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Overview



Background 



Most companies rely on a manual delivery system to deliver their products to customers.

[1]



Increase in commercial vehicle sales has led 
to rise in traffic in metropolitan areas.

[3]

[2]



This commercial traffic 
causes widespread 
pollution in public areas of 
cities, reducing quality of 
life.

[5]

[4]



This increase in traffic, also increases the number of jams and slows the pace of 
traffic, further contributing to pollution.

[6]



This Year’s Challenge

This year’s challenge the development of a UAS 

(Unmanned Aerial System) for package delivery.

It requires careful designing of aerial and ground 

elements that account for the challenges of 

delivering in an urban area. 

The business case is an important aspect of the 

challenge.

[7]



➔ Intermeshing rotors provide high 

efficiency and, along with rotor blade 

spoilers, unparalleled noise reduction.

➔ Capable of carrying three packages (a 

total of 15 kg) as payload. 

➔ Excellent navigation and obstacle 

avoidance systems for urban 

operations.

➔ Quiet and safe- can be accepted by city 

residents.

Our Solution



Design Rationale



Phase 1: Conceptual Design

Phase 2: Preliminary Design

Phase 3: Detailed Design

Understanding the challenge,
consideration of designs

Further design considerations 
and research on proposed 
designs, and entire project

Finalising aspects of designs, 
and project as a whole

Engineering Design Process



Designs Considered (Conceptual)

[8] [9]

[10] [11]



Designs Considered (Preliminary)

[12] [13]



Design Refined [14]



Final Design



Comparison with other air-based delivery services



System Components



Payload 

➔ Three packages suspended sides by side 
from release mechanisms.

➔ Connected via hook on top to hinge

➔ Hinge connected to loose part connected to 
thread

➔ With anticlockwise movement of servo, the 
thread is released, thus opening the hinged 
part and releasing the package. 



Motor, Battery, ESC and battery charger 

➔ Scorpion SII-4020-420KV motor provides the 
required 1.5 kW peak continuous power output 
and the necessary torque, but is also very light.

➔ Turnigy High with capacity 16,000mAh battery 
is used. It can provide enough power to run for 
30 mins*.

➔ The FrSky Neuron 60 BL-32 will be used to 
because of the versatile UBEC capability. 

➔ The The ISDT T6 BattGo ,with it’s 30A output,it 
can charge a fully discharged battery in 40 
mins.

[15]

[17]

[16] 

*All the electronic calculations are done considering 
dissipation of energy as heat.



➔ Fast and power-efficient, rated at 7.5W

➔ 8 GB RAM, 256 CUDA cores with NVIDIA Pascal™ 
GPU architecture.

➔ Quad-Core ARM® Cortex®-A57 MPCore and 32 
GB Storage 

➔ Firmware is supported by Linux.

➔ It has very versatile peripheral interface options 
including  8 I2C | 5 x UART | 3 x SPI |2 x CAN |3 x 
USB 3.0, 3 x USB 2.0.

➔  It can decode videos at over 500MP/sec and 
encode at over 1000MP/sec.

Main Computer- nVidia Jetson TX2
[18]



WiFi Trilateration
➔ The UAVs systems measure signal 

strength to various nearby WiFi 
networks with known locations.

➔ It does not need to connect.

➔ WiFi networks are better for 
trilateration that other means 
because their ubiquity in a city.

➔ The accuracy increases with more 
available networks checked against 
at any moment.



Videogrammetry

➔ Real-time video feed from multiple cameras is the input.

➔ Used to form a virtual 3D map of the environment.

➔ The map is used to navigate and for close range obstacle detection.

➔ Combines the sensor data and motion tracking 

using neural networks for interpolation.

➔ Proved to work very effectively in Skydio 

drones.

[19]



Cameras
➔ The cameras cover all view around the UAV, 

which is important for the functioning of 
videogrammetry and for manual control by 
pilot.

➔ The front view is the most important at high 
speeds, so there is a high resolution front 
camera: the Mi 4k Action Camera. It has a very 
low power consumption.

➔ Other views are covered by 7 smaller highly 
efficient wide-field-of-view IMX 258 based 
cameras HD cameras.The footage from these 
cameras can also be demanded by the pilot.

[21]

[22]



Radars
➔ Range of 160 m. Allows 7 seconds for 

reaction to stationary objects and 5 
seconds for a bird flying head-on, 
considering the UAV is operating at the 
maximum speed.

➔ Doppler shift analysis allows 
determination of the speed very 
accurately.

➔ Five radars mounted at various locations 
on the UAV along with servos to increase 
the angular range of the UAV. 

[23]
1.04 cm

1.04cm



Integrated Navigation components
➔ GPS, inertial measurement and barometric sensors have negligible 

weight and power consumption, yet it can lend high accuracy to 
the system. The I2C interface will be used for data transfer.

➔ The GPS chip can also access GLONASS, Beidou, Galileo, etc 
which makes is much more versatile and accurate.

➔ The GPS sensor, NEO-M8N u-blox can connect to 3 such 
radionavigation systems concurrently increasing accuracy. 

➔ The SparkFun IMU LSM9DS1 and 9250 are the 2 IMU which 
provide 9 DOF and high accuracy.

➔ Digikey MS5611-01BA will be used as the barometric sensor.

➔ All the sensors are the respective latest editions.

[24]

[25]

 

[26]



Obstacle Avoidance

➔ Major fixed obstacles are recorded and 
included on a 2D map. 

➔ UAV is informed of nearby UAVs by the ATC.

➔ Other obstacles are dealt with by the 
obstacle avoidance systems, a combination 
of multiple radars and camera systems 
along with sophisticated processing 
software that allow detection of any 
obstacle.

➔ UAV follows one of a series of pre-decided 
maneuvers depending on the surroundings.

[20]



Radio
➔ Due to high speed and high reliability radio 

is primary means of communication.

➔ Internet systems have been maintained as 
a backup, in case of bad signal reception 
or interference.

➔ The following are used:

◆ Eachine TS832 Boscam

◆ RC832 48CH FPV AV Receiver

◆ Turnigy T6A-V2 AFHDS with TBS 
Crossfire Micro Rx Tx

             

[27]

[28]



Internet

➔ Available as a backup due to the 
slight unreliability of radio.

➔ Sprint 5GB/month plans will be 
used.

[29]



Safety Features

➔ Emergency landing components ensure that the UAV lands safely with 
minimum damage to itself and its surroundings.

➔ Backups are kept for the main navigation and communications components.

◆ The UAV can be monitored and flown using its internet capabilities.

◆ Location determination using 3D videogrammetry and inertial navigation.

➔ The UAV is constantly monitored by a pilot, who can take over if there are any 
problems.



Emergency Landings- Battery Failure

➔ The battery’s temperature is constantly monitored.

➔ In the event of a temperature spike, the UAV will use 
NASA’s Safe2ditch software to find a suitable spot to 
land by autorotation without collateral damage 
damage. 



Emergency Landings- Motor/Rotor Blade Problems 

➔ If the motor fails, a pilot will take 
control and perform autorotation.

➔ A safe landing spot is 
determined using Safe2Ditch.

➔ If rotor blades are damaged, they 
will be stopped using the motor 
brakes and the UAV will descend 
using a parachute.

[30]



Emergency Components

➔ The 180 dB buzzer alerts 
surrounding pedestrians. It has its 
own battery and is long lasting.

➔ The parachute has been chosen for 
very low weight despite its high 
cost. 

➔ The parachute is released by a 
servo .

[31]

[32] [33]



Overall Electrical Configuration



Electrical Configuration of Servos

➔ The Cytron SC08A will be 
used as the servo 
controller. 

➔ 2 of them will be daisy 
chained to control 15 
servos.

➔ The UART interface will 
be used for data transfer 
between the servo 
controller and the Jetson 
TX2.

gnd
vcc

Controller 
input

Servo 
power



Design Analysis



Front View of UAV



Side View of UAV



Top View of UAV



Materials

➔ Static-stress simulation was run to gather data.
➔ Carbon fiber is only used at high-stress areas.
➔ EPP Foam is used otherwise.
➔ There are some vertical carbon fibre rods driven 

through the hull to support in in an emergency 
landing, since there are no landing legs.

Carbon 
Fiber

EPP Foam

Low

High



Component Placement



Rotor Airfoil

➔ Asymmetric airfoil was 
chosen because the tensile 
strength of carbon fibre was 
being used.

➔ The NACA 23012 was used as 
the airfoil.

➔ Reynolds number calculated 
was approx 1,000,000.



Some Major Calculation Results

➔ Hover power requirement 1.4 kW at maximum weight.

➔ Cruise power at 25 kg, 20 kg, 15 kg, and 10 kg gross weight calculated to be 0.75 kW, 
0.54 kW, 0.36 kW, and 0.21 kW respectively.

➔ Average flight time is estimated to be 12 minutes, with the maximum flight time for the 
farthest deliveries being 15 minutes. 

➔ Total battery capacity required for longest flight plan including 15 minute backup flight 
capacity, requirement is 16 Ah.



Concept Of Operations



Preparations

➔ Operations are from 0800-1700 hrs local time.

➔ Every morning, flight plans are prepared, considering METAR reports and NOTAMs/TFRs 
for the local airspace, with software such as ForeFlight, Garmin Pilot and Next Generation 
Flight Management System (NGFMS) by Honeywell.

➔ Prior planning includes elimination of possible collisions between UAVs and 
optimisation of the schedule to ensure a uniform take-off and landing rate at the Hub.



Pre-mission

1. Packages are prepared and loaded in.

2. UAV Systems, as well as flight control surfaces, are checked with a tablet 
connected to the main onboard computer.

3. The battery is replaced.

4. Flight plan is loaded in.

5. UAV loaded onto special launch apparatus.

6. The radio is connected and and tested.

7. ATC clearance and departure vectors requested.



Vertical Navigation
➔ Upon take-off, the UAV first ascends vertically 

to clear surrounding obstacles (if required).

➔ Once the designated acceleration altitude is 
reached, the UAV pitches over in the direction 
of the next target and accelerates to a cruise 
speed of 26 m/s while climbing.

➔ The acceleration altitude is determined on the 
basis of the UAV’s minimum climb rate at 
cruise speed, thus ensuring minimum time is 
spent in the inefficient vertical ascent phase.

➔ Nominal cruise altitude is 200 ft, though it may 
be lower for shorter intra-neighbourhood hops.



Maneuver Analysis
➔ Plotting the bank angle and load factor for an 

altitude preserving turn at various speeds 
shows that the UAV remains under a load 
factor of 2 and bank angle of 60° in and beyond 
its operating regime of up to 26 m/s.

➔ Hence, maneuvering capability is usually 
restricted not by structural or aerodynamic 
considerations, but by the available turn radius.

➔ Inside the city, the UAV may have to slow to 
less than 10 m/s during turns, but can perform 
evasive maneuvers safely even at cruise speed.



Flight to Delivery Location

➔ Pre-decided flight corridors (shown 
by thick lines in the figure) along 
major roads are adhered to reduce 
public nuisance.

➔ The flight corridors allow different 
ways to reach each neighbourhood 
(as can be seen in the figure 
showing three ways of reaching 
neighbourhood R ). Enables 
flexibility in planning.



Flight Inside Neighbourhood

➔ The neighbourhood will be entered from the point nearest to first 
location to minimize time taken within neighbourhood.

➔ Within neighbourhoods, UAVs will fly at lower altitudes at half 
the cruise speed to reduce noise and power consumption.

➔ This is the only time noise levels are concerning; the presence of 
spoilers on the rotors helps to mitigate this problem in addition 
to increasing overall flight efficiency.

➔ Overall, the UAV will follow roads within the neighbourhood. 

➔ Due to higher chances of collision between UAVs, the ATC will 
closely monitor UAV flight paths in delivery neighbourhoods and 
manually vector the UAVs if needed.



Delivery
➔ UAV will drop the package from <1 m above the designated spot to avoid 

landing. Packages will be adequately wrapped to protect the contents.

➔ To avoid theft, the customer will be required to be present, as guaranteed by 
multiple confirmations requested from them at various times.

➔ A minimum safe distance will be marked. Any breach will cause the UAV to 
abort the delivery and move away for safety of the UAV as well as the people. 
Intentional breach will result in fines and legal action against violators.



Return Flight to Hub
➔ During the return flight back to hub the energy consumption by the UAV will be 

significantly reduced due the absence of the payload.

➔ UAV will approach its assigned landing pad, which is equipped to receive it.

➔ Flight planning and specific assignment of UAVs to stations ensures the 
availability of that landing pad at the time the UAV returns.

➔ If due to problems landing space is not available, the UAV will be instructed by 
the ATC to remain in a designated holding pattern around the hub (as this is 
more efficient than hovering) until a bay is vacated.



Post Mission

➔ After the UAV safely lands on the bay and the rotors come to a full stop, 
the UAV is removed from the pad by technicians.

➔ The battery is removed and taken to be charged, and electronics are 
allowed to cool down. If the UAV has more missions in its schedule for 
the day, it goes through the pre-mission routine once again and is 
readied for departure. 

➔ Once all the missions for the day are over, the UAV is taken below the 
flight deck and is thoroughly cleaned and stored for the night.



Hub Design

2.7 m

2.7 mATC

Launch 
Deck

Planning and 
Monitoring
Package 
Preparation 
and Sorting

Launching/
Receiving 
Station

Repair and 
Maintenance 
Station

➔ Packages prepared and sorted in 
ground floor.

➔ Each top floor launch station has 
a preparation station below it.

➔ In the middle is the room for 
pilots and the planning crew. 
Packages pass through with 
dumbwaiter system.

➔ A storage warehouse is attached 
to the main structure.

5 m

2 m



Human Resource

➔ Two shifts of workers.

➔ Work seven days a week.

➔ 1.25 × normal wages.

Category Number of 

Personnel

Safety Pilots 9

Maintenance/ Aircraft Launch and 

Recovery

9

Payload Operators 9

Package Handlers 8

Package Collectors 2

Air Traffic Managers 7

Emergency and Response Teams 6 (3 teams)



Business Case



Summary of Costs



Revenue and Operating Costs*
Revenue

Delivery Revenue $75,000

Volume Bonus $37,000

Distance Bonus $26,875

Total $138,875

Operating Costs 
Personnel $16,087.5

Maintenance $98.2
Packaging Material $3535
Insurance Premium $6943.75

Batteries $261.4
Sprint 4G Communication $25

inFlow Software $2.63
Electricity $28.1

Miscellaneous $300
Total $27,272

Net Daily Profit
$111,603

*Per day



Fixed Costs and Breakeven

Fixed Costs
Cost of UAVs  $106,870

Construction Cost $447,740
Solar Panels and 

Inverters
$192,890

Other Components $21,000

Miscellaneous $16,500
Total $785,000

Net Daily Profit: $111,600

Break-even achieved 
within 8 days



Future Expansion
The high revenue obtained by neighbourhood completion 
bonus will be utilised in future expansion and further 
development of the UAV network. This revenue will also be 
used to buy out competition. 

Additionally, the money may go into scholarships and 
sponsorships such as into RWDC, to other branches the 
company establishes, and shareholder dividends. It will 
also be used in advertising campaigns.

In any case, this money is not discussed much here since it 
will not be directly involved with the UAV operations.



Benefits
● Safe

○ Designed for urban environment
○ 160m obstacle avoidance 
○ Multiple back-ups for each 

system.
○ Well-prepared with myriad of 

contingencies
○ Well-designed emergency landing 

procedures.
● Sustainable

○ Runs on electricity
○ Majority of the electricity will be  

generated by solar panels

● Convenient
○ Low noise levels
○ App for easy customer 

interaction
○ Fast delivery
○ Minimal human interaction 

(appropriate for current 
COVID-19 pandemic)

● Profitable
○ Three packages per UAV
○ Quick break-even



Unique Selling Propositions

➔ Replacement of operating costs by recoverable fixed costs, by reducing 
working hours and increasing the number of UAVs.

➔ High volume operations:  Delivery to all neighbourhoods due to high revenue 
generation of 50$ per package and bonuses.

➔ Carrying three packages per UAV makes the system highly efficient.

➔ Large margins for emergencies and large-scale future expansion.

➔ Employment of two shifts of workers.
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