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Agenda for Today 

ÁCourse Evaluation 

 

ÁScientific research: The big picture 

ÁBest practices in experimentation 

ÁDatasets, evaluation criteria and benchmarks 

 

ÁTime for questions 
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Course Evaluation 

ÁMuch positive feedback ς thank you!!! 

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

ÁSuggestions for improvements (from course 
evaluation forms) 
ÁWorkload was considered a bit too high 
Ą ECTS have been adjusted to 6 credits 

ÁROS introduction lab course would be helpful 
Ą Will do this next time 

ÁAny further suggestions/comments? 
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Scientific Research ς General Idea 

1. Observe phenomena 

2. Formulate explanations and theories 

3. Test them 
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Scientific Research ς Methodology 
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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 

 

 

 



Scientific Research in Student Projects 

ÁHow can you get involved in scientific research 
during your study? 
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Scientific Research in Student Projects 

ÁHow can you get involved in scientific research 
during your study? 

ÁBachelor lab course (10 ECTS) 

ÁBachelor thesis (15 ECTS) 

ÁGraduate lab course (10 ECTS) 

ÁInterdisciplinary project (16 ECTS) 

ÁMaster thesis (30 ECTS) 

ÁStudent research assistant (10 EUR/hour, typically 
10 hours/week) 
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Step 1: Generate the Idea 

ÁBe creative 

ÁFollow your interests / preferences 

ÁExamples:  

ÁResearch question 

ÁChallenging problem 

ÁRelevant application 

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

ÁThere is always related work 

ÁFind related research papers 
ÁUse Google scholar, paper repositories, Χ 

ÁNavigate the citation network 

ÁRead survey articles 

ÁBrowse through (recent) text books 

Á!ǎƪ ȅƻǳǊ ǇǊƻŦŜǎǎƻǊΣ ŎƻƭƭŜŀƎǳŜǎΣ Χ 

ÁLǘΩǎ ǾŜǊȅ ǳƴƭƛƪŜƭȅ ǘƘŀǘ ǎƻƳŜōƻŘȅ ŜƭǎŜ Ƙŀǎ 
already perfectly solved exactly your problem, 
ǎƻ ŘƻƴΩǘ ǿƻǊǊȅΗ ¢ŜŎƘƴƻƭƻƎȅ ŜǾƻƭǾŜǎ ǾŜǊȅ ŦŀǎǘΧ 
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Step 2: Develop a Solution 

ÁPractitioner 
ÁStart programming 

ÁwŜŀƭƛȊŜ ǘƘŀǘ ƛǘ ƛǎ ƴƻǘ ƎƻƛƴƎ ǘƻ ǿƻǊƪΣ ǎǘŀǊǘ ƻǾŜǊΣ Χ 

ÁWhen it works, formalize it (try to find out why it works 
and what was missing before) 

ÁEmpirically verify that it works 

ÁTheorist 
ÁFormalize the problem 

ÁFind suitable method 

Á(Theoretically) prove that it is right 

Á(If needed) implement a proof-of-concept 
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Step 3: Validation 

ÁWhat are your claims? 

ÁHow can you prove them? 

ÁTheoretical proof (mathematical problem) 

ÁExperimental validation 

ÁQualitative (e.g., video) 

ÁQuantitative (e.g., many trials, statistical significance) 

ÁCompare and discuss your results with respect 
to previous work/approaches 
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Step 4: Dissemination 

ÁGood solution/expertise alone is not enough 

ÁYou need to convince other people in the field 

ÁUsual procedure: 
1. Write research paper (usually 6-8 pages) 

2. Submit PDF to an international conference  
or journal 

3. Paper will be peer-reviewed 

4. Improve paper (if necessary) 

5. Give talk or poster presentation at conference 

6. Optionally: Repeat step 1-5 until PhD J 
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3-6 month 

3-6 month 

15 min. 

3-5 years 



Step 5: Refinement 
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[http://www.phdcomics.com] 



Step 5: Refinement 

ÁDiscuss your work with 
ÁYour colleagues 

ÁYour professor 

ÁOther colleagues at conferences 

ÁImprove your approach and evaluation 
ÁAdopt notation to the standard 

ÁGet additional references/insights 

ÁConduct more/additional experiments 

ÁSimplify and generalize your approach 

ÁCollaborate with other people (in other fields) 
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Scientific Research 

ÁThis was the big picture 

Á¢ƻŘŀȅΩǎ ŦƻŎǳǎ ƛǎ ƻƴ ōŜǎǘ ǇǊŀŎǘƛŎŜǎ ƛƴ 
experimentation 

ÁWhat do you think are the (desired) 
properties of a good scientific experiment? 
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What are the desired properties of a 
good scientific experiment? 

ÁReproducibility / repeatability 

ÁDocument the experimental setup 

ÁChoose (and motivate) an your evaluation criterion 

ÁExperiments should allow you to 
validate/falsify competing hypotheses 

Current trends: 

ÁMake data available for review and criticism 

ÁSame for software (open source) 
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Challenges 

ÁReproducibility is sometimes not easy to 
guarantee 

ÁAny ideas why? 
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Challenges 

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

ÁExperiment requires special hardware 

ÁSelf-built, unique robot 

ÁExpensive lab equipment 

ÁΧ 

ÁExperiments cost time 

Áάό±ƛŘŜƻύ 5ŜƳƻƴǎǘǊŀǘƛƻƴǎ ǿƛƭƭ ǎǳŦŦƛŎŜέ 

ÁTechnology changes fast 
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Benchmarks 

ÁEffective and affordable way of conducting 
experiments 

ÁSample of a task domain 

ÁWell-defined performance measurements 

ÁWidely used in computer vision and robotics 

ÁWhich benchmark problems do you know? 
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Example Benchmark Problems 

Computer Vision 

ÁaƛŘŘƭŜōǳǊȅ ŘŀǘŀǎŜǘǎ όƻǇǘƛŎŀƭ ŦƭƻǿΣ ǎǘŜǊŜƻΣ Χύ 

ÁCaltech-101, PASCAL (object recognition) 

ÁStanford bunny (3d reconstruction) 

Robotics 

ÁRoboCup competitions (robotic soccer) 

ÁDARPA challenges (autonomous car) 

ÁSLAM datasets 

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



Image Denoising: Lenna Image 

Á512x512 pixel standard image for image 
compression and denoising 

ÁLena Söderberg, Playboy magazine Nov. 1972 

ÁScanned by Alex Sawchuck at USC in a hurry for 
a conference paper 
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http://www.cs.cmu.edu/~chuck/lennapg/ 

http://www.cs.cmu.edu/~chuck/lennapg/


Object Recognition: Caltech-101 

ÁPictures of objects belonging to 101 categories 

ÁAbout 40-800 images per category 

ÁRecognition, classification, categorization 
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RoboCup Initiative 

ÁEvaluation of full system performance 

ÁLƴŎƭǳŘŜǎ ǇŜǊŎŜǇǘƛƻƴΣ ǇƭŀƴƴƛƴƎΣ ŎƻƴǘǊƻƭΣ Χ 

ÁEasy to understand, high publicity  

Áά.ȅ mid-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 CupΦέ 
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RoboCup Initiative 
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SLAM Evaluation 

ÁIntel dataset: laser + odometry [Haehnel, 2004] 

ÁNew College dataset: stereo + omni-directional 
vision + laser + IMU [Smith et al., 2009] 

ÁTUM RGB-D dataset [Sturm et al., 2011/12] 

ÁΧ 
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TUM RGB-D Dataset 
[Sturm et al., RSS RGB-D 2011; Sturm et al., IROS 2012] 

ÁRGB-D dataset with ground truth for SLAM 
evaluation 

ÁTwo error metrics proposed (relative and 
absolute error) 

ÁOnline + offline evaluation tools 

ÁTraining datasets (fully available) 

ÁValidation datasets (ground truth not publicly 
available to avoid overfitting) 
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Recorded Scenes 

ÁVarious scenes (handheld/robot-mounted, 
office, industrial hall, dynamic ƻōƧŜŎǘǎΣ Χύ 

ÁLarge variations in camera speed, camera 
ƳƻǘƛƻƴΣ ƛƭƭǳƳƛƴŀǘƛƻƴΣ ŜƴǾƛǊƻƴƳŜƴǘ ǎƛȊŜΣ Χ 
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Dataset Acquisition 

ÁMotion capture system 

ÁCamera pose (100 Hz) 

ÁMicrosoft Kinect 

ÁColor images (30 Hz) 

ÁDepth maps (30 Hz) 

ÁIMU (500 Hz) 

ÁExternal video camera (for documentation) 
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Motion Capture System 

Á9 high-speed cameras mounted in room 

ÁCameras have active illumination and pre-
process image (thresholding) 

ÁCameras track positions of retro-reflective 
markers 
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Calibration 

Calibration of the overall system is not trivial: 

1. Mocap calibration 

2. Kinect-mocap calibration 

3. Time synchronization 
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Calibration Step 1: Mocap 

ÁNeed at least 2 cameras for position fix 

ÁNeed at least 3 markers on object for full pose 

ÁCalibration stick for extrinsic calibration 
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Calibration Step 1: Mocap 
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trajectory of the 
calibration stick in 3D 

trajectory of the 
calibration stick 
in the individual 
cameras  



Example: Raw Image from Mocap 
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detected markers 


