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The Semantic Robot Vision Challenge

We hope to collaborate and discuss our hypothesis on recognition
mechanisms

• The importance of automatically learning in a short time
• The need to generate hypothesis on context
• The role of multi-cue mechanisms
• The role fast/deep understanding and relations with processing speed

Many thanks to the organizers of this challenge to give us the 
opportunity to contribute to the advances of the state of the 
art in image understanding research



Functions of the “Vision-Only” Robot

� Web Crawling for unsupervised learning
� Object recognition via multiple view combination
� Collision-free exploration in unknown environment
� Navigation curiosity based on scene reasoning



Multiple View Based Object Recognition
(Unsupervised learning using Web Semantic)

Passive exploration: make 3d + 2d obstacle map

Probability map of 
obstacles based on 
their size and color

Active exploration: make multiple views of objects

Multiple views for each 
particular region of 
interest

Automatic Selection of 
Training Samples

Fast/Deep Recognition

Offline db >10000 classes

Panoramic Matching

Regions of Interest

3

2
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Space exploration strategy

– Passive exploration (going straight in a direction)

– Stopping regularly to turn and check sides for Areas of 
interest (AoI), provided in real time by recognition

– Head to AoI to check additional details (potentially 
objects to recognize there!), on demand by recognition

– If no easily accessible AoI, explore randomly

– Obviously DON’T collide in obstacles!



Space Exploration
What worked, what didn’t

What worked:

– Collision free running
– Many close objects visible while checking sides for AoIs

What failed

– False detection by stereovision preventing visits to some areas
– Robot stopped too far from interesting areas and did not provide

highest resolution images of objects
– Not enough time spent exploring side areas



Database/Internet Search
Sources: Google Image Search, Amazon
Info: image, brands, dimensions
Preprocessing: looking for big objects on simple background.
Ranking: use images with most/least popular features

Fax Machine:

Brands

logo_res/Brother/res.jpg
logo_res/Panasonic/res.jpg
logo_res/HewlettPackard/res.jpg
logo_res/3M/res.jpg
logo_res/Canon/res.jpg
logo_res/Sharp/res.jpg
logo_res/SHOPZEUS/res.jpg
logo_res/Motorola/res.jpg
logo_res/LittleLittleLittleToyCompany/res.jpg
logo_res/Cross/res.jpg
logo_res/EvereadyEnergizerBatteries/res.jpg

Dimensions

Min: 30.67
Max: 50.03

Real data 
obtained 
during official 
competition 
round for Fax 
Machine
(images, 
logos, brands 
and 
dimensions)



Automatic Selection of Training Samples 

Original Image FloodFill from 
4 corners - bg

FloodFill from 
non bg - fg

Multiple Object
separation

Single Object
analysis Result Image

Validation Stage:
0: bg area > 60% 
specific bg color

1: fg object is 
in image center 2: fg area > 8% 3: object > 25% fg

Our Results for EEE PC Google Image Results for EEE PCOffline:
• divide objects into categories
Ex: food, electronics, bath
• train category classifier
• download training images
• select best params for each cat.
Ex: white background for PC

Online:
• classify objects into cat.
Ex: photo camera is electronics
• select best params for the cat.
Ex: foreground area > 50% total
• download & validate tr. samples
Ex: for electronics we need 500 
images to select 100 samples

>Goal: for training of recognition system we need med-resolution images (>200 pix) with 
a single foreground object on a white background

>Solution: consider database of images is >™, choose validation criteria and select only “good”
samples with high rank



Automatically Selected Training Samples used to make  Bag Of 7000 Features 

Real data 
obtained 
during official 
competition 
round for the 
objects with 
most popular 
features. 
Allows 
reduction 
from 240000 
local features 
to 7000, 
which 
significantly 
speed-ups 
recognition.



Fast Regions of Interest Detection
>Goal: for navigation/recognition we need med-resolution images (>200 pix) with 
a single foreground object

>Solution: consider fast solution, choose integral images and select only color/edge features 
with window scanning over all image with different positions and scales (ex. red features – all
pixels would have values from 0 to 255 indicating how red they are v=r*(255-g)*(255-b)/65025)

s11

s22

s31

s32

s33

s34

Cascade of filters (for each window):

1: s22 > thr0

2: s11-s22 > thr1

3: s31 < s22*thr2
4: s32 < s22*thr3
5: s33 < s22*thr4
6: s34 < s22*thr5

If 6 is OK add distance & height from
3d, then score “interest” of region 



Automatically Selected Regions of Interest 

Ritz crackers seen 14 times from different angles.  The box was fully 
visible and large enough for easy recognition due to efficient Regions 
Of Interest selection method.



Fast/Deep Recognition

(Bag of Features) 3 fps (BOF + homography) 0.3 (1.2 with GPU) fps

>Goal: real-time for unlimited number of objects
>Solution: Fast/Deep strategy: cascade-like focusing. Hierarchy of classifiers – Indexed Bag of 
Features first, with 100 features per class – then direct match with a sample 200-400 features + 
homograph + 7 generic classifiers color/edge/symmetry (from ROI) + circle, line, bag of haar
features – all leaned by generating 30000 virtual images per class + Forest Tree classifiers + 
3D dimension with 0.4m margin

Detection perf. (per image): 5-10% generic (64x64), 90% specific (512x512)
(results evaluated on 2007 datasets)



Panoramic Match

>Goal: individual image recognition results for specific/generic objects are not reliable enough 
we need to collect and merge results over the time/space, assuming a static scene conditions

>Solution: build and constantly update panorama of a scene, identify objects detected by any 
classifier and merge results together using homography-> update final score and bounding box 

Always gives the best match: we need 10 matches for generic and 2 for specific object to confirm detection

Object detected on 
frame 10 with blue 
bounding box 

Same object 
detected on frame 
38 with cyan 
bounding box 

Same object 
projected on 
all panorama 
image with red 
bounding box

Every time detection 
results (cyan) had 
75% overlap with 
projected results 

(red) from another 
image (blue) – they 

were combined 
together

Reconstructed homography for 
every pair of image in panorama 
allows to reproject any bounding 

box with detected object to all 
other images 



On the fly recognition of 20 objects
“real – time” aspect

Fast/Deep scene understanding architecture

Camera(s)

0.7m height object 
may be a desk

Many features on 
desk surface

2d/3d Shape

Texture

2d/3d Motion

Scan/Poly Line

Regions

Fast Analysis

3d Tracking

2d Tracking

Calibration

Fast Scene 
Management

Events

Scenarios

Risk Asses.

Semantic 
Knowledge

Scene Understanding

Deep Feature 
Extraction

Deep Environmental Map 
Building

Deep Analysis

Deep Scene 
Management

Scene of Interest 
Selection

Cost / Perf. Evaluation

Real-time Algorithm 
Adaptations

Decision Module

Results Fusion

Fast Feature 
Extraction

FocusingUpdate

Fast = Low complexity / many objects Deep = High complexity / few objects

Resources 
Management

Current 
state

Collision detection 
warning

Own trajectory change, 
Object was recognized …

Fast Scene Understanding Deep Scene Understanding

Roi+features

Roi+features

Roi+features

Fast Map 
Building

Reconstruction

Recognition

A big object is 
likely to be a 

vacuum cleaner 
rather than a book



Competition results
2nd place of Robot League with 7 points

• 2 Scoring objects with bonus points
• 2 No point objects

Detection results were fast i.e. provided < 3 sec after seeing � Bonus points
Context was used to enforce recognition � e.g. spam was found on a table

Ritz: 
2 points + bonus

Spam: 
0 points + bonus

Doritos: 
2 points + bonus

Crysis: 
0 points



Upcoming improvements

• Database collection: text parser split book categories leading to  
sample generation error

• ROI quality: too small, not appropriate. More interaction 
between navigation and recognition for better image shooting 
(getting closer, different angles)

• Vision based map building� stereo data filtering
• Software engineeringpoint of view: check software at least 3 
months before event!!!


