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Abstract. Tooele County west of Salt Lake City, is creating jobs, 

and diversifying its economy by leveraging new technologies 

such as drone delivery systems. An analysis of  Tooele City 

identified 255 retail shops that can benefit from on-demand 

deliveries. A survey estimated the average number of daily 

online shoppers is 991 people. Twenty eight percent are willing 

to pay an average of $9 for goods to be delivered by a deadline. 

This paper describes the Concept of Operations, Requirements, 

Design and Test of an On-Demand Drone Delivery System. A 

discrete event simulation of drone operations is used to validate 

the system requirements. Three alternate drone delivery 

patterns are evaluated: (1) As-crow-flies, (2) Loop, (3) Main 

street (over-street). The results of the multi-attribute utility 

analysis ranked the alternatives as follows: 0.873 for main street 

path, 0.809 for as-crow path, 0.720 for loop path. The ODDTS 

service provider forecasts to generate $3,623,792 revenue in 5 

years, with break-even in year 4, and ROI of 189%. 

 
Keywords. Tooele, unmanned aerial vehicle, unmanned 

aircraft systems, drone, airspace, demand, federal 

aviation, traffic management, economy. 

 
I. INTRODUCTION 

On-demand Drone Delivery and Transportation 

System (ODDTS) is an integrated system of unmanned 

aircraft systems (UAS) known as drones and UAS traffic 

management platforms (UTMs) that are designed based on 

Federal Aviation Administration’s (FAA) framework to 

support UAS integration into national airspace for 

commercial purposes [5]. One of the applications that drones 

can benefit the society, businesses and economy at large is 

the rapid package delivery.  

Tooele County is the second largest county in Utah, 

located west of Salt Lake City. The population of the county 

is 70,332 people and the most populated city (37,603 people) 

is Tooele city [2]. The County’s economy is facing 

challenges after the army depot’s chemical disposal factory 

was shut down. The County is not providing high-tech jobs 

for its population and it led to slow increase in population.  

On the one hand, according to Shawn Milne, 

Tooele County’s Commissioner, younger populations are 

leaving the County looking for job opportunities in high-tech 

fields. Therefore, the local government is striving to create 

such jobs for the local population to improve its economy. 

On the other hand, rise of global e-commerce and just-in-

time manufacturing have generated high demand for rapid 

package deliveries. Based on customer identification 

analysis of Tooele city population, 65% of survey 

respondents are willing to pay on average $9 to receive 

items just in time to meet a certain deadline or for 

emergency purpose. 87% of respondents are students and 

full time workers and ages are between 18 - 32 year old, 

which are applied to Tooele’s population [3].  

For example, as represented in Figure 1, 28% of 

respondents demand their orders to be delivered within 1 

hour (in red) after placing an order. The on-demand items 

are medicine that are estimated to weigh less than 3 lbs on 

average. Around 35% of respondents are willing to wait over 

24 hours. It is concluded that majority of online delivery 

requests are demanded by customers either within the first 

hour of delivery request or within the 24 hour window also 

referred to as next-day-delivery.  

 

 
Fig.1. Demand vs. Delivery Time graph showing what delivery time has 
higher demand rate in percents. 

 

After analyzing population distributions based on 

number of people who shop online and their age groups, it 

was estimated that on average there are 115 orders per day 

are made in Tooele city. Moreover, manufacturers and other 

suppliers suffer downtime cost of not receiving items fast, 

and 29% of downtime cost is caused by missing items or 

parts to continue operations [4].  

Different on demand delivery methods such as 

bicycle, trucks and cars were compared against drone 

deliveries in terms of cost. Drone operations cost 42% less 

than the cheapest ground delivery method, car delivery. 

Therefore, drone delivery reduces the operational cost of 

regular on-demand delivery, Figure 2. 



 

 

 

 
Fig. 2. Any existing on-demand delivery alternative cost more than drone 
delivery method by at least 42%. 

 

 

II. STAKEHOLDER ANALYSIS  

The primary stakeholders are local businesses, 

online retailers and their consumers who benefit from the 1-

2 hour delivery system which extends their income streams. 

Secondary stakeholders include the municipal government, 

law enforcement and residents of Tooele City. These 

stakeholders could benefit from the service (e.g. additional 

tax income, that is used by the government to invest in 

technology and education, and to provide goods and services 

for the benefit of local population) but will also be burdened 

by having to maintain and operate the infrastructure. Tertiary 

stakeholders include Air Navigation Service Providers and 

other government regulators.  

 
III. NEED STATEMENT 

There is a need for system to provide a fast, cost-

effective, and safe delivery method for local suppliers in 

Tooele to fulfill the unmet demand for rapid deliveries. By 

introducing UAS delivery method, ODDTS, the population’s 

demand for rapid items will be satisfied, local business will 

create more income streams and create more high-tech jobs 

which, in its turn will boost economy and will allow the 

government to develop the county uses tax-money as a 

developed high-tech economy.  

 

IV. CONOPS 

 

A system that integrates drone delivery into local 

enterprises (pharmacies, hospitals, grocery stores, auto parts 

stores, etc) was designed. Local businesses such as retailers, 

hospitals, pharmacies receive online order requests from 

their consumers with the product information that needs to 

be delivered. Then, the system and the remote pilot in 

command (RPIC), who is based at the centralized ground 

station (CGS), receive delivery information from the retailer. 

The information consists of consumer’s address, drone ID 

and package weight. Once the delivery information as 

autonomously processed as an input, the system verifies the 

destination to be outside of the controlled or restricted 

airspace and then files a flight path for the drone to fly 

accordingly. If delivery destination is in the controlled or 

restricted airspace, however, the system sends operational 

intent autonomously to the National airspace (NAS) and 

FAA through a Low Altitude Authorization Notification 

Capability (LAANC). Once autonomous approval was 

received, the system shall confirm the flight path plan and 

upload it to the drone. While the filing flight path process is 

happening, the package is being prepared and attached to the 

drone at the retailers store or warehouse. The 

communication between retailer, CGS RPIC, drones, NAS is 

committed through local LTE network. This processed is 

represented in Figure 3.  

 
Fig. 3. Conops of Overall System. Left-to-rig, customer delivery request, 

system process, conflict detected & resolved, delivery completed. 
 

Additionally, the system shall share all data with an 

RPIC of drone operations while performing mission and 

notify about all deviations from the flight plan. Using on-

board sensors, drone will constantly share data with the 

system and the operator is kept in the informational loop. 

The data includes speed, position, ID, and obstacle 

detection.  

Figure 4 shows the airspace volume surrounding 

drone to determine a violation of safe separation distance. 

Once an obstacle or an intruder is in the detection range (100 

meters), it checks whether the intruder is a cooperative or a 

non-cooperative aircraft. Before the collision range (20 

meters) is violated, the drone shall execute self-separation 

protocol. Once intruder enters collision range, the pilot shall 

be able to override the drone operation, i.e. take manual 

control over the drone, to perform maneuvers and deconflict 

the flight.  

 



 

 

 

Fig. 4. White box - Detection range - 100 meters; Red box - Collision range 

- 20 meters. 

 

V. REQUIREMENTS 

 

The requirements for the system are: (1) the system 

shall provide scheduled on-demand deliveries (within 1-2 

hours of purchase time) in Tooele City; (2) the system shall 

accommodate the weight of drone and package of less than 

55 lbs.; (3) the system shall be 95% reliable across all 

deliveries; (4) the system shall avoid collisions with 10^-7 

accuracy; (5) The system shall comply with future FAA 

(estimated by 2030) and Utah Dept. of Transportation 

regulations/policies: Operate beyond visual line of sight, 

Operate over streets, and Operate over people. Future 

regulations shall be followed by the advanced on board 

technology for drones to autonomously identify and deviate 

any obstacles. 

 

 

VI. SYSTEM DESIGN 

 

The IDEF0 diagram (Figure 5) of the ODDTS 

Super-System is built of all the external functions that 

interacts with the main function F.0 Provide UAS operation. 

this diagram shows the systems boundaries with the external 

systems as well as its context. Provide UAS operation will 

be triggered by a Delivery order request and an input of 

consumer information. from those two, the functionality of 

the system will be activated and output the following to the 

external systems (Approval and launch, Escape Alert, 

Operational intent, Flight data, Control approval, Confirm 

stored data, and Autonomous Maneuver). 

 
Fig. 5. IDEF0 - External systems diagram  

 

Moving inside the main function, F.0.Provide UAS 

Operation (Figure 6) is decomposed by five sub-main 

functions: Provide flight plan, Provide flight control, 

Conflict Detection and Resolution, Override Drone 

Operation, and Store Data. Each sub-main function is 

decomposed further into other functions. The IDEF0 of 

F.0.Provide UAS Operation diagram shown below, 

represents all the inputs, outputs, triggers and mechanisms 

that have to be performed for the system to function. The 

process starts by the consumer information as an input and a 

trigger of Delivery order request as was shown in Figure 5.: 

 
Fig. 6. IDEF0 of F.0. Provide UAS Operation 

 

VII. DESIGN ALTERNATIVES 

 

The system as a whole uses a grid system to 

conduct analysis of routes and possibility of near midair 

collisions (NMACs). The design alternatives are different 

routes that a drone can take when performing a delivery 

mission within the grid. The grid is a cartesian system of 

coordinates. This system does not use latitude and longitude 

because cartesian system provides sufficient accuracy and 

simplicity to conduct analysis. The grid is layered over 

Tooele City. The origin for all three alternatives is always at 

the coordinate (10,10)  and each cell is assumed to be a 

possible coordinate for delivery. Each cell has an area of 10 

m2 and the overall grid size is 44×70 , with the total area of 

30.4 km2 (Figure 7).  

 
Fig. 7. Left - map of Tooele City without grid layer, Right - map of Tooele 

City with the grid layer. 

As mentioned above, the three design alternatives 

are different in the the flight filing process, i.e.what kind of 

flight pattern drone follows when performing a delivery 

mission. 

 

Design A. This alternative assume direct flight 

paths (as-crow-flies). Assuming that the origin is at (10,10) 

of the Cartesian plane and a delivery destination is anywhere 

on the grid (Figure 8 leftmost image) 



 

 

 

 

Design B. Over-streets route is flying over the  

Route 36 as the main corridor for drones since the majority 

of businesses are located on the Route in the city. The flights 

route imitates a movement of cars on the road. In other 

words, when a flight takes off from the origin, it flies one 

way to delivery and in parallel the opposite way to return to 

the base (Figure 8 central image). The route eliminates risk 

of flying over people.  

 

Design C. Circular loop routes. This flight routes is 

designed to reduce the number of possible NMACs. All 

flights will fly to the certain boundary of the grid (city) and 

fly around to make a delivery and come back all the way 

around as well continuing to make a complete loop. (Figure 

8 rightmost image) 

 

 
Fig. 8. A. Direct, B. Over-streets, and C. Circular Loop routes 

 

 

VIII. METHOD OF ANALYSIS 

 

A. Simulation Objectives 

The objectives of the simulation is to obtain 

gridlock, maximum number of drone operations, and design 

parameters by analyzing different routes and safe separation 

between vehicles.  

 

B. Simulation Requirements  

 The simulation shall receive inputs of inter-arrival 

times (e.g. order frequency), origin/destinations, package 

weight, and drone speed. The simulation shall output: 

number of deliveries, near midair collisions(NMAC), 

delivery and flight duration for each delivery. The 

simulation shall assume cooperative operations. The 

simulation shall consider 12 hours working shift (6 am - 6 

pm). The simulation shall take parameters: constant speed 

and normally distributed of inter-arrival times with means of 

400, 200, and 150 seconds. The simulation consider one 

drone type (DJI S900) with weight of 7.3 lbs and the 

maximum payload is 5 lbs according to the customer 

identification analysis. The simulation shall consider 

operating over people, over street, and beyond visual line of 

sight.  

 

C. Simulation Design 

As shown in Figure 9, the ODDTS black box is a 

simulation that takes inputs of origin, randomly generated 

destinations based on order frequency (number of deliveries 

per number of seconds), package weight in pounds, drone 

speed in m/s. The order frequency is the delivery inter-

arrival time that is normally distributed with means of 400, 

200, and 150 seconds. These numbers are derived based on 

the estimated populations rapid delivery demand.  

After receiving the inputs, the program simulated 

flights based on all parameters and output data in an Excel 

spreadsheet. Data includes simulation time (includes total 

simulation time), flight time and delivery time per flight 

(includes total flight times), drone ID, movement of each 

flight (change in coordinates), and type of action (ascend, 

enroute, descend, package release). 

Further, once the data is collected, next analysis 

step compares coordinate locations of each flight and 

compares their proximity to each other at any given moment 

of time to identify when the NMACs occurred using (4).  

Lastly, economical analysis is done using excel by 

obtaining financial projections over 10 years. To analyze 

which design alternative is the optimal for the system 

requirements, MS Excel’s Visual Basic for Applications 

programming language was used. 

 

 
 

Fig. 9.  ODDTS “Black Box” diagram representing system inputs, processes 

(parameters) and outputs  
 

D. Calculation  

The simulation determines the current position of 

drones in x and y directions using 

 

 x(t) = vx * Δt + x(t-1)         (1) 

 y(t) = vy * Δt + y(t-1)         (2) 

 

The time is calculated using  

 

Ascend/descend time + Buffer Time + 𝛴
𝛥(𝑥𝑡,𝑡−1),𝛥(𝑦𝑡,𝑡−1)

𝑑𝑟𝑜𝑛𝑒 𝑆𝑝𝑒𝑒𝑑
   

(3) 

 

The buffer time is based on hand calculation to 

incorporate the wind and package weight parameters.  

 

The NMAC is calculated based on the formula(4), 

where 𝜀 = safe separation distance in meters:  

  

     x(1) ≤x(2)±𝜀         (4) 

 



 

 

 

E. Results.  

Between three different routes, number of NMACs 

is high in direct with average of 28. However, Loop has 14 

NMACs and Over-Streets has 9 NMACs. Direct flights are 

the fastest route with average delivery time of 6.54, whereas 

loop is 14.2 minutes and over-streets is 8.2 minutes. Number 

of deliveries is fairly close between the three routes with 

average of 93 deliveries per day. Therefore, flight time is 

almost double of delivery time for direct, loop and over-

street routes, 12.98 minutes, 26 minutes, and 16.3 minutes, 

respectively. Figure 9. shows the distributions of NMACs 

throughout the year for all routes. Most of the NMACs occur 

around the origin when drones are taking off and landing, 

Figure 10. All routes satisfy the requirement of delivering 

packages within the maximum flight time (30 minutes).  

 

 
Fig. 10.  Distributions of NMACs Results for All Routes 

 

 
 
 

 

 
 

Fig. 11. Example of NMACS for 

routes from left: Over-Street, Direct and Loop  

 

 

IX. VERIFICATION OF SIMULATION 

 

The simulation was verified based on hand 

calculation for all different paths and compare percent error 

between experimental and hand calculated measures on the 

given grid system. Flight time for each drone is almost 

double of delivery time. The simulation considers 

cooperative, receive information such as origin and 

destination. The simulation followed grid system over 

Tooele city. 

 

X. VALIDATION OF SIMULATION  

 

The validation is based on comparing percent errors 

between experimental and calculated measures. For the 

direct path, the experimental delivery time is 5.4 minutes 

whereas the hand calculated measure is 5.48 minutes for the 

same destinations and origin. Therefore, the percent error is 

1.5%. Using loop path, the experimental measure for 

delivery time is 17.6 minutes and calculated is 17 minutes, 

which is 3.9% error. In the future work, comparison between 

simulation results against actual trajectories flown on the 

three alternate design paths will be done in Tooele’s Deseret 

UAS testing grounds. 

XI. UTILITY ANALYSIS 

 

The value hierarchy is shown in Figure 12 and it 

shows three attributes with their corresponding weights to 

compare the three alternatives: Number of deliveries, 

number of NMACs, and delivery time. Number of NMACS 

has the highest weight of 0.448 since it is considering the 

safety of airspace and people. Based on multi-attribute utility 

analysis, utilities of each design alternative were determined. 

Over-street has the highest utility of 0.873 with cost of 

$14,200. However, Utility of direct route is 0.809 with cost 

of $11,160 and . Utility of loop route is 0.720 with the 

highest cost of $22,207, Figure 13. The cost is based on 

average total daily flight times for each route throughout the 

year assuming $1.55 hourly operating cost per drone. The 

cost includes Insurance, airspace charges, labor, electricity, 

rotors, motors, and battery.  

 
Fig. 12. Value Hierarchy  

 



 

 

 

 
Fig.13. Utility vs. Cost Graph of All Routes 

 

 

XII. BUSINESS CASE FOR ODDTS 

The ODDTS provides integrated drone delivery 

service for local retailers. ODDTS aims to reduce shipping 

costs, help businesses increase sales from On-Demand 

deliveries up to $78,840 per year, and reduce traffic 

congestion, CO2 emissions, and pedestrian congestion by 

integrating drone delivery method. The service includes one 

time installment of operations management platform and 

monthly subscription for maintenance. The ODDTS service 

provider is forecasted to generate $3,623,792 in 5 years with 

break-even in year 4 and ROI of 189%. It is forecasted to 

generate $13,151,918 in 10 years with ROI of 1973%. The 

start up cost for ODDTS is $383,400 and operational cost of 

$468,000 per year. 
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