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Motivation

http://dronelife.com/



Drones in Search and Rescue
Drones vs Human Searchers/ K-9 
Units
● Faster response time
● Greater Coverage
● Low risk

Drones vs Helicopters
● Much cheaper
● Less operational complexity (no refuelling, 

no strict piloting requirements)
● Can go places where helicopters can’t

 Future of Search and Rescue 
● Drones for Search and Initial Response
● Human Searchers/Helicopters for Final Rescue / Airlifting



SAR Use Case
Current Use Case

● Alerts circulated about potential missing 
humans and last known locations

● Drones deployed in regions of interest 
with multiple types of sensors.

● Sensor data analyzed manually to detect 
human signatures.

● Deploy rescue teams

Key  Contribution

➢ Eliminate laborious task of analyzing 
sensor data manually.

➢ Build a learning system to automatically 
detect human signatures and suggest 
likely rescue locations



Detailed Use Case

Plan waypoint mission

Collect 
Sensor 
Data

Matrice 100

Process sensor data using MLPlan rescue missionRescue mission complete



Functional Requirements
The system shall:

Performance Requirements
The system will:

M.F.1. Autonomously navigate through a set of provided 
locations of interest

M.P.1. Accurately reach the locations of interest with a tolerance of 
+-5m

M.F.2. Complete the search within limited time M.P.2. Complete one iteration of search in an un-occluded operating area 
of 200m x 200m in <25 minutes

M.F.3. Explore the surroundings around each location of 
interest

M.P.3. Attain up to 80% coverage of the desired local search areas 
around each location of interest

M.F.4. Collect perceptual data while navigating M.P.4. Collect perceptual data limited to 3  types - IR radiation, visual 
imagery, and sound

M.F.5. Process the data to identify human signatures M.P.5. Identify at least 75% of the locations with human signatures

M.F.6. Analyze the identified signatures to estimate 
human location

M.P.6. Estimate potential human signature location with +-5m tolerance

M.F.7. Navigate to the rescue location carrying the rescue 
package

M.P.7. Carry a rescue package weighing 100g

M.F.8. Drop the rescue package M.P.8. Drop the package at the rescue location with a tolerance of +-5m

Requirements



Current Status



Our Subsystems - Current status



Autonomous Navigation Subsystem - Description

● iOS app
○ Provide waypoints
○ Initiate search mission
○ Initiate rescue mission

● Aerial system - changed to Matrice 100
○ Waypoint navigation
○ Local search

● Software to log time-stamped flight data
○ GPS data
○ AMSL data
○ Aircraft pose data



Autonomous Navigation Subsystem - Current status

● iOS app
○ Provide waypoints - ready
○ Initiate search mission - ready
○ Initiate rescue mission - pending

● Aerial system
○ Waypoint navigation - ready
○ Local search - pending and simplify

● Software to log flight data - pending
○ GPS data
○ AMSL data
○ Aircraft pose data



Implementation (iOS app)
● iOS app using DJI mobile SDK and sample code
● Changes to accept and display waypoints as 

GPS coordinates.

Testing
● Initial testing on DJI simulator
● Field testing leading to FVE
● Validated GPS random error by plotting std 

deviation of drone and phone GPS logs for 
multiple waypoints.

Autonomous Navigation Subsystem - Testing



Sensing Subsystem - Description
● RGB+Thermal camera:

○ FLIR Duo R
○ Records both RGB and infrared videos

● Cardioid microphone
○ Tassccom microphone

● Mounting for the camera
○ Custom mount + Gopro mounting

● Suspension cable for microphone
○ To keep the microphone away from propeller noise



Sensing Subsystem - Current status/Testing
● RGB+Thermal camera: field testing yet to be done

○ FLIR Duo R
○ Records both RGB and infrared videos

● Cardioid microphone: indoor testing done
○ Tassccom microphone

● Mount for the camera: being shipped
○ Custom mount + Gopro mounting

● Suspension cable for microphone:
○ To keep the microphone away from propeller noise

All the components need to be integrated on the drone



Sensing Subsystem - Challenges

Plans changed to build our own sensing payload

● RGB+Thermal camera: 
○ Still to be  mounted and tested

● Cardioid microphone:
○ Mounting such that it does not interfere with camera view
○ Testing for safety



Signature Detection Subsystem - Description
● Algorithms to detect human signatures:

○ Visual
○ Thermal
○ Sound

● Fusion layer
○ Combine results of various signature detection 

algorithms
● Rescue location identification:

○ Estimate rescue location based on the fusion layer 
output

● End-to-end data processing software
○ Input: raw video and audio data
○ Output: important locations



Signature Detection Subsystem - Current status
● Algorithms to detect human signatures: 70%

○ Visual (60%) : HoG+SVM, HoG+FNN, FNN, Tracking
○ Thermal (50%) : HoG+SVM
○ Sound (60%) :  Melody extraction based voice activity 

detection
● Fusion layer: 30%

○ Combine results of various detection algorithms
● Rescue location identification 60%

○ Estimate rescue location based on the fusion layer 
output

● End-to-end data processing software 50%
○ Input: raw video and audio data
○ Output: important locations



Algorithms to detect human signatures

● Visual:
○ HOG + FNN: 90% accuracy for human candidate images(40x24)

■ Test set = 229 images, Training set = 504 images, Validation set = 167 images
○ End-to-end FNN: 85% accuracy for similar settings

● Thermal:
○ HOG+SVM: 86% accuracy for human candidate images(32x16) from OTCBVS 

Benchmark Dataset and Thermal Infrared Dataset
○ Training set:  4728 pos, 5430 neg; Testing Set: 850 pos, 1060 neg

● Sound:
○ Tested on multiple sound samples with drone noise in the background. Above 80% 

accuracy in detecting voice activity.

Signature Detection Subsystem - Testing



Signature Detection Subsystem - Challenges

Algorithms to detect human signatures:

● Visual:
○ Testing with our own data, work on different poses
○ Detecting other signatures - tent, backpacks

● Thermal:
○ Testing with our own data - resolution pretty low (160x120)
○ Detecting other signature - heated stove

● Sound:
○ Achieving accuracy in the presence of background noise

Rescue location identification:
● Make the approximations work well



Package Drop Subsystem - Description/Status
● Package drop mechanism: 80%

○ Small modifications to be made
○ Test and consider metal fabrication

● Software for autonomous package drop: pending 
○ To initiate autonomous package drop at the 

rescue location
○ Will  receive rescue location from the signature 

detection software
● Onboard computer

○ To initiate package drop
● 5V Power source

○ Mobile power bank being used
○ Will power Raspberry pi, package drop 

mechanism and the camera



Project Management



Schedule



Semester Test Plan
PR # Capability Milestones Associated Tests

PR8 (Feb 15) - Neural network based RGB 
image classification

8.1 Preliminary test of revised RGB-based human detection 
algorithms

PR9 (Mar 1) - Complete hardware integration - 
- Working versions of signature 
detection algorithms

9.1 Test thermal and RGB signature detection algorithms 
9.2 Test local search on Matrice 100
9.3 Test sensor payload mounting
9.4 Test sound detection algorithm on data collected during 
flight

PR10 (Mar 22) - Likely human signatures’ 
location reporting
- autonomous package drop, full 
system integration

10.1 Test integrated human signature detection software
10.2 Test signature location reporting software
10.3 Test autonomous package drop software

PR11 (Apr 5) - System integration  11.1 Test  navigation and sensing subsystem integration

PR12 (Apr 17) - Full System Test Rehearsal of SVE

SVE (Apr 26) - Full System Test Spring Validation Experiment



Spring Validation Experiment 2017 
Objective:

To validates the system’s ability to autonomously search for a human in a search and 
rescue scenario and also dispatch a rescue package

Test conditions:

Location Open area  at NREC with GPS access and normal wind 

Equipment UAV; Laptop; Rescue package; Representations of human signatures: 4 humans, tent, 
stove, backpacks

Personnel Whole team



SVE Test 1 
Objective:
The goal is to demonstrate the ability to navigate a set of waypoints precisely and collect 
sensor data from three different sensing systems.

Sno Procedure Verification Criteria

1 Place the following signatures at 6 different 
locations: 1. Human  making sound, 2. Human 
without sound 3. stove, 4. Tent , 5.  Backpack, 
6. Sound source

2 Place distance and altitude measurement 
devices (laser distance meter) at one of the 
waypoint locations.

3 Mount all the sensor payloads on the drone.

4 Provide GPS locations of waypoints to the 
drone and launch waypoint mission

Location error at particular measuring waypoint 
should be less than +-5m. Altitude error at 
particular measuring waypoint should be less 
than +-1m



SVE Test 2 
Objective:
Goal of this test is to demonstrate ability to detect human signatures. 

Sno Procedure Verification Criteria

1 Run integrated human detection software to 
report likely locations with human signatures.

The system should report at-least 5/6 locations 
with human signatures. 



SVE Test 3 
Objective:
Goal of this test is to demonstrate finding precise human location and autonomously 
dropping rescue package 

Sno Procedure Verification Criteria

1 Run software to find precise gps 
location of human for rescue, 
based on sensor data.

2 Launch mission with GPS location 
of rescue.

The system should drop the rescue package with error 
less than +-5m of the human gps location



Budget
Summary

● Total Budget = $5000
● Total Cost = $3519.77
● Percentage spent to date = 70.4%

Description Manufacturer Model Unit Weight (g) Cost

Dual Camera FLIR FLIR Duo 1 84 $999

Description Manufact
urer

Model Unit Weight (g) Cost

Aerial Platform DJI Matrice 100 1 680 $3250

Battery Heater DJI Inspired 1 1 100 $20

Battery Sticker
DJI

Inspired 1 1 0.2 $2

 Audio Recorder with 
Shotgun Microphone

Tascam DR-10SG 1 50

$199.00

mount for Hero 4 Gopro 1 80
$28.99

10 feet rope
Paracord 

Planet 1 20
$6.79

Wind muff for 
microphone

DR-10SG                    1

$12.99

 

Part List 1 , Sponsor Provided

Additional Purchases

● Audio Recorder ~ $199
● Dual RGB/Thermal camera for 

testing on Matrice $ 999(NEA)
● For microphone mounting 

system ~ $48.77

Part List 2 , Provided not by the sponsor



Risks and Mitigation
Likelihood

Impact

X



Risks and Mitigation
Likelihood

Impact

X



Thank you!


