitude to 250 meters.  

OR-3 The system shall have a control system that monitors and keeps the drones to fly at least. 5 ft 
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below the ceiling in an inclosed show environment. 

OR-5 The system shall use drones that meet all the manufacturer’s operational safety standards. 

SR.0 Simulation Requirements 

SR.1.0 The Lead-Follow control model shall simulate the separation between adjacent drones during 

flight. 

SR.2.0 The kinetic energy model shall simulate the kinetic energy of a falling drone to assess the risks 

of: Fatality, Injury and Property Damage. 

SR.3.0 The Microsoft Excel NMAC model shall simulate the risks of Near MidAir Collision (NMAC). 

SIR.1.0 Lead-Follow Control Model Input Requirements 

SIR.1.0.1 The Lead-Follow model Control shall take the initial position of the Lead drone as an input. 

SIR.1.0.2 The Lead-Follow Control model shall take the target position of the lead drone as an input. 

SIR.1.0.3 The Lead-Follow Control Model shall take the initial position of the Follow drone as an input. 

SIR.1.0.4 The Lead-Follow Control Model shall take the target position of the Follow Drone as an input. 

SIR.1.0.5 The Lead-Follow Control Model shall take target separation as an input. 

SIR.2.0 Kinetic Energy Model Input Requirements 

SIR.2.0.1 The Kinetic Energy Model shall shall take the drone mass as an input.  

SIR.2.0.2 The kinetic energy model shall take the final velocity a falling drone as an input 

SIR.3.0 NMAC Simulation Input Requirements 

SIR.3.0.1 The NMAC simulation shall take the number of drones as an input. 

SIR.3.0.2 The NMAC simulation shall take the velocity of drones as input. 
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SIR.3.0.3 The NMAC simulation shall take the target separation between drones as input. 

SOR.1.1 Lead-Follow control model Output Requirements 

SOR.1.1.1 The Lead-follow control model shall output the final position of the Lead drone. 

SOR.1.1.2 The Led-follow control model shall output the final position of the follow drone. 

SOR.1.1.3 The Lead-follow control model shall output the actual separation between the Lead and   

Follow    drones. 

SOR.1.2 Kinetic Energy Model Output Requirements 

SOR.1.2.1 The kinetic energy model shall output the final velocity of a free falling drone 

SOR.1.2.2 The kinetic energy model shall output the final kinetic energy of a free falling  drone. 

SOR.1.2.3 The kinetic energy model shall output the risks of fatality, injury and property damage. 

SOR.1.3  NMAC Output Requirements 

SOR.1.3.1 The NAMC simulation shall output NMACs with 99% accuracy. 

SOR.1.3.2 The NMAC simulation shall output the maximum and minimum separation limits. 

SOR.1.3.3 The NMAc simulation shall output the mean separation between a given number of drones. 

SOR.1.3.3 The NMAc simulation shall output the standard deviation from the mean separation for a 

given number of drones. 

  

7.0 Concept of Operations (CONOPS)  

The concept of operations for the drone light show system gives an overview of how the system 

works. It describes how the the key parameters of the system function individually and integrate 

use and operation of the system. The Drone light Show system will includes associated 
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hardware and software, facilities and material as well as technical specification of the system 

along with the personnel needed to operate the system. The CONOPS  provides the 

quantitative as well as the qualitative specification of  how the system works. 

7.1 DLSPS Operational Concept 

The proposed system is meant to address the challenges of the current light show alternatives 

including fireworks and laser light shows. The Drone light show system is a system that will 

enable light show display using a swarm of drones based on a pre-programmed design with 

LED light displays in a manner that will provide entertainment to the audience. The aim of the 

system is to provide alternative entertainment to fireworks and laser light displays. This system 

will provide an entertainment alternative which is innovative, safe and eco-friendly. 

The proposed system will involve operation of swarm of drones equipped with LED lights where 

the drone movement will be synchronized with the lighting of the LEDs to produce specific light 

patterns for crowd entertainment. The system will permit customization of the drone trajectories 

and the lighting patterns to allow incorporation of user specifications. The drone light show 

system will be designed for crowd entertainment in areas such as stadiums, arenas and open 

grounds. The system will also allow for customization to allow drone light show performance in 

indoor areas including in events such as football and basketball games and other forms of 

public gatherings.  

Drone light show Performances will done for a period of up to 30 minutes. But due to limitations 

of battery capacity, the availability of show time slots between games or at half time, the current 

optimal show time is about 20 minutes. For clarity of the light show, the most appropriate time 

for drone light performances will be at night or in low light conditions. 
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Sequence of processes during drone light show performance and operational 

specifications 

Concepts of operations will be classified into two: operational steps and specifications 

preceding the show and steps and operational specifications at the time of performance. 

7.2 Steps Preceding the Show 

Before the drone light show performance is done the following steps will be accomplished; 

Site Survey – site survey will involve obtaining site parameters such as available space, the 

size of the audience and other venue-specific parameters. This process will enable 

customization of the system to suite the venue parameters. 

Risk assessment through Simulation – after obtaining venue parameters, risks assessment 

will be done through simulation. This will be done by putting the venue parameters in the 

simulation model and running the simulation to identify potential risks and identifying measures 

to mitigate the identified risks. 

Software Customization – drone light show software will be customized based on the venue 

parameters and client’s specifications. Software customization will also consider other 

entertainment provisions such as background music or life performances. Customization will 

involve identification of number of drones that will be used, flight trajectories, speed and time of 

performance that will provide the best outcomes. Customization will also involve 

synchronization of the drone movements with LED lighting design. 

Fleet check to identify INS range of each drone – test performance will be done to identify 

how drones move relative to each other and adjustments will be done accordingly. 
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Placement of appropriate safety protocols – this will involve obtaining required approvals 

and authorizations from regulatory agencies including fire departments, security agencies and 

FAA where necessary. 

 

7.3 Operational Steps on the day of show 

On the day of show, the following operational steps will be done, 

Setting up communication station – The communication station is also the control station 

where drone operators will be operating the system from. All the necessary equipment will be 

put in place depending on the requirements of the performance.  

Mark crowd line – this will involve separating the crowd from the area where drone operation 

will be taking place. This is one aspect of enhancing safety of the audience. 

Lay out drone on their respective landing pads- in readiness for the performance all the 

drones will be placed on their takeoff positions depending on the findings of the test 

performance. 

Obtain clearance for takeoff – when all the operational and safety requirements are satisfied, 

the operators will get clearance to launch the drones to start the performance. Clearance for 

takeoff will be primarily based on assessment of safety protocols at the time of performance. 

Begin the light show performance - the show is run based on the customized system inputs. 

The performance will be monitored closely by operators to identify faults and provide 

remediation measures. 

End of performance – when the performance is over, safe landing of the drones will be done 

and drones will be moved to safe storage. 

An example of this operational concept is illustrated in a diagram below. 
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This system should have a succinct business model that will produce a profit within the first 

year. 

 

 

    Figure 4. (source Alexander Lanteigne) 
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Additionally the risk assessment shall look at the possible ways a drone can incur a failure. 

Figure 4 shows how all of these components are correlated with each other and if a failure was 

to occur these issues will need to be addressed. 

 

Figure 5. Component Functional Block diagram 

7.4 Scenario Analysis 

As the final product, the Drone Light Show Production System must be flexible in terms of 

where it could be broadcasted so more shows could be sold. In order to explore the safest and 

most effective environments for the DLSPS, two scenarios will be evaluated within the 

simulation. 

Scenario A: Eagle Bank Arena 

The first scenario is to fly the drones inside Eagle Bank Arena. Eagle Bank Arena is an indoor 

stadium located in Fairfax, Virginia on George Mason University’s main campus. The venue has 

a maximum capacity of 10,000 people which surround a central stage or basketball court. This 



 

 

Design of a Drone Light Show Production System 

Alexander L. Elias K. Sabreena A. Suliman A. 

  

 

23 

scenario is a likely situation where a drone light show could be performed. During halftime as a 

performance to entertain the viewers, the DLSPS would be ideal as the show itself would not 

need to take more than 20 minutes to excite the audience. However, with such a large crowd, 

the safety of the everyone watching the show is also at risk. This will be a pivotal case of study 

for the simulation. 

Per Barry Geisler, GM of Eagle Bank Arena, the fees associated with Eagle Bank Arena include 

a $40,000 initial cost which covers the space, cleanup, maintenance, and more services for the 

stadium. In addition, there is a $4 charge per ticket sold to cover the staff for the day of the 

show, including grounds staff, parking staff, and other associated workers. With a full house, 

the fee for Eagle Bank Arena would be $80,000. 

 

 

Figure 6: Basket Ball Court Show Scenario 
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Figure 5 shows the area where our drones will be able to fly in reference to eagle bank arena or 

any other stadium which includes a court. 

Scenario B: The GMU Center for Performing Arts 

The second scenario is the GMU Center for Performing Arts, also located on George Mason’s 

campus in Fairfax, Virginia. It’s capacity is much smaller as the CPA is tailored to fit orchestras 

and plays, however it would still be a location where the DLSPS would draw significant interest. 

With a capacity of 1,935, the drones could fly harmoniously with a live orchestra for a premium 

cost which would not only be entertaining for the guests to list to the music, but to enjoy the 

aesthetic drone patterns fly in unison to the music as well. The risk here is also critical to note, 

as a smaller environment could also increase the chances of problems with the drone light 

show which could lead to injuries. There are be 2 sub-scenarios for the GMU CPA as shown in 

figure X. The first scenario would be simply to fly the drones over the stage and limit their 

movement to only in a location where nobody is directly under the machines. This would 

hypothetically be the safest option when performing the show. The next scenario is to fly the 

drones not only on the stage, but over the crowd as well. Though this would be a much more 

dangerous scenario for the simulation, it is still important to evaluate all possible options so 

future scenarios could be improved accordingly. 
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Figure 7: GMU CPA  

The Fees for the GMU CPA differ greatly when compared to Eagle Bank, understandably 

because of the disparity in capacity. Per David Foti, Schedule and Event Coordinator of the 

Center for Performing Arts and Adjunct Professor, the initial cost for a show on Monday through 

Thursday would be $3500, and weekend shows costing $3800. Then with a multitude of smaller 

fees such as ticket printing costs ($800) and box office personnel ($500), the total cost for one 

show at the GMU CPA amounts to around $9,200.  

7.5 Sequence Diagrams 

Below are two sequence diagrams we have completed for the DLSPS. Figure 4 displays the 

overall DLSPS sequence diagram with different components which comprise a successful 

drone light show. Starting from customers we proceed to the engineers branch where they are 

responsible for gathering all of the date and coming up with the resulting information. All of this 

data acquired from the other branches is then inputted into the DCS branch. DCS then comes 
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up with the risk analysis and safety module for the drones according to the venue information, 

the venues associated risks, budget, and drone information. 

 

Figure 8. Overall Sequence Diagram 

 

The second sequence diagram illustrates the what will occur on the operation day of a light 

show system. We have the 5 main branches interacting together. The most important aspects 

that may not be understood visually about this diagram are the fact that the DCS working with 

DLSPS is automatically incrementing the drones’ positions. The second thing is that in case of 

emergency it will initialize the safety mode which consists of the drone following the others in 

flock if its receiver is blocked. It also has safely land mode in case none of the other conditions 

are met. In order to avoid life threatening accidents. 
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Figure 8: Light-Show Display  Sequence Diagram 

 

7.6 Use Cases  

Below are some examples of use cases. 

 

Table 2: Use Case 1:When Drone Malfunctions 

G

oal 

DLSPS realizes that a drone is 

malfunctioning so it initializes safety 

mode by: (1). notifying engineer  (2). 

Getting follow mode, and land safely 
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mode ready. 

Surroundings When a malfunction occurs, 

drone sends alert to onsite control 

station or engineer. 

Acting Elements Onsite engineer, Control station, 

drone, DLSPS. 

  

 Table 3: Use Case 2: Change of Direction for Drone 

G

oal 

 Drones need to change direction 

during show due to static or dynamic 

obstacle in path. 

Surroundings The control station and DLSPS are 

notified of the obstacle. The engineer is 

made aware; in case he/she may need to 

manually takeover. 

Acting Elements Onsite engineer, Control station, 

drone, DLSPS. 
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    Figure 9. System Components (source Sabreena Azam) 

 

7.7 Solution: 

The goal for the end of this project is to create a functional simulation model of a Drone Light 

Show system which accurately tests a swarm of drones to fly in a visually appealing pattern, all 

while having a comprehensive risk and safety analysis in the possibility of failure within the 

project, and ending with an in depth analysis of a budget to result in a net profit for the 

engineers and potential sponsors of the show. But due to project budget constraints, the project 

team decided to focus on the the design of a Lead-Follow control model that can enable as few 

as a single drone pilot can operate the swarm of drones by controlling the flight trajectory of the 

Lead Drone. 
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8.0 Simulation and Modeling 

8.1 Simulation Objectives 

The DLSPS design team believes that due to the pertinent knowledge, time and budget 

limitations as well as the potential system risks involved, the system being designed can not be 

tested in an actual show environment. Therefore, dynamic models that can capture the most 

important aspects of the system will be built to simulate the behavior and attributes of the actual 

system within specified levels of confidence.To achieve this, the team built a Lead-Follow 

Control model to study and simulate the possibility of having as few as a single pilot to operate 

the entire show by just monitoring the trajectory of the Lead drone, a  Kinetic Energy model to 

calculate the kinetic energy of a falling drone to assess the associated risks to viewers and the 

nearby equipment and finally, a Near Mid-Air collision (NMAC) simulation to study and simulate 

the effect of varying the number of drones that are used in a show on the mean separation error 

and the probability of NMACS. 

8.1.1 Evaluate the performance of the Lead-Follow Control Model                                                   

Evaluating the performance of the Drone Lead-Follow control model helps to understand what the 

different sections and components of the model are as well as their logical sequence and functions. It 

also helps to understand how the inputs and outputs of the system are related to yield the values set in 

the requirements. This objective focuses on the proportional (P), Integral (I) and derivative (D) 

components of the PID controller and how value changes (turning) these parameters change the output 
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of the system.

 

Figure 10: Done Lead-Follow Control Model 

Figure 10 shows the Drone Lead-Follow Control Model. The model is subdivided into three 

main sections horizontally; these are the X, Y and Z position coordinate axes. The sections are 

the same functionally but organizing them in the way they are presented helps to evaluate each 

axis separately. The model is is subdivided into three subsections vertically; the left most 

section is the Lead drone section. It starts with a step function in which the initial and target 

positions of the lead drone are inputted, a rate-limit block to impose a lower and upper limit to 

the input signal. There are two delay blocks included in the Lead drone section of the model; 

the first one counts for the signal transmission delay within the system itself and the one closer 

to the middle of the model adds a time delay to separate the lead and follow drones movements 

based on the delay values added in the blocks. The output from the lead section is the actual 

position of the lead drone and is inputted to an adder block which receives the same output 

from the right side of the model, i.e., the follow drone section which is the same as the lead 
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section except the omission of the second delay block. The difference between the two is 

calculated as the actual separation. These separations in the three axes are calculated 

separately based on the control settings for each axis. 

In the middle section of the Lead-Follow Control model, shaded in green, are the PID 

controllers. The controllers for the three axes are the same in design. If we look at one of them, 

the actual separation error, which is the difference between the actual positions of the lead and 

the follow drones  is inputted to an adder which also takes in a target separation between the 

two drones from a step input block. The output from this adder is a separation error which is 

inputted to the PID controller. The control calculates the integral and derivative of the error 

signal and outputs the proportional gain plus the integral gain times the integral of the error plus 

the derivative gain times the derivative of the error signal. This output is then fed back to the 

follow drone along with any possible external disturbances and the position of the follow using 

an adder. The follow drone section of the model performs the same process as described 

above and its output fed back to the adder that also takes in the actual position of the lead. This 

updating process continues throughout the show. 

8.1.2 Evaluate the Risks associated with a falling drone using the kinetic energy model  

The drone Lead-Follow kinetic energy model is shown in figure 11 below. The model takes in 

the final positions of the drones from the Lead-Follow control model. These inputs are used as 

initial positions of the drones. The derivatives of these position to the final against time, gives us 

the velocities in each axis. The squares of these velocities, multiplied by half times the mass of 

the drone gives us the kinetic energies in each axis. The overall kinetic energy is calculated the 
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same way by replacing the individual velocities with the overall velocity, which is the square root 

of the sum of the squares of the velocities from the three axes. I.e., K.E=½ mV2 

Where,     V= Sqrt ( Vx^2 + Vy^2 + Vz^2). 

Once the kinetic energies are calculated, they will be tested for the extent of the risk they can 

pose. If the kinetic energy is  greater than or equal to 250 Joules, it is considered fatal and the  

velocity which causes this risk will be displayed to warn users about its severity. The same will 

be done for the injury risk, which is greater than 200 joules and property damage risk for kinetic 

energies greater than or equal to 100 joules.

 

Figure 11: Drone Lead-Follow Control Kinetic energy Model 

The description on the risk model is based on a study conducted by Monash University in 

2013. The study determined that the acceptable velocity region of small Unmanned Aerial 

Vehicles (UAVs) is between 3m/s-22m/s. Accordingly, our acceptable region of KE is between 



 

 

Design of a Drone Light Show Production System 

Alexander L. Elias K. Sabreena A. Suliman A. 

  

 

34 

0- 40 J. For our drone specifically, to stay in the safety region, our drone velocity shall remain 

between 8m/s and 10m/s. 

 

                       UDS : refers to unpremeditated descent scenarios. LCS : refers to loss of control scenario.                             

Figure 12. Kinetic energy versus Velocity Injury Model (Alexander Radi, Monash University,Human Injury Model for Small Unmanned Aircrafts, 

2013) 

Based on the two models presented to simulate the drone Lead-Follow Control and the 

Risk Models and achieve the objectives set in the requirements our team developed verification  

tables and compared the results from the simulation runs with theoretical values.   

8.1.3 Risk Model - Generation of Separation Distance 

The second portion of the risk model, a simulation is done over 10000 iterations where 

separation distance between the lead drone and follower drones is constantly changing. This is 

attributed by setting the 𝜇 =  10𝑚and 𝜎 =  1.5respectively. The velocity was generated 

randomly using the normal distribution with aforementioned values. Using these values, a 

histogram was created in order to observe whether or not the separation distance behaved 
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similarly to a normal distribution. In the figure illustrated below, the histogram displayed is 

unfiltered. 

                    

Figure 13 Histogram for Separation Distance using unfiltered data 

These values can be attributed to the fact that since we were randomly generating positions for 

lead and follow drones, many times the separation distance between the two drones would 

exceed or be below the expected values. After the filtration process was conducted the 

histogram generated resembles a normal distribution. Shown in figure a and b, below is the 

data used to generate the histogram. The second diagram is histogram centered around the 

mean value.  
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Table 3: Statistics generated using excel random data generator to calculate probability of NMACS 

 

Figure 14: Separation between Lead-Follow pair and probability of NMACs  

In order to see if the separation error is significant, another histogram was created by 

subtracting the TLOS - Actual Separation. The figure displayed below shows that although 
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there is some disturbance due to the randomness, the overall distribution of TLOS- Actual 

resembles a normal bell curve. 

 

Figure 15: Separation error Vs probability of NMACs  

8.2 Design of Experiment 

8.2.1 Drone Lead-Follow Control Model Verification  

The purpose of this experiment is to verify the operation of the proportional, integral and 

derivative (PID), controller part of the model. This section of the Lead-Follow model falls 

between two independent closed loop control functions for the Lead and Follow drones. The 

PID part connects the two and indirectly verify their proper operation based on their initial and 

target values.  
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Figure 16: Drone Lead-Follow Control Process 

As described for the lead -follow control simulink model, our controller lies between the lead 

and follow drones and recalculates the corrects separation errors between the two.  

The difference between the position of the Lead Drone L(S) and the follow Drone F(S) is 

calculated as the separation error E(S). This error is fed into the controller function C(S). The 

output from C(S) along with any external disturbances D(S) will be fed back to the follow drone 

for possible position corrections. The closed loop transfer functions that perform these whole 

process are presented as a summary on figure 17 below. The overall or total response of the 

system is a function of the forced response, which is calculated when all the initial conditions 

are zero and the free response when the input to the system is zero.  
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Figure 17: Closed-Loop Transfer Functions used in DLS Lead -Follow Control Process. 

Table 4: Drone Lead-Follow Control Model Verification  

 

CL 

RESPONSE 

 

RISE 

TIME 

 

OVERSHO

OT 

 

SETTLING TIME 

 

S-S 

ERROR 

Kp Decrease Increase Small Change Decrease 

Kd Small 

Change 

Decrease Decrease Small 

Change 

Ki Decrease Increase Increase Minimize 
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Based on the theoretical outputs that are expected from the components of our PID model, the 

design team ran three different combinations of the pID parameters;  Keeping I and D constant 

and varying P; Keeping P and D and varying I; and keeping P and I and varying D. The results 

from the simulation runs are summarized below: 

Case 1: Keeping Ki and Kd constant and Varying Kp.  

Based on our theoretical reference, when we increase P, we expect the  

(a)-Kp= 1 

(b)- Kp= 2.75 
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(c)- Kp=5 

Figure 18: The effect of varying kp while keeping kI and kd gains constant. kI= 0.01, kd=0.09 ; 

a, kp=1, b-kp=2.75 and c-Kp=5. 

When Kp is equal to 1, the 2 % settling time is 51s, the maximum separation error is 30 meters and 

the steady state error is 1.5 meters. But the system has an 11 seconds delay before starting to steady 

state, which takes about 37 seconds from its lowest point (maximum value). Because of that the system 

experiences a significant delay. When Kp is increased to 2.75 (experimental best), the delay was 

cleared and  shown in 15b, with  the same steady state value and max error. But when Kp is further 

increased, for example to a gain of 5, as shown in figure 15c, a disturbance is introduced to the system 

with a lower steady state error. When we select a Kp value, we shall expect a decrease in the steady 

state error and rise time from original values, an increase in overshoot and. a small change in the 

settling time. 
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Case 2: Keeping Kp and Kd constant and varying Ki.   

 

(a) - ki=3 

 

(b)- Ki= 1 
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(c) - Ki=0.5 

 

(d)- Ki= 0.05 

Figure 19: The effect of varying ki while keeping Kp and Kd constant. Kp= 2.75, kd=0.09 ; 

a, kp=1, (b)-kp=2.75 and (c)-Kp=5. 

When Ki is equal to 3, we have a very large settling time, a maximum error of 700 meters and a 

rise time of 60 seconds. The steady state error is very big and the response is slow. When Ki is 

decreased to 1, the rise time decreased to 55 seconds  from 60 seconds for Ki=3 as expected 

with all the remaining values the same as for 3. But when Ki is decreased to 0.5, the settling 

time further decreased to 52 seconds, the maximum error to 40 meters and the steady state 

error become zero. Even if this Ki value is good output wise, but it introduces disturbance as 

shown in fig 16C. Further decreasing Ki to 0.05, eliminates the disturbance with the expense of 

some stability in the steady state value,  which is now 1m , as shown in fig 16D. 

Case 3: Keeping Kp and Ki  constant and varying Ki.  
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(a)- Kd= 1 

 

(b)- Kd=0.05 

 

(c) - Kd= 0.009 
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Figure 20: The effect of varying kd while keeping Ki and Kd constant. Kp= 2.75, ki=0.05 ; 

a, kd=1, (b)-kd=0.05 and (c)-Kd=0.009.  

The 2 % settling time  when Kp=2.75, ki=0.05 and Kd =1, is 55 seconds. The maximum error is 

o.08 meters which is significantly lower that the values obtained for the optimal Kp and Ki 

values. Kd  make brings a very small change in the steady state error which is shown by the 

difference between the time- to steady state values of the three Kd test values, 5S for Kd=1, 1.5 

seconds for Kd=0.5 and 0 for Kd=0.009. This changes can be observed at the vertical 10 

second line line from which the signals split to jump close to the steady state value. The gap 

gets smaller and smaller when we move from down figure 17 A to C. The steady state error is 

also very smaller and gets even smaller for very small Kd values. This changes can be 

observed from the decrease in the thickness of the steady state value when we go from a to c 

again.8.2.2 Risk variables. 

Based on the three test cases for the Kp, Ki and Kd , the optimal values of Kd=2.75, Ki=0.05 and 

Kd=0.009, the overall system output is shown in figure 18. 
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Figure 21: Drone Lead-Follow Model 3D output. 

Figure 21 shows the overall output of the system after the PID controller is tested, as shown in the 

preceding section for optimal control values for Kp, Ki and Kd which also indirectly checked the left and 

right the initial and target coordinates for the lead are (0,0,0) and (50,50,50) and the initial and final 

coordinates for the follow are (10,0,0) and (50, 40,40). Coordinate sequences are (X,Y,Z). 
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8.2.1 Risk Model Verification 

After verifying this for another data set ( 𝜇 = 5, 𝜎 = 1.5). The next step the group decided to take 

was to have various design alternatives by varying the standard deviations (𝜎 = 1, 1.5, 2, 2.5,3) in 

order to see what standard deviation is the best for us. Additionally another way of testing for 

the project was to figure out whether or not (10 m) was the optimal distance a drone should fly. 

In order to test this concept, the distance was varied between (5m, 10m, 15m). 

To start of a new data set consisting of 15 values for each of the various distances was 

generated. Once this was generated all statistical values were calculated. In order to compare 

the different means, t-test was used to obtain the t-confidence value which was then used to 

obtain the ideal separation range for each of the means. Finally, the p-test was used to 

compare whether or not the null hypothesis of the generated mean was statistically equal to our 

pre-determined mean. It was found that p values for each of the three separations was larger 

than 𝛼 =  0.1. Thus the p-value failed to reject the Ho for each of the three categories. Figure 

below shows the table used to generate the values. 
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Table 5: Risk Model data verification Table. 

After the p-value, the most important part of this analysis was to discover whether the 

probability of NMACs increases with distance or if it decreases with it instead. Initially, we 

postulated that the greater the distance the smaller the probability of an NMAC occurring. Using 

the generated values and statistics, these were plugged into our formula % 𝑁𝑀𝐴𝐶𝑠 =

 (# 𝑜𝑐𝑐𝑢𝑟.𝑏𝑒𝑙𝑜𝑤 𝑚𝑒𝑎𝑛 − 𝑀𝐴𝐶 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑)

# 𝑜𝑓 𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠
 in order to determine the probability. The results are shown below. 
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Table 6: Comparison of the Probability of NMACS when the separation distance is,5 10 and 15 

meters. 

 

 Figure 22: Probability of NMACS Vs Target Separation Distance 

Figure gives a visual of how probability of NMACs looks for each separation distance 

according to the number of iterations. So for example, the red line displays the probability of 

Nmacs for distance 5, 10, and 15m respectively. This diagram is important since it relates how 

inversely probability of NMACs and separation distance are related. If one variable increase the 

other automatically decreases. Another important benefit of this analysis is that we can choose 
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to have a separation distance be 10m as this has best overall effect since separation distance 

of 5m is too small, and separation distance of 15 is fine but with other drones flying may not be 

as practical since it can be NMAC or MAC. These values were determined by the concept of 

FAA stating that an NMAC is 500 ft and MAC is 100 ft [1]. By scaling this down to be 5 m 

(NMAC) and 1 m (MAC) we can use this concept in the DLS system. 

Our second testing was related to varying the standard deviation to observe its effect on 

NMACs probability. The process was repeated with a constant 10m = mean, and varying 

standard deviation. The figure shown below calculates the probability of NMACs according to 

each different standard deviation. The full analyses of these are included in Risk Model folder. 

 

Table 7: Probability of NMACs for 10^6 iterations vs allowed standard deviation. The lower the 

Stdv, the lower the probability.  
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Figure 23: Probability of NMACS Vs standard deviation  

Accordingly we found that increasing the standard deviation increases the probability of 

NMACs. By getting a linear regression line it is obvious that at higher standard deviations for 

eg. 5, the probability will increase exponentially, Thus to have the closest values to the mean a 

lower standard deviation is required. Staying within the 1 to 1.5 standard deviation allows the 

majority of values to be within 33.3% of the mean. This in terms of Drone Lead and Follow 

means that there will be less disturbance to separation distance and probability of NMAC will be 

low.  
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Section III: Project Plan 

9.1 Statement of Work 

9.1.1 Introduction/Background: 

Albert Einstein once said, “We can not solve a problem by using the same kind of thinking we 

used when we created them”. Though drones were once used specifically for surveillance 

purposes in wars, the present has seen a shift in their usage from the military to commercial 

and leisure uses. As there has been a vast evolution in a variety of technologies over the past 

few years concerning the components used to create a drone, development on these systems 

have been exponential. There is now sufficient technology to create a moving light show by 

having multi-colored Light Emitting Diodes attached to drones that fly in unison to create 

aesthetically pleasing patterns. 

 

9.1.2 Objective:    

The use of commercial Unmanned Aerial Systems (UAS) is becoming exponentially popular 

because of the advancement of technology and at the same time the entertainment industry 

that focuses on light shows mainly uses fireworks which have numerous adverse environmental 

effects and risks to humans. The purpose of this project is to take advantage of the 

technological advancements that led to the popularity of commercial drones and decrease the 

environmental and human life risks posed by fireworks by designing a Drone Light-Show 

system. 
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9.1.3 Scope of Work: 

Though initially selecting the scope to be all stadiums in the United States with a minimum of 

5,000 seats (2,492 stadiums), the system could easily thrive without unforeseen hazards such 

as high winds, inclement weather, and other outdoor risks. As a result, we will be focusing our 

scope on indoor stadiums. 

 

By constraining the scope to indoor stadiums, the Drones Light Show will no longer have to fly 

against any overcast weather or other elements that would occur while flying outdoors. This 

would not only create a viable environment to develop the drones, but helps limit risk when the 

drones system gets pushed to production. 

 

Additionally, flying within a fully enclosed space give the Drone Light Show system the ability to 

bypass any Federal Aviation Administration regulations that are required for any outdoor 

unmanned aerial systems. Stringent FAA requirements will not loom over this project, as our 

drones will not have the possibility of coinciding with other aerial vehicles that the FAA 

regulates. 

 

9.1.4 Place of Performance: 

The project and simulation will take place at George Mason University in Fairfax, Virginia.Group 

members regularly meet at a senior design laboratory located at Nguyen Engineering Building 

and visit their advisor and his assistant whose offices are also located in the same building.  

They also meet by reserving group study rooms. 
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9.1.5 Period of Performance: 

The period will take place during this Fall 2016 and Spring 2017 semester per the George 

Mason University registrar’s schedule. This will be 38 weeks, starting on August 29th, 2016 and 

ending on May 20th, 2017. 

9.2 WBS 

 

Figure 24: WBS 

4The figure above is our Work Breakdown Structure for our design of a drone lightshow. The 

compiled WBS consists of a hierarchy with 4 levels, starting at the parent of the drone light show.  

(a) 
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The first branch begins with analysis, and is decomposed into stakeholder analysis and context analysis. 

This is the fundamental step for creating the product as it is important to research the background of 

other drones systems to optimize our own. 

 

Next is the concept of operations, which is broken down to list the basic functions of our project. This 

was used to derive our requirements. 

After that is risk management, which can be split into project risks and system risks. This is essential to 

calculate any potential deviations in the case that the light show does not go as plan. 

One of the most important branches which follows is the requirements. This is a compilation of mission 

requirements, functional requirements, and design requirements which will shape the fundamental 

aspects of our project. Requirements must be met for the project. 

 

(b) 

Continuing on is the Safety regulations. Safety is the primary concern of our project, and is far 

superior to the entertainment value of the project. When looking at safety, we can break down the 
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regulations into site safety, drone safety and human safety. We are aiming to keep all aspects 

unharmed. 

 

As there are many moving parts for this project, there are a variety of legal tasks that must be 

taken into consideration. Starting at the federal and state drone operations guidelines, we then have to 

also explore insurance regulations, FAA regulations, and dispute resolution. 

 

For our drone specific tasks, we have to look at the design and engineering aspect of the drones we 

plan to use. Eventually when we release the product into market we have to conduct our own research 

and development analysis, and do cost and risk analysis for the project. Finally, after cost and market 

release we will have inspection period in which the product will be evaluated in terms of maintenance. 

Finally, the storage and handling of our drones has to be addressed in which our team is considering 

some options in terms of specific cars. 

 

Part of our simulation model sensitivity analysis we have to look at the precision and element testing. 

This will extend the extensive testing our team plans to do for our project including the validation and 

acceptance. 
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(c). 

 

The final four categories of WBS will consider the control center operations which will take into account 

the drones specifications the dispatch of drones and accident scene data handling. We also have to 

consider the quality control of our product. So we will look at the periodic inspections of the drone in 

order to make sure that it is able to perform the simulation/patterns successfully. The second part of 

safety and security aspect that we have to consider, is how qualified the personnel using the drones and 

operating the drones are.  

 

The final report for our project will take into account the simulation and base a conclusion upon it. It will 

offer the stakeholders the appropriate solution which will have a win-win solution.  

 

The new drone development will incorporate new hardware, software, drone presentations. Within 

hardware, we will focus on finding new sensors, lights, and drones in general that could help improve 

our project.  
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9.3 Milestones 

Table 8: Milestones Spring 2017 Semester: 

02/08/17  Midterm report due/ Midterm Exam 

02/22/17 Briefing 2 for Drone Light Show Simulation 

03/24/17 

  

Briefing 3 for Drone Light Show Simulation 

04/07/17 Briefing 4 for Drone Light Show Simulation 

04/21/17 Faculty Presentations 

04/28/ 2017 Sieds Conference 

05/01/17 Final report & Simulation Model submission 

05/05/2017 2017 General Donald Keith Memorial Cadet 

Conference 

       

 

9.4 Schedule  

Phase 1: Plan (3 weeks approx.) 

● The problem statement is evaluated thoroughly.  

● The context of the problem was developed by the team. What is the problem that 

needs to be fixed? The Gap was figured out. 

Completed 
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● Parties involved; the stakeholders, the various users, and people involved in 

developing the project. 

● The process was developed (May have some changes as the project progresses). 

Phase 2: Concept of Operations (3-4 weeks approx.) 

● This process was started in conjunction to the Planning phase. 

● Requirements were derived from the CON-OPS. 

● Additional requirements may be added later on. 

Phase 3: Design and Testing ( 5- 6 weeks approx.) 

● The longest phase in the design process. This contains the critical path for our 

project. 

● It is the most important phase as mistakes, errors can be looked into and 

corrected. 

● A Simulation model will be built and improved through repetition. 

Phase 4 : Sensitivity and Utility/Cost (3- 4 weeks approx.) 

● Testing of whether or not our experiments and simulation work  

● Their correctness, their overall value. 

● May have to re-design model and conduct testing again based on results. 

Phase 5: Analysis of System ( 3-4 weeks). 

● Trade-off analysis and policy analysis are conducted wrt entire project. 

● Initial time required. After that it will be ongoing. 

Phase 6: Conferences  

● SIEDS Conference April 28, 2017 

http://catsr.ite.gmu.edu/www.sys.virginia.edu/sieds14/
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● SIEDS Papers due March April 8 2017 

● General Donald R. Keith Memorial Cadet Capstone Conference May 5, 2017 

Our group believes that spiral lifecycle approach is the best method to complete the 

project.  

So in this case, Phases 3-5 will be repeated based upon their level of accuracy, sensitivity 

and policy.  

9.5 Gantt Chart/Critical Path 

The overall gantt chart is included below. All of the portions identified in red are part of our 

critical path for our gantt chart. Since our chart is quite large, it had been split into 3 parts 

labeled figs. 21-23. 

 

      Figure 25: Gantt Chart 

http://capstone2011.com/event-info-schedule-of-events.php/
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      Figure 26 Gantt Chart (b) 

 

      Figure 27 Gantt Chart (c) 
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9.6 Project Monitoring 

9.6.1  Project Earned Value Calculations 

 

Figure 27:  Earned Value 

As is indicated by fig. 24, all elements of the project earned value calculations are above 1. Which 

indicates that the project is fine. Planned value is indicated to be larger than actual cost on the graph 

indicating that the project is doing fine. The gantt chart gave us a total budget of approximately 

$897,000. Taking uncertainty into consideration a 10% uncertainty cost was approximated to be 

$89,646. So the total budget to complete the project on time by May 1st 2017, it will be $897,000 

±$89,646. 
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9.6.2 Project Reporting 

 

Figure 28: CPI and SPI 

According to figure 25, both CPI and SPI indicate that the project is doing well in terms of costs 

and schedule.  

 

 

9.7 Business Case 
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This business case is comprised of three main partitions: Utility/Decision analysis, the Budget, 

and lastly Breakeven Location Scenarios.  

 

Utility/Decision Analysis allows the project to find and utilize the most fitting drone capable for the 

DLSPS. Within this step, cost was noted to help decide which drone was best. 

 

The budget calculated a variety of startup, fixed and variable costs throughout the lifecycle of the 

DLSPS. At this step, both the pessimistic and optimistic values of costs were found in order to account 

for any unprecedented costs that weren’t already in the budget.  

 

Lastly and just as important is the breakeven location scenarios, which allows a visualization of 

how much money could be made. There were 2 main location scenarios that were researched, and one 

miscellaneous scenario to show how much potential revenue could be made through the DLSPS 

 

10.0 Design Alternatives 

10.1 Drone Models 

There are 5 drones that have been heavily considered for the DLSPS considering a variety of 

factors. The DJI Phantom 4, Alta Freefly 6, AscTec Hummingbird, DJI Matrice 100 and Intel Shooting 

Star are all viable candidates for the simulation and for the implementation of the show itself.  

The DJI Phantom 4 is one of the most commercially purchased drones on the market, with the 

product even being sold at most Apple Stores. 
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Figure 26. DJI Phantom Statistics 

 

The Alta Freefly 6 is a heavy duty drone, with not only a speed of 26 Meters per Second, but a 

whopping payload of 20 pounds 

 

 

Figure 27. Alta Freefly 6 Statistics 

 

The AscTec Hummingbird is a drone that has previously been built for drone swarming 

experiments and even drone light shows.  
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Figure 28. AscTec Hummingbird Statistics 

 

The DJI Matrice 100 is a drone that is great for experiments, as all its’ ports are universal and 

includes a built in GPS system that is fully programmable to quickly be able to add functional code for a 

drone light show. 

 

 

Figure 29. DJI Matrice 100 

 

The last drone is the Intel Shooting Star, which is the newest of all drones. The Shooting Star was 

created solely for drone light shows and based off quick statistics, is the most fitting drone for the 

DLSPS. 

 

 

Figure 30. Intel Shooting Star Statistics 
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10.2 Decision Analysis 

In order to find the best fitting drone for our system, an Affinity diagram was used with the 

Tradeoff method to ensure a correct decision. The Affinity diagram was split into 3 main categories: 

Performance, Safety and Capability. (Refer to Figure 4) 

 

 

Figure 31 Drone Design Affinity Diagram (created by Sabreena Azam) 

 

Under Performance, the speed, payload, and flight time was assessed. Under Safety, mass and 

emergency modes were assessed. Under Capability, whether the drones were programmable or not and 

if the drone already had built in LEDs that were useful for the Drone Light Show was also taken into 

consideration.  
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Figure 32 (created by Sabreena Azam) 

 

Concluding the overall utility, the Intel Shooting Star and the AscTec hummingbird deemed to 

have the highest utility. Due to the cheaper cost, lower velocity, and the fact that there will be no 

physical construction necessary (lower payload required) for the Intel Shooting star, it is the most fitting 

drone to be used for the Drone Light Show Production System. This is displayed in figure 32. 

 

10.3 Sensitivity Analysis On Drones 

The figures displayed below are 3 of the 7 sensitivity analyses our team conducted in order to 

obtain the best drones. 
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Figure 33.(created by Sabreena Azam) 

 

This first figure shows that if the weight for speed was adjusted backward or forward, either 

hummingbird or shooting star would yield in a higher utility. Another key factor to consider is that at the 

weight (44%) both hummingbird and shooting star are equal. This can also be seen for figure 32 below. 

 

 

Figure 34.(created by Sabreena Azam) 
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Figure 33 shown below, also shows this concept. However, a key difference is that if weight were 

raised, up until the weight 100% of utility, shooting star is consistently ranking higher. 

 

 

Figure 35.(created by Sabreena Azam) 

 

It is important to note that these key attributes leads our team to believe that due to risk being a 

major factor in our project, having a lower velocity and lower mass helps reduce the kinetic energy which 

is associated with being fatal for people. Thus the risk of fatality is reduced if were to choose shooting 

star as the drone for our project. 

 

10.4 Utility Vs. Cost Tradeoff Analysis 

 

To preface the business case, the cost of each drone is considerably one of the most key aspects 

of the project. If the cost to initiate a performance is too high, then there would not be any profit and thus 

the show would not take place. As a result, calculating the utility twice ensures that the correct decision 

was made for the DLSPS. In this instance, the Utility was compared to Cost of each individual drone. 
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For this decision, we used an Affinity Diagram to weigh three categories upon which the optimum 

drone is determined. 

 

 

Figure 36 Design Alternatives Utility Analysis 

 

As you can see from the figure above, Performance, Safety, and Capability were the high level 

categories that were assessed for the drone selection. These categories all summed to 1 by their 

attributes, and each were weighted equally at 0.33 in utility as each is a vital aspect of the project. 

 

In performance, the speed of the drone, the drone’s payload, and how long the drone could fly 

were all subcategories that had to be evaluated. 

Next was safety, which will be another key component of our Drone Light Show. Under safety 

includes the mass of the drone, as well as if the drone has any built in emergency modes pre 

programmed in the case of a malfunction. 

Lastly is capability, which has miscellaneous, but important features that the drones would need in 

order to correctly execute the DLS. Whether or not the drone is programmable is one of the most 
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important decisions for picking what drone to use, and if the drone already has built in LEDs is also 

important to the project. 

 

 

Table 9 

 

Once the weights for the affinity diagram were assessed, a points system was created to rate 

each drone with every respective category. The rating for each is any number between 1 and 10, with 1 

being the lowest score, or not helpful to the project, and 10 being the best score or in other words the 

most helpful for the DLS.  
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Once the rating for each capability was selected, the number was then multiplied by the weights in 

the affinity diagram. The result was then summed together for each drone to get the last row in the 

figure, ‘Sum Rating’. This showed which drones had the highest utility. 

 

 

 

Figure 37 

 

Once we had the compiled utility ratings, each drone was compared side by side. As shown in the 

figure above, not only does the Intel Shooting Star have the highest utility, but the cost for the drone is 

significantly cheaper as well.  

 

Unfortunately, due to the fact that the Intel Shooting Star is not available publicly, the DLSPS will 

not be able to use this drone until it is released by Intel. There is no timeframe on when or if that will be 

the case. 
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It is important to look into the cost vs. utility chart not only for realizing the best drones, but also 

why others would not be nearly as productive for the project. The Alta Freefly has capabilities that are 

unmatched to other drones, such as a significantly higher payload and much faster speed capabilities 

than any other drone, but such details are not needed for this project, especially when the price is 

exponentially larger to the alternatives. 

 

9.8 Budget 

The total cost breakdown is split into 2 main sections, and from there is dissected even further in 

order to ensure a detailed overview of the costs. 

 

 

The top of the hierarchy begins with startup costs, which envelops the one time fees associated 

with starting the drone light show. 

 

The second child of total cost breakdown is the recurring costs for the DLSPS. Recurring costs 

include any money that may have to be spent yearly. Recurring costs could have fixed or variable fees 

associated, which is why both are the children for Recurring. 
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Startup Costs 

 

The startup costs for the system are divided into 2 sections: the construction cost for the drones, 

and the drone transportation. The drone costs  include the initial purchase of the drone, along with the 

money needed to buy the LED’s that will be attached. “Drone Transportation” includes the cases for the 

drones and a transportation van that fits all drones so they can be stowed and transported for different 

shows. For construction costs, the drone fee, LED fitting and software integration were all proportionally 

multiplied by 100 in order to be able to accurately reflect costs for the drone system. If a bulk price could 

be acquired upon request from the drone we choose, the price would decrease.  

 

For the budget, the Asctec Hummingbird and the Intel Shooting star were highlighted since the 

Hummingbird was the chosen drone, and the Shooting Star had the most potential. 
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Table 6: Costs  

 

Yearly Recurring Costs 

Yearly recurring costs have 2 main partitions: Fixed costs and Varying costs. 

Within fixed costs, engineering development and the operational cost of the drones is detailed. 

This primarily highlights the manpower required for the DLSPS to work. 

 

Varying Costs 

Varying costs looks into the transportation and maintenance costs that may alter from show to 

show. Gas spent driving from one location to the other where performances are may vary. Additionally, 

the maintenance of some drones may differ as well. Included is the repair fee for each respective drone, 
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which was based on the parts costs for each drone. This fee could be either cheap (optimistic) or 

expensive (pessimistic). As a result, a pessimistic and optimistic yearly cost is derived.  

 

 

 

 

Table7 

 

 

 

As a result, the overall budget is formed. For the Asctec Hummingbird, there is a $503,640 startup 

cost, with a recurring cost of about $618,213. This would leave an estimated 2 year budget (with an 

optimistically cheap budget) of around $1.009 million dollars. Although this cost may seem daunting, it is 

miniscule in comparison to the potential money to be made. 
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11.0 Breakeven Analysis 

As this project’s end goal is to create a functional Drone Light Show within the entertainment 

industry, the business case is one of the most pivotal components of the Drone Light Show Production 

System. If the DLSPS can not profit or even break even on costs, then the show would not be able to 

run.  

 

 

Table 10 

 

For Scenario A, with an initial cost of $40,000 to gain access to the stadium, and an additional 4$ 

per ticket, the total cost would be $80,000 

 

Figure 38 
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To break even for Eagle bank arena, ticket sales do not have to be very high due to the fact that 

there are about 10,000 seats available. Because of that, it costs $100 to break even with only one drone 

light show. If we were to do 13 shows, it would be an astonishingly cheap price of $10 per ticket which 

means that it would be rather simple to break even given the correct circumstances. 

 

 

 

Figure 39 

For Scenario B, with a cost of $9,000 initially for the venue, costs more than double with the need 

for an orchestra. As the second scenario is in a theater, this would maximize the entertainment value 

and thus increase the possibility for more tickets. 
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Figure 40 

Since there are much less seats within the center for performing arts, the ticket prices are much 

higher to break even as compared to Eagle Bank Arena. It would be 300$ to break even with 1 show, 

and about 47 shows to break even for $20 per ticket. 

 

 

Figure 41 

As drone light shows do not yet exist, there were no records of their insurance costs online. 

However, due to its’ close relation with fireworks, we were able to approximate how much the insurance 
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fees would be for a drone light show based upon the fireworks attendance and price. For an attendance 

of 50,000 people, the price would be about $4,500 for a 5 million dollar premium. 

9.8 Project Risks 

Risk management of a project is about maximizing the chances of project success by 

identifying risks that can lead to the failure of the project early on and planning appropriate 

techniques to mitigate them. In the design of a Drone Light-Show Production System, these 

risks have been carefully studied and appropriate techniques have been put in place  to 

mitigate them. 

To evaluate the potential risks that can lead to the failure of the project, the Drone Light-

Show Production System design team identified the risks, developed a Failure Mode Effect 

Analysis (FMEA) and ranked them according to their severity(S), likelihood(L), and 

detection(D). Based on the overall score under each risk, a Risk Priority Number (RPN) was 

calculated and the risks ranked according to their overall score.  The higher the RPN, the 

greater the risk.  

 

Table: 8 Failure Mode and Effect Analysis 

Failure Mode and Effect Analysis (FMEA) 

Failure Seve

rity(S) 

Likelih

ood(L) 

Detect

ion(D) 

Risk 

Priority 

Number(RPN

) 
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RPN=S*

L*D 

Lack of historic data  5 3 4 60 

Cyber attacks 9 2 5 90 

Initial project funding 5 2 5 50 

Simulation is not 

validated by Experiment 

9 3 4 108 

Scale: 1-10 

Severity: From 1(Least severe) to 10 (Most severe)- Indicates how severely it 

impacts the project 

Likelihood: From 1(Least likely) to 10 (Most likely)- Indicates probability of 

occurrence 

Detection: From 1(Least likely) to 10 (Most likely)- Indicates probability of failure 

detection 

 

As it can be seen from the FMEA table, the highest project risk is failure of the experiment 

to validate the simulation with a score of 108, followed by cyber attacks with a score of  90, then 

insufficient historical data with 60 and finally, lack of initial project funding, with a score of 50.  
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The first task the design group tried to identify is to do sufficient research about the 

Drones, which are the major component of the system that is being built. Unfortunately, 

because of the limited availability of data about commercial drones due to their short existence 

in the commercial market, the team had difficulty in understanding the likelihood of accidents or 

system failures. The design group devised a mitigation plan to this risk by deciding to do an 

extensive analysis and study of multiple commercial drone models that are already in the 

market. 

The second system risk the design team faced was the risk of cyber attacks. As 

commercial drones use softwares for their operation,communication and navigation, there is a 

risk for unauthorized remote access to these softwares that can lead to a project failure or 

system failure, which will be discussed in the simulation section of this report. These risks can 

be mitigated by using modern cryptography for remote access denial and using narrow line of 

communication to minimize the probability of unauthorized remote access. 

The third system risk the design team faced was the financial risk. As the project needs a 

large amount of initial investment, getting the required fund from interested sponsors without an 

in-depth request for proposal; which in turn makes a vicious circle by going back to the 

unavailability of sufficient historic data about commercial drones, was a problem. The group 

believes that this financial risk could be mitigated by building a feasible and verifiable simulation 

model that can convince potential sponsors to release funds for the project. 

The mitigation plan for the third system risk led to the fourth and major part of the project 

risk; which is, the failure of the experiment to validate the simulation. The design group believes 
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that appropriate debugging of the software code based on output requirements can yield the 

desired results. 
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