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Introduction 

 
 The market for small unmanned aerial vehicles (UAV), also known as drones, is rising 

across the globe. The Federal Aviation Administration (FAA) estimates that by 2020 nearly 7 

million small UAVs will occupy the US airspace [1]. This number is increasing due to higher 

user-friendly usability of drones, UAV Traffic Management (UTM) platforms and cheaper 

production of parts. Additionally, e-commerce industry is growing rapidly and multiple of e-

commerce corporations are exploring the use of drones for a variety of purposes, from 

recreational to commercial and emergency. [2]. Drones have been used for military purposes for 

several decades starting from mid-20th century and can certainly be used in a variety ways for 

both commercial and recreational purposes [3]. 

 

Drones, more specifically, unmanned aircraft systems (UAS), are especially useful for 

difficult, dull or high precision tasks that also might be unsafe for human workers to complete or 

it can be too expensive to use alternative technologies [4]. For example, it is safer, hence less 

costly, to use drones to inspect structures like bridges and network towers than using people to 

climb to dangerous heights for the same task. It is also cheaper to use drones to conduct land 

surveys for high definition imaging than using satellites and their not so high quality images. 

Another useful and economically feasible application of UAS is for small commercial package 

deliveries. 

  

A confluence of technological, social, economic, and governmental factors are served as 

the basis for this paper’s analysis. Figure 1 below represents the scope of the system and what 

creates the opportunity to implement the system.  
 

Firstly, the population of Tooele County (TC), Utah, is increasing. However, it is also 

experiencing lack of local high-tech jobs which creates challenges for sustaining its future 

economy. According to Mr. Shawn Milne, Tooele County Commissioner and the Chairman of 

the Board at Deseret UAS, younger generations are leaving the County looking for job 

opportunities in high-tech fields in other regions of Utah and other states. Therefore, the local 

government is striving to create highly-technological jobs given the County’s assets such as 

Great Salt Flats, large infrastructure of the former Tooele Army Depot, and close proximity to 

Salt Lake City, while preserving its environmental cleanliness [5].  
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Fig. 1 Confluence diagram - “perfect storm” 

 Secondly, the national increase in e-commerce market share and the increase in just-in-

time (JIT) manufacturing are creating higher needs in rapid small package deliveries (RSPD). 

According to statista.com, online sales of physical goods will be amounted to more than $700 

billion dollar industry by 2022 which means that the deliveries will need to be made faster, 

cheaper, and with high level of autonomy [6].  

 

 Thirdly, the Federal Aviation Administration creates regulations for commercial 

Unmanned Aerial Systems operations. Specifically, Part 107 rules created for commercial Small 

Unmanned Aircrafts. These rules will be discussed further in the report. 

 

Four, the small UAV industry and the use of drones in a wide variety of industries for 

many different purposes will play more important role in the economy. Drones are becoming 

more accessible and easier to use from toys to unmanned passenger aircrafts [8]. This leads to 

the rise of the Urban Air Mobility (UAM) which requires UTM technology created by NASA 

and the FAA. 

 

Five, UAV Traffic Management (UTM) platforms will enable civilian low-altitude 

airspace and UAS operations [9]. These technologies are becoming cheaper and more user-

friendly. They leverage existing high-speed internet networks (LTE), and are expected to utilize 

the upcoming 5G technology as well as Internet of Things (IoT) within the next five to 10 years. 

UTM also allows a fleet of drones to operate in the civilian airspace and conduct commercial and 

recreational flights [10]. 
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All these factors have created the “perfect storm” for commercial Unmanned Aircraft 

System operations to be developed in Tooele City, UT. This report is the design of the on-

demand drone transportation system (ODDTS) with three design alternatives and an evaluation 

of the system through simulation and verification of system requirements. The design focuses on 

commercial rapid small package delivery services in Tooele City. The TC government has 

partnered with Deseret UAS, the first commercial UAV testing company, to evaluate economical 

feasibility of drone delivery market and to create a business-friendly environment for the 

commercial UAS industry in TC. Further sections will explain in detail the context of the 

opportunity, stakeholders, system design, processes, analysis methods and designs, results and 

the economic feasibility of the system as well as a business case analysis. 
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1.0  Context Analysis. 

 
1.1 Tooele County and Tooele City, Utah 

 

Overview. 

Tooele County (further in the report referred to as “the County”) is the second largest 

county in the the Utah State, and is located west of Salt Lake City, the capital of Utah, between 

Stansbury (east) and Quirrh (west) mountain ridges, with average elevations of 7,546 feet (2,300 

meters) (fig.2). The Great Salt Lake in the north, and the Rush Valley on the south. The total 

population of the County per 2015 is 65,782 [11]. The green square in the image below 

represents where the majority of the County’s population is distributed. The geographical scope 

of this project is Tooele City, marked as number one on the image below.  

 

 
Fig. 2  

Image on the left:  

Red contour - Utah State (Google images), Black contour - Tooele County, Green square - Population distribution;  

Image on the right:  

Enlarged area of population distribution. 1 - Tooele City, 2 - Grantsville, 3 - Stansbury Park, 4 - Stockton, 5 - Rush 

Valley (TC General Plan 2016) 

 

 

 

Population. 
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According to estimates, the population of the County per 2018 is comprised of 70,332 

people (Fig.3) with the median age of 31 years old. The majority of the population is located in 

the Tooele City, approximately 37,603 people (53%) and the rest is distributed in Grantsville, 

Stansbury Park, Stockton, Rush Valley, and other smaller towns as seen on the previous page. 

For population over 25 years old (around 65% of the population of the town), approximately 

3.8% are unemployed (between 800 to 1000 people) [12]. 

 

Figure 3 also shows the increase of population of the county starting from 1850. Over 

decades the population has been growing as the the County was developing its mining and 

manufacturing industries. The population has increased with particular speed between 1990 and 

2010 due to the bettering business conditions for heavy duty industries and mining companies 

[12]. The availability of housing at affordable rates was another reason people were migrating 

into the county from states bordering Utah, other parts of Utah, and nearby areas. Overall, the 

County’s good environment, mild weather conditions, affordable housing, close proximity to 

highly developed Salt Lake City (SLC) and its urban infrastructure attract all internal migration 

to Tooele County and Tooele City [13]. 

 

Furthermore, Tooele City’s population is expected to double in the next 20 years from 

37,603 in 2018 to almost 64,000 people in 2040 [14]. In 2012 Tooele County Chemical Weapons 

Disposal Facility (TOCDF) completed its mission and was closed vacating 3500 daily jobs. This 

caused people to look for jobs elsewhere in Utah [6].  

Population increase in Tooele County, UT (1850 to 2018). 

 
Fig. 3: TC population trends from 1850 to 2018 and expected population growth until 2040. Based on TC General Plan adopted 

in 2016.  
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Economy of Tooele City. 

According to statistical bureau datausa.com, the economy of Tooele County employs 

27,167 (72.2% of city population) people and is specialized in Mining (quarrying, mineral 

sources extractions industry) and Manufacturing, Public Administration and Arts, Entertainment 

and Recreation, which employ respectively 3.17, 1.82 and 1.65 times more people than what 

would be expected in a location of this size (Data USA). Out of the employed population of 

Tooele City, approximately 22.05% (5,993) of people live and work in Tooele City. The rest of 

the working population commutes for work to other areas of Utah including SLC. The total 

unemployment rate is 3.8% (decrease from 8.8% in 2010). The largest industries in Tooele City 

are retail & trade (3,702 employed people), Manufacturing (3,328), Health & Social Assistance 

(2,482). The highest paying industries are Mining ($65,000/year), Professional, Scientific, Tech 

Services ($55,656/year), and Utilities ($62,689/year)1. Finally, average household income in TC 

is $68,498 and median household income is $56,602 [12]. 

 

To identify and mark all relevant physical locations of these industries, i.e. points of 

interests (POIs), that lay within the scope of the project, the National Geographic’s Interactive 

Mapmaker online tool was used. The map maker provides the capabilities to mark certain points 

on the map and measure distances to scale in miles and kilometers. Below you can see a snipshot 

used to create the Tooele City’s POIs for the project. For more detailed view please follow the 

link below the picture. Additionally, it would be appropriate to include some of the popular 

businesses in TC to fully understand the business environment there [15].  

 

 
Fig. 4 National Geographic MapMaker Interactive. Here: Tooele County, UT 

Shortened Link: https://goo.gl/WZ8vaY (for the full link please go to the References page) 

                                                 
1
 These numbers are based on the available online sources and may be not accurate 

https://goo.gl/WZ8vaY


  

9 

GMU SEOR                             On-Demand Drone Transportation System 

Table 1 is the List of Mining and Manufacturing companies and locations that are 

categorized based on the agglomeration. These companies are marked on the interactive map and 

can be viewed by following the link under the Fig.4. 

 

Table 1:(a)  Agglomeration - NW state border area, east of Stansbury Mountains by route 80. 

This area is a highly deserted and has many salt flats 

Industry/Company Name Description of business 

Propane of Wendover, Inc. Propane of Wendover Inc is a privately held company in 

Wendover, UT and is a Single Location business. Categorized 

under LP Propane Gas.  

Wendover Times  Seemingly, local newspaper manufacturer 

Interpid Potash (potash 

and salt) 

deliveries by truck or rail, also have location in New Mexico, 

extracting Langbeinite, a unique geological material found only 

in a few places in the world, highly prized as an all-natural 

fertilizer with international demand, Intrepid’s mine in Carlsbad 

sits on one of the world’s largest known reserves of langbeinite 

CleanHarbors 

Environmental 

hazardous and non-hazardous material management, waste management 

services 

Aragonite Facility  Unknown; Potentially aragonite mineral miner 

 

(b) Agglomeration: North of TC, west of Stansbury Mountains, north and south of route 80, 60 

mi west of SLC. 

Industry/Company Name Description of business 

US Magnesium, Inc Large factory, harvesting salts to produce primary pure and alloy 

magnesium metal, as well as chlorine, calcium chloride, iron 

chlorides, and hydrochloric acid. 

Republic Services Wasatch 

Regional Landfill 

Large landfill and recycling facility 

Hill Brothers Chemical Supplying the West Coast to the Rocky Mountains with 

industrial chemicals and construction products since 1923 

Cargill Salt world’s one of the largest multi-purpose salt producer 

WMSolutions  non-hazardous Waste Management - Tekoi Commercial Landfill 

in Dugway, UT 

Morton Salt one of America’s largest salt manufacturers 

(c) Agglomeration: Grantsville town area 
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Industry/Company Name Description of business 

Walmart Distribution 

Center 

unknown 

Propak Logistics “Leading-edge logistics, transportation and supply chain management 

solutions” - right next to Walmart’s distribution center. According 

to the website, Propak is highly focused on innovations and 

innovative solutions. Their customers include retail industry, 

automotive industry, manufacturing supply chain, and reusable 

packaging  

Grantsville farm lands, 

Fassio Egg Farm 

Local crops, meat, poultry; large local farming company 

Gilley Fab metal fabricator 

MP Environmental 

Services 

 transportation, demolition, and remediation firm with a fleet of 

more than 1000 pieces of equipment. Large independent 

transporters of hazardous waste. 

 

(d) Agglomeration: Stansbury town area 

Industry/Company Name Description of business 

Adobe Rock Products Rock Products & Landscape Rock Services Company (website 

contains drone recorded video) 

RWB Sod High quality Kentucky bluegrass production locally grown in 

Erda, UT 

Broken Arrow Company that Specializes in bulk road salt, KD salt, 

construction services, plumbing, roofing & fire protection 

McCown Tech Corp Design & manufacture Ethernet surge protection & tower steel 

parts and accessories. 

RTKC Smelter Engineering 

& Projects 

unknown 

TruFlow Systems, Inc diverse company with services and products for a vast range of 

industries such as: Mining, Petroleum, Steel, Cement, etc. 

Praxair Inc Turning air into ways to make plants operate cleaner and more 

productively, food taste better, breathing easier and 

manufacturing processes more efficient 

(e) Agglomeration: Peterson Industrial Park, SW of Tooele City. 

Industry/Company Name Description of business 
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Airgas Operations  From welding efficiency and plant turnarounds to gases supply 

and equipment rentals 

Cabela's Order Pick-Up 

Center 

Cabela’s clothes pickup center for online deliveries  

Detroit Remanufacturing-

West (Detroit Diesel) 

Large remanufacture of products for on and off-highway power 

systems, electronics, fuel systems, diesel aftertreatment devices. 

Utah Fabrication  fabrication of steel plate and products for the mining, energy, 

industrial, municipalities and manufacturing industries. 

Jester's Jerseys Jersey Manufacturer 

48forty Solutions Odd size pallets, immediate pallet needs, surplus pallet retrieval 

and more 

Advanced Technology 

Recycling 

state-of-the-art certified Electronics Recycling processes 

Utah Wool Marketing 

Association 

Wool manufacturer 

Midwest Canvas Manufacturer of pool covers and supplies 

Wasatch Heating & Air, Inc Offering dependable HVAC systems for home or business 

Burly Seal Products 

Company 

Manufacturing seals and packings for use in hydraulic machine 

tools in the construction, agricultural, energy and manufacturing 

industries. Our diverse range of equipment and experience 

enables us to produce all types of seals utilizing a wide range of 

materials including rubber, synthetic polymers, leather and more 

 

Carlisle Syntec Systems, 

Inc. 

Commercial single-ply roofing manufacturer 

Hunter Panels Polyiso Roof insulation panels, commercial and residential walls 

insulation 
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1.2 Businesses in TC for Rapid Delivery. 

The table on the next page, represents the largest number of businesses/industries in 

Tooele City by their type. Generally, they are small businesses providing services such as auto 

shops and parts, beauty shops. There are a few of larger businesses and medical services 

(hospitals, dentists, etc.). There are five major grocery stores that provide on-demand delivery to 

doorstep. A few of them have a gap of 7 hours between order time and delivery time. For 

example, based on phone conversations with the store manager, Albertson’s customers can place 

orders before 8:30 am, but the company delivers between 4 pm and 7 pm on the same day. This 

way drivery’s availability is ensured and allows ample time for order preparation to the business.  

Out of the list of the companies provided in the previous page, the major private 

employers in the County are: 

● Detroit Diesel 

● Carlisle Syntec 

● Walmart (Distribution center and Supercenter) 

● Cabella’s Pick Up Center 

● Mountain West Medical Center 

● Usana Health Sciences, (Salt Lake City) 

● Overstock.com (Salt Lake City) 

Table 2: shows the different types of businesses that could potentially benefit by 

delivering from/to consumers and other suppliers. For example, auto parts can deliver small 

parts/tools to manufacturer to help them continue continue operations. This information was 

obtained from Tooele County Chamber of Commerce. 

Table (2) 
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1.3 Online shopping and demand rates. 

 

Given that the total population of TC is estimated to be 70,332 per 2019. We can estimate 

the total population demand model for the rapid package delivery for the County and the City. 

Assuming the total demand rates are 5%, 10%, 20%, 30%, 40%, and 50%, we can derive the 

number of rapid delivery orders that would be completed (table 3). 

 

Table (3) 

Scope 

Assumed rapid 

delivery demand 2018 2020 2030 2040 

Tooele City 

5% 1,880 1991.95 2492.75 3159.15 

10% 3,760 3983.9 4985.5 6318.3 

20% 7,521 7967.8 9971 12636.6 

30% 11,281 11951.7 14956.5 18954.9 

50% 18,802 19919.5 24927.5 31591.5 

Tooele County 

5% 3516.6 3744.1 4846.05 6367 

10% 7033.2 7488.2 9692.1 12734 

20% 14066.4 14976.4 19384.2 25468 

30% 21099.6 22464.6 29076.3 38202 

50% 35166 37441 48460.5 63670 

 

However, it seems unlikely that on a daily basis 1880 people from Tooele City would 

need rapid ( < 1 hour) deliveries. Thus, to find more accurate number, another approach was 

used. Specifically, it is necessary to find what is the total percentage of the population that shops 

online overall for any online products by generation. From there, it is possible to derive the daily 

online shopping rate and estimate the demand model, assuming that different age groups shop 

differently and with different frequency. According to Tracey Wallace, the Editor-in-Chief at 

BigCommerce, in the United States [16]: 

● 67% of millennials and 56% of Gen X prefer to search and purchase on ecommerce sites 

rather than in-store; 41% of baby boomers and 28% of seniors prefer online to offline 

shopping; 

● Millennials and Gen X spend 50% more when shopping online each week (six hours) 

than their older counterparts (four hours); 

● Although they have greater proximity to physical stores, online shoppers in metropolitan 

areas spend more online annually ($853) than suburban shoppers ($768) or those in rural 

areas ($684); 
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● Men reported spending 28% more online than women during the past year (2017) in 

online stores. 
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Given the statistics above on online shopping in the US as a whole and assuming the 

TC’s online shopping behaviors are alike, it is now possible to estimate the e-commerce demand 

rates in TC taking into account the population growth projections and the categories of age (per 

2018) for Tooele County and the City.  

● Millennials 24-34,  

● Generation X 35-54,  

● Baby boomers 55-73,  

● Seniors 74+ 

 

According to TC’s General Plan [13], more than 50% of City’s population is above 18 

years old. The median age is 31 years old [14]. Therefore, given the population of Tooele City to 

be about 37,603 people. This means that the estimates of populations categorized by generations 

will look as follows on table 4 [17,18]. 

 

Table (4): Population of Tooele City by generations. 

Generation Age Range Percentage 

[16,17] 

Number of people 

Young adults 18-24 8.99% 3380 

Millennials total 24-34 12.69% 4771 

Gen X total 35-54 17.47% 6569 

Baby boomers total 55-73 10.83% 4072 

Seniors  74+ 6.37% 2395 

 

Total population of Tooele City above 18 years old is estimated at 21,187 people per 

March 2019. The generational demands (user percentages) for online shopping, can be applied to 

the total population of Tooele City: 

● 50% of Young adults shop online = 1690 people 

● 67% of Millennials shop online =  3196 people 

● 56% of Gen X shop online = 3678 people 

● 41% of Baby boomers shop online = 1669 people 

● 28% of Seniors shop online = 670 people 

● Total online shoppers = 10,903 

 

Due to lack of data about online shopping behaviors for the age group between 18 and 

24, it is assumed that at least 50% of this age group shops online (845 people). So the total 

number of online shopping population in Tooele City can be estimated at 10,903 people. 

Assuming that the proportions of regular online shoppers is estimated correctly, the daily 

demand rates can be represented as follows in table 5.  
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Table (5): Total online shoppers rate per day. 

Demand Rate Number of People 

3% 327 

4% 436 

5% 545 

10% 1090 

20% 2180 

30% 3270 

50% 5451 

 

Wallace also claims that 80% of population make online purchase at least once a month, 

30% of population make online purchase at least once a week and 5% daily. She says that 

Americans spend $1338/year, i.e. each citizen orders at least once or twice a month [16]. 

 

Additionally, according to emarketer research, it is was found that around 67% of all 

online shoppers are willing to pay extra money to have the goods delivered faster, especially if it 

needs to come before certain deadline [19]. 67% of 301 people is approximately 201 people that 

make rapid small package deliveries in Tooele City for extra money [19]. Information above 

shows that the 5% of all online shopping population of Tooele City could potentially make over 

545 delivery orders per day. To verify this proportions, it was decided to conduct a customer 

identification analysis (online survey) among Tooele citizens to determine the demand for less 

than 1 hour delivery would be the same. 

 

1.4 Demand for On-demand and Rapid Delivery 

 

1.4.1 Customer Identification Analysis 

Assuming that most daily online shoppers are between 18 and 35 years old and to evaluate the 

daily demand rate for more accurate estimates, a survey was distributed to several people with the 

hypotheses that: 

● Online shoppers are willing to pay additional money to receive necessary items rapidly. 

● Chosen items are lightweight to satisfy drone payload limitations. 

     

Below are the examples of questions for respondents: 

● How likely will you not make an online order due to unavailability of same-day or within 

hours delivery option?  

● How fast would you want your order ?   

● Are you willing to pay additional money for On-demand delivery (within a few hours) ? 

● What is the maximum amount you would pay for on-demand delivery option? 

Respondents were asked to answer questions using Likert scale from 1 to 5, where 1 - 
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Very Unlikely, 2- Unlikely, 3 - Neutral, 4 - Likely, - Very Likely. Additionally, respondents 

could offer their own answer in a field “other” for some of the questions. Survey participants 

were also asked to choose items that they would like to be delivered within one hour. They were 

allowed to select all that apply and were also given an option to suggest any other items (figure 

6). 

 
Fig. 5 Survey list of items to pick  
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1.4.2  Results 

Hypothesis one was verified by, 65% of 

respondents, indeed, are willing to pay additional 

money to receive items within hours of placing them. 

Figure 6 shows the average amounts of dollars that 

people would pay over time (1 to 48 hours) to receive 

items. It was also found that, on average, people who 

choose one-hour delivery would pay around $9. 

Additionally, the same respondents said that they 

would not proceed with their purchase if the within 

minutes (on-demand) delivery option was not offered 

in the case when they needed an item urgently. In 

other words, 65% of online shoppers would actually 

not place an online order if the estimated time of 

delivery was more than one hour.              

      Fig. 6 Delivery Time (hours) vs. Average Price 
 

It was also tested how weights of chosen items affect the delivery demand. According to 

Guglielmo at Forbes magazine, the founder of Amazon (the largest e-commerce company in the 

US) Jeff Bezos said in his 60-minutes interview to the host of the show that over 86% of all 

deliveries requests weigh less than 5 lbs [20]. This, in fact, satisfies the FAA regulation of the 

total weight of a drone and a payload to be less than 55 lbs because the average weight of a 

delivery drone is about 20 lbs.  

 

For the delivery items list (figure 5), 14 item categories were chosen as urgent items to 

receive rapidly. Survey showed that the highest chosen item category was medicines (insulin, 

cough medicines, and painkillers), 69% of respondents choose this option to be delivered within 

an hour with average price of $9.4 per delivery (figure 7 on the left). The second highest picked 

item category was gifts with 58% of respondents prefer gifts (birthday cards, flowers, small gifts) 

to be delivered within an hour with average price of $9.5, (figure 7, on the right). Most items for 

both of these item categories weigh less than 5 lbs. 
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Fig. 7: Average price vs. Delivery time for Medicine (left) and Gifts(Right) 

 

Finally, 28% of participants said that they are willing to pay up to $9 dollars if an ordered 

item was delivered within 1 hour after making an order (figure 8). This proportion was applied to 

Tooele’s population daily demand rates. More specifically, assuming the daily demand rate to be 

between 3% and 4% as in table 5, it was found that it’s about 115 orders a day that will need to 

be delivered within 1 hour in Tooele City. Assuming this demand That makes it 3,450 orders a 

month and about $31,050 of revenue per 

month and, obviously, about $372,600 a 

year that is not being satisfied by the 

demand. However, existing delivery 

methods don’t fulfill the unmet demand 

for rapid delivery in Tooele City. Lastly, 

it is not clear why people care less about 

4 and 12 hour delivery but more about 24 

hour delivery. To understand this trend, 

more surveys and interviews could be 

conducted in the future studies. 
               

 

 

Fig 8: 28% of respondents want an item within 1 hour 
 

1.5 Cost-benefit analysis of on-demand courier services. 

 

 The objective of cost-benefit analysis is to analyze the feasibility of ground delivery 

methods versus drone delivery method for rapid (1- 2 hours) deliveries. Based on the information 

provided by the Tooele County Chamber of Commerce, the number of daily online shoppers, 

retailers and manufacturers that can benefit from rapid deliveries in Tooele, it was estimated that 

on average there will be demand for 20 one-hour deliveries per supplier and local online 

retailers, for example, Tooele City’s Walmart. The analysis is based on the travel distance of 10 

miles per delivery (back-and-forth) for all types of courier services because Walmart, Cabelas, 

and pharmacies are located within 10 miles radius of  Tooele City Center.  
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Additionally, it was assumed that for each rapid delivery method, the desired margin of 

profit to cover the daily cost is at least 50%. Within one hour, there has to be 20 deliveries made, 

i.e. number of drivers,operators,vehicles should be sufficient to make 20 deliveries for each 

courier service type within one hour.  

 

 
Fig. 9 Comparison of operational costs between different delivery services and drone delivery 

 

1.6. Ground Delivery Methods  

 

The types of courier services are car, trucks and bicycle. The tables below show each 

type with its corresponding daily costs and other calculations as well as the figure 8.  

 

Bicycle 

It is assumed 3 bikers are hired to deliver 20 orders since it requires more effort for biker 

to deliver orders per day. In Tooele, the minimum wage for delivery biker is $10 per hour.  

- Daily cost: $240  

- Consumer Charge: $18 

 

Number of 

orders per day  
Daily cost Daily desired profit (50%) 

Consumer charge per 

delivery 

20 $240.00 $360.00 $18.00 

 

Car 
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The minimum wage for a delivery driver is $10 per hours. Daily cost consists of fuel cost 

and hourly wage for the driver. Fuel cost is $0.32 per mile for a small sedan.  

- Daily cost: $140 

- Consumer Charge: $11 

 

Number of 

order per day 
Daily cost Daily desired profit (50%) 

Consumer charge per 

delivery 

20 $144.00 $216.00 $11.00 

 

Truck 

 Truck is considered in the analysis even though it is not used for rapid deliveries in 

Tooele. The only use of truck is in bulk deliveries such as Winder Farms grocery store in Salt 

Lake city.  

- Daily cost: $216 

- Consumer Charge: $16 

 

Number of 

orders per day 
Daily cost Daily desired profit (%50) 

Consumer charge per 

delivery 

20 $ 216.00 $324.00 $16.00 

 

Drone Delivery 

 For drone delivery cost, it includes electricity to charge 4 replaceable batteries per day, 

motors cost, and battery cost. Meantime between failures is X hours. Also, drone pilot’s hourly 

wage is included ($8.5/hour). Notes: drone pilot can manage 10 drones, but only one drone is 

considered in the analysis. 

- Daily cost: $84 

- Consumer charge: $6.3 

 

Number 

of orders 

per day  

Electricity 

cost 

Motor 

cost per 

delivery  

Battery 

cost per 

delivery 

Daily cost 
Daily desired 

profit (%50) 

Consumer 

charge per 

delivery 

20 $0.05 $0.13 $0.68 $84 $126 $6.30 
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1.7 Unmanned Aircraft Systems Traffic Management (UTM)  

 

 UTM is a drone operations framework that is introduced by NASA in collaboration with 

Federal Aviation Administration (FAA) to manage and enable civilian Low-altitude Airspace 

and Unmanned Aircraft System (UAS) Operations [9]. The need for such framework comes from 

the rise of civilian and commercial drones market because according to FAA analysis, 7 million 

drones will operate in the American airspace by 2020 [1]. 

 
Fig. 10 Existing UTM Architecture  

 

 Figure 10 above is a graphical representation of the UTM process based on FAA and 

NASAs UTM framework. The process starts with step 1, where a customer makes a service 

request to a UAS Operator, who then communicates with the UAS Service Supplier and follows 

steps 2 and 3 in the form of airspace approvals. After receiving approvals, the process ends with 

the step 4 as the control of the drone fleet. Figure 11 below shows the same process as figure 10 

in a swimlane cross-functional architecture between different entities of the UTM framework. 

USS is a company that provides a platform for commercial UAS operators to support safe and 

efficient use of airspace while meeting operational requirements.For example, a construction 

company that wants to use drones for construction inspections is the customer to a commercial 

drone operator and they have their own RPICs that manage drone operations, and they use USS 

platform to complete the mission.  

 

The National Airspace System (NAS) is providing the FAA data to USS via Flight 

Information Management System (FIMS), LAANC (Low Altitude Authorization and 

Notification Capability) that acts as an autonomous data exchange and approval channel between 

the UAS and FAA. FIMS on all current air traffic use and gives authorization to enter the 
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controlled airspace if needed. The Supplemental Data Service Provider (SDSP) feeds USS with 

data on the environment (obstacle, weather, terrain, airspace, C2 Link & performance data). The 

figure below shows the steps of process flow.  

 

 
Fig.11  Cross-functional Swimlane diagram based on existing UTM framework (FAA, NASA) 

 

1.8 Tooele County Airspace 

 

The Bolinder Field-Tooele Valley Airport is the only airport in Tooele County that is 

open for public and is closest to the Tooele City (5 miles). It is used for private flights only and 

offers piloting courses for citizens. No commercial flights have been made in the airport and it is 

a non-towered airport. Therefore, according to FAA, drones operating in class G or in a non-

towered airport do not require permission or authorization to operate in airspace, nor are they 

required to maintain radio communications with other aircrafts [21]. However, the remote pilot-

in-command (RPIC) must always yield right-of-way to a manned aircraft and not interfere with 

manned aircraft operations and shall also be able to manually override any flightpath corrections 

that need to be taken or in case of emergency collision avoidance. In Tooele County, there is no 

drone operations approvals needed in the airspace above or near the airport. 
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2.0  Stakeholder Analysis. 

 

The stakeholder diagram on the figure 12 represents the existing stakeholders for the commercial 

package delivery (supply) system. The system consists of 6 types of stakeholders, 3 - primary, 

and 3 secondary. 

Fig. 12 Stakeholders of the retail and package supply system 

The primary stakeholders, the main (central) stakeholder is the retailer, i.e. supplier of the 

products to the customers. The retailer provides wage and payments to those who work for them 

and providing labor (developers, employees, and workers) and shipping services (third party 

shipping companies or employees).  

 

The three secondary stakeholders are the authorities such as tax collectors (IRS), 

Department of Transportation, and other regulatory and public safety authorities, and customers 

both commercial clients (companies, small and large businesses) and private citizens 

(consumers) that need deliveries to be made by a certain  

The main and frequent tensions that arise between Stakeholders are: 

1) There can be package preparation errors or any other delays for on-time package 

delivery process, this tension serves as the basis for the next tension 

2) Delayed package delivery to the customer can serve as the basis for the loss in 

profits, loss in business, customer trust as well as lack of rapid delivery 

alternatives. 
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Both of the mentioned tensions can serve as the reason why the Retail and Package 

Supply System main stakeholder looks for faster and cheaper rapid small package delivery 

alternative. Thus, coming into the field of UAS industry. 

 

2.1 Stakeholder Tensions (Table 6 and Figure 13). 

Table 6: Stakeholders  

Stakeholder Objectives Tensions Notes  

 

 

UAS Service  

Supplier (USS) 

 

- Make profit by providing 

drone service to 

Businesses 

- Manage and control 

drones  

- Adhere to safety 

regulations 

- With FAA and Public 

Safety authorities, restricted 

or declined operation 

requests 

 

- With ATC, decline of 

operation 

 

Primary 

Stakeholder 

UTM Platform 

Supplier 

-     Make profit by providing  

      drone management  

      software for USS 

-     Adhere to safety and 

      regulations 

- With FAA and Public 

Safety authorities, restricted 

or declined operation 

requests 

 

- With ATC, decline of 

operation 

Primary 

Stakeholder 

 

 

 

 

Businesses  

(Local retailers, 

Suppliers, E-

commerce retailers) 

- Make profit by satisfying 

the unmet demand for 

supplying rapid (< 2 hr) 

small packages  

 

- Use drone fleet to make 

deliveries 

 

- With FAA and Public 

Safety authorities, restricted 

or declined operation 

requests 

- With Local Shippers of 

Packages due to not being 

able to deliver faster and 

cheaper 

- With local Customers not 

being able to deliver on-

demand (in < 2 hrs) 

Primary 

Stakeholder 

 

Transporters  

(Shippers) 

- Make profit by providing 

shipping services to 

Businesses 

- With Businesses that want 

to use USS as alternative, 

losing business 

Primary 

Stakeholder 
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Customers 

(Commercial 

Clients, Private 

consumers) 

 

- Receive products/goods 

per demand in less than 2 

hours 

- With Businesses when 

packages delayed and not 

offered at faster delivery 

times 

- With Businesses operating 

drone flights due to noise, 

privacy, safety concerns 

Primary 

Stakeholder 

 

Drone RPIC 

(operators)  

 

- Make profit in the form 

of  salary 

- Control the drone when 

the drone loses the 

automated control 

- With FAA and Public 

Safety authorities, restricted 

or declined operation 

requests, losses 

Primary 

Stakeholder 

 

National Airspace 

System and  

FAA  

(Regulators,  

Tax Collectors, 

Public Safety) 

- To ensure safety and 

regulations for civil 

aviation in the US 

- Regulate all flights and 

be aware of all drone 

operations and receive 

data 

- Restrict flights if needed 

 

- with Drone RPIC, 

unauthorized 

flights/operations 

 

- with USS and Business due 

to not adhering to the 

policies and regulations 

Primary 

Stakeholder 

 

 

Tooele County 

Government 

- Responsible for local 

regulations or any reliefs 

for any unmanned 

aircrafts systems 

- Tax collection  

 

- With Local Businesses , 

USS, Local Consumers, 

Local Non- Consumers, 

Local Shippers. 

Collect Taxes  

 

Secondary 

Stakeholder 

 

Figure.11 below represents the relationships and tensions between stakeholders when the 

package supply system from figure 10 enter the UAS industry domain to use drones for on-

demand delivery of packages. The bottleneck is right in between the two systems’ stakeholders 

because there is no clear and established process for the suppliers to enter the national airspace 

system with small UAVs. The diagram on the left hand side represents the existing UAS industry 

stakeholders and the diagram on the right is how the existing package supply system will 

transform. As seen from the diagram, the operators will have to be hired by the package 

supplying company meaning that the Businesses will have to own their own drone fleet and have 

FAA certified remote pilots in command (operators) work for them.  
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(Fig.13) Stakeholder tensions diagram. Opportunity and bottleneck for ODDTS 

Bottleneck: 

- Currently, USS system offers only drone filming, surveillance and inspection operations 

to its customers. It requires manual operational request approval entry by the operator so 

there is no autonomous system.  

- Retailers are not connected to the UTM system and are not able to use small UAVs for 

delivery operations. 

- Perfect opportunity for ODDTS to take place to connect on-demand delivery system and 

the Existing USS System 
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3.0  Gap Analysis and Problem Statement. 

 
3.1 Gap Analysis 

  

The growth of demand for rapid deliveries is increasing with the increasing population. In 

e-commerce, 65% of online shoppers in Tooele are willing to pay extra to get an item just in 

time. Local manufacturers and other industries suffer 29% of downtime cost of not getting small 

part or items just in time. Therefore, local suppliers’ sales are increased by delivering items 

either to local consumers or local businesses. However, existing delivery methods: car, truck, or 

bicycles are not satisfying the unmet demand.  
                                 

Considering a fast delivery, cost-benefit analysis is done to compare different ground 

delivery methods with drone delivery. Drone delivery saves 42% of daily cost comparing to the 

cheapest between the ground delivery methods, which is car, figure(13). Even if the drone 

delivery is introduced, there is no a management tool for UAS delivery operations that local 

businesses can use.              

 

3.2 Problem Statement. 

 

Local businesses and suppliers sales are increased by a rapid delivery; however, existing 

systems leave gaps in the unmet demand for the rapid on-demand package deliveries.  Existing 

systems take at least 24 hours to deliver to consumers. Therefore, it creates lost economic 

activity for the county.  

 

4.0  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 can satisfy the demand for rapid items delivery.  

 

 

5.0  Concept of Operation. 

  
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 
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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. The pilot is constantly monitoring and avoiding any 

possible obstacles that can’t be resolved by the drone itself. It is represented in figure 14. 

 

 
Fig.14 Conops diagram 

5.1 Cross Functional Flowchart  

 

 The process is divided into three main sub-processes: Flight plan filing process, Conflict 

detection and resolution process, and package delivery process. The ODDTS cross-functional 

diagram shows the complexity of the system process (figure 15). It is derived from or rather, is 

designed to remain within the existing UTM framework. In the ODDTS the suppliers need a 

system to provide with drone delivery operations management. ODDTS also provides process 

for conflict detection and resolution and determines the safe separation distances between 

cooperative and non-cooperative drones.  

  

In a flight plan filing process, the system receives the delivery information and confirms 

all airspace constraints for approval via LAANC. If LAANC does not approve the operational 

intent, the system shall change the flight path and resend the operational intent to LAANC. The 

system shall confirm the flight path and upload it to the drone. Once the package is attached and 
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flight path is uploaded, the system shall send an approval request for the operator to take off the 

drone.  
 

Fig.15 Cross functional swimlane diagram for ODDTS 

 

 Moving to the conflict detection and resolution (CD&R) process, the drone is 

transmitting data using on board sensors with the system through the LTE towers. The operator 

is kept in the loop to monitor and override the drone to avoid any encountered obstacles. As in 

figure 16, once intruder enters a detection range, drone will check whether the intruder or other 

aircraft is cooperative using on-board sensors to self-separate. If the intruder is non-cooperative, 

drone self-deviate; but drone will always send alert to the system that any obstacles enter the 

collision range.       

Fig. 16 Detection (white volume) and collision (red volume) ranges 
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Collision range is where Near Mid-air collision (NMAC) is reported to the pilot and the 

system. The system send collision alert for an operator to take an action to deviate the drone 

from the collision path. The system is sharing the operational data with LAANC so that they are 

aware of all drone operations happening in the national airspace.                                                                                                                  

  

Lastly, the system notifies the consumer who requested the delivery of an item about the 

completion of the mission. While returning to the base, the drone is constantly detecting 

obstacles and share data with the system to perform CD&R in the exact same manner described 

above.  
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5.2 Sequence Diagrams 

The process will start when the consumer selects product from the online retailers (local 

business), once the local business receive the request, they will send the consumer information to 

the system to continue the delivery process and inform them back. See (Fig.17). 

 
Fig.17 Consumer Makes an Order 
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After having the consumer information the File flight path process will start, the system 

will confirm the request, the system will check any conflicts that may delay or cancel the flight, 

the system will check with LAANC for an approval if the operation will take a place in a 

controlled airspace then notify the local businesses with the estimated time for the delivery. See 

(Fig.18). 

 
Fig.18 File Flight Plan 

 

 

 

At the same time flight plan is being processed, the package preparation process will be 

ready in the distribution center and the package will be attached to the drone. then the 

distribution center will notify the system to upload the flight plan on the drone. See (Fig.19). 

 
Fig.19 Package Preparation 

 

Lastly, the Drone will take off and deliver the package to the consumer. while the drone 

is executing the flight plan it will constantly keep checking obstacles in its way and share this 
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data with the system. then the package will be dropped at the drop off location and the drone 

return to the base. See (Fig.20). 

 
Fig.20 Drone Take Off and Delivery Flight 
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6.0  Requirements  
 

6.1 Mission Requirements 

 

MR1. The system shall provide scheduled on-demand deliveries  

    (within 1-2 hours of purchase time) in Tooele City.  

MR2. The system shall accommodate the weight of drone and package of less than 55 lbs. 

MR3. The system shall be 95% reliable across all deliveries.  

MR4. The system shall avoid collisions with 10^-5 accuracy. 

 

6.2 Derived Requirements 

 

1.  Functional Requirements  

1.1. The system shall operate drones between 400 ft and 600 ft above ground level 

1.2. The system shall receive delivery information (address, package weight) 

1.3. The system shall file flight path for both controlled and uncontrolled airspace 

1.4. The system shall avoid Special Use airspace and No-Fly zone  

1.5. The system shall store drone fleet data  

1.6. The system shall detect air-to-air obstacles: 

1.6.1. The system shall detect cooperative aircraft 

1.6.2. The system shall detect non-cooperative aircraft and obstacles 

1.6.3. The system shall alert a drone pilot of drone maneuvers 

1.6.4. The system shall alert operator of deconfliction attempt.  

1.7. The system shall alert operator of path deviation. 

1.8. The system shall comply with future FAA ( Est. 2030) and Utah Dept. of 

Transportation regulations/policies: 

- Operate beyond visual line of sight  

- Operate over streets 

- Operate over people  

 

2. System Requirements 

2.1. The system shall monitor flight status 99.9 % accuracy. 

2.2.  The system shall accommodate drones that detect cooperatively within a 

minimum distance of 0.2 nautical mile from other aircrafts.  

2.3. The system shall accommodate drones that detect non-cooperative aircraft within 

a minimum distance of 0.2 nautical mile from intruders. 

2.4. The system shall accommodate drones equipped on-board sensors: 

2.5. The system shall accommodate drones equipped with cellular chips.  
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7.0 System Design 

The Hierarchy of the ODDTS Super-System is decomposed by three external function 

and the main function F.0 Provide UAS Operations. See (Fig.21). 

 
Fig.21 ODDTS Supersystem 

 

The IDEF0 diagram 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) As shown in (Fig.22).  

 
Fig.22 ODDTS External Systems Diagram 
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The Hierarchy of the of the main function F.0 Provide UAS operation is decomposed by 

five main sup-main function, Provide flight plan, Provide flight control, Conflict Detection and 

Resolution, Override Drone Operation, and Store Data. Each sup-main function is decomposed 

further into other function to perform the functionality of the whole system. See (Fig.23). 

Fig.23 ODDTS Functional Hierarchy 

The IDEF0 of Provide UAS operation diagram shown below, it shows all the input, 

output, triggers and mechanisms that has to be performed in order for the system to functional. 

the process starts by the consumer information as an input and a trigger of Delivery order 

request. See (Fig.24). 

 
Fig.24 ODDTS IDEF0 
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8.0  Design of 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. 

Tooele Walmart supercenter is chosen as a case-study for this project. So the origin for all three 

alternatives is always at the coordinate (10,10) because based on the grid system, that is where 

the Walmart of Tooele City is located. Each cell is assumed to be a possible coordinate for 

delivery except anything that’s beyond the grid boundaries. Each cell has an area of 10 m2 and 

the overall grid size is 44×70 cells, with the total area of 30.4 km2 (Figure 25).  

 

 
 Fig. 25 Tooele City Google Maps image (left) and Tooele City Grid with the highlighted Route 36 (right) 
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Fig. 26: A. Direct, B. Over-streets, and C. Circular Loop route 

 

As mentioned above, the three design alternatives are different in the flight filing 

processes, 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. 

However, once destination is randomly generated the flight path will proceed to create a 

parallelogram shaped route in order to ensure safe separation in the return flight. The x and y 

coordinates shall increase equally and once either x or y appears to be on the same coordinate 

axis as the destination, it will continue with the straight path until the destination is reached. On 

the way back, the x and y coordinates will decrease equally until one of the axis has the same 

coordinate as the origin and then it will proceed in a straight path until it reaches the origin. 

(Figure 26 leftmost image) 

 

Design B. Over-streets route (figure 26, central image) 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 

along Route 36. The flight 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 deliver and in parallel, i.e. the opposite way to 

return to the base just like the two sides of a road (figure 27). The route eliminates the risk of 

flying over people which satisfies one of the FAA regulations of not flying directly over people 

[22].2 

 

Such model of operations was initially offered by Utah Department of Transportation 

(UDOT) that is currently working on developing the system of airspace use in the Salt Lake City 

for the urban air mobility, i.e. for commercial drone operations. However, the difference between 

the UDOT offered model and the model offered for ODDTS for Tooele City is that UDOT offers 

                                                 
2
 According to FAA part 107, operations over people (OOP) is defined as flying a drone directly over any part of a person’s body  
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package delivery drone flights between 400 and 600 feet AGL with drones flying outbound (to 

deliver) between 400’ and 500’ AGL and inbound (return flights) 500’-600’ AGL. ODDTS will 

perform these operations at 400 feet AGL parallel to each other instead of on different altitudes.3  

 

 
Fig.27 Over-the-street two lane system  

 

Design C. Circular loop routes. This flight routes is designed to minimize the number of 

possible NMACs. After destination is generated, a drone will fly outside to the boundary of the 

the grid (city) and fly around to make the delivery. Once delivery is made, the drone will 

continue its path to the next outer boundary to return to the base (origin) all the way around. This 

will make a complete loop. With this design it is expected that the number of NMACs will be the 

least but the highest flight time. (Figure 26 rightmost image)   

 

9.0 Simulation Design 

 

9.1 Simulation Objectives and Design 

Method of analysis is discrete-event simulation using Excel Visual Basics coding 

language. The objectives of the simulation is to compare the design alternatives, obtain gridlock, 

system throughput, i.e. maximum number of drone operations within 12 hours, and evaluate 

economic feasibility given the design parameters by analyzing different routes and safe 

separation between vehicles. As the purpose of this simulation is to evaluate the economic 

feasibility, it is assumed that there is minimal effect of other weather conditions such as 

                                                 
3
 For graphical representation of the system modeled by UDOT refer to the end of the report section extras with the link to the 

video of UDOT Technology and Innovations Summit, 6 Nov. 2018 



  

41 

GMU SEOR                             On-Demand Drone Transportation System 

temperature, humidity, and precipitation. These weather conditions are out of scope of the 

simulation.  

 

As shown in Figure 28, the ODDTS black box is a simulation that takes inputs of origin, 

randomly generated destinations coordinates with uniform probability, order frequency (number 

of orders received per number of seconds), package weight in pounds, and drone speed in meters 

per second.  

 

The order frequency is the order request 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 rate of 115 orders per day mentioned in the context analysis 

section. 

 

After receiving the inputs, the simulation will run for the set number of hours to simulate 

all flights based on all parameters and will output data in an Excel spreadsheet. Data includes 

total simulation time (includes total simulation time), total drone flight time, delivery time per 

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

type of action (ascend, enroute, descend, package release), and total number of orders deliveries 

attempted and completed. 

 

Further, once the data is collected, next step is to analyze and compares coordinate 

locations of each flight (drone) to evaluate their proximity to each other at any given moment of 

time to identify when the NMACs occurred using formula (4). Lastly, economical analysis is 

done using excel by obtaining financial projections over 10 years. 

 
Fig.28 ODDTS Simulation Model Black Box Diagram 

9.2 Simulation Requirements  
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1. The simulation shall accept inputs of : 

1.1. Origin and destination 

1.2. Demand Frequency per hour 

1.3. Drone speed 

1.4. Package weight 

2. The simulation shall output: 

2.1. Number of deliveries completed 

2.2. Number of deliveries  

2.3. Flight duration time 

2.4. Number of near mid-air collisions (NMAC) 

3. Assumptions: 

3.1. The simulation shall assume cooperative detection 

3.2. The simulation shall assume uncontrolled airspace 

3.3. The simulation shall assume 12 hours/day operations 

3.4. The simulation shall assume the grid system  

3.5. The simulation shall meet the demand of 115 orders/day 

3.6. The simulation shall assume acceptable flying weather condition 

3.7. The simulation shall assume the three routes: Direct, Over-Street, and 

Loop routes 

9.3 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. Considering the wind parameter, head wind 4 m/s maximum average is included in 

the formula of Maximum Drone Speed - Average wind speed (4 m/s). Only the wind is 

considered since Tooele has a comparatively dry climate with average precipitation of 1.6 inches 

throughout a year [14]. The NMAC is calculated based on the formula(4), where 𝜀 = safe 

separation distance in meters:  

         x(1) ≤x(2)±𝜀          (4) 
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9.3 Simulation Process 

Fig. 29 Simulation process flowchart 

 

First, the user must input the order frequency rates, i.e. how often must a new destination 

for delivery be created. The order frequency is a Normally distributed number generator so the 

user of the simulation needs to input the mean and the standard deviation by hand.  

 

After that the user needs to input the duration of simulation in seconds. Given that the 

simulation is coded in Excel VBA, it might happen that if the total simulation run is set for a too 

high number (over 50000 seconds) then the RAM overload is expected and the simulation might 

freeze the computer. It is recommended to keep the simulation time below 43,200 seconds (12 

hours).  

 

Thirdly, the drone speed can be set in the simulation as well which is one of the delta_x 

and delta_y variables instantiated in the simulation. Once all initial parameters are set, the user 

can click on “run” to start the simulation.  

 

The start of the simulation begins with issuing randomly generated destination for 

delivery every something seconds based on the order frequency parameters of N(mean 

sec,std.dev sec). After receiving the destination, the simulated drone will take off for about 20 

seconds  

  

 Then the simulation begins executing the flight and will check if the destination has been 

reached constantly. If it is not, then the drone will continue its flight. Once the destination is 

reached it will simulate the descend of a drone, release the package, record delivery, ascend 

again, and continue flying back to the origin (homebase) using the same algorithm to check for 

its current coordinates. Once it is back at the base the simulation will record the flight time and 

the delivery time. Every step of the way the simulation is recording coordinates and 

corresponding moment of time compare its location with other drones for NMACs after the 

simulation completes running. Figure 30 below shows the example of data output into a 
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spreadsheet of a single run of one of the design alternatives. 

 

 
Fig. 30 Simulation run data output of design alternative A - direct route. 
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Fig. 31 Example of simulated flight paths (routes) for three design alternatives 

 

Figure 31 above represents what the flight paths look after the simulation flights have 

been completed. The design alternative 1 (DA 1) has multiple runs, DA2 has two runs, and DA3 

has only a single run. This images are displayed as an example of what the actual runs look like. 

Each simulation was simulated for one year (365 days) given the 12-hour day delivery 

operations. 

 

10.0 Verification and Validation of Simulation 

  

10.1 Verification 

 Comparison between simulated measures and hand calculated measures is done by using 

formulas change in positions (1), (2), and (3) in the calculation section. The graph shows 

example of simulation outputs with calculated measures, and the average percent error of 10.7%, 

figure(...).   

 
Fig.32 Hand calculation vs. Simulation  
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Throughput. 

Given the collision range of 20 meters, it was found that the highest frequency rate is one 

flight per every 2 seconds. This is because the speed of a drone is 10 m/s. Which means that the 

most frequent orders inter-arrival rate. The maximum throughput that was obtained at such rate 

of the frequency is 21,600 flights: 12 hrs * 60 min * 60 sec = 43,200 sec for the simulation 

runtime. Given that there is 1 drone takes off every 2 seconds without violating the collision 

range, then 43,200/2 = 21,600 drones. This number was verified by such frequency of the 

simulation 

 

Gridlock. 

 The gridlock of the system was obtained using hand calculation. Based on hand 

calculation of the grid area and collision range of drones (20 meters), the following numbers are 

derivable: 

 

The length of Route 36, i.e. the y-axis size of the grid is 7000 meters which means that 

350 drones can fit into its length. The width, i.e. the x-axis is 4400 meters which fits 220 drones. 

Now, given that all drones fill the airspace at the same altitude of 400 ft and do not change the 

altitude and maintain constant speed as well as constant collision range between each other of 20 

meters, then 350 x 220 = 77,000 drones as a maximum gridlock for the perfect conditions of all 

drones flying the same direction and at constant rates and maintaining distances. 

 

Unfortunately, the simulation failed to issue  77,000 due to computational power of 

machines used. The frequency of 1 drone for every 2 seconds is too high and caused the 

machines to overload and not be able to execute the task. To mitigate this issue, it is suggested to 

return to this goal in the future studies by using another programming language. 

 

10.2 Validation  

  In the future work, field test is required to validate requirements. Validation will 

be done by comparing simulations outputs with the experimental measures in the field test. The 

simulation outputs shall have a percent error of less than 20% from the experimental measure to 

allow more flexibility, for example, Java EE.  
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11.0 Design of Experiment  

 
The table 7 shows the inputs and parameters that are affecting the outputs of simulation. 

Inputs are origin, random destinations, constant speed, and order frequency. Order frequency is 

normally distributed interarrival times that are varied between means to test the sensitivity of the 

outputs.  

 
 

Table 7: Design of Experiment 
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12.0 Results 
  

Between the three different routes, average numbers of deliveries are fairly close between 

the three routes with average of 93 deliveries per day. Number of NMACs is high in the direct 

route 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. 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 (table 8).  

 

 

 

Table 8 
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12.1 Near Mid-Air Collisions - NMAC  

  

Considering normally distributed with mean of 400 seconds inter arrival time, figure 33 

shows the distributions of NMACs throughout the year for all routes. Only one inter-arrival time 

analyzed since all order frequencies have similar conclusions by increasing order frequency as 

shown in figure 34. Direct has the highest NMACs comparing to Over-street and Loop routes. 

Paired t-test is done to test if the means of both Loop and over-street distributions are statistically 

significant. As a result, there is a significant difference between the two means with a 5%  level 

of significance.  

 

 

 
Fig.33 Total NMACs per day for each design alternatice 

 

  As shown in figure 34, there is a linear increase in the average numbers of 

NMACs with an increase in the number of order frequency or the inter-arrival times. Moreover, 

Hotspots charts are shown in figure 35 for all NMACs occurrences in the heatmap. NMACs are 

cluttering around the origin with inbound-outbound flow.  
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Fig.34 number of NMACs with the increased frequency 

 

 

 

 

 
Fig.35 All Three Routes’ NMACs Occurrences (Hot spots) appar mainly near base 
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12.2 Delivery Time and Flight Duration 

   

Figure 36 shows the delivery times for all routes while varying the order frequency. Hence, there 

are no major changes in delivery time outputs between all routes.  

 

 
  Fig.36 The frequency change does not affect the delivery time 

 

Below figure 37 shows the distributions of total daily flight times. Direct has the lowest total 

daily flight times in minutes comparing to the circular loop, which is taking the longest time.  

 
Fig.37 Distribution of total daily flight times 

 



  

52 

GMU SEOR                             On-Demand Drone Transportation System 

13.0 Analysis 

  
13.1 Analytic Hierarchy Process 

   
The goal of utility analysis is to determine the optimal route for businesses to operate 

their drones. Using Pairwise comparison, weights are determined for all attributes: Number of 

Near Mid-air Collisions occurrences, delivery time, and number of deliveries. Since safety is a 

priority then delivery time to satisfy the demand, NMAC has higher weight than delivery time 

and number of deliveries. Using AHP method, weights of each attribute and matrix are shown in 

figures 38 and 39. 

 

  
Fig. 38  

 

 
 Fig. 39 
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13.2 Utility Analysis for All Alternatives 

 
Over-street route scores the highest utility of 0.873. Direct route has the second highest 

utility of 0.809; lastly, Circular Loop route has the utility of 0.72, see figure 40. Since NMACs 

have higher weights over delivery time and number of deliveries, Over-street is the most 

favorable. Delivery time for loop is least favorable since it takes the longest time to deliver than 

the other alternatives. All alternatives have close number of completed deliveries.  

 

 

 
Fig.40 Highest Utility  

 

13.3 Utility-Cost Analysis 

 
Cost of each alternative is calculated based on the amount of flight times flown annually. 

The hourly operating cost of drone operation is $1.55, which includes labor, hardware, and 

insurance costs. The over street route has the second highest operational cost of $14,200. On the 

other hand, loop has the lowest and highest cost of $22,207 per year, figure 41.  
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 Fig.41 Utility vs Cost graph. 

  
13.4 Sensitivity Analysis 

 
Sensitivity analysis is performed to analyze in varying the weights for attributes. Over 

street is favorable if the weight of NMAC is greater than 0.24, figure 42 (a). Nevertheless, Over-

Street is prefered if the weight of Delivery Time is less than 0.6, (b). Lastly, by changing the 

weight of the Number of Deliveries attribute, there is no a significant change in the outcomes 

and over-street remained favorable over the other alternatives, (c). 

 

 

 
Fig. 42 (a) Percent of weights on NMACs Measure      (b) Percent of weights on Delivery Time Measure 
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Fig. 42 (c) Percent of weights on number of deliveries measure 

 

 

 
13.5 Conclusion and Recommendations  

  
Requirements of Delivery time and unmet demand are validated. Therefore, Over-Street 

alternative is recommended compared to other design alternatives. Collisions requirements shall 

be satisfied by on-board sensors. Therefore, field-testing shall be completed in the airspace of 

Tooele County. Drone delivery is considered profitable for local businesses in Tooele. Therefore, 

implement ODDTS once FAA regulations allow BVLOS and OOP operations. This study is a 

preliminary and scoping analysis. For specific interest in this area, follow-on studies are 

recommended.   

14.0 Business Case for ODDTS  

 
14.1 Motivation and Vision 

 

On-Demand Drone Delivery Transportation System (ODDTS) is a service that allows 

businesses to perform drone deliveries, help businesses to fulfill the unmet demand of 115 

orders/ day. Add an additional revenue for retailers up to $70,000 per year, boost the economy of 

the Tooele county, reduce traffic congestion, CO2 emissions and pedestrian Congestion.  

14.2 Business Model  

ODDTS is a B2B type of business where we partner up with local retailers. Local 

retailers are the B2C type of business that makes extra sales by performing drone deliveries. 

ODDTS Generates revenue from a one time installment fee of $5000 and monthly subscription 

fee of $1299 per month. The one time installment include Drone operations management, 

training, five drones for each business, drone landing mats and regulatory reports. while the 

monthly subscription will include maintenance, operational report, and AWS storage 
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subscription.   

 
Fig. 43 Business Model 

14.3 Market Analysis  

 

In Tooele county there are a total of 255 businesses that can benefit from drone  

deliveries to fulfil the unmet demand for rapid delivery and increase their sales. The type of 

business that can benare showing in the table below: 

Table 9: Type of businesses and most needed items 

Type of Business Number of businesses Most needed items 

Pharmacy 12 
Aspirin, congestion, penicillin, 

salvarsan 

Grocery Stores: 

(Maceys/Walmart/ 

Albertsons/Soelberg’s/Winder 

Farms 

6 Bread, Milk, Eggs, Cereal 

Auto Parts 17 
Spark plugs, Gas Caps, 

Oxygen sensor 
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Fast food and restaurants 47 
Fast food chains, local 

restaurants, cafes 

Mining and Manufacturing 34 Parts  

Hospitals and Medical services 25 

Insulin shots, inhalers, 

smallpox vaccine, Polio 

Vaccine, Morphine 

Home Depot 

(main store and fulfilment 

center) 

2 
Screws, bolts, nails, tools, light 

bulbs 

Gift shops (Dollar tree,  

Hildi's gifts,  

This N That Gifts, Yard Gifts)  

4 

Flowers, birthday gifts, 

balloons, 

Halloween costumes, etc.   

Retail shops 108 Ink toners, paper, etc. 

Total  255  

 

14.4 Marketing and Sales Strategy  

To enter the market, demonstrate the On demand Drone Transportation System at several 

conferences and seminars showing in the table below: 

Table 9: Upcoming events for marketing opportunities. 

Date  Opportunity  Location  

October, 28 2019   The Westgate Resort  Las Vegas  

June, 3 2109 FAA UAS Symposium  Baltimore  

November, 26 2019  The National Drone Show Washington, DC 

May, 3 2019 MLA / DLA Annual Conference Cambridge  

December,3 2019  Government Video Expo Washington, DC 

 

14.5 Market Competition and Competitive Advantage 
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ODDTS is capable of performing drone delivery for small packages is less than one hour, 

the system is completely autonomous and on demand with a range of delivery that is greater than 

four square mile. The current existing system are not autonomous and they are not capable of on 

demand rapid delivery within one hour of placing an order. Figure(..) shows the capability of the 

ODDTS versus the existing systems.  

         Table 10: Drone competitive advantage 

 

14.6 Business Costs 

 

Startup costs include the cost to acquire the technology including hardware and software 

development as well as marketing and labor costs. In addition, we assume that each local retailer 

needs five drone and four local retailers for the first year. The start up cost for year one is 

$383,000 and an operation cost of $468,000 as of the second year. A summary of startup costs 

for year one can be found in the table below.  

    

 

 

 

 

 

 

 

 

 

    Table 11: Startup Cost structure 
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14.7 ODDTS Financial Projections  

 

The ODDTS system financial projection is based on the total number of customer each 

year. The total investment required for the first year is $383,000. at year five ODDTS generate a 

total revenue of $3,623,792 and an ROI of 198%. while at year ten the system generate a total 

revenue of $13,151,918 and an ROI of 1937 (table 12). 

 

Table 12: Financial projections. 

 

 

 
 

It is expected that that ODDTS will breakeven at year four with a year-over-year growth of 5% 

as shown below in figure 44. 
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Fig. 44 Breakeven graph 

 

The total number of customers that the ODDTS will have for each year for the Aggressive, 

Expected, and Conservative cases are shown in the table below. 

 

Table 13 

Number of customers  

Year 0 1 2 3 4 5 6 7 8 9 10 

Aggressive 

YOY = 10% 5 17 30 44 60 77 96 117 140 166 196 

Expected 

YOY = 5% 4 15 27 39 51 65 79 94 109 125 142 

Conservative 

YOY = 3% 3 6 16 26 37 48 59 71 83 95 118 
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A summary of the Aggressive, Expected, and Conservative. Revenue, Profit and ROI for 

the first five and ten years are shown in the table below:  
 

Table 14 

 
Aggressive 

YOY = 10% 

Expected 

YOY = 5% 

Conservative 

YOY = 3% 

Year 5 Revenue $3,940,038  $3,623,792 $2,412,909 

Year 10 Revenue $15,447,133 $13,151,918 $9,617,512 

Year 5 Profit  $1,354,565 $722,873 $591,279 

Year 10 Profit   $11,137,307 $7,426,301 $5,762,615 

Year 5 ROI 255% 189% -21% 

Year 10 ROI 2415% 1937% 1136% 

 

14.8 Financial Projections for Drone Delivery Market in Tooele 

 

Assume the market penetration is 20% and the daily demand for rapid package delivery is 

based on the simulation of 115 orders per day. Assume each business will have only five drone 

to fulfil the demand. Drone delivery market breakeven at year 2. In year five the market will 

have a total revenue of $2 million and an ROI of 271%. Furthermore, in year 10, the market is 

forecasted to gain a total revenue of $7.3 million and an ROI of 1325%, figure 45. The cost is 

based on hourly operational cost, which is mainly calculated using Tooele City’s area as shown 

in table 15. Total cost is annual operational cost of $97,000 and initial ODDTS cost and charges.  

 

Tables 15-16 

Cost $/hour 

Insurance 0.02 

Airspace Charges 0.1 

Battery 0.9 
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motor 0.26 

rotors 0.02 

Electricity 0.2 

labor 0.05 

total 1.55 

 

 
Fig. 45 Financial projections of drone delivery market in Tooele City. UT 

 

15.0 Business Case for Retailers 
  

There are over 255 businesses that need to use just-in-time items for either auto repair 

shops, local restaurants with missing ingredients, hospitals with samples. Given $9 delivery 

charge, the businesses is forecasted to increase profit by $10,000 to $50,000 per year. Since 115 

daily orders are the unmet demand in Tooele, the demand is divided into market shares for 4  

retailers in the first year: 15, 19, and 24 orders per day. The daily operational costs for all market 

shares are $70.42, $72.1, and $74.21. The operational cost is calculated based on the best 

alternative’s average flight time from the simulation, which is Over-Street route (16.3 minutes). 

The cost includes drone pilot’s hourly wage and monthly subscription from ODDTS. Also, fixed 

cost is the one time installment fee, $5000.  
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 Fig.46 Profit Projection for Retailers 

16.0 Project Plan 
 

16.1. Statement of Work 

 

Objective: 

The objective of the project is to design an On-demand drone transportation system that 

includes an air traffic management system for Tooele County, Utah.  

 

Scope: 

The team shall perform the following tasks: 

- Create a project plan  

- Meet the design and the simulation requirement 

 

Place of performance: 

- The final design will be implemented and field tested in Tooele County, The team will 

perform their work at George Mason University Campus in Fairfax. Virginia.  

 

Period of Performance: 

- The period of performance of the system started on 8/28/2018 and projected to end on 

5/5/2019. 

 

Milestones: 

    Table 17 

Required Reports/Milestones Due Dates 

Preliminary Project Plan  09/17/18 
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Requirements Development  10/14/18 

Faculty Presentation  11/16/18 

Final Project Report  12/05/18 

Simulation  02/11/19 

Analysis 03/27/19 

Testing  05/05/19 

 

 

 

16.2. Work Breakdown Structure (WBS)  

 

The Work Breakdown Structure below shows the top level tasks. They are Management, 

Presentation, Research, ConOps, Requirements, Design, Simulation, Analysis, Testing and 

Documentation. And each main task is decomposed further into subtasks that allowed us to 

create the project schedule. See (Fig.47). 
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(Fig.47) 
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16.3. Project Schedule and the critical path 

 

 The Gantt chart below shows the schedule of the On-demand drone transportation 

system. The duration of the project will be 187 days including all the tasks. The blue tasks are 

completed up to this date, while the orange tasks are the critical tasks. After identifying the 

critical tasks, we were able to find project risk that might occur and delay the project due date. 

See (Fig.48,49).  

 
(Fig.48) 

 
(Fig.49) 
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16.4. Project Risk  

 

 The following Failure Mode Effect Analysis (FMEA) shows the possible failures that 

could happen while the project is in progress and how the project will be affected. 

 

Failure Mode & Effect Analysis 

Failure Severity(S)  Likelihood(L)  Detection(D)  
Risk Priority 

Number(RPN)  

Simulation performance is not 

validated by experiment 
8 4 6 192 

Fail to identify safety issues 8 2 4 64 

Fail to obtain accurate sensitivity 

analysis 
2 2 7 28 

Can’t perform field testing to 

validate the system design/field 

testing invalidated system design 

9 6 2 108 

Scale 1-10  

Severity: From 1 (least severe) to 10 (most severe) – How severe its impact will be to our project  

Likelihood: From 1 (least likely) to 10 (most likely) – Probability to happen  

Detection: From 1 (most likely) to 10 (least likely) – Probability to detect the failure  

(1 - able to detect before problem to 10 - almost unable to detect before it occurs) 

RPN: (S)x(L)x(D)  

Four potential risks that we identified to be the most detrimental to the Decision Support 

Tool have been evaluated using a Failure Mode & Effect Analysis. These risks are being 

evaluated by their severity (S) of affecting the project, likelihood (L) of occuring, and their 

ability to be detected (D) before the problem occurs. The Risk Priority Number (RPN) is derived 

from the multiplication of S x L x D.  

 

 The FMEA evaluation has shown that the validation of the simulation has the higher risk. 

The likelihood at 4 is not too high but in case it happens, the consequences will be quite severe. 

This is mainly due to time consuming of writing and debugging the code as well as the 

simulation test runs might take long.. The detection here means that the simulation design itself 

will not be a difficult process and, thus, easier to notice mistakes.  

 

16.5. Risk Mitigation Plan  
 

Table 6  
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Risk Mitigation Plan 

Simulation performance is not 

validated by experiment 
 Design simulation thoroughly and start the coding early on 

Fail to identify safety risks and 

validation 

 Identify hardware and software safety issues, develop  drone 

maintenance protocol 

Fail to obtain accurate 

sensitivity analysis 

 Identify all independent and extraneous variables, run high number 

of within-subject simulations 

Can’t perform field testing to 

validate the system design/field 

testing invalidated system 

design 

 Ensure to finish experiment design ahead of time and validate by 

simulation with the course instructor; Run numerous simulation 

experiments and consider multiple designs early on 

 

In table 6, the mitigation plans have been developed for each of the four risks, if the 

simulation performance is not validated, we will need to debug the code, ensure the algorithm is 

ordered properly; failure to identify safety has one of the higher severities but lower likelihood  

because we are working to make sure all safety issues are identified.  
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16.6 Other Risks 

 
16.7. Budget and Cost  

 

Employee Cost Factors  

Salary with GMU Overhead rate  $50 * 2 = $100 

Systems Engineers 4 

Total Salary for 4 Engineers   $400 

Hours worked per week  20 hours  

Total Hours (32 weeks) 640 hours  

Total Project Budget  $256.000 

Optimistic Budget $243.200 

Pessimistic Budget $268.800 

 

16.8.  Earned Value Management  

The Earned Value data is calculated based on the current date. As of 05/03/2019, the 

project is in on budget because the earned value (BCWP) is higher than the actual cost (ACWP) 

and the project is on schedule because planned value (BCWS) is less then the earned value 

(BCWP). In addition the SPI and CPI shown below. SPI = 1, CPI = 1. See (Fig, 50,51)  
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                                                            (Fig.50) 

 
                                                                (Fig.51) 
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Glossary 

 
AGL - Above Ground Level 

ATC - Air Traffic Control/Controller 

BVLOS - Beyond Visual Line of Sight 

C2 - Command & Control 

FAA - Federal Aviation Administration 

LAANC - Low-Altitude Authorization and Notification Capability 

Last-Mile Delivery - delivery from distribution center to a customer’s doorstep 

NAS - National Airspace System 

NMAC - Near Mid-Air Collision 

RPIC - Remote Pilot In Command/Control 

UAS - Unmanned Aircraft System 

UAV - Unmanned Aerial Vehicle 

UDOT - Utah Department Of Transportation 

USS - UAS Service Supplier 

UTM - Unmanned aircraft systems Traffic Management  

VLOS - Visual Line of Sight 
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17.3 Simulation Codes 
 

All codes were developed in Excel VBA. Each design alternative is a separate set of codes. 

 

17.3.1 Design Alternative 1 

 

Public Sub genData() 

 

' declaring variables for x,y mins and maxs and t for time 

Dim xMin As Long 

Dim xMax As Long 

Dim yMin As Long 

Dim yMax As Long 

 

'Time Variables 

Dim frequency As Long 

Dim simRunTime As Long 

 

Dim t As Long        ' flight time and time to lauch a drone 

Dim tt As Long       ' time checker for ascending 

Dim tt2 As Long      ' time checker for calculating time for ea flight... 

Dim t_sim As Long       ' background simulation time 

Dim period As Long      ' period of hours in a day 

Dim v As Long 

'xStep As Long 

'yStep As Long 

 

 

' Coordinate variables for x,y origin and destination 

Dim xOrigin As Integer 

Dim yOrigin As Integer 

Dim xDest As Integer 

Dim yDest As Integer 

 

' column and row variables 

Dim col As Integer 

Dim row As Long 

 

' Variables for Random generation of a destination 

Dim upper As Integer 

Dim lower As Integer 

Dim xRand As Integer 

Dim yRand As Integer 

Dim shift As Integer 

 

' output variable 

Dim output As String 
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Dim delivered As Integer 

    delivered = 0 

 

 

Dim startTimeForNewFlight As Integer 

startTimeForNewFlight = 0 

 

 

' instantiating variables x,y,t 

xMin = 11 

xMax = 44 

yMin = 11 

yMax = 70 

 

v = 10 

xStep = 10 

yStep = 10 

 

t = 0 

t_sim = 0 

simRunTime = Cells(5, 2) ' accept sim run time from the user 

 

 

' read variables for the Origin from cells (2,2) & (2,3) 

xOrigin = Cells(13, 4) 

yOrigin = Cells(13, 5) 

 

shift = 1 

col = 0 

row = 13 

 

Dim col_c As Long 

col_c = 0 

' col = col + shift 

 

 

Dim numberOfFlights As Integer 

numberOfFlights = 0 

 

output = "" 

 

 

'::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

':::::::::::::::::::::::::::::::::::::::::::: START CYCLE :::::::::::::::::::::::::::::::::::::::::::: 

'::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
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Cells(1, col + 1) = "Total Number of Flights" 

Cells(2, col + 1) = "Total Number of Deliveries" 

Cells(3, col + 1) = "Total Flight Time" 

Cells(4, col + 1) = "Total Delivery Time" 

Cells(5, col + 1) = "Sim Run Time (s)" 

 

Cells(3, col + 4) = "Drone ID" 

Cells(4, col + 4) = "Delivery Time/Drone" 

Cells(5, col + 4) = "Flight Time/Drone" 

 

Dim droneID As Integer 

droneID = 1 

 

' INPUT PARAMETERS 

'frequency = 100 ' default 

period = 10800  ' 3(hrs) * 60(min) * 60(sec) 

 

 

For i = 0 To 5 ' <--------------------- NUMBER OF FLIGHTS ----------------------- 

 

 

'If t_sim >= 0 And t_sim <= period Then  ' 6AM - 9AM 

'        frequency = 250 

' 

'    ElseIf t_sim >= period + 1 And t_sim <= period * 2 Then ' 9AM - 12 PM 

'        frequency = 200 

' 

'    ElseIf t_sim >= period * 2 + 1 And t_sim <= period * 3 Then  ' 12PM - 3PM 

'        frequency = 150 

' 

'    ElseIf t_sim >= period * 3 + 1 And t_sim <= period * 4 Then  ' 3PM - 6PM 

'        frequency = 90 

' 

'    ElseIf t_sim >= period * 4 + 1 And t_sim <= period * 5 Then ' 6PM - 9PM 

'        frequency = 120 

     

' End If 

 

frequency = RandNorm(400, 50) 

Cells(row, col + 12) = frequency 

 

t_sim = frequency * i 

    Cells(1, 2) = i ' number of flights 

     

    

    Cells(7, col + 1) = "Flight Number" 

    Cells(7, col + 2) = i  ' flight order number 
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    Cells(8, col + 1) = "Delivery time" 

    Cells(9, col + 1) = "Total Flight time" 

    Cells(10, col + 1) = "Delivery Distance" 

    Cells(11, col + 1) = "Flight Distance" 

     

    Cells(12, col + 1) = "Actual time" 

    Cells(12, col + 2) = "Flight Time" 

    Cells(12, col + 3) = "Drone ID" 

     

    Cells(12, col + 4) = "Current X" 

    Cells(12, col + 5) = "Current Y" 

    Cells(12, col + 6) = "Status" 

    Cells(12, col + 7) = "X Dest-n" 

    Cells(12, col + 8) = "Y Dest-n" 

     

    t = 0    ' reset fligth time to zero for each new flight 

    tt2 = t  ' dummy tt2 time-variable to calculate the flight time of a drone 

    tt = t   ' dummy tt time-variable to evaluate current moment of time 

    droneID = i + 1 

    Cells(row, col + 3) = droneID 

     

 

' instantiate random destination for x,y 

Randomize 

xRand = Int((xMax - xMin + 1) * Rnd + xMin) 

Randomize 

yRand = Int((yMax - yMin + 1) * Rnd + yMin) 

 

 

' instantiating destination for x,y 

 

xDest = xRand ' <-------- enter destination here for X <----------- 

yDest = yRand ' <-------- enter destination here for Y <----------- 

 

Cells(13, col + 7) = xDest 

Cells(13, col + 8) = yDest 

 

If output <> "Landed at Home Base" Then  ' check when to restart the new cycle for new flight 

 

 

'''''''''''' Forward Flight: when X = Y Destination 

====================================================== 

If xDest = yDest Then 

 

        For x = xOrigin To (xDest + 0.9) 

            For y = yOrigin To (yDest + 0.9) 
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                If xDest = yDest Then 

                    'Take off/climb phase 

                    If t <= tt + 20 Then 

                        Cells(row, col + 1) = t_sim 

                        Cells(row, col + 2) = t 

                        Cells(row, col + 3) = droneID 

                         

                        Cells(row, col + 4) = xOrigin 

                        Cells(row, col + 5) = yOrigin 

                         

                        output = "Ascending"       '''' Ascending message 

                        Cells(row, col + 6) = output 

                         

                        t_sim = t_sim + 1 

                        t = t + 1 

                        row = CLng(row) + 1 

                    Else 

                        Cells(row, col + 1) = t_sim 

                        Cells(row, col + 2) = t 

                        Cells(row, col + 3) = droneID 

                        x = 0.1 + Cells(row - 1, col + 4) 'x(t) = Vx*delta_t + x(t-1) 

                        y = 0.1 + Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

                        Cells(row, col + 4) = x 

                        Cells(row, col + 5) = y 

                         

                        t_sim = t_sim + 1 

                        t = t + 1 

                        row = CLng(row) + 1 ' move down the row 

                    End If 

                     

                        If t_sim >= simRunTime + 1 Then 

                            Exit For 

                        End If 

                     

                End If 

'                If t = t Mod 300 Then           ' checking to see if the t is divisble by 300 

'                   startTimeForNewFlight = t    ' to make sure that the startTimeForNewFlight can be 

done every 300 seconds 

'                End If 

            Next y 

             

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

        Next x 
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End If 

 

'''''''''''' Forward Flight: when X < Y Destination 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

 

If xDest < yDest Then 

 

For x = xOrigin To (xDest + 0.9) 

    For y = yOrigin To (yDest + 0.9) 

 

        'Take off climb 

            If t <= tt + 20 Then 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xOrigin 

                Cells(row, col + 5) = yOrigin 

                 

                output = "Ascending"       '''' Ascending message 

                Cells(row, col + 6) = output 

 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 

                 

            Else 

                If x < xDest Then 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    x = 0.1 + Cells(row - 1, col + 4) 'x(t) =   + x(t-1) 

                    y = 0.1 + Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = row + 1 ' move down the row 

             

                ElseIf x >= xDest Then 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    x = xDest 

                    y = 0.1 + Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 
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                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = row + 1 ' move down the row 

                 

                End If 

                 

            End If 

             

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

             

'            If t = t Mod 300 Then 

'                startTimeForNewFlight = t 

'            End If 

    Next y 

     

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

     

Next x 

 

End If 

 

 

 

''''''''''''' Forward Flight: when X > Y destination 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

 

If xDest > yDest Then 

 

For y = yOrigin To (yDest + 0.9) 

    For x = xOrigin To (xDest + 0.9) 

     

 

    If yDest < xDest Then 

 

        'Take off climb 

            If t <= tt + 20 Then 

                 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xOrigin 

                Cells(row, col + 5) = yOrigin 
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                output = "Ascending"       '''' Ascending message 

                Cells(row, col + 6) = output 

 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 

 

            Else 

                If y < yDest Then 

                     

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    x = 0.1 + Cells(row - 1, col + 4) 'x(t) = Vx*delta_t + x(t-1) 

                    y = 0.1 + Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

 

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = row + 1 ' one row lower 

 

                ElseIf y >= yDest Then 

 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    x = 0.1 + Cells(row - 1, col + 4) 'x(t) = Vx*delta_t + x(t-1) 

                    y = yDest 

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

 

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = row + 1 ' one row lower 

 

                End If 

 

            End If 

             

    End If 

 

'            If t = t Mod 300 Then 

'                startTimeForNewFlight = t 

'            End If 

            If t_sim >= simRunTime + 1 Then 
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                Exit For 

            End If 

    Next x 

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

Next y 

End If 

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

 

 

 

 

'||||||||||||||||||||||||||||||||||||| Descend at Destination ||||||||||||||||||||||||||||||||||||| 

 

Dim ttDescend As Long 

    For t = t To (t + 19) 

 

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        Cells(row, col + 4) = xDest 

        Cells(row, col + 5) = yDest 

         

         

        output = "Descend"      ''''descend message 

        Cells(row, col + 6) = output 

         

        t_sim = t_sim + 1 

        row = row + 1 

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

    Next t 

    For t = t To (t + 5) 

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        Cells(row, col + 4) = xDest 

        Cells(row, col + 5) = yDest 

         

        output = "Resleasing Package"    ''''package drop message 

        Cells(row, col + 6) = output 
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        t_sim = t_sim + 1 

        row = row + 1 

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

'        If t = t + 5 Then 

'            output = "Package Delivered" 

'            Cells(row, col + 6) = output 

'        End If 

    Next t 

     

    For delivered = delivered To delivered 

    If output = "Resleasing Package" Then 

        Cells(2, 2) = delivered + 1 

        ttDescend = ttDescend + t 

        Cells(4, 2) = ttDescend 

    End If 

    Next delivered 

     

    Cells(row, col + 7) = (t - tt2) / 60 

    Cells(row, col + 8) = "minutes" 

     

'||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

 

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

     

''''''''''''''''''''' *** Return Flight starts in the sections below *** ''''''''''''''''''''''''' 

 

 

tt = t  ' -> dummy variable to check time 

 

'''''''''''' Return Flight: when X = Y Destination 

====================================================== 

 

If xDest = yDest Then 

 

    For x = xDest To xOrigin - 1 Step -1 

        For y = yDest To yOrigin - 1 Step -1 

             

            ' Take off/climb phase 

            If t <= tt + 20 Then 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 
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                Cells(row, col + 4) = xDest 

                Cells(row, col + 5) = yDest 

                 

                output = "Ascending"       '''' Ascending message 

                Cells(row, col + 6) = output 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 

                 

                x = xDest 

                y = yDest 

                 

            Else 

                 

                If y > yOrigin Then 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    x = Cells(row - 1, col + 4) - 0.1 'x(t) = Vx*delta_t + x(t-1) 

                    y = Cells(row - 1, col + 5) - 0.1 'y(t) = Vy*delta_t + y(t-1) 

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = row + 1 ' move down the row 

                End If 

                 

            End If 

             

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

             

                         

        Next y 

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

         

    Next x 

 

 

End If 
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'''''''''''' Return Flight: when X < Y Destination 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

 

Dim checkForExit As Boolean ' this variable will check if it's time exit for loop 

 

checkForExit = False ' default value 

 

 

If xDest < yDest Then 

    For x = xDest To xOrigin - 1 Step -1 

        For y = yDest To yOrigin - 1 Step -1 

             

            ' Take off/climb phase 

            If t <= tt + 20 Then 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xDest 

                Cells(row, col + 5) = yDest 

                 

                output = "Ascending"       ''''Ascending message 

                Cells(row, col + 6) = output 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 

                 

                x = xDest 

                y = yDest 

                 

            Else 

             

                If x <= xOrigin Then 

                    x = xOrigin 

                Else 

                    x = Cells(row - 1, col + 4) - 0.1 'x(t) = Vx*delta_t + x(t-1) 

                End If 

                 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                'x = Cells(row - 1, 2) - v*10 'x(t) = Vx*delta_t + x(t-1) 

                y = Cells(row - 1, col + 5) - 0.1 'y(t) = Vy*delta_t + y(t-1) 

                Cells(row, col + 4) = x 
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                Cells(row, col + 5) = y 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 ' move down the row 

                 

                If y < yOrigin Then 

                    checkForExit = True 

                    Exit For 

                End If 

                 

            End If 

             

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

             

       

             

        Next y 

         

        If checkForExit = True Then 

            Exit For 

        End If 

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

         

    Next x 

End If 

 

 

 

 

 

''''''''''''' Forward Flight: when X > Y destination 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

 

checkForExit = False ' set boolean for checker to default false value 

 

If xDest > yDest Then 

    For y = yDest To yOrigin - 1 Step -1 

        For x = xDest To xOrigin - 1 Step -1 

             

            ' Take off/climb phase 

            If t <= tt + 20 Then 
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                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xDest 

                Cells(row, col + 5) = yDest 

                 

                output = "Ascending"       ''''Ascending message 

                Cells(row, col + 6) = output 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 

                 

                x = xDest 

                y = yDest 

                 

            Else 

             

                If y <= yOrigin Then 

                    y = yOrigin 

                Else 

                    y = Cells(row - 1, col + 5) - 0.1 'y(t) = Vy*delta_t + y(t-1) 

                End If 

                 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                x = Cells(row - 1, col + 4) - 0.1  ' x(t) = Vx*delta_t + x(t-1) 

                'y = Cells(row - 1, 3) - v*10   ' y(t) = Vy*delta_t + y(t-1) 

                Cells(row, col + 4) = x 

                Cells(row, col + 5) = y 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 ' move down the row 

                 

                If x < xOrigin Then 

                    checkForExit = True 

                    Exit For 

                End If 

                 

            End If 

             

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 
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        Next x 

         

        If checkForExit = True Then 

            Exit For 

        End If 

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

    Next y 

     

End If 

     

 

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

 

 

'--------------------------------------------------- Home Base --------------------------------------------------

- 

     

    For t = t To (t + 18) 

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        Cells(row, col + 4) = xOrigin 

        Cells(row, col + 5) = yOrigin 

 

 

        output = "Descend"      ''''descend message 

        Cells(row, col + 6) = output 

        t_sim = t_sim + 1 

        row = row + 1 

    

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

         

      '  tt = t 

 

    Next t 

 

  '  tt = t 
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    For t = t To t 

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        Cells(row, col + 4) = xOrigin 

        Cells(row, col + 5) = yOrigin 

 

        output = "Landed at Home Base"    '''' return to home base message 

        Cells(row, col + 6) = output 

         

        t_sim = t_sim + 1 

        row = row + 1 

         

        Cells(row, col + 7) = (t - tt2) / 60 

        Cells(row, col + 8) = "minutes" 

         

         

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

 

    Next t 

     

     

     

' ---------------------------- External For Loop End for Multiple Flights ---------------------------- 

End If 

 

Dim total_t As Long 

total_t = total_t + (t - 1) 

Cells(3, 2) = total_t 

 

Cells(3, col_c + 5) = droneID 

Cells(4, col_c + 5) = tt 

Cells(5, col_c + 5) = t - 1 

 

 

col_c = col_c + shift 

 

 

 

'col = col + shift           ' formula to shift the table by 7 columns 

tt = t                      ' set tt (dummy time variable) to default zero 

output = ""                 ' set output to the default empty String "" 

't = startTimeForNewFlight  ' this time variable can be used as a start time for each new flight 
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t = frequency * i                 ' each time i will be mutliplied by the number of flight frequency 

tt = tt + t 

    If t_sim >= simRunTime + 1 Then 

        Exit For 

    End If 

    Next i 

End Sub 

 

Function RandNorm(meanVal As Double, Stdev As Double) 

    RandNorm = WorksheetFunction.NormInv(Rnd, meanVal, Stdev) 

End Function 

 

17.3.2 Design Alternative 2 
 

Public Sub genData() 

 

' declaring variables for x,y mins and maxs and t for time 

Dim x As Double 

Dim y As Double 

Dim xMin As Integer 

Dim xMax As Integer 

Dim yMin As Integer 

Dim yMax As Integer 

Dim delta_x As Double 

 

 

'Time Variables 

Dim frequency As Long 

Dim simRunTime As Long 

 

Dim t As Long        ' flight time and time to lauch a drone 

Dim tt As Long       ' time checker for ascending 

Dim tt2 As Long      ' time checker for calculating time for ea flight... 

Dim t_sim As Long       ' background simulation time 

Dim period As Long      ' period of hours in a day 

Dim v As Variant 

'xStep As Long 

'yStep As Long 

 

 

' Coordinate variables for x,y origin and destination 

Dim xOrigin_forward As Double 

Dim xOrigin_backward As Double 

Dim yOrigin As Integer 

Dim xDest As Integer 

Dim yDest As Integer 
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' column and row variables 

Dim col As Integer 

Dim row As Long 

 

' Variables for Random generation of a destination 

Dim upper As Integer 

Dim lower As Integer 

Dim xRand As Integer 

Dim yRand As Integer 

Dim shift As Integer 

 

' output variable 

Dim output As String 

Dim delivered As Integer 

    delivered = 0 

 

 

Dim startTimeForNewFlight As Integer 

startTimeForNewFlight = 0 

 

 

 

Cells(1, col + 1) = "Total Number of Flights" 

Cells(2, col + 1) = "Total Number of Deliveries" 

Cells(3, col + 1) = "Total Flight Time" 

Cells(4, col + 1) = "Total Delivery Time" 

Cells(5, col + 1) = "Sim Run Time (s)" 

     

    Cells(7, col + 1) = "Flight Number" 

    Cells(8, col + 1) = "Delivery time" 

    Cells(9, col + 1) = "Total Flight time" 

    Cells(10, col + 1) = "Delivery Distance" 

    Cells(11, col + 1) = "Flight Distance" 

     

    Cells(12, col + 1) = "Actual time" 

    Cells(12, col + 2) = "Flight Time" 

    Cells(12, col + 3) = "Drone ID" 

     

    Cells(12, col + 4) = "Current X" 

    Cells(12, col + 5) = "Current Y" 

    Cells(12, col + 6) = "Status" 

    Cells(12, col + 7) = "X Dest-n" 

    Cells(12, col + 8) = "Y Dest-n" 
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' +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

' +++++++++++++++++++++++ INPUT PARAMETERS ++++++++++++++++++++++++++ 

' +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

' Range for Grid 

xMin = (-12) 

xMax = 34 

yMin = 15 

yMax = 70 

delta_x = 0.2 

 

' Position Variables 

v = 0.1 

delta_t = 1 

xStep = 10 

yStep = 10 

xOrigin_forward = Cells(13, 4) ' accept Origin from the user: cells x(13,4) & y(13,5) 

xOrigin_backward = 9.8 

yOrigin = Cells(13, 5) 

 

' Time 

t = 0 

t_sim = 0 

simRunTime = Cells(5, 2) ' accept sim run time from the user 

 

'shifting for each table 

shift = 1 

col = 0 

row = 13 

 

'columns for each flight 

Dim col_c As Long 

col_c = 0 

 

Dim droneID As Integer 

droneID = 0 ' default value 

 

output = "" 'default 

 

period = 10800  ' 3(hrs) * 60(min) * 60(sec) 

' +++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

' +++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 

'====================================================================

================================ 

'::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

':::::::::::::::::::::::::::::::::::::::: START CYCLE :::::::::::::::::::::::::::::::::::::::::::: 

'::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
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For i = 0 To (Cells(7, 2)) ' <--------------------- NUMBER OF FLIGHTS ----------------------- 

 

Cells(1, 2) = i             ' number of flights 

Cells(7, col + 2) = i       ' flight order number 

 

frequency = RandNorm(150, 50) 

Cells(row, col + 12) = frequency 

 

t_sim = frequency * i 

     

t = 0                       ' reset fligth time to zero for each new flight 

tt2 = t                     ' dummy tt2 time-variable to calculate the flight time of a drone 

tt = t                      ' dummy tt time-variable to evaluate current moment of time 

droneID = i + 1 

Cells(row, col + 3) = droneID 

     

' generate random destination for x,y 

Randomize 

xRand = Int((xMax - xMin + 1) * Rnd + xMin) 

Randomize 

yRand = Int((yMax - yMin + 1) * Rnd + yMin) 

 

 

 

 

 

xDest = xRand  '            <-------- enter destination here for X <----------- 

yDest = yRand  '            <-------- enter destination here for Y <----------- 

 

 

 

 

 

 

Cells(13, col + 7) = xDest 

Cells(13, col + 8) = yDest 

 

If output <> "Landed at Home Base" Then  ' check when to restart the new cycle for new flight 

 

 

If xDest = xOrigin_forward And xDest = xOrigin_backward And yDest = yOrigin Then 

    Exit For 

End If 
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'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

''''''' Forward Flight: x > xOrigin General Condition (Right Side) 

====================================================== 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

' (1) (xDest = yDest Or xDest > yDest Or xDest < yDest) 

If (xDest >= xOrigin_forward) Then 

 

        For y = yOrigin To yDest 

            For x = xOrigin_forward To xDest + 1 

                 

' If xDest = yDest Then 

' Take off/climb phase 

 

Dim xForward As Double 

'xForward = xOrigin + delta_x 

 

                If t <= tt + 20 Then 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                     

                    Cells(row, col + 4) = xOrigin_forward 

                    Cells(row, col + 5) = yOrigin 

                     

                    output = "Ascending"       '''' Ascending message 

                    Cells(row, col + 6) = output 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = CLng(row) + 1 

                     

                 ElseIf x <= xForward Then 

                     

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                     

                    x = Cells(row - 1, col + 4) + v * delta_t 

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = CLng(row) + 1 ' move down the row 

                     

                 ElseIf y <= yDest And t > 20 Then 

                     



  

97 

GMU SEOR                             On-Demand Drone Transportation System 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    x = Cells(row - 1, col + 4) 'x(t) = Vx*delta_t + x(t-1) 

                    y = v * delta_t + Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

                     

                        If y >= yDest Then 

                            output = "Turn Right" 

                            Cells(row, col + 6) = output 

                        End If 

                     

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = CLng(row) + 1 ' move down the row 

                     

                        If x >= xMax Then 

                            output = "Turn Left"    '''' Turn Left Message 

                            Cells(row, col + 6) = output 

                        End If 

                     

                     

                    ' used when xDest > xOrigin 

     

                ElseIf x < xDest + 0.9 And y >= yDest Then 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                     

                    x = v * delta_t + Cells(row - 1, col + 4)     'x(t) = Vx*delta_t + x(t-1) 

                    y = Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

                     

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = CLng(row) + 1 ' move down the row 

                 

                End If 

                 

                If t_sim >= simRunTime + 1 Then 

                    Exit For 

                End If 
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    '                If t = t Mod 300 Then           ' checking to see if the t is divisble by 300 

    '                   startTimeForNewFlight = t    ' to make sure that the startTimeForNewFlight can 

be done every 300 seconds 

    '                End If 

                 

                     

            Next x 

             

                If t_sim >= simRunTime + 1 Then 

                    Exit For 

                End If 

             

        Next y 

         

                If t_sim >= simRunTime + 1 Then 

                    Exit For 

                End If 

 

End If 

             

 

 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

''''''' Forward Flight: xDest < yDest (Left Side) 

====================================================== 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

 

' (2) 

If (xDest < yDest) And (xDest < xOrigin_forward) Then 

 

        For y = yOrigin To (yDest + 0.9) 

            For x = xOrigin_forward To xDest - 1 Step -1 

 

                If t <= tt + 20 Then 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                     

                    Cells(row, col + 4) = xOrigin_forward 

                    Cells(row, col + 5) = yOrigin 

                     

                    output = "Ascending"       '''' Ascending message 

                    Cells(row, col + 6) = output 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = CLng(row) + 1 
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                 ElseIf y <= yDest And t > 20 Then 

                     

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    x = Cells(row - 1, col + 4)  'x(t) = Vx*delta_t + x(t-1) 

                    y = v * delta_t + Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

                     

                        If y >= yDest Then 

                            output = "Turn Left" 

                            Cells(row, col + 6) = output 

                        End If 

                     

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = CLng(row) + 1 ' move down the row 

                     

                        If x >= xMax Then 

                            output = "Turn Left"    '''' Turn Left Message 

                            Cells(row, col + 6) = output 

                        End If 

                     

                     

                    ElseIf y >= yDest And x >= xDest Then 

                     

                        Cells(row, col + 1) = t_sim 

                        Cells(row, col + 2) = t 

                        Cells(row, col + 3) = droneID 

                         

                        x = Cells(row - 1, col + 4) - v * delta_t 'x(t) = Vx*delta_t + x(t-1) 

                        y = Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

                         

                        Cells(row, col + 4) = x 

                        Cells(row, col + 5) = y 

                         

                        t_sim = t_sim + 1 

                        t = t + 1 

                        row = CLng(row) + 1 ' move down the row 

                     

                    ElseIf x <= xDest Then 

                         

                        Cells(row, col + 1) = t_sim 

                        Cells(row, col + 2) = t 
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                        Cells(row, col + 3) = droneID 

                         

                        x = Cells(row - 1, col + 4) - v * delta_t 'x(t) = Vx*delta_t + x(t-1) 

                        y = Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

                         

                        Cells(row, col + 4) = x 

                        Cells(row, col + 5) = y 

                         

                        t_sim = t_sim + 1 

                        t = t + 1 

                        row = CLng(row) + 1 ' move down the row 

                     

                End If 

                 

                 

            Next x 

     

     

        Next y 

 

    

     

                If t_sim >= simRunTime + 1 Then 

                    Exit For 

                End If 

 

End If 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

''''''' Forward Flight: xDest > yDest (Left Side) 

====================================================== 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

 

' (3) 

If (xDest = yDest Or xDest > yDest) And (xDest < xOrigin_forward) Then 

 

 

    For y = yOrigin To yDest + 0.8 

        For x = xOrigin_forward To xDest Step -0.1 

                 

' If xDest = yDest Then 

' Take off/climb phase 

 

 

                If t <= tt + 20 Then 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 
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                    Cells(row, col + 4) = xOrigin_forward 

                    Cells(row, col + 5) = yOrigin 

                     

                    output = "Ascending"       '''' Ascending message 

                    Cells(row, col + 6) = output 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = CLng(row) + 1 

             

                 ElseIf y < yDest And t > 20 Then 

                     

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    x = Cells(row - 1, col + 4)  'x(t) = Vx*delta_t + x(t-1) 

                    y = v * delta_t + Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

                     

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = CLng(row) + 1 ' move down the row 

                     

                         

                     

                        If x >= xMax Then 

                            output = "Turn Left"    '''' Turn Left Message 

                            Cells(row, col + 6) = output 

                        End If 

                         

                      

                        

                    ' used when xDest > xOrigin 

     

                ElseIf x >= xDest And y >= yDest Then 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                     

                    x = Cells(row - 1, col + 4) - v * delta_t 'x(t) = Vx*delta_t + x(t-1) 

                    y = Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

                     

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 
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                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = CLng(row) + 1 ' move down the row 

                     

                 

                ElseIf x <= xMin And y >= yDest Then 

 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                     

                    x = Cells(row - 1, col + 4) - v * delta_t  'x(t) = Vx*delta_t + x(t-1) 

                    y = Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

                     

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = CLng(row) + 1 ' move down the row 

                        If t_sim >= simRunTime + 1 Then 

                            Exit For 

                        End If 

                        '            End If         

                End If 

                 

                            If t_sim >= simRunTime + 1 Then 

                                Exit For 

                            End If   

            Next x 

             

                If t_sim >= simRunTime + 1 Then 

                    Exit For 

                End If 

             

        Next y 

 

    

     

                If t_sim >= simRunTime + 1 Then 

                    Exit For 

                End If 

 

End If 
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' (4) Special Case 

' 

'   xDest = yDest  &&   xDest = xOrigin 

 

If (xDest = yDest) And (xDest = xOrigin_forward) Then 

 

        For y = yOrigin To yDest + 0.9 

            For x = xOrigin_forward To xDest + 0.9 

                 

' If xDest = yDest Then 

' Take off/climb phase 

 

 

                If t <= tt + 20 Then 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                     

                    Cells(row, col + 4) = xOrigin_forward 

                    Cells(row, col + 5) = yOrigin 

                     

                    output = "Ascending"       '''' Ascending message 

                    Cells(row, col + 6) = output 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = CLng(row) + 1 

                     

                    End If 

                     

            Next x 

        Next y 

 

End If 

 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''' Forward Flight: when X < Y close to Destination 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

 

'     40    50 

If xDest < yDest Then 

 

    For x = xOrigin_forward To (xDest + 0.9) 

        For y = yOrigin To (yDest + 0.9) 

     

    ' Take off climb 
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            If x <= xMax And t > 20 Then 

                 

                        If x >= xMax Then 

                            output = "Turn Left"        ''''' Turn Left Message 

                            Cells(row, col + 6) = output 

                        End If 

         

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                x = v * delta_t + Cells(row - 1, col + 4)  'x(t) =   + x(t-1) 

                y = Cells(row - 1, col + 5)  'y(t) = Vy*delta_t + y(t-1) 

                Cells(row, col + 4) = x 

                Cells(row, col + 5) = y 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 ' move down the row 

             

            End If 

             

                    If t_sim >= simRunTime + 1 Then 

                        Exit For 

                    End If 

         

'            If t = t Mod 300 Then 

'                startTimeForNewFlight = t 

'            End If 

        Next y 

         

                If t_sim >= simRunTime + 1 Then 

                    Exit For 

                End If 

    Next x 

End If 

 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

''''''''''''' Forward Flight: when X > Y close to destination 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'   (51  ,  40) 

If xDest > yDest And yDest > xOrigin_forward Then 

 

For x = xOrigin_forward To (xDest + 0.9) 

    For y = yOrigin To (yDest + 0.9) 
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    If yDest < xDest Then 

 

        'Take off climb 

            If t <= tt + 20 Then 

                 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xOrigin_forward 

                Cells(row, col + 5) = yOrigin 

 

                output = "Ascending"       '''' Ascending message 

                Cells(row, col + 6) = output 

 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 

                 

 

             ElseIf x <= xMax And t > 20 Then   

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                x = v * delta_t + Cells(row - 1, col + 4)  'x(t) =   + x(t-1) 

                y = Cells(row - 1, col + 5)  'y(t) = Vy*delta_t + y(t-1) 

                Cells(row, col + 4) = x 

                Cells(row, col + 5) = y 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 ' move down the row 

 

            ElseIf t > 20 And y <= yDest + 1 Then 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                x = Cells(row - 1, col + 4) 

                y = v * delta_t + Cells(row - 1, col + 5)  'y(t) = Vy*delta_t + y(t-1) 

                Cells(row, col + 4) = x 

                Cells(row, col + 5) = y 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 ' move down the row 

 

            End If 
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     End If 

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

    Next y 

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

Next x 

 

End If 

 

If xDest > yDest And yDest < xOrigin_forward Then 

 

    For x = xOrigin_forward To xOrigin_forward 

        For y = yOrigin To (yDest + yOrigin) 

 

            If t <= tt + 20 Then 

                 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xOrigin_forward 

                Cells(row, col + 5) = yOrigin 

 

                output = "Ascending"       '''' Ascending message 

                Cells(row, col + 6) = output 

 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 

                 

                If y >= yDest And y <= yOrigin + yDest Then 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    Cells(row, col + 4) = xOrigin_forward 

                    Cells(row, col + 5) = yOrigin 

     

                    output = "Ascending"       '''' Ascending message 

                    Cells(row, col + 6) = output 

     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = row + 1 

                End If 
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            End If 

             

                    If t > 20 Then 

                        Exit For 

                    End If 

             

        Next y 

         

    Next x 

End If 

 

 

                                    ' left side 

If t > 20 And yDest < xDest And xDest <= xOrigin_forward Then 

     

    For y = Cells(row - 1, col + 5) To yDest + 0.9 

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

         

        x = Cells(row - 1, col + 4)                 'x(t) =   + x(t-1) 

        y = v * delta_t + Cells(row - 1, col + 5)   'y(t) = Vy*delta_t + y(t-1) 

         

        Cells(row, col + 4) = x 

        Cells(row, col + 5) = y 

         

        t_sim = t_sim + 1 

        t = t + 1 

        row = row + 1 ' move down the row 

 

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

    Next y 

             

End If 

 

 

 

 

If xDest > yDest And yDest < xOrigin_forward Then 

 

    For x = xOrigin_forward To xOrigin_forward 

        For y = yOrigin To (yDest + yOrigin) 

 

            If t <= tt + 20 Then 
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                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xOrigin_forward 

                Cells(row, col + 5) = yOrigin 

 

                output = "Ascending"       '''' Ascending message 

                Cells(row, col + 6) = output 

 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 

                 

                If y >= yDest And y <= yOrigin + yDest Then 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    Cells(row, col + 4) = xOrigin_forward 

                    Cells(row, col + 5) = yOrigin 

     

                    output = "Ascending"       '''' Ascending message 

                    Cells(row, col + 6) = output 

     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = row + 1 

                End If 

 

            End If 

             

                    If t > 20 Then 

                        Exit For 

                    End If 

             

        Next y 

         

    Next x 

End If 

 

 

'|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

'||||||||||||||||||||||||||||||||||||| AT DELIVERY DESTINATION ||||||||||||||||||||||||||||||||||||| 

'|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

 

Dim ttDescend As Long 
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    For t = t To (t + 19) 

 

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        Cells(row, col + 4) = xDest 

        Cells(row, col + 5) = yDest 

         

         

        output = "Descend"      ''''descend message 

        Cells(row, col + 6) = output 

         

        t_sim = t_sim + 1 

        row = row + 1 

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

         

 

         

    Next t 

     

 

     

    For t = t To (t + 5) 

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        Cells(row, col + 4) = xDest 

        Cells(row, col + 5) = yDest 

         

        output = "Resleasing Package"    ''''package drop message 

        Cells(row, col + 6) = output 

         

        t_sim = t_sim + 1 

        row = row + 1 

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

        

    Next t 

        For delivered = delivered To delivered 

        If output = "Resleasing Package" Then 

            Cells(2, 2) = delivered + 1 
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            ttDescend = ttDescend + (t - 1) 

            Cells(4, 2) = ttDescend 

        End If 

    Next delivered 

     

    Cells(8, col + 2) = (t - tt2) / 60 

    Cells(8, col + 4) = "minutes" 

 

     

'|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

'||||||||||||||||||||||||||||||||||||| FINISH DELIVERY ||||||||||||||||||||||||||||||||||||| 

'|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

 

 

    If t_sim >= simRunTime + 1 Then 

        Exit For 

    End If 

     

'                  *** Return Flight starts in the sections below *** 

 

 

tt = t  ' -> dummy variable to check time 

 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''' RETURN FLIGHT: X = Y Destination 

======================================== 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

 

If xDest = yDest And xDest < xOrigin_forward Then 

 

    For x = xDest To xOrigin_forward + 0.9 

        For y = yDest To yOrigin 

 

            ' Take off/climb phase 

            If t <= tt + 20 Then 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xDest 

                Cells(row, col + 5) = yDest 

 

                output = "Ascending"       '''' Ascending message 

                Cells(row, col + 6) = output 

 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 
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                x = xDest 

                y = yDest 

 

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

 

            ElseIf x <= xOrigin_forward + 1 Then 

 

'                If x <= 1 And y <= yDest Then 

'                    output = "Turn Left"       ''''' Turn Left 

'                    Cells(row, col + 6) = output 

             '   End If 

 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                     

                    x = Cells(row - 1, col + 4) + v * delta_t 'x(t) = Vx*delta_t + x(t-1) 

                    y = Cells(row - 1, col + 5) '- v * delta_t  'y(t) = Vy*delta_t + y(t-1) 

                     

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

 

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = row + 1 ' move down the row 

 

 

            ElseIf y > 9 Then 

 

                If x >= 1 And y <= yDest Then 

                    output = "Turn Left"       ''''' Turn Left 

                    Cells(row, col + 6) = output 

                End If 

 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    x = Cells(row - 1, col + 4) '- v * delta_t  'x(t) = Vx*delta_t + x(t-1) 

                    y = Cells(row - 1, col + 5) - v * delta_t  'y(t) = Vy*delta_t + y(t-1) 

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

 

                    t_sim = t_sim + 1 

                    t = t + 1 
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                    row = row + 1 ' move down the row 

            End If 

 

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

 

 

        Next y 

 

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

 

    Next x 

End If 

 

 

 

 

 

If x < (xOrigin_forward) Then 

    For x = 1 To (xOrigin_forward + 0.9) 

 

        If y <= yOrigin And x = 1 Then 

                    output = "Turn Left"       ''''' Turn Left 

                    Cells(row, col + 6) = output 

        End If 

 

 

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        x = v * delta_t + Cells(row - 1, col + 4) 'x(t) = Vx*delta_t + x(t-1) 

        y = Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

        Cells(row, col + 4) = x 

        Cells(row, col + 5) = y 

 

        t_sim = t_sim + 1 

        t = t + 1 

        row = CLng(row) + 1 ' move down the row 

 

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

 

    Next x 
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End If 

 

 

If t_sim >= simRunTime + 1 Then 

    Exit For 

End If 

 

     

'       Return: yDest < xDest 

 

If t > 20 And yDest < xDest And xDest <= xOrigin_forward Then 

     

    For t = t To tt + 20 

     

            If t <= tt + 20 Then 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xDest 

                Cells(row, col + 5) = yDest 

 

                output = "Ascending"       '''' Ascending message 

                Cells(row, col + 6) = output 

 

                t_sim = t_sim + 1 

'               t = t + 1 

                row = row + 1 

 

                x = xDest 

                y = yDest 

                 

    ElseIf t >= tt + 20 Then 

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

         

        x = Cells(row - 1, col + 4)                 'x(t) =   + x(t-1) 

        y = v * delta_t + Cells(row - 1, col + 5)   'y(t) = Vy*delta_t + y(t-1) 

         

        Cells(row, col + 4) = x 

        Cells(row, col + 5) = y 

         

        t_sim = t_sim + 1 

        t = t + 1 

        row = row + 1 ' move down the row 
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            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

    End If 

     

    Next t 

             

End If 

 

 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''' RETURN FLIGHT: X ***** Y Destination 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

 

Dim checkForExit As Boolean ' this variable will check if it's time exit for loop 

 

checkForExit = False ' default value 

 

'(xDest = yDest Or xDest > yDest Or xDest < yDest) And 

If (xDest > xOrigin_backward) And (x >= xDest And y >= yDest) Then 

    For x = xDest To xOrigin_backward - 1 Step -1 

        For y = yDest To yOrigin - 1 Step -1 

             

            ' Take off/climb phase 

            If t <= tt + 20 Then 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xDest 

                Cells(row, col + 5) = yDest 

                 

                output = "Ascending"       ''''Ascending message 

                Cells(row, col + 6) = output 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 

                 

                x = xDest 

                y = yDest 

                 

                    If t_sim >= simRunTime + 1 Then 

                        Exit For 

                    End If 

                 

                 



  

115 

GMU SEOR                             On-Demand Drone Transportation System 

            ElseIf x >= (xOrigin_backward) Then '  ***** 

             

                If x = xDest Then 

                    output = "Fly Back"       ''''' Turn Left 

                    Cells(row, col + 6) = output 

                End If 

             

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                 

                x = Cells(row - 1, col + 4) - v * delta_t  'x(t) = Vx*delta_t + x(t-1) 

                y = Cells(row - 1, col + 5) '- v * delta_t  'y(t) = Vy*delta_t + y(t-1) 

                 

'                    If x < 1 Then 

'                        x = 1 

'                    End If 

                Cells(row, col + 4) = x 

                Cells(row, col + 5) = y 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 ' move down the row 

                     

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

             

             

            ElseIf y >= yOrigin Then 

             

'                If x < 1 Then 

'                    x = 1 

'                End If 

                

                 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                 

                x = Cells(row - 1, col + 4) '- v * delta_t  'x(t) = Vx*delta_t + x(t-1) 

                y = Cells(row - 1, col + 5) - v * delta_t  'y(t) = Vy*delta_t + y(t-1) 

                 

                Cells(row, col + 4) = x 

                Cells(row, col + 5) = y 

                 

                If y >= yDest - 0.1 Then 
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                    output = "Turn Left"       ''''' Turn Left 

                    Cells(row, col + 6) = output 

                End If 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 ' move down the row 

                 

            End If 

             

                If y < yOrigin Then 

                    checkForExit = True 

                    Exit For 

                End If 

             

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

             

        Next y 

         

        If checkForExit = True Then 

            Exit For 

        End If 

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

    Next x 

     

            If x < (xOrigin_backward) Then 

                For y = yOrigin To yOrigin - 1 Step -1 

                     

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    x = Cells(row - 1, col + 4) 'x(t) = Vx*delta_t + x(t-1) 

                    y = Cells(row - 1, col + 5) - v * delta_t 'y(t) = Vy*delta_t + y(t-1) 

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = CLng(row) + 1 ' move down the row 

             

                    If t_sim >= simRunTime + 1 Then 

                        Exit For 
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                    End If 

             

                Next y 

             

            End If 

     

End If 

 

 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''' RETURN FLIGHT: X ***** Y Destination 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

 

 

checkForExit = False ' default value 

 

 

If (xDest = yDest Or xDest > yDest Or xDest < yDest) And (xDest < xOrigin_backward) And (x 

>= xDest And y >= yDest) Then 

    For x = xDest To xOrigin_backward + 0.9 

        For y = yDest To yOrigin - 1 Step -1 

             

            ' Take off/climb phase 

            If t <= tt + 20 Then 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xDest 

                Cells(row, col + 5) = yDest 

                 

                output = "Ascending"       ''''Ascending message 

                Cells(row, col + 6) = output 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 

                 

                x = xDest 

                y = yDest 

                 

                    If t_sim >= simRunTime + 1 Then 

                        Exit For 

                    End If 

                 

                 

            ElseIf x <= xOrigin_backward And y > yOrigin Then    '! 
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                If x = xDest Then 

                    output = "Fly Back"       ''''' Turn Left 

                    Cells(row, col + 6) = output 

                End If 

             

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                 

                x = Cells(row - 1, col + 4) + v * delta_t  'x(t) = Vx*delta_t + x(t-1) 

                y = Cells(row - 1, col + 5) '- v * delta_t  'y(t) = Vy*delta_t + y(t-1) 

                 

'                    If x < 1 Then 

'                        x = 1 

'                    End If 

                Cells(row, col + 4) = x 

                Cells(row, col + 5) = y 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 ' move down the row 

                     

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

             

             

            ElseIf y > yOrigin Then 

             

'                If x < 1 Then 

'                    x = 1 

'                End If 

                

                 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                 

                x = Cells(row - 1, col + 4) '- v * delta_t  'x(t) = Vx*delta_t + x(t-1) 

                y = Cells(row - 1, col + 5) - v * delta_t  'y(t) = Vy*delta_t + y(t-1) 

                 

                Cells(row, col + 4) = x 

                Cells(row, col + 5) = y 

                 

                If y >= yDest - 0.1 Then 

                    output = "Turn Right"       ''''' Turn Left 

                    Cells(row, col + 6) = output 
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                End If 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 ' move down the row 

                 

            End If 

             

                If y < yOrigin Then 

                    checkForExit = True 

                    Exit For 

                End If 

             

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

             

        Next y 

         

        If checkForExit = True Then 

            Exit For 

        End If 

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

    Next x 

     

            If x > (xOrigin_backward) Then 

                For y = yOrigin To yOrigin - 1 Step -1 

                     

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    x = Cells(row - 1, col + 4) 'x(t) = Vx*delta_t + x(t-1) 

                    y = Cells(row - 1, col + 5) - v * delta_t 'y(t) = Vy*delta_t + y(t-1) 

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = CLng(row) + 1 ' move down the row 

             

                    If t_sim >= simRunTime + 1 Then 

                        Exit For 

                    End If 
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                Next y 

             

            End If 

     

End If 

 

 

 

 

 

If t_sim >= simRunTime + 1 Then 

    Exit For 

End If 

 

 

 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''' RETURN FLIGHT: X > Y Destination 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

 

 

checkForExit = False ' set boolean for checker to default false value 

 

     

 

 

If y > (yOrigin) And x >= xOrigin_backward Then 

    For y = yDest To (yOrigin + 0.1) - 1 Step -1 

 

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        x = xOrigin_backward 'x(t) = Vx*delta_t + x(t-1) 

        y = Cells(row - 1, col + 5) - v * delta_t 'y(t) = Vy*delta_t + y(t-1) 

        Cells(row, col + 4) = x 

        Cells(row, col + 5) = y 

 

        t_sim = t_sim + 1 

        t = t + 1 

        row = CLng(row) + 1 ' move down the row 

 

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 
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    Next y 

End If 

 

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

 

 

 

 

'----------------------------------------------------------------------------------------------------------------- 

'--------------------------------- START HOME BASE ------------------------------------------------------

--------- 

'----------------------------------------------------------------------------------------------------------------- 

 

 

    For t = t To (t + 18) 

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        Cells(row, col + 4) = xOrigin_backward 

        Cells(row, col + 5) = yOrigin 

 

 

        output = "Descend"      ''''descend message 

        Cells(row, col + 6) = output 

        t_sim = t_sim + 1 

        row = row + 1 

    

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

         

      '  tt = t 

 

    Next t 

 

  '  tt = t 

 

    For t = t To t 

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        Cells(row, col + 4) = xOrigin_backward 
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        Cells(row, col + 5) = yOrigin 

 

        output = "Landed at Home Base"    '''' return to home base message 

        Cells(row, col + 6) = output 

         

        t_sim = t_sim + 1 

        row = row + 1 

         

        Cells(9, col + 2) = (t - tt2) / 60 

        Cells(9, col + 4) = "minutes" 

         

         

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

 

    Next t 

     

'----------------------------------------------------------------------------------------------------------------- 

'--------------------------------- FINISH HOME BASE ------------------------------------------------------

-------- 

'----------------------------------------------------------------------------------------------------------------- 

     

     

     

     

' ---------------------------- External For Loop End for Multiple Flights ---------------------------- 

End If 

Dim total_t As Long 

total_t = total_t + (t - 1) 

Cells(3, 2) = total_t 

 

 

Cells(3, col_c + 5) = droneID 

Cells(4, col_c + 5) = tt 

Cells(5, col_c + 5) = t - 1 

 

 

col_c = col_c + shift 

 

'col = col + shift           ' formula to shift the table by 7 columns 

tt = t                      ' set tt (dummy time variable) to default zero 

output = ""                 ' set output to the default empty String "" 

't = startTimeForNewFlight  ' this time variable can be used as a start time for each new flight 

  

t = frequency * i                 ' each time i will be mutliplied by the number of flight frequency 
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'row = 13 

 

tt = tt + t 

 

 

    If t_sim >= simRunTime + 1 Then 

        Exit For 

    End If 

 

Next i 

 

     

' if i = 

 

 

 

End Sub 

 

Function RandNorm(meanVal As Double, Stdev As Double) 

 

    RandNorm = WorksheetFunction.NormInv(Rnd, meanVal, Stdev) 

End Function 
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17.3.3 Design Alternative 3 
 

Public Sub genData() 

 

' declaring variables for x,y mins and maxs and t for time 

Dim xMin As Integer 

Dim xMax As Integer 

Dim yMin As Integer 

Dim yMax As Integer 

 

'Time Variables 

Dim frequency As Long 

Dim simRunTime As Long 

 

Dim t As Long        ' flight time and time to lauch a drone 

Dim tt As Long       ' time checker for ascending 

Dim tt2 As Long      ' time checker for calculating time for ea flight... 

Dim t_sim As Long       ' background simulation time 

Dim period As Long      ' period of hours in a day 

Dim v As Variant 

'xStep As Long 

'yStep As Long 

 

 

' Coordinate variables for x,y origin and destination 

Dim xOrigin As Integer 

Dim yOrigin As Integer 

Dim xDest As Integer 

Dim yDest As Integer 

 

' column and row variables 

Dim col As Integer 

Dim row As Long 

 

' Variables for Random generation of a destination 

Dim upper As Integer 

Dim lower As Integer 

Dim xRand As Integer 

Dim yRand As Integer 

Dim shift As Integer 

 

' output variable 

Dim output As String 

Dim delivered As Integer 

    delivered = 0 
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Dim startTimeForNewFlight As Integer 

startTimeForNewFlight = 0 

 

' +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

' +++++++++++++++++++++++ INPUT PARAMETERS ++++++++++++++++++++++++++ 

' +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

' Range for Grid 

xMin = 11 

xMax = 44 

yMin = 11 

yMax = 70 

 

v = 0.1 

delta_t = 1 

xStep = 10 

yStep = 10 

 

t = 0 

t_sim = 0 

simRunTime = Cells(5, 2) ' accept sim run time from the user 

xOrigin = Cells(13, 4) ' accept Origin from the user: cells x(13,4) & y(13,5) 

yOrigin = Cells(13, 5) 

 

'shifting for ea. table 

shift = 1 

col = 0 

row = 13 

 

Dim col_c As Long 

col_c = 0 

 

' col = col + shift 

output = "" 'default 

 

Dim droneID As Integer 

droneID = 0 ' default value 

 

 

period = 10800  ' 3(hrs) * 60(min) * 60(sec) 

' +++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

' +++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 

 

Cells(1, col + 1) = "Total Number of Flights" 

Cells(2, col + 1) = "Total Number of Deliveries" 

Cells(3, col + 1) = "Total Flight Time" 

Cells(4, col + 1) = "Total Delivery Time" 
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Cells(5, col + 1) = "Sim Run Time (s)" 

     

    Cells(7, col + 1) = "Flight Number" 

    Cells(8, col + 1) = "Delivery time" 

    Cells(9, col + 1) = "Total Flight time" 

    Cells(10, col + 1) = "Delivery Distance" 

    Cells(11, col + 1) = "Flight Distance" 

     

    Cells(12, col + 1) = "Actual time" 

    Cells(12, col + 2) = "Flight Time" 

    Cells(12, col + 3) = "Drone ID" 

     

    Cells(12, col + 4) = "Current X" 

    Cells(12, col + 5) = "Current Y" 

    Cells(12, col + 6) = "Status" 

    Cells(12, col + 7) = "X Dest-n" 

    Cells(12, col + 8) = "Y Dest-n" 

 

 

 

'::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

':::::::::::::::::::::::::::::::::::::::: START CYCLE :::::::::::::::::::::::::::::::::::::::::::: 

'::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

 

For i = 0 To 100 ' <--------------------- NUMBER OF FLIGHTS ----------------------- 

 

frequency = RandNorm(400, 50) 

Cells(row, col + 12) = frequency 

 

t_sim = frequency * i 

 

    Cells(1, 2) = i ' number of flights 

    Cells(7, col + 2) = i  ' flight order number 

         

    t = 0    ' reset fligth time to zero for each new flight 

    tt2 = t  ' dummy tt2 time-variable to calculate the flight time of a drone 

    tt = t   ' dummy tt time-variable to evaluate current moment of time 

    droneID = i + 1 

    Cells(row, col + 3) = droneID 

     

' instantiate random destination for x,y 

Randomize 

xRand = Int((xMax - xMin + 1) * Rnd + xMin) 

Randomize 

yRand = Int((yMax - yMin + 1) * Rnd + yMin) 
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' instantiating destination for x,y 

xDest = xRand ' <-------- enter destination here for X <----------- 

yDest = yRand ' <-------- enter destination here for Y <----------- 

 

Cells(13, col + 7) = xDest 

Cells(13, col + 8) = yDest 

 

If output <> "Landed at Home Base" Then  ' check when to restart the new cycle for new flight 

 

 

 

 

 

 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''' Forward Flight: when X = Y Destination 

====================================================== 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

 

If xDest = yDest Then 

 

        For x = xOrigin To (xDest + 0.9) 

            For y = yOrigin To (yDest + 0.9) 

                 

                 

                If xDest = yDest Then 

                    'Take off/climb phase 

                    If t <= tt + 20 Then 

                        Cells(row, col + 1) = t_sim 

                        Cells(row, col + 2) = t 

                        Cells(row, col + 3) = droneID 

                         

                        Cells(row, col + 4) = xOrigin 

                        Cells(row, col + 5) = yOrigin 

                         

                        output = "Ascending"       '''' Ascending message 

                        Cells(row, col + 6) = output 

                         

                        t_sim = t_sim + 1 

                        t = t + 1 

                        row = CLng(row) + 1 

                    ElseIf x <= xMax And t > 20 Then 

                        Cells(row, col + 1) = t_sim 

                        Cells(row, col + 2) = t 

                        Cells(row, col + 3) = droneID 

                        x = v * delta_t + Cells(row - 1, col + 4)  'x(t) = Vx*delta_t + x(t-1) 

                        y = Cells(row - 1, col + 5)  'y(t) = Vy*delta_t + y(t-1) 
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                        Cells(row, col + 4) = x 

                        Cells(row, col + 5) = y 

                         

                        t_sim = t_sim + 1 

                        t = t + 1 

                        row = CLng(row) + 1 ' move down the row 

                         

                        If x >= xMax Then 

                            output = "Turn Left"    '''' Turn Left Message 

                            Cells(row, col + 6) = output 

                        End If 

                         

                    ElseIf t > 20 And y >= yOrigin Then 

                        Cells(row, col + 1) = t_sim 

                        Cells(row, col + 2) = t 

                        Cells(row, col + 3) = droneID 

                        x = Cells(row - 1, col + 4)     'x(t) = Vx*delta_t + x(t-1) 

                        y = v * delta_t + Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

                        Cells(row, col + 4) = x 

                        Cells(row, col + 5) = y 

                         

                        t_sim = t_sim + 1 

                        t = t + 1 

                        row = CLng(row) + 1 ' move down the row 

                     

                    End If 

                     

                    If t_sim >= simRunTime + 1 Then 

                        Exit For 

                    End If 

                     

                End If 

                     

                     

                     

                     

'                If t = t Mod 300 Then           ' checking to see if the t is divisble by 300 

'                   startTimeForNewFlight = t    ' to make sure that the startTimeForNewFlight can be 

done every 300 seconds 

'                End If 

                 

                     

            Next y 

             

                If t_sim >= simRunTime + 1 Then 

                    Exit For 

                End If 
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        Next x 

         

 

         

    If x > xMax And y >= yDest Then 

     

        For x = xMax To xDest - 0.9 Step -1 

            For y = yDest To y 

                 

                If x = xMax And y >= yDest Then 

                    output = "Turn Left"        ''''' Turn Left Message 

                    Cells(row, col + 6) = output 

                End If 

                 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                x = Cells(row - 1, col + 4) - v * delta_t  'x(t) = Vx*delta_t + x(t-1) 

                y = yDest 'y(t) = Vy*delta_t + y(t-1) 

                Cells(row, col + 4) = x 

                Cells(row, col + 5) = y 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = CLng(row) + 1 ' move down the row 

                 

                 

            Next y 

             

                If t_sim >= simRunTime + 1 Then 

                    Exit For 

                End If 

        Next x 

         

                If t_sim >= simRunTime + 1 Then 

                    Exit For 

                End If 

    End If 

     

                If t_sim >= simRunTime + 1 Then 

                    Exit For 

                End If 

 

End If 
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'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''' Forward Flight: when X < Y Destination 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

 

'     40    50 

If xDest < yDest Then 

 

For x = xOrigin To (xDest + 0.9) 

    For y = yOrigin To (yDest + 0.9) 

 

        If xDest < yDest Then 

        'Take off climb 

            If t <= tt + 20 Then 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xOrigin 

                Cells(row, col + 5) = yOrigin 

                 

                output = "Ascending"       '''' Ascending message 

                Cells(row, col + 6) = output 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 

                 

            ElseIf x <= xMax And t > 20 Then 

                    If x >= xMax Then 

                        output = "Turn Left"        ''''' Turn Left Message 

                        Cells(row, col + 6) = output 

                    End If 

             

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    x = v * delta_t + Cells(row - 1, col + 4)  'x(t) =   + x(t-1) 

                    y = Cells(row - 1, col + 5)  'y(t) = Vy*delta_t + y(t-1) 

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 



  

131 

GMU SEOR                             On-Demand Drone Transportation System 

                    row = row + 1 ' move down the row 

             

                ElseIf t > 20 And y <= yDest + 1 Then 

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    x = Cells(row - 1, col + 4) 

                    y = v * delta_t + Cells(row - 1, col + 5)  'y(t) = Vy*delta_t + y(t-1) 

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = row + 1 ' move down the row 

                 

                End If 

                 

            'End If 

             

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

        End If 

         

'            If t = t Mod 300 Then 

'                startTimeForNewFlight = t 

'            End If 

                

                

                

    Next y 

     

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

     

Next x 

 

 

    If x > xMax And y >= yDest Then 

     

        For x = xMax To xDest - 0.9 Step -1 

            For y = yDest To y 

                 

                If x = xMax And y >= yDest Then 

                    output = "Turn Left"        '''' Turn Left Message 

                    Cells(row, col + 6) = output 
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                End If 

                 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                x = Cells(row - 1, col + 4) - v * delta_t  'x(t) = Vx*delta_t + x(t-1) 

                y = yDest 'y(t) = Vy*delta_t + y(t-1) 

                Cells(row, col + 4) = x 

                Cells(row, col + 5) = y 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = CLng(row) + 1 ' move down the row 

            Next y 

             

                If t_sim >= simRunTime + 1 Then 

                    Exit For 

                End If 

        Next x 

         

                If t_sim >= simRunTime + 1 Then 

                    Exit For 

                End If 

    End If 

 

 

End If 

 

 

 

 

 

 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

''''''''''''' Forward Flight: when X > Y destination 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'   (43  ,  11) 

If xDest > yDest Then 

 

For x = xOrigin To (xDest + 0.9) 

    For y = yOrigin To (yDest + 0.9) 

 

     

 

    If yDest < xDest Then 
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        'Take off climb 

            If t <= tt + 20 Then 

                 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xOrigin 

                Cells(row, col + 5) = yOrigin 

 

                output = "Ascending"       '''' Ascending message 

                Cells(row, col + 6) = output 

 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 

 

             ElseIf x <= xMax And t > 20 Then 

                If x >= xMax Then 

                    output = "Turn Left"        ''''' Turn Left Message 

                    Cells(row, col + 6) = output 

                End If 

         

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                x = v * delta_t + Cells(row - 1, col + 4)  'x(t) =   + x(t-1) 

                y = Cells(row - 1, col + 5)  'y(t) = Vy*delta_t + y(t-1) 

                Cells(row, col + 4) = x 

                Cells(row, col + 5) = y 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 ' move down the row 

 

            ElseIf t > 20 And y <= yDest + 1 Then 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                x = Cells(row - 1, col + 4) 

                y = v * delta_t + Cells(row - 1, col + 5)  'y(t) = Vy*delta_t + y(t-1) 

                Cells(row, col + 4) = x 

                Cells(row, col + 5) = y 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 ' move down the row 
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            End If 

 

     End If 

             

 

 

'            If t = t Mod 300 Then 

'                startTimeForNewFlight = t 

'            End If 

             

             

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

             

             

 

    Next y 

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

Next x 

 

 

 

    If x > xMax And y >= yDest Then 

     

        For x = xMax To xDest - 0.9 Step -1 

            For y = yDest To y 

                 

                If x = xMax And y >= yDest Then 

                    output = "Turn Left"        '''' Turn Left Message 

                    Cells(row, col + 6) = output 

                End If 

                 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                x = Cells(row - 1, col + 4) - v * delta_t  'x(t) = Vx*delta_t + x(t-1) 

                y = yDest 'y(t) = Vy*delta_t + y(t-1) 

                Cells(row, col + 4) = x 

                Cells(row, col + 5) = y 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = CLng(row) + 1 ' move down the row 

            Next y 
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                If t_sim >= simRunTime + 1 Then 

                    Exit For 

                End If 

        Next x 

                If t_sim >= simRunTime + 1 Then 

                    Exit For 

                End If 

    End If 

 

 

End If 

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

 

 

 

 

 

 

 

'|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

'||||||||||||||||||||||||||||||||||||| AT DELIVERY DESTINATION ||||||||||||||||||||||||||||||||||||| 

'|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

 

Dim ttDescend As Long 

 

 

 

    For t = t To (t + 19) 

 

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        Cells(row, col + 4) = xDest 

        Cells(row, col + 5) = yDest 

         

         

        output = "Descend"      ''''descend message 

        Cells(row, col + 6) = output 

         

        t_sim = t_sim + 1 

        row = row + 1 

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 
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        End If 

         

 

         

    Next t 

     

 

     

    For t = t To (t + 5) 

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        Cells(row, col + 4) = xDest 

        Cells(row, col + 5) = yDest 

         

        output = "Resleasing Package"    ''''package drop message 

        Cells(row, col + 6) = output 

         

        t_sim = t_sim + 1 

        row = row + 1 

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

'        If t = t + 5 Then 

'            output = "Package Delivered" 

'            Cells(row, col + 6) = output 

'        End If 

 

 

         

    Next t 

     

     

    

    For delivered = delivered To delivered 

    If output = "Resleasing Package" Then 

        Cells(2, 2) = delivered + 1 

        ttDescend = ttDescend + (t - 1) 

        Cells(4, 2) = ttDescend 

    End If 

    Next delivered 

     

    Cells(8, col + 2) = (t - tt2) / 60 

    Cells(8, col + 4) = "minutes" 

     

'|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
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'||||||||||||||||||||||||||||||||||||| FINISH DELIVERY ||||||||||||||||||||||||||||||||||||| 

'|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

 

 

    If t_sim >= simRunTime + 1 Then 

        Exit For 

    End If 

 

 

     

     

     

     

     

     

     

     

     

'                  *** Return Flight starts in the sections below *** 

 

 

tt = t  ' -> dummy variable to check time 

 

 

 

 

 

 

 

 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''' RETURN FLIGHT: X = Y @ Destination 

======================================== 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

 

If xDest = yDest Then 

 

    For x = xDest To xOrigin - 1 Step -1 

        For y = yDest To yOrigin - 1 Step -1 

             

            ' Take off/climb phase 

            If t <= tt + 20 Then 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xDest 

                Cells(row, col + 5) = yDest 
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                output = "Ascending"       '''' Ascending message 

                Cells(row, col + 6) = output 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 

                 

                x = xDest 

                y = yDest 

                 

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

                 

            ElseIf x > 1 Then 

                     

'                If x <= 1 And y <= yDest Then 

'                    output = "Turn Left"       ''''' Turn Left 

'                    Cells(row, col + 6) = output 

             '   End If 

             

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    x = Cells(row - 1, col + 4) - v * delta_t  'x(t) = Vx*delta_t + x(t-1) 

                    y = Cells(row - 1, col + 5) '- v * delta_t  'y(t) = Vy*delta_t + y(t-1) 

                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = row + 1 ' move down the row 

 

                     

            ElseIf y > 9 Then 

             

                If x >= 1 And y <= yDest Then 

                    output = "Turn Left"       ''''' Turn Left 

                    Cells(row, col + 6) = output 

                End If 

                     

                    Cells(row, col + 1) = t_sim 

                    Cells(row, col + 2) = t 

                    Cells(row, col + 3) = droneID 

                    x = Cells(row - 1, col + 4) '- v * delta_t  'x(t) = Vx*delta_t + x(t-1) 

                    y = Cells(row - 1, col + 5) - v * delta_t  'y(t) = Vy*delta_t + y(t-1) 
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                    Cells(row, col + 4) = x 

                    Cells(row, col + 5) = y 

                     

                    t_sim = t_sim + 1 

                    t = t + 1 

                    row = row + 1 ' move down the row 

            End If 

             

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

             

                         

        Next y 

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

         

    Next x 

End If 

 

 

 

 

 

If x < (xOrigin) Then 

    For x = 1 To (xOrigin + 0.9) 

         

        If y <= yOrigin And x = 1 Then 

                    output = "Turn Left"       ''''' Turn Left 

                    Cells(row, col + 6) = output 

        End If 

         

         

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        x = v * delta_t + Cells(row - 1, col + 4) 'x(t) = Vx*delta_t + x(t-1) 

        y = Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

        Cells(row, col + 4) = x 

        Cells(row, col + 5) = y 

         

        t_sim = t_sim + 1 

        t = t + 1 

        row = CLng(row) + 1 ' move down the row 
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        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

 

    Next x 

 

End If 

 

 

If t_sim >= simRunTime + 1 Then 

    Exit For 

End If 

 

 

 

 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''' RETURN FLIGHT: X < Y Destination 

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

 

Dim checkForExit As Boolean ' this variable will check if it's time exit for loop 

 

checkForExit = False ' default value 

 

 

If xDest < yDest Then 

    For x = xDest To xOrigin - 1 Step -1 

        For y = yDest To yOrigin - 1 Step -1 

             

            ' Take off/climb phase 

            If t <= tt + 20 Then 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xDest 

                Cells(row, col + 5) = yDest 

                 

                output = "Ascending"       ''''Ascending message 

                Cells(row, col + 6) = output 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 

                 

                x = xDest 

                y = yDest 
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                    If t_sim >= simRunTime + 1 Then 

                        Exit For 

                    End If 

                 

                 

            ElseIf x > 1 Then 

             

                If x <= 1.1 Then 

                    output = "Turn Left"       ''''' Turn Left 

                    Cells(row, col + 6) = output 

                End If 

             

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                x = Cells(row - 1, col + 4) - v * delta_t  'x(t) = Vx*delta_t + x(t-1) 

                y = Cells(row - 1, col + 5) '- v * delta_t  'y(t) = Vy*delta_t + y(t-1) 

                 

                    If x < 1 Then 

                        x = 1 

                    End If 

                Cells(row, col + 4) = x 

                Cells(row, col + 5) = y 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 ' move down the row 

                     

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

             

             

            ElseIf y > 9 Then 

             

                If x < 1 Then 

                    x = 1 

                End If 

                

                 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                x = Cells(row - 1, col + 4) '- v * delta_t  'x(t) = Vx*delta_t + x(t-1) 

                y = Cells(row - 1, col + 5) - v * delta_t  'y(t) = Vy*delta_t + y(t-1) 

                Cells(row, col + 4) = x 
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                Cells(row, col + 5) = y 

                 

                If x = 1 And y <= yOrigin Then 

                    output = "Turn Left"       ''''' Turn Left 

                    Cells(row, col + 6) = output 

                End If 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 ' move down the row 

                 

            End If 

 

                If y < yOrigin Then 

                    checkForExit = True 

                    Exit For 

                End If 

             

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

             

        Next y 

         

        If checkForExit = True Then 

            Exit For 

        End If 

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

    Next x 

End If 

 

 

 

 

 

If x < (xOrigin) Then 

    For x = 1 To (xOrigin + 0.9) 

         

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        x = v * delta_t + Cells(row - 1, col + 4) 'x(t) = Vx*delta_t + x(t-1) 

        y = Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

        Cells(row, col + 4) = x 
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        Cells(row, col + 5) = y 

         

        t_sim = t_sim + 1 

        t = t + 1 

        row = CLng(row) + 1 ' move down the row 

 

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

 

    Next x 

 

End If 

 

 

If t_sim >= simRunTime + 1 Then 

    Exit For 

End If 

 

 

 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

'''''''''''''''''''''''' RETURN FLIGHT: X > Y Destination 

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 

 

 

checkForExit = False ' set boolean for checker to default false value 

 

If xDest > yDest Then 

    For x = yDest To yOrigin - 1 Step -1 

        For y = xDest To xOrigin - 1 Step -1 

             

            ' Take off/climb phase 

            If t <= tt + 20 Then 

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                Cells(row, col + 4) = xDest 

                Cells(row, col + 5) = yDest 

                 

                output = "Ascending"       ''''Ascending message 

                Cells(row, col + 6) = output 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 
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                x = xDest 

                y = yDest 

                 

             

           ElseIf x > 1 Then 

             

                If x <= 1.1 Then 

                    output = "Turn Left"       ''''' Turn Left 

                    Cells(row, col + 6) = output 

                End If 

             

                Cells(row, col + 1) = t_sim 

                Cells(row, col + 2) = t 

                Cells(row, col + 3) = droneID 

                x = Cells(row - 1, col + 4) - v * delta_t  'x(t) = Vx*delta_t + x(t-1) 

                y = Cells(row - 1, col + 5) '- v * delta_t  'y(t) = Vy*delta_t + y(t-1) 

                 

                    If x < 1 Then 

                        x = 1 

                    End If 

                Cells(row, col + 4) = x 

                Cells(row, col + 5) = y 

                 

                t_sim = t_sim + 1 

                t = t + 1 

                row = row + 1 ' move down the row 

                     

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

                 

            End If 

             

            If t_sim >= simRunTime + 1 Then 

                Exit For 

            End If 

             

         

             

        Next y 

         

         

        If checkForExit = True Then 

            Exit For 

        End If 
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        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

    Next x 

End If 

     

     

If x < (xOrigin) Then 

    For x = 1 To (xOrigin + 0.9) 

         

        If y <= yOrigin And x = 1 Then 

            output = "Turn Left"       ''''' Turn Left 

            Cells(row, col + 6) = output 

        End If 

         

         

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        x = v * delta_t + Cells(row - 1, col + 4) 'x(t) = Vx*delta_t + x(t-1) 

        y = Cells(row - 1, col + 5) 'y(t) = Vy*delta_t + y(t-1) 

        Cells(row, col + 4) = x 

        Cells(row, col + 5) = y 

         

        t_sim = t_sim + 1 

        t = t + 1 

        row = CLng(row) + 1 ' move down the row 

 

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

    Next x 

End If 

 

If y > (yOrigin) And x >= xOrigin Then 

    For y = yDest To (yOrigin + 0.1) - 1 Step -1 

         

        If x >= xOrigin And y <= yDest Then 

            output = "Turn Right"       ''''' Turn Right 

            Cells(row, col + 6) = output 

        End If 

             

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        x = xOrigin 'x(t) = Vx*delta_t + x(t-1) 

        y = Cells(row - 1, col + 5) - v * delta_t 'y(t) = Vy*delta_t + y(t-1) 
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        Cells(row, col + 4) = x 

        Cells(row, col + 5) = y 

         

        t_sim = t_sim + 1 

        t = t + 1 

        row = CLng(row) + 1 ' move down the row 

 

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If         

    Next y 

End If 

 

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

'----------------------------------------------------------------------------------------------------------------- 

'--------------------------------- START HOME BASE ------------------------------------------------------

--------- 

'----------------------------------------------------------------------------------------------------------------- 

 

 

    For t = t To (t + 18) 

        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        Cells(row, col + 4) = xOrigin 

        Cells(row, col + 5) = yOrigin 

 

 

        output = "Descend"      ''''descend message 

        Cells(row, col + 6) = output 

        t_sim = t_sim + 1 

        row = row + 1 

    

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

         

      '  tt = t 

 

    Next t 

 

  '  tt = t 

 

    For t = t To t 
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        Cells(row, col + 1) = t_sim 

        Cells(row, col + 2) = t 

        Cells(row, col + 3) = droneID 

        Cells(row, col + 4) = xOrigin 

        Cells(row, col + 5) = yOrigin 

 

        output = "Landed at Home Base"    '''' return to home base message 

        Cells(row, col + 6) = output 

         

        t_sim = t_sim + 1 

        row = row + 1 

         

        Cells(9, col + 2) = (t - tt2) / 60 

        Cells(9, col + 4) = "minutes" 

         

         

         

        If t_sim >= simRunTime + 1 Then 

            Exit For 

        End If 

 

    Next t 

     

'----------------------------------------------------------------------------------------------------------------- 

'--------------------------------- FINISH HOME BASE ------------------------------------------------------

-------- 

'----------------------------------------------------------------------------------------------------------------- 

     

     

     

     

' ---------------------------- External For Loop End for Multiple Flights ---------------------------- 

End If 

Dim total_t As Long 

total_t = total_t + (t - 1) 

Cells(3, 2) = total_t 

 

 

Cells(3, col_c + 5) = droneID 

Cells(4, col_c + 5) = tt 

Cells(5, col_c + 5) = t - 1 

 

 

col_c = col_c + shift 

 

'col = col + shift           ' formula to shift the table by 7 columns 

tt = t                      ' set tt (dummy time variable) to default zero 
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output = ""                 ' set output to the default empty String "" 

't = startTimeForNewFlight  ' this time variable can be used as a start time for each new flight 

  

t = frequency * i                 ' each time i will be mutliplied by the number of flight frequency 

'row = 13 

 

tt = tt + t 

 

 

    If t_sim >= simRunTime + 1 Then 

        Exit For 

    End If 

 

Next i 

 

     

' if i = 

 

 

 

End Sub 

 

Function RandNorm(meanVal As Double, Stdev As Double) 

 

    RandNorm = WorksheetFunction.NormInv(Rnd, meanVal, Stdev) 

End Function 

 

 


