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ABSTRACT: 
Team ​Aurora​, established in early 2015, is a diverse group of undergraduate students from Indraprastha Institute of                 
Information Technology, Delhi (IIIT-Delhi) coming together with a zeal to do innovation in the domain of                
unmanned systems. Expertise spanning the team include aeromodelling, computer vision, systems and algorithms. 
 
Since its establishment, the team has been expanding its reach by not only participating in prestigious international                 
competitions like AUVSI SUAS, but also other National (Indian) competitions like Boeing Aeromodelling,             
Hackathons, Design showcases and, also collaborates with government organizations. Recently, the team members             
were involved in deployment of a first of its kind project “Aerial Mapping of the Union Territory of Chandigarh                   
using Drone”. This was the first time, that an entire city in India was mapped using drone. It was ​highlighted by                     
various print media.We also proposed our unique VTOL hybrid aircraft to ​Defence Research and Development               
Organisation (DRDO), India for surveillance and reconnaissance purposes. 
 
SUAS 2018 is ​Aurora​’s third participation. Although we couldn’t participate in the on-field demonstration the               
previous year, we gained significant experience during the preparation. With the insights given by our seniors on the                  
learnings of 2016, the team’s focus over the last year has mainly been in making the airframe more rugged, a robust                     
image acquisition system, reliable connection between the aircraft and the ground station, increased safety of the                
system and the team personnel on the field and most importantly, completing the mission within the given time                  
frame. 
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1.  Systems Engineering Approach 
1.1. Mission Requirement Analysis 

Task Description Weightage Subtask 

Timeline Completing the mission 
demonstration in given time 

10% ● Mission Time (80%) 
● Timeout (20%) 

Autonomous Flight Auto take-off/landing, waypoint 
navigation 

30% ● Autonomous Flight (40%) 
● Waypoint Capture (10%) 
● Waypoint Accuracy (50%) 

Obstacle 
Avoidance 

Path Planning algorithms to avoid 
virtual objects in space during flight 

20% ● Stationary Obstacle (50%) 
● Moving Obstacle (50%) 

Object Detection, 
Classification, 
Localization 

Deep Learning Techniques to 
detect, classify and localise the 
standard and emergent objects 

20% ● Characteristics (20%) 
● Geolocation (30%) 
● Actionable (30%) 
● Autonomy (20%) 

Air Delivery Specialised actuator system for 
dropping-off the bottle at the 

intended GPS coordinates 

10%  
None 

Operational 
Excellence 

 Operation professionalism, 
Reaction to system failures, 

Attention to safety 

10%  
None 

Table 1: Mission Requirements 
 
Mission task priority parameters: 
Grade:​  Weight/points allotted to the particular task in the rules 
Complexity:​  Difficulty level of the mission task 
Team’s Experience:​ Team’s expertise and prior experience in executing the task successfully  
On the basis of above parameters, the mission tasks were classified. 

Low Medium High 
 

 

Task 

Parameter 

 
Autonomous 
Flight 

Obstacle 
Avoidance 

Object Detection, Localization,   
Classification 
  Standard       Off-Axis      Emergent  
    Target           Target           Target 

Air 
Delivery 

Grade     

Complexity       

Team's 
Experience      

 
 

      ​Table 2: Task Classification for SUAS-18 
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Systems needed for above tasks:  
● Autopilot System ​- Autonomous flight mission, waypoints capture. 
ǒ Image Acquisition ​- Storing images on-board for further processing. 
ǒ Onboard Processing ​- Object detection & Localization through computer vision algorithms. 
ǒ Ground Control Station Software ​- Object Classification & Communication between Autopilot System            

and Ground Station. 
ǒ Data Link ​- Telemetry and imagery data exchange between the aircraft and the GCS; communication               

between GCS and interoperability server. 
ǒ Airdrop ​- Special mechanism for air delivery. 

1.2 Design Rationale 

Before going ahead with final airframe selection, purchase of on-board items and execution methodology of the                
mission tasks, the below non-technical aspects were taken into consideration: 
1.2.1 Team Composition  
We welcomed many freshmen into our team this year. We have 14 active members in our team out of which 8 are                      
freshmen.However, since our expertise is localized in the fields of Computer Science, Applied Math, Electronics               
and Communication, we chose to continue using an airframe available in the market instead of a custom made plane. 
1.2.2 Test Field 
We faced issues in finding a field to test our system due to a paucity of open fields around the location of our                       
university in the centre of the city. Hence, we had to choose a portable system design which facilitated easy                   
transportation to the fields on the outskirts of the city with minimal risk of damage to the airframe or on-board                    
components. 
1.2.3 Budget 
We planned and used the hardware inventory from the previous year judiciously. Although we had a decent budget                  
to work with, amounting to INR 3,00,000 (~$4500). All the testing was done after taking adequate precautions and                  
hours of simulator practice of ensure minimal wastage through accidents. Purchases were made by choosing cheaper                
resources for training purposes and high quality products for competition testing. 
1.2.4 Component Availability 
Since most of the components for the UAS were imported (ex. Autopilot, Airframe. Batteries, motors etc.), careful                 
plans and budget were drawn keeping in mind the high import duties and time delays, which were potential                  
hindrances to our progress. Orders were placed well in advance and in bulk, including backup components to lower                  
the shipping costs. 

After considering the above constraints, two important decisions had to be made:  
● Choice of Airframe ​- Without a versatile and rugged airframe, the UAS would not be able to achieve the                   

requirements of the mission tasks. Key parameters that we looked at included: lift capacity, power               
requirements, space for payload, skills required for assembly, cost and ease of transportation. Since the               
Skywalker 1900, a fixed wing aircraft, was able to achieve above mentioned criteria very well, the team                 
decided to stick to Skywalker 1900. 

● Selection of UAS Systems ​- On board and ground station systems required by our UAS are tabulated                 
below 

 

System Options Compared Choice and Rationale behind the choice 

Autopilot Erle Brain 
Navio+ 
Pixhawk 

Pixhawk: ​Open source, well-established online community, 
cost-effective yet reliable 

(Navio+: Out of stock for a very long time. 
Erle Brain: Small online community and more complex to use) 
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Image Acquisition Odroid oCam 
PointGrey Chameleon3 

Canon IXUS 160 
Canon 280 HS 

 

Canon PowerShot SX280HS:​ High Image resolution(12MP), 
compatible with CHDK and ptpcam, USB triggering. Faster 

DIGIC 6 processor and larger CMOS sensor (​6.17 x 4.55 mm), 
Optical Image Stabilization and in-built integrated GPS​. 

PointGrey Chameleon 3 ​(backup): Global shutter support(5MP), 
flycapture software, native python API, USB camera. 

Onboard Processing Raspberry Pi 3 
Odroid 

Odroid: ​Odroid supports a wide range of operating systems 
including Ubuntu. It is more reliable and  faster than Raspberry Pi. 

Ground Control 
Station Software 

APM Planner 2 
MAVProxy 

Mission Planner  

Mission Planner: ​GUI interface, open-source, compatibility with 
pixhawk, has a large feature set. 

Data Link Ubiquiti Picostation 
M2 

AirGrid 

Ubiquiti PicoStation M2 (on-board): ​Light weight compared to 
other ubiquiti products, compact size. 

AirGrid(GCS): ​Long range because of high gain directional 
antenna.  

Table 3: UAS Systems 

2. System Design 

2.1 Aircraft 

2.1.1 Airframe 
We’ve been using Skywalker 1900 (with Futaba T-14 SG transmitter) for the last two editions of SUAS,                 
and were confident about performing the required tasks with this airframe. We made certain modifications               
to suit our needs for the competition. We decided to use Skywalker-1900 because of the following reasons: 

Figure 1 : Airframe cross-section  
ǒ Strength & Durability: ​The composites and EPO used in making the airframe give it immense durability                

to survive small crashes and repairing becomes easier in case of damage. EPO foam is lightweight which                 
allows the airframe to be launched-by-hand, while providing rigidity to survive belly landings without              
significant damage. 

ǒ Payload Capacity: ​The payload capacity of Skywalker 1900 is 3 kg which allows for various additions                
like an extra battery, air-delivery mechanism, on board processor, sensors etc. to the airframe. 

 
Aurora                       Indraprastha Institute of Information Technology, Delhi​                               5 



 

 

ǒ Modularity: ​The transportation of Skywalker 1900 is easier as compared to other fixed wing aircrafts since                
its airframe is made up of 4 detachable segments (fuselage, left & right wing, elevator) which can be                  
assembled quickly. A detachable window has been cut out in the fuselage for ease of access of payload                  
systems. 

  
However, we also assembled a new quadrotor-Tarot 650 shown in Figure-3 and            
tested our SUAS tasks on the same but Skywalker 1900 proved to be better due to                
the following reasons: 

● Low risk of damage: ​The frame of quadrotor is more rigid than that of              
Skywalker and hence if there is any electronics failure then the chances of             
damage to a quadrotor are greater than Skywalker. If the propulsion           
system is damaged, Skywalker may be controlled and glided to a safe            
landing which is not possible in case of a propulsion failure of a quadrotor.  

ǒ Low battery consumption: ​The battery consumption of Skywalker 1900         
is much lower than that of a quadrotor with the same payload (as the              
quadrotor uses 4 motors for propulsion) resulting in much more flight time            
of Skywalker 1900 than that of a quadrotor. 

ǒ Easy Repairs: The airframe of a Skywalker can be repaired and reused as             
it is made of EPO foam whereas a broken quadrotor frame cannot be             
repaired. 

 
2.1.2 Power System and Propulsion  

We have chosen a system with single electric motor configuration. The motor is rated 1000 kv and draws a                   
maximum current of 49A. The speed controller used is rated at 60A. The motor is rated to generate a maximum                    
thrust of 1.3 kg with the above configuration. The thrust to weight ratio for the fully loaded airframe is calculated to                     
be 0.71, which is good for stable flying. 5000mAh-14.8 Volt and 900mAh-11.1 Volt Lithium-Polymer batteries               
power the UAS Propulsion System along with other systems. Flight time is recorded to be around 20 minutes with                   
the above mentioned configuration. 

We tested our aircraft with multiple configurations of electronics and payload, and selected the most               
suitable one for our UAS. A small and efficient airdrop mechanism was chosen for decreasing the payload, along                  
with other significant comparisons between the electronic payloads.The motors used were Turnigy Sk3 3542 1000kv               
and Turnigy Sk3 3542 1250kv which draw maximum current of 49A and 50A respectively. The average power                 
consumed by 1250kv during flight was higher than 1000kv without giving significantly increased thrusts, thus               
Turnigy 1000kv Brushless motor was chosen for our UAS. 
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Turnigy Aerodrive SK3 3542-1000kv with 5000mAh 4s battery    Turnigy Aerodrive SK3 3542-1250kv with 5000mAh 4s battery 

 
Figure 4: Graph comparisons of Turnigy Motors  

 
We tested various combinations of batteries and       
payload for optimal flight performance keeping in mind        
following tradeoffs: 
● Maximum time of flight 
● Total weight of the system 
● Flight Stability 
Based on above observations our team will be taking         
two flights in the final competition: 
● First Flight​ (with air delivery payload) - 

○ Power System - One 4s 5000mAh LiPo       
battery + One 3s 900mAh LiPo Battery.  

● Second Flight​ (without air delivery payload) -  
○ Power System - Two 4s - One 5000mAh and         

One 4000mAh LiPo battery + One 3s 900mAh LiPo         
Battery  

2.2 Autopilot and Flight Control System 

The team decided to stick with 3DR Pixhawk keeping in          
mind the following factors: 

● 32-bit ARM Cortex M4 core with FPU       
processor with 256KB RAM provides enough      
processing power. 

● Buzzer indicates operations such as arming,      
GPS lock, and sounds an alarm for low battery 

● It gives satisfactory results for autonomous take       
off, landing and navigation. 

● External safety button prevents accidental     
throttle arming. 

● Robust failsafe functions that includes     
switching to RTL mode in case of radio failure. 

● Allows switching between autonomous control     
and manual control 

● Open source with huge developer support. 
● Connects and allows control using onboard/offboard      

computer. 
● Compatible with dronekit. Dronekit allows for Air Delivery controlled from GCS (Offboard). 

It allows for precise waypoint navigation and easy creation of custom missions with given waypoints. To ensure                 
accurate waypoint navigation, we ensured correct calibration of the compass and accelerometer. After proper              
navigation tuning we were able to achieve 95% accuracy for waypoint navigation. Setting the auto take-off and                 
auto-landing parameters allow for hand take-off without a runway and belly landing respectively. For auto-takeoff               
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