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Problem: 

At social gatherings, it becomes difficult for a single photographer 

to click good photos of the people as these environments are 

dynamic in nature.
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Project Description



Solution:

• Develop autonomous photography assistants that analyse  

expressions and click accurate photos collaboratively.

Project Description



Use Case

Single robot integrated system 
video:

https://drive.google.com/open?id
=0B94ia4l0sZa0UGNDanNDWlNDa
Tg

Final Output 

https://drive.google.com/open?id=0B94ia4l0sZa0UGNDanNDWlNDaTg


Next task: 
Same operations, but with multiple robots i.e. 3 
turtlebots

Use Case



Requirements
Human detection :

● Detect human collaboratively ( Min. 70% success)

Planning-Navigation :

● Drive Autonomously to target collaboratively at 15-20cm/s

● Navigate to the desired 1 meter position and stop

Face & smile detection:

● Detect Faces in 2s

● Recognize Smiling Expression collaboratively At 0.4s

● Detects face of person within 3.5 Ft to 6 Ft height

● Click photo

·



Current Status



Mechanical Subsystem
(Functional Description)



Functional Description  

Rev 1.0



Mechanical Subsystem
(Current Stage of Development)



Problem Analysis

A. Tilt Motor collides with elevation Rod during panning

B. Horizontal Reinforcement obstructs  the Tilt motion

C. Heavy load on Pan motor axle

D. 4 cm X 4 cm Extrusion bar, (Huge inertia)

E. Bigger overall dimensions (Very big and fat!)
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Rev 2.0



Rev 2.0 (Achievements)

1.No restriction for pan tilt motion

2. 44% 27% 26% reductions in the l,b and h of pan tilt

3. 60% reduction in the pan tilt elevate assembly weight 

4. Compact and lightweight

5. 3 x 3 Al extrusion bar for elevation, less inertia

6. Reduced elevation height by 12%

7. Will reduce inertial vibrations

SMALLER THE BETTER!



Future Work and Challenges

Work ahead:

1. 3D print the parts

2. Make 3 Pan Tilt Elevate assemblies

3. Integrate with the turtlebots

Challenges Faced: 

1. Printer availability

2. Design conceptualization

Remaining Challenges:

Reduce/eliminate the inherent vibrations due to turtlebot base



Human Detection and Navigation Subsystem
(Functional Description)



For Single Turtlebot



For Multiple Turtlebots



Human Detection and Navigation Subsystem
(Current Stage of Development)



Current Level of Functionality
Single Turtlebot

Multiple Turtlebots



Single Turtlebot

Link to video

Multiple Turtlebots

Global Camera Setup Setup for Extrinsic 
Calibration

https://drive.google.com/a/andrew.cmu.edu/file/d/0B94ia4l0sZa0aGhlUFZFQlRQdUE/view?usp=sharing


System Testing
(Performance Matrix for Single Turtlebot System)

Human Detection & Navigation Subsystem: Net Success Percentage=90% 

Run 

No.

Launched:1

Does Not 

Launch: 0

Starts 

Rotation: 1

Does not 

start: 0 

Detects first tag:1

Detects 2nd April 

Tag: 0.5

Detects nothing: 

0

Starts 

navigation 

towards 

tag at 

15cm/s

Tracks 

human 

in field 

of view

Stops at :

1m : 1

0.89-0.99 m:0.5

Does not stop:0

Tracks 

human after 

stopping

Total (>4.9 

success)

1 1 1 1 1 1 0.5 1 6.5

2 1 1 1 1 1 0.5 1 6.5

3 1 1 1 1 1 0 1 6

4 1 1 1 1 1 0.5 1 6.5

5 1 1 1 1 1 0.5 1 6.5

6 1 1 0.5 1 1 0.5 1 6.5

7 1 1 1 1 1 0 1 6

8 1 1 1 1 1 0.5 1 6.5

9 1 1 1 1 1 0 1 6

10 1 1 1 1 1 0.5 1 6.5



Challenges Faced

1. Video feed losing track of detected human
2. Issues in integration with Intraface nodes due to parallel launching 

of ROS nodes

Major Remaining Challenges

1. SWARM Localization and Navigation
2. Relaunching of rotation node after 1 complete cycle



Face Detection Subsystem
(Current Status)



Face &  Smile Detection











Face & Smile Detection Subsystem: Net Success Percentage=88% 

Run 

No.

Launched:1

Does Not 

Launch: 0

Detects Faces in 

2s: 1

Detects Faces in > 

2s: 0.5

Does not detect: 0

Tracks faces 

in pan 

direction:1

Does not 

track:0

Tracks faces 

in tilt 

direction(3.5-

6ft):1

Does not 

track:0

Detects Smile 

in 0.4s: 1

in > 0.4s: 0.5

Does not 

detect: 0

Clicks Photo:1

Else:0

Total (>4.5 

success)

1 1 1 1 1 1 1 6

2 1 1 0 0 1 1 4

3 1 1 1 1 1 1 6

4 1 1 1 1 1 1 6

5 1 1 0 1 1 1 5

6 1 1 1 0 1 1 5

7 1 1 1 1 1 1 6

8 1 1 1 0 1 1 5

9 1 1 1 1 1 1 6

10 1 1 0 1 1 1 5

System Testing
(Performance Matrix)



Challenges

• Noisy data. (solved to some extent with the new camera)
• Multiple faces in vicinity



Swarm Subsystem
(Functional Description)



Swarm Communication

We implement a multi-master approach for multiple Turtlebots.
In ROS we have Robotics in Concert framework (RoCoN).

Features:
• Customised Multi-master support
• Decoupling of different robotic systems
• Works robustly over WiFi by continuous exposing and handling 

latency in the system
• Designed to regulate and control information flow.
• Auto- discovery of other systems over same network. Thus 

scalable.



Swarm Communication- ROCON Framework



Swarm Communication- ROCON Framework

Components:
Hub:
• Responsible for gateway discovery, unique identification of connection 
• Keeps track of which gateways are active in the system, which information 

those active gateways are looking for and which information they provide. 
Gateway: 
• Act as interface between the Hub and the ROS master. 
• Controls which topic the ROS master wants from the Hub and only permits 

flow of these topics.



Swarm Subsystem
(Current Status)



Current Functionalities

• Multi-master Publisher Subscriber on two different machines.
• Multi-master Turtlebot Teleop simulation on Gazebo.













Swarm Communication- Challenges

• Multi-master over different machines is tricky.
• Auto Discovery is a boon as well as bane. Interferes with other 

systems on the network.
• Gateway connection not guaranteed every time even after correct 

set up. Sometimes fails to connect. (Solution: Configure static IPs)



Project Management



Project Schedule (Spring 2016) 



Project Schedule (Spring 2016) 

PR12

PR12



Date Progress 

Review

Test Capability Milestone

March 16, 2016 PR #10 - Multi-Robot Pan-tilt Face 

tracking Test

- Expression detection Test

- Head Pose Tracking Test

- Multi-Robot navigation Test

- Track face of person of interest using multiple robots

- Estimate smile expression percentage and click photo from 

the best view

- Demonstrate multi-robot navigation using flocking behavior

March 30, 2016 PR #11 - Multi-Robot Integration Test - Integrate multi-robot navigation and multi-robot facial 

expression detection sub-systems

April 11, 2016 PR #12 - Multi-Robot Multi-people Test - Improvise the developed algorithms for multiple people in 

the environment

April 20, 2016 Final System 

Demo

- Spring Validation Experiment

High Level Test Plan



Location
All tests in this document will be performed at  Advanced Agent Technology Lab (1604), Level 1, Newell Simon 

Hall. 

Personnel
• Operators: to perform the test

• Mechanical Assembler: To integrate mechanical components of the system 

• Electronics Assembler: To integrate and check electronic components of the system 

• Performance Tracking: To evaluate performance matrix after each test 

• Photographer/Videographer: To record the test progress via pictures or videos

Needed equipment
• 3 Turtle bots with 1 laptop each 
• Turtlebots wifi 
• Pan-tilt units 
• Intraface 
• Web camera 
• Apriltags 
• ROCON setup

Spring Validation Experiment



Objective To demonstrate the Robographer system working as a whole: Single robot rotating in the room and 
finding person of interest, sending signals to other turtlebot, flock formation and navigate towards the person, 
stopping after reaching to the desired positions, face and smile detection and photo capture.
Procedure    

1. AprilTag will be located on human’s chest while single robot system will be located at the predefined center 
position of the room. 
2. All the turtlebots in SWARM will be checked for any mechanical joint inaccuracies as well as the discrepancies 
in the electronic connections before starting the system while the system is offline. 
3. After initiation of the start node, the single robot will rotate and check the position of April tag. 
4. Once the April tag is detected other turtlebots will be notified and will start navigating towards the person of 
interest. 
5. As they reach at a distance of 1 meter from the person, the flock formation will break and the Turtlebots will 
align themselves around the person at angles -30, 0 and +30 degrees. 
6. The Turtlebots will then evaluate the head pose and expression of the person’s face. 
7. The Turtlebot with the least deviation of head pose from the camera axis and highest smile expression will click 
the photo. 
8. Similar procedure will be followed for detecting other people in the room. 

SVE









Success Scenario
1. Turtlebot detects the human and communicates with the other turtlebots(atleast 70% of all runs). 
2. Flock is formed successfully and it navigates towards the person(atleast 70% of all runs). 
3. Robots arrange themselves at -30, 0, 30 angles in front of the human(atleast 80% of all runs). 
4. Turtlebots detect the face of the human. The robot with largest smile estimation will click the photo 

and send to the workstation(atleast 70% of all runs). 
5. The performance matrix evaluation satisfies the given performance requirements
System Requirements to fulfill in Spring validation experiment
1. Recognizing expressions collaboratively
2.       Plan path
3.       Communicate within themselves 
4.       Move autonomously from one location to another
5.       Click photos from best possible angles

SVE



Budget Status

Total Budget Used = 1275 USD (~32%)
Total Budget Left = 2725 USD (For spares & emergencies)

S.No. Sub-system Item(Qty.) Obtained from MRSD Budget used

1 Robographer Acer Chromebook C720(3) Amazon 358x3

2 Navigation Turtlebots(3) Advanced Agents Lab 0

3 Mechanical Aluminium Rods(3) FRC 0

4 Mechanical Pan-tilt mounts(3) 3D-printer (MRSD 

Lab)

0

5 Mechanical Servo motors(6) MRSD Lab Inventory 0

6 Detection Logitech C920 Camera(3) Amazon 67x3

7 Detection Intraface software Human Sensing Lab 0

8 Detection April Tags Advanced Agents Lab 0

9 Detection Arduino(3) MRSD Lab Inventory 0





Overall Risk Management

Risk 
ID

Risk Name Mitigation Strategy

1
Noisy detection 
in moving data

Make height adjustment  design robust 
with Base Support. (Solved with new 
pan tilt design and new HD camera)

2
Intraface 
crashes

Get a more stable version of Intraface 
for the system. (solved using 
ros::spawn())

3
Battery drain of 

Turtlebots
Request sponsors &  new set of 
batteries (5 spare batteries collected)

4
Single robot 

failure

a. Make the swarm robust to work 
without the non-operative robot. 
(ROCON)

b.     Ask sponsor & get  custody of 2 
extra turtlebot. (5 turtlebots spare in 
lab)

5
Multiple faces 

in vicinity
Use zoom features and crop the image 
frame. Then input to Intraface

1,2 1,2

3,5

3

44



Questions?



Thank you!


