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Agenda for Today

A Course Evaluation
A Scientific research: The big picture
A Best practices in experimentation

A Datasets, evaluationriteria and benchmarks

A Time for questions
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Course Evaluation

A Much positive feedback thank you!!!

A We are also very happy with you as a group.
Everybody seemed to be highly motivated!

A Suggestions for improvements (from course
evaluation forms)

AWorkload was considered a bit too high
A ECTS have been adjusted to 6 credits

AROS introduction lab course would be helpful
A Wil do this next time

A Any further suggestions/comments?



Scientific Researc General Idea

1. Observe phenomena
2. Formulate explanations and theories

3. Test them
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Scientific Researc Methodology

1. Generate an idea

2. Develop an approach that solves the problem
3. Demonstrate the validity of your solution

4. Disseminate your results

5. At all stages: iteratively refine
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Scientific Research in Student Project:

A How can you get involved in scientific researct
during your study?
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Scientific Research in Student Projects

A How can you get involved in scientific researct
during your study?
ABachelor lab course (10 ECTS)
A Bachelor thesis (15 ECTS)
A Graduate lab course (10 ECTS)
A Interdisciplinary project (16 ECTS)
A Master thesis (30 ECTS)

A Student research assistant (10 EUR/hour, typically
10 hours/week)
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Step 1: Generate the ldea

A Be creative
A Follow your interests / preferences

A Examples:
A Research question
A Challenging problem
A Relevant application

A Promising method (e.g., try to transfer method
from another field)
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Step 1b: Find related work

A There isalwaysrelated work

A Find related research papers
A Use Googlscholay paperrepositories X
A Navigate the citatiometwork
A Read survey articles

A Browse through (recent) text books

Al 41 @e2dz2NJ LINPTFSaazNE C

ALUO Q& OSNE dzyt A1Sfté (K
already perfectly solved exactly your problem,
a2z R2y QU 62NNEH ¢SOKy
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Step 2: Develop a Solution

A Practitioner
A Start programming
AwSFtAT S GKFOG AG A& y20 3
A When it works, formalize it (try to find out why it works
and what was missing before)
A Empirically verify that it works

A Theorist

A Formalize the problem

A Find suitable method

A (Theoretically) prove that it is right

A (If needed) implement a proadf-concept
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Step 3: Validation

A What are your claims?

A How can you prove them?
A Theoretical proof (mathematical problem)

A Experimental validation
AQualitative (e.g., video)
AQuantitative (e.g., many trials, statistical significance)
A Compare and discuss your results with respec
to previous work/approaches
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Step 4: Dissemination

A Good solution/expertise alone is not enough
A You need to convince other people in the field
A Usual procedure:

1.
2.

o

o B~ W

Write research paper (usually®pages) 36 month

Submit PDF to an international conference
or journa

Paper will be peereviewed 3-6 month
Improve paper (if necessary)

Give talk or poster presentation at conferencenin.
Optionally: Repeat step-a until PhDJ 3-5 years
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Step 5: Refinement

A Discuss your work with
AYour colleagues
A Your professor
A Other colleagues at conferences
A Improve your approach and evaluation
A Adopt notationto the standard
A Get additional references/insights
A Conduct more/additional experiments

A Simplify and generalize your approach
A Collaborate with other people (in other fields)
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Scientific Research

A This was the big picture
AC2RIFéQa F20dza A& 2y ©
experimentation

A What do you think are the (desired)
propertiesof a good scientific experiment?

Visual Navigation for Flying Robots 15 Dr. Jurgen Sturm, Computer Vision Group, TUM



What are the desired properties o
good scientific experiment?

A Reproducibility / repeatability
A Document the experimental setup
A Choose (and motivate) an your evaluation criterion

A Experiments should allow you to
validate/falsify competing hypotheses

Current trends:
A Make data available for review and criticism
A Same for software (open source)
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Challenges

A Reproducibility is sometimes not easy to
guarantee

A Any ideas why?
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Challenges

A Randomized components/noise (beat with the
law of large numbers/statistical tests)

A Experiment requires special hardware
A Selfbuilt, unique robot
A Expensive lab equipment
AX

A Experiments cost time
AGO+ARS20 5SY2yVaiuN) dA?2
A Technology changes fast



Benchmarks

A Effective and affordable way of conducting
experiments

A Sample of a task domain

A Welldefinec
A Widely usec

performance measurements
IN computer vision and robotics

A Which benc
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Example Benchmark Problems

Computer Vision

AaARRf S0dzZNE RIOFa&asaa 6
A Caltech101, PASCAL (object recogni)ion

A Stanford bunny (3d reconstruction)

Robotics

A RoboCugompetitions (robotic soccer)

A DARPA challenges (autonomous car)

A SLAM datasets

Visual Navigation for Flying Robots 20 Dr. Jurgen Sturm, Computer Vision Group, TUM



ImageDenoising Lennalmage

A 512x512 pixel standard image for image
compression andlenoising

A LenaSdderberg Playboy magazine Nov. 1972

A Scanned by AleSawchuclat USC in a hurry for
a conference paper

W AL~

http://v\ANw.cs.cmu.edu/chuck/lennaq/
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http://www.cs.cmu.edu/~chuck/lennapg/

ObjectRecognition: CalteciiOl

A Picturesof objectsbelongingto 101 categories
A About40-800imagesper category
A Recognitionglassificationcategorization
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RoboCudnitiative

A Evaluation of full system performance

ALY Of dzZRS& LISNDSLIIAZ2Y S

A Easy to understand, high publicity

A& . ndid-21st century, a team of fully
autonomous humanoid robot soccer players
shall win the soccer game, complying with the

official rule of the FIFA, against the winner of
the most recent World Cup¢



RoboCugdnitiative
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SLAM Evaluation

A Intel dataset: laser ®dometryHaehne) 2004]

A New College dataset: sterecomni-directional
vision + laser + [Mldnith et al., 2009]

A TUM RGH dataSGtSturm et al., 2011/12]

[ | o—— --:n';
[ e | 75 o]
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TUM RGBED Dataset

[Sturm et al., RSS RdAB2011; Sturm et al., IROS 2012]

A RGBD dataset with ground truth for SLAM
evaluation

A Two error metrics proposed (relative and
absolute error)

A Online + offline evaluation tools

Ve

A Training datasets (fully available)

A Validation datasets (ground truth not publicly
avalilable to avoiaverfitting)
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Recorded Scenes

A Variousscenesfandheld/robotmounted,
office, industrial hall, dynamig 6 2 SO0 & =

A Large variations in camera speed, camera
Y2ZUA2Y S AffdzYAYl OGA2Y 2

(a) fri/xyz (b) frl/room (c) fr2/desk (d) fr/slam
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Dataset Acquisition

A Motion capture system
A Camera pose (100 Hz)

A Microsoft Kinect
A Color images (30 Hz)
A Depth maps (30 Hz)
AIMU (500 Hz)
A External video camera (for documentation)
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Motion Capture System

A 9 high-speed cameras mounted in room

A Cameras have active illumination and pre
process imagetliresholding

A Cameras track positions of retreflective
markers
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Calibration

Calibration of the overall system is not trivial:
1. Mocapcalibration

2. Kinectmocapcalibration

3. Time synchronization
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Calibration Stepl: Mocap

A Need at least 2 cameras for position fix
A Need at least 3 markers on object for full pose
A Calibration stick for extrinsic calibration
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CalibrationStepl: Mocap
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Example: Raw Image frofocap
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