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SHARE Overview: SHARE architecture

Thermal Video Processing
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SHARE architecture Objectives

Thermal image and video processing

= To provide tools for image and video analysis for assisting a fire-brigade or another
rescue team during and after the rescue operation.

= Integration of state-of-the-art techniques for analyzing images/videos acquired using a
thermal camera in a fire/smoke environment.

10 09.07.2007

9 09.07.2007

Normal vs. thermal view: An example General aims

] Fire focus

Fire occurrences according to hotspot detection
to localize the fire, estimate its spreading and
determine/estimate its change in time.

Person detection

Human occurrences in thermal videos to
localize human silhouettes to derive rescue
and positioning information.

Person tracking

Human movement analysis in the fire videos
according to the trajectory analysis of them.
E.g. slower/faster movements, directions.
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End-user requirements

Colorization

The thermal camera view is generally B&W. The
grey tones make it difficult to get a quick overview
of thermal characteristics of different objects.

Interactive object detection and recognition
The recognition of objects is difficult. The
user has to click on any area and the
recognition module should mark the
object. A further requirement is
identification i.e. as a person.
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End-user requirements

Tactical effectiveness

A very important function is the time control of tactical effectiveness. This function is needed to see the
thermal condition of an object within different periods (e.g. 10 seconds steps). The thermal status of the
marked object is visualized by colored faces. This helps the officer in charge to verify the effectiveness of
his tactic, and to correct the methods very fast.
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Integration of the thermal video processing
component

Archive / FTP

File System

AUTH released: Ontology entry
for new video

> Sample client application Get data

from fi

» XML Schema to define the

control message interface Ontology

> Atest version of the service
application
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Integration of the thermal video processing
component

Defining GUI requirements for the SHARE client

= Creating a service module with supporting video processing
tasks for the second prototype

= Creating a command message interface
= Releasing a sample client

= Adding XML parsing functionalities to interpret the control
message and prepare Java source for ODS
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Requirements for the client GUI

= SHARE thermal video processing tools (15 prototype GUI):

I Basdary Damcugn }_il_l-u.m-hhu-‘ N | ]

g =" L5 [ ] SR
| ;

| Covsl |

™ Ptz i
I o ik Dipbmien

17 09.07.2007

Requirements for the client GUI

= Selection of regions of interest (15 prototype GUI):

Bounding box Snake
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Definition of a control message interface

= Information sent from the client to the service:

= Data server and directory information for the input video (video output
is generated here, as well),

= Name of the file to be processed,

= Processing tasks together with their ROIs and scope (start frame/end
frame information),

= The control message is defined in terms of an XML Schema, and thus
the message is sent as an XML file (IP package).
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Control message interface, root class
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Control message interface, ROI class
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Research activities

= Content description of thermal videos
= Fire detection with Fourier analysis

= Supervised object extraction by snakes
= Tracing quadtrees for better concavity performance
= Content adaptive heterogeneous snakes

= Automatic object detection and recognition
= Creating human pose database
= Hierarchical clustering for template databases
= Textual description of database for faster matching
= Divide and conquer strategy for affine distortions
= Object simplification for faster matching
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Research activities
Content description of thermal videos

ThermalVideolnfo

The Thermalvideolnfo class
containg cornplernentary
data ta the thermal image
data, like 3 title, providar,
scenario of rescue, dateflime
oF racording, camera type
used, and the physical
deseription of the video in
terms of is video Format,

ThermalVideo [}

irnage size and langth,
The Thermalvideo dlass is

the ract dlsss af the

hievarchy:. Tt contains the © The Shats cass contains the
classas for a thermal video description of the actual

File, and provides sewersl segméntad vides (mage)
vepresentation for the | dats, The video cin bs
civlian, frefahter, fire, and | Subdivided into an arbitrary
object appearances,

nurmber of shots,
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Research activities
Content description of thermal videos

ThermalVideolnfo

The Thermatvideatnia cass |
contains complamentany

data to the thermal mage |
data, like a title, provider,
scenirio of rescus, dateltime |
of recording, camera type
used, and the physical |
description of the videa in
tems of s video format, |
image size and length.
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Research activities
Content description of thermal videos
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Research activities
Content description of thermal videos

ppearanceType [}

This ¢lass contains the desaription
of human fpossibie not frefighters
appearances within 2 shat.

Creibarbtance |

Civilianinstances
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Research activities
Content description of thermal videos
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Querying based on the Schema

uestions on
» Isthere any fire in the XXX scenario?
» Isthere any fire in the XXX scene?
» Isthere any fire in the XXX scene having YYY status?
>  Where is the fire in the XXX scene at the YYY time?
»  Where is the fire in the XXX scene having YYY status?
> What is the status of the fire in the XXX scene?
Questions on human:
»  Are there any humans in the XXX scenario?
»  Are there any humans in the XXX scene?
»  Are there any humans in the XXX scene having YYY status?
> Where are humans in the XXX scene at the YYY time?
»  Are there any humans in the XXX scene having YYY status?
»  Where are humans in the XXX scene having YYY status?
»  What is the status of humans in the XXX scene?
»  Are there any humans in the XXX scene having YYY activity?
»  Where are humans in the XXX scene having YYY activity?
» What is the activity of humans in the XXX scene?
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Research activities
Fire detection with Fourier analysis

= Fire has a special behavior in the frequency domain, so temporal Fourier analysis can
be executed to check it, as fire usually has 0.5-20Hz flickering. Atrtificial fire:

&

F(u) is the average temporal Fourier transform for the changing points.
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Research activities
Fire detection with Fourier analysis

= Natural fire:
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Research activities
Fire detection with Fourier analysis

= Non-fire videos does not contain strong peaks in the investigated frequency domain

31 09.07.2007

Research activities
Supervised object extraction by snakes

= GVF snakes are used to extract objects starting from some user defined initial
points

= Insufficient number of snake iterations can miss concavities

= Improvement of concavity performance and reduction of iteration steps are useful

32 09.07.2007

Research activities
Supervised object extraction by snakes

Snake (active contour) model:
v(g) = (x(s)y(e)) W=D
Energy functional to minimize:

1
Eonohe = f Eini(0(8)) + Eimage(v(s))ds
L)

Internal snake forces:
Eine = (al8)|oa(8)F + B(s)|ves(8)*)/2
External force field (GVF):
Glasy) = (gl y)iriey))
which minimizes:
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Research activities
Divergence of GVF field

For a vector field:  Flr,ud = Pix. yli+Hr, )i

divF = % + %

Low divergence:

Its divergence is defined as:

High divergence:
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Thresholding to decide:  divF < @
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Improving GVF snake
Triangle step

= We detect bad snake segments based on divergence, estimate snake directions and
select a new snake point inside the concavity

.
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Research activities
Supervised object extraction by snakes

= Tracing quadtrees for better concavity performance
= We cover the expected object boundary with a grid with larger scale
(quadtree decomposition)

e
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Research activities
Supervised object extraction by snakes

Research activities
Supervised object extraction by snakes

= Tracing quadtrees for better concavity performance = Content adaptive heterogeneous snakes
= A boundary tracer is generalized for the ,thick arc” representation, = We can make faster the snake iteration within homogeneous
followed by pixelwise iterations to finish subregions (regions can be defined e.g. by quadtrees)
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Research activities
Supervised object extraction by snakes

Research activities
Object detection and recognition

= Content adaptive heterogeneous snakes = Creating human pose database
= The snake captures the rough boundary in a few iteration steps on the
larger grid (e.g. four steps is needed for U-shape) = For detection, based on whole object (human) silhouettes a database is

created with different activities and views

= Activities: = Views:
= Running = Front
= Walking = Side
= Falling/lying = Top

= Sitting (testing reasons)
Punching (testing reasons)

= A common advantage of these quadtree-based approaches that they
are adaptive (the quadtree is based on the image content), and noise
suppression can be applied.

= =
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Research activities
Object detection and recognition

Research activities
Object detection and recognition

= Creating human pose database
Walking Running

Falling/lying Punching (demo)
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= Creating human pose database
= Realistic 3D modeling software was used




Research activities
Object detection and recognition

=Creating human pose database
=Since chamfer matching is used to locate database templates...

=...boundary tracing is applied to extract database elements
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Research activities
Object detection and recognition

= Hierarchical clustering for template databases
= Templates are organized into hierarchy for faster matching
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Research activities
Object detection and recognition
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Research activities
Object detection and recognition

= Textual description of database for faster matching
= Database is stored as
an XML file containing
silhouette vectors
- <database>
- <levell>
+ <levell_1>
+ <levell_2» =2
+ <temp39x
+ <temp36>
<coordinates=(-54,-3) - I
</coordinatess> N
<flevell>
+ <level2>
+ <levelas
+ clevelds
+ <levelss ) _
</databases mn
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Research activities
Object detection and recognition

= Divide and conquer strategy for affine distortions
= The templates may occur in a geometrically distorted way
= Usually, affine transformations are sufficient to be considered
= A divide and conquer” strategy is used to restrict the search of the affine (6D)
parameter space

Evaluate Subdivide Evaluate Subdivide Evaluate
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Research activities
Object detection and recognition

= Object simplification for faster matching
= For further speed up a point reduction method was developed which preserves the
most optimal subset for chamfer matching
= It can be applied to any sets in
arbitrary dimension. Contours:

Computation time (ms)
~B888E8
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Research activities
Centroidal Voronoi Tessellation (CVT) framework
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Research activities
Centroidal Voronoi Tessellation (CVT) framework

Research activities
Region-based Centroidal Voronoi Tessellation
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Other algorithms (e.g. random sampling) are also possible.
51 09.07.2007 52 09.07.2007

Research activities
Region-based Centroidal Voronoi Tessellation

Research activities
Object detection and recognition
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Research activities
Object detection and recognition

= Object simplification for faster matching
= ... and regions:
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Research activities
Object detection and recognition

= Object simplification for faster matching
= Simplification can be done with weighting the set differently

) dix, B7)

ax) = ————
d(x.sk(A)) + d(x, B7)

(x) ) for x

N _— or

} I oly)dy
B
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Research activities
Object detection and recognition

= Simplification using a skeleton-based weight function

Simplification
Uil Ui fom
{riv 1OV | iskeleton)
Standing H1.2% EIRE XN
* Walking Bh 2% By, 20 B 6%
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Software module — 2" prototype

= Tasks in the 2" prototype

= Colorization

= Hotspot detection

= Fire detection

= Boundary detection

= Boundary tracking

= Boundary object recognition
= Automatic object detection
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Software module — 2" prototype

= Colorization tool
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Software module — 2" prototype

= Hotspot detection tool
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Software module — 2" prototype

= Fire detection tool

- <Firesppearance>
<ID>1</ID>
<Timeln>10:00:23</Timeln>
<TimeOut>10:00:30</Timeout>
- <Firelnstances>
- <Firelnstance>
<10 1</ID
- <ROIMarking>
<ID>1</1D%
- <Representation>
<ID>1</ID>
- <BoundingBox>
<Width>70</Width>
<Height=19</Heights
- <Center>
<H>6T <N
<¥»170</7>
</Center>
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Software module — 2" prototype Software module — 2" prototype

= Boundary detection tool = Boundary object recognition tool

- <Civilianappearance:
<ID>1</1D>
<Timeln>10:00:23</Timeln>
=Time0ut>10:00:23</Time0ut>
- «Civilianlnstances>
- =CivilianInstance>
<1D>1</ID>
- <ROIMarking>
=ID>1</ID>
- <Representationz
<1D>1</ID>
~- =Contours>
<ComposingPoints>{147,25)
</CompozingPaintss
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Software module — 2" prototype Software module — 2" prototype

= Boundary tracking tool = Automatic object detection
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Thank you

Thnani you for your aiieriiior.
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