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In tro duction

The following pagesform the basisof a 10 part practical in machine vision
techniques using the TINA macdhine vision ervironment.



Chapter 1

In tro duction

1.1 Intro duction and Aim

The aim of this practical sessionis to gain familiarity of the TINA erviron-
ment (it doesnot form part of your assessmdi. It is expected that the
practical should take no longer than 90 minutes.

A useful sourceof information about TINA is the website,

http://tina-vision.net/Tin a.
Of particular useis the "User Guide',
http://tina-vision.net/doc s/te chnical /user guide/

which covers how to usethe tools in TINA. Another invaluable source
of information is the online code browser,

http://tina-vision.net/sof twar e

From here you can view any of the code in the TINA libraries. This is
particularly useful for learning how a tinaT ool button works.

1.2 Getting started

The following is a description of how to get started with TINA in the Niac
lab.

Log onto a macdine using the ccourt nam and passvord provided.

Enter the practical directory. You needto change into the correct
directory for that weekspractical. The directories are named after
the practicals and are alsonumbered. Sothis weeksdirectory is called
“1.Intro". You can erter this directory with the commandcd 1.Intro
If you are unfamiliar with UNIX commands speak to the teading
assistart and they can provide you with a list of useful commands.

Starting TINA. To start TINA you needto type ./ftinaTool -r &
This should causea TINA tool window (or more probably) to appear
on your screen.



1.3 Practical

You will be given a demostration of somebasic functionality of the software
to give you an idea of what to expect. You then needto familiaries yourself
with the basicsready for the laboratory sessiongluring the rest of the course.

Have a look at the introductory sectionsin the TINA user guide on the
web regarding le 1/O and Tv displays. In addition you will needto refer
to the sectionsdescribing the image calculator \Imcalc Tool".

Once you have started TINA you will be confronted by a seriesof win-
dows. One of theseis the mono tool which enablesyou to load images. The
other is the imcalc tool. There are alsotwo Tv displays, one of theseis used
to display the imagethe other is usedfor display graphs.

Load the house.l imageinto the monotool and push the image onto the
image stadk and displaying it in the Imcalc Tv (hint: if it doesn't appear
automatically usethe Tv int button or you may have to install it with the
install  button).

You are now ready to start usingthe systemfor image analysis. Explore
the functions in the image calculator using TINA in conjunction with the
online code browser which will help you understand what ead of the func-
tions is doing and what parametersit expects. The following would be a
few useful things to be able to do;

Display proles and histograms from selectedregions of the image.
Use theseto try and estimate the the level of image noise from the
plots you see.

Load multiple imagesonto the stadk, around which the imcalc tool is
built (i.e. the right houseimage house.r ). Try adding, subtracting
and multiplying images. Try shifting and adding them together.

Scatterplot the two houseimagesusingthe scat button. Usethe sqrt
to make the imagevisible. Selecta region and inversescatter, (iscat ,
to recover the regions which share these grey-lewels. Use the online
code browserto seewhat is going on.



Chapter 2

Fourier Transforms and
Image Noise

2.1 Intro duction and Aim

The aim of this practical sessionis to increaseyour familiarity with the
TINA environment (it doesnot form part of your assessmei. This will
be done using the example of Fourier image processing,in particular the
convolution theorem, which you should have covered in the rst week of
web directed reading material. It is expectedthat the practical should take
no longer than 90 minutes.

2.2 Getting started

Login to the system as described in Chapter 1. The TINA executable
tinaTool for this sessioncan be found in the directory 2.Fourier .
From the main tool you will needto:

Start up a monoand imcalc sub-tool. Load an image into the mono
tool of TINA, (e.g.: onein ./house).

Start a new Tv window and install it as the Imcalc Tv. (You can
install other Tv's asrequired.)

Push the image onto the image stack and display it in the Imcalc Tv
(if it doesn't appear automatically) usethe Tv init button).

Now install a graph Tv.

2.3 Practical

Refer to the online manuals for use of buttons (such as fft and rmdc) in
the Imcalc Tool. Construct the FFT of an image selectedfrom images
directory and seeif you can relate it's main features badk to the original
image. Notice that the result is in the form of a complex image, asit must



befor a Fourier transform. This is shovn by the Image type castbar, which
is setto the imagetype on completion of a calculation, and can also be used
to re-castthe data (so that a complex image can be corverted to and from
two oating point images).

You will encourter the rst problem assaiated with image processing,
although the software has automatic data windowing, the dynamic range
of computed quartities prevents simple visulalisation of unmodi ed result.
You may have to remove the DC componert using the rmdc button or select
a region of interest in order to seeany structure, there are also many non-
linear processewhich can be performed which will also help.

Try barrel shifting the FFT and the applying the inverseFFT, what do
you seeand why?

Usethe Create Tool to generateGaussianrandom noise on ead pixel
and the add this to the original image (the noise button generatesand
image of grey levels with a zero mean Gaussiandistribution and the noise
variable cortrols the variance).

Design a systematic set of tests to investigate the behaviour of the real
and imaginary componerts of the FFT of the image for various additive
noiselevels. Usethe image histogram and the noise button to estimate the
variance of the image for di erent levels of noise.

Attempt to nd answersto the following questions:

Do you seeany correlation betweenthe level of added noise and the
noisein the Fourier domain? Try investigating this by plotting a graph
of FFT noiseagainst original image noisefor various valuesof additive
noise.

Do your results depend on the data in the original image? (You canuse
the Create Tool to generatea few alternatives suc as the cheder-
board).

Giventhat you know how much noisethere is in the noisy FFT image
canyou nd away of estimating this without subtracting the original
image?

If you wereto apply a lter to a Fourier domain image (as described
by the corvolution theorem) what would be the consequencem terms
of the noise on the inverse? (Start by thinking about one sinusoidal
componert).



Chapter 3

Erosion and Dilation

3.1 Intro duction and Aim

In this practical you will be gaining familiarit y with the processe®f binary
thresholding, skeletonisation and morphology.

3.2 Getting started

Login to the system as described in Chapter 1. The TINA executable
tinaTool for this sessioncan be found in the directory 3.Eros .

Setup TINA with monoand imcalc tools together with Tv's and graph
display.

3.3 Practical

The images directory contains an imagefrom an automatic karyotyping sys-
tem, karyo.ai . This contains seweral chromosomeson a white badkground.
In an automatic systemthe rst problem is to locate these chromosomes
accurately prior to classi cation. Today we will attempt to do this via the
processof binary thresholding and skeletonisation .

Load the karyo.ai image into the image calculator. By examination
of the range of grey levels within the badground and chromosome data
determine a suitable threshold for binarisation of the image. This can be
achieved by casting the image to a binary with an appropriate choice of
threshold (all valuesabove the threshold will be setto 1 and the remainder
to 0).

Now apply the binary skeletonisation skel and examinethe results care-
fully. The skel button appliesthe standard algorithm asdescribed in Gon-
zalesand Wintz. You will probably nd that although the imagecanbe well
segmered and binarised in places,in others the extracted chromosomesbe-
come fragmened. Use the erode and dilate functions to form open and
closing operations (as described in the lectures). The implementation of
these operations in TINA is as circular grey level morphological operators



and you can apply theseto either the original or binary image. The out-
put is always a grey level image but an equivalert binary operation can be
obtained by appropriate binary thresholding of the output. Can you make
the nal skeletonisedresult more reliable (i.e. eliminate gaps) using these
processes?

The secondset of data for this practical is the image of a retina. Here
we are interestedin extracting the blood vesseldn the image as completely
as possible. Repeat the proceduresyou have deweloped for the karyotype
imageswith the retina.aiff image.

Finally, apply the grey level morphological operators to the familiar
houseimage at a range of scales. You should nd that by performing ap-
propriate sequencegas describedin your lectures)it is possibleto eliminate
speci ¢ scalesof feature.

What is the common picture medium that displays similar visual char-
acteristics to imageswhich have beenprocessedwith a morphological
Iter?

Is it possibleto perform reliable morphological ltering on either or
both of the medical images?

What are the main charateristics of imagesthat you think are suitable
for reliable application of morphological Iters?

Are there any properties of imagesor image corntents which you think
should be avoided asinput data for such lters?



Chapter 4

Convolution &
Deconvolution

4.1 Intro duction and Aim

In this practical you will be gaining familiarity with image corvolution.

4.2 Getting started

Login to the system as described in Chapter 1. The TINA executable
tinaTool for this sessioncan be found in the directory 4.Decon.

Setup TINA with monoand imcalc tools together with Tv's and graph
display asin previous practical.

4.3 Practical

Load the house.l.ai imagefrom the images directory.

Apply the gauss function in the image calculator to the image. Remem-
ber you have to choosea suitable width using the appropriate parameters
in imcalc params (Hint: usethe help button to identify the parameters
that gauss uses). Use a prof graph to view the a ect on image structure
(such asedges)and the hist and noise functions to seehow it a ects image
noise. Repeat this for various scalesof smoothing starting at a kernal width
(sigma) of 1 and increasingto 5 (you must also remenber to adjust the
range parameter to accomalate this larger lter). Don't make the kernel
too big asthe executiontime can increasedramatically.

Using the gauss function to enhancethe edgesof the image. Do this
using the di erence of Gaussian(DoG) approximation to the Laplacian. Can
you produce a binary image shaving the edgelocations you have found?

Repeat the above in the frequency domain, rementbering that corvolu-
tion in onedomain is multiplication in the other. You will needto construct
an image i of the Gaussiankernel of the same size as the original image
(Hint: usei the delta in the imcalc create tool ).

10



Can you seeany appreciabledi erence betweenthe results? 1.

Finally attempt a Fourier decorvolution of the smoothed image (read
carefully the sectionin the manual regarding division using "imcalc").

Attempt to answer the following questions;

How do results compare: rstly for Fourier convolved images (at a
range of scales)and secondlyfor spatially convolved images?

Can you explain why this might happen?

What are the consequencedor the application of decorvolution to
tasks such asimage deblurring?

1f you subtract the images remember there may be a normalisation to consider

11



Chapter 5

Noise Estimation and
Removal

5.1 Intro duction and Aim

The aim of this practical sessionis to gain familiarity with techniques for
noise estimation and removal.

Add various amounts of noiseto the image asyou have donein previous
practical (i.e. usethe random image generatorin the create tool ). Use
noise button in the imcalc tool to estimate the level of image noise. Test
the technigque on seeral imagesuntil you can recover the value you have
added reliably and feel you can trust the technique. You may feel you need
to modify the basictechnique in order to get accurateresults, feelfreeto do
Sso.

Exp eriment 1

Apply the tangertial Iter tsmooth to the image and estimate the reduction
in image noise. This lter smooths along the tangential direction to local
edgestructure in ead pixel. Again, repeat this for various noiselevels.

You should be able to determine an approximate constart factor of
reduction. What is it?

Compare the result with Gaussian smoothing; where are the largest
di erences betweenthe resulting imagesand why?

Exp eriment 2

Usethe create Tool to generatean image with uniform random noise on
ead pixel. Threshold the resulting image to obtain a binary image with
10 percert zero values. Multiply an image by this mask image. This will
generatea simulated e ect of pixel drop out.

12



Now apply the median Iter and againassesshe quantit y of remaining
pixel noise. Repeat the experimert for various percenagesof drop out.

Plot a graph of the number of remaining drop out pixels asa function
of the percertage of simulated drop out. At what point does the
algorithm begin to fail to remove all drop out noise?

Exp eriment 3

Finally we will look at rank order ltering (rank) which hasbeensuggested
as a pre-processingstep for stereoalgorithms. Load in both stereoimages
of the lego house(one at a time) into the image calculator.

Try to estimate the grey level di erence between seeral pairs of se-
lected corresponding locations in the scenes.

Make careful notes of the locations you selectand the results, you will
needthem later.

Express your results as a z-score (ie: the di erence divided by the
estimated image noise).

Apply the rank Iter to both images,the range parameter should be
left at 5 (which speci es an 11x11 processingwindow). You will needto set
the precision parameter to approximately 4 times the estimated level of
image noise. Try to pick a sensiblelevel that eliminates noise but retains
discriminable features.

Measurethe fractional di erence in grey level for the samecorrespon-
dencesas measuredpreviously?

Expressyour results as a z score(ie: di erence divided by estimated
rank Itered image noise).

Can you say anything regarding the apparert similarity of grey levels for
equivalent locations in the original imagesand the rank ltered images?

Is this a su cien t measureof performancefor selecting a suitable pre-
processorfor a stereoalgorithm?

13



Chapter 6

Deformable Templates

6.1 Intro duction and Aim

The aim of this practical is for you to gain familiarit y with deformablemodel
basedtechniques.

6.2 Getting started

Login to the system as described in Chapter 1. The TINA executable
tinaTool for this sessioncan be found in the directory 6.SROIl. Execute
it with tinaT ool -f aorta .

6.3 Practical

In this practical we shall be assessinghe performance of the deformable
template when preseried with the task of tracking the outline of the de-
scendingaorta in a PCA MR sequencetaken of the heart. As there is no
ground truth data available for the dataset we shall concenrate on the re-
producibilit y of the technique under changesin parametersand also against
human operators.

First the model must betrained. To dothis loadthe le ./models/test.mml
into the smartROI tool with the input button. Hit showto conrm this
hasloaded. Loading this ensuresall the parametersare setto default values.
Next you will have to hand outline ead of the 20 imagesin order to train
the system. To do this selectr axis from the markup menu and specify
the axis grid. Subsequeh points are selectedaccording to the blue radial
line. You will not neednot to include againthe bounding points which have
already beenspeci ed from the axis. When complete click make Change
the filename to a unigue nameand output the le (remember you may not
be the only user of this directory and you will evertually have a set of 20
les).

The next stepis to build the model itself. To do this you needto create
a le that lists all of the model les and their relative directory from the
location of the running tinatool. For example if you had named you les

14



testl, test2... test20in the directory ./models/heart then the le you create
would look like this;
/models/heart/testl
.Jmodels/heart/test2
/models/heart/test3 ...

this le should be named with the extension .blt. When this is done
ensurethat the filename is setto the name of your list le (without exten-
sion) and hit the build pca button. You now have a PCA model of this
dataset.

In order to usethe model you should load the meanmodel .mml le and
hit show Load the PCA and hit seard in order to locate the aorta outline.
Hit showagain to seethe result (note, in someinstancesthe mean model
is su cien tly dierent from the data that the systemis unableto nd the
global minima. In sud casesfeel free to either move the mean model or
load an alternativ e start position).

6.4 Evaluation

Before we perform the experimerts we needa method of comparing the re-
sults. To adchieve this it is possibleto convert the nal outlines to regionsto
interest using the outer2roi button. Create an imagein the imcalc tool
that has uniform grey levels. With any smartROI outline showing hit the
outer2roi button. Now usethe roi button in the imcalc tool to seg-
ment the image. Doing this for other outlines provides imageswhich may
be comparedusing subtraction and image histogramming to count pixel dif-
ferences.In this way you are able to scorethe performanceof the algorithm
when usedto extract the boundary of a given image.

6.4.1 Experiment 1

Remove ewery third model from your model le list and rebuild the PCA
matrix. Using the imagesfrom which the missingmodelsweretaken attempt
to seard for the outline. Perturb the start location (tx and ty ) of the mean
model by a few pixels and repeat the process.Compute the pixel di erences
betweentheseresults. Repeat this analysisfor all the missing model images.
What do you estimate as being the reproducibility of the generatedroi 's?

6.4.2 Experiment 2

Using the imagesfrom which the missing models were taken attempt to
seart for the outline. Reducethe number of model modes(mdl modesand
pro le modesprf mode$ and seewhat e ect this hason the reproducibilit y
of the technique.

15



6.4.3 Experiment 3

Usethe poly roi to hand draw around the aorta of the missing data im-
ages.Askanother person who has not seenyour outline to do the same.
Compare the reproducibility of the resulting roi 's. How do they compare
to your PCA results?

16



Chapter 7

MR Image Segmentation

This session forms part of your assessment

7.1 Intro duction

The exercisesare to be carried out using the TINA image ernvironment. A
moderate degreeof collaboration in carrying out the work is acceptablebut
reports should be ertirely your own. You can expect to have to draw upon
both coursework and previous practical experience. In ead caseyou should
explain the objective of the exercise,outline the combination of processes
you used, explain the results you obtained the scope (ie generalusefulness)
of the method and try to addressany specic questions raised. You do
not needto explain the basicsof TINA. Tadkle the following problem using
TINA and produce a write-up of approximately 3-4 pages.

7.2 Practical

The software you should usefor this exerciseis in 7.NMRSEG

The image calculator contains two buttons, scat and iscat . The rst
of theseproducesa 2D float scattergram image from the selectedregion of
interest (ROI) of a complex image, where the x axis is the real pixel value
(0-256) and the y axis is the imaginary pixel value (0-256).

The iscat button takesa float scattergram and a complex image and
generatesa new float image by replacing the image pixels with the cor-
responding value within an identi ed region of interest (ROI) of the scat-
tergram. Using these two buttons it is possibleto perform a dual valued
(complex) image segmetmation.

Read in the dual _echol and dual _echo2 imagesfrom the images di-
rectory and form a composite complex image in the image calculator (re-
member to normalise the image to occupy the available grey level range
usedin the scattergram). This can be as simple as using the two imagesas
the real or imaginary componerts directly, but you may get better results

17



from constructing alternatives suc as sum or di erence images. Produce a
scattergram of the complex image for regions corntaining

mainly CSF (dark pixels within the cranial cavity).
mainly white matter (central regionsof brain tissue).

mainly grey matter (the peripheral regionsand folds of the brain)

Try to get a feel for where the various tissue types appear in the scat-
tergram.

Now, using the iscat processas a starting point, attempt to produce
three segmemations of the image for the various identi ed tissuetypes.

Describe the following in your report:

A speci cation of the objectives.

The motivation for the approad.

The nal version of your segmetation technique.
A brief description of the results including images.
The shortcomings of the process.

Any suggestionsyou might have for improving the basic approad.
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Chapter 8

Texture Recognition

8.1 Intro duction and Aim

The aim of this practical is for you to gain familiarity with techniques in
texture recognition and the problems assaiated with it. In particular you
will be using Gabor Iters in an attempt to identify textured regionsin an
image.

8.2 Getting started

Login to the system as described in practical 1. The TINA executable
tinatool for this sessioncan be found in the directory 8.Text .

8.3 Practical

Gabor lters are often presened a solution to texture recognition problems
in machine vision largely becauseof support from psycophysical experi-
ments. The 2D Gabor function is a harmonic oscillator, composedfrom a
sinusoidal plane wave at a particular frequency and orientation, within a
Gaussianervelope.

Using the fgabor function in the create tool generateGabor Iters.
This function generateslters in the Fourier domain soyou will needto run
fiti to seethe spatial equivalent. Adjust the parametersgb.k, gb_b and
theta and seehow the resulting Iter changes.

Load the broadatz.ai image in the image directory onto the stadk. As
convolution is essetially a pattern matching process,it is possibleto build
Iters which respond well to particular types of texture structure of xed
scaleand orientation. Attempt to extract the di erent regionsin this image
using your knowledge of the way in the which the parameters cortrol the
kernelsto match them to the scalean orientation of the dierent textures.
Create Gabor “tuned' to a type of texture shavn in the image. Apply the I-
ter to the image asa multiplication in the Fourier domain, *. Transform the
result bad into the spatial domain using ffti  and calculate the magnitude
of the response. This is done by taking the sgr of ead componert of the
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complex result (cast to float ), summing + and computing the sqrt . You
should seesome areaswhere the Iter gives better responsesthan others.
Try to assesdhe sensitivity of the responseto parameter change by seeing
how much the parameterscan be varied beforethe high responseis lost.

Brodatz textures are particularly suited for texture recognition, there are
noillumination artifacts and no perspective e ects distorting the appearance
of the texture. Theseissuesand the problem of unpredicatble responsesfrom
the texture Iters at boundaries,are the main obstaclesto using sud lters
in general applications. If you have time try using the house.l.ai image.
Canyou nd a Iter tuned to extract the window shutters? What problems
might arise using this technique if the object was viewed from a dierent
direction?

20



Chapter 9

Stereo Vision

This session forms part of your assessment

The exercisesareto becarried out usingthe TINA imageenvironment. A
moderate degreeof collaboration in carrying out the work is acceptablebut
reports should be ertirely your own. You can expect to have to draw upon
both coursework and previous practical experience. In ead caseyou should
explain the objective of the exercise,outline the combination of processes
you used, explain the results you obtained the scope (ie generalusefulness)
of the method and try to addressany speci ¢ questionsraised. You do not
needto explain the basicsof TINA and should avoid giving descriptions
basedonly upon use of the interface. Tadkle the following problem using
TINA and produce a write-up of approximately 3-4 pages.

9.1 Practical

The software you should usefor this exerciseis in 9.STEREO

The goal of this practical is to usethe TINA vision systemto perform
edgebasedstereo and wireframe reconstruction on the sets of imagespro-
vided in the imagesdirectory, (shaftassembly,sauer, bigcrystals). The
algorithm usedis a variant on the PMF algorithm (as covered in the lec-
tures) and producesdata which is typical of edgebasedapproates. More
details are given in the Tina Users Guide, which can be found on the tina
web site.

Start the tool using tinaTool -r to get the stereo setup. Load and
view the rst pair of images. Ensure that the .cam le have beenloaded
too. Compute the edgemaps for theseimagesusing the canny button. You
needto rectify the edgedata using the rectify  button beforeyou compute
the depth with stereo . Lines and curvescanbe tted to the disparity data
usinginit geom3and geom3. You can cortrol all of thesealgorithms using
the parametersin the 3 Paramsdialogsat the bottom of the edge tool (the
help systemwill give you assistancein using these).
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This vision system s intended to provide data suiatble for location of
objects in a robot control task. Perform experiments which enable you to
discussthe following in your write up:

The stability of the algorithm to parameter adjustments. For example,
what e ect do changesin edgethreshold have on the quality of the
results? How do changesin disparity limits changethe outcome of the
matching?

The major strengths and weaknesse®f the reconstructed stereodata
and the consequencesf this for automatic model matching.

How you might attempt an automatic evaluation of suc algorithms?
(i.e. what data you would need and what things you would needto
measure)

Describe the following in your report:

A speci cation of the objectives (What?).

The motivation for the approad (Why?).

The nal version of your evaluation of the stereoalgorithm.
A brief description of the results including images.

The shortcomings of the methods.

Any suggestionsyou might have for improving the basic approad.
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Chapter 10

Ob ject Recognition

10.1 Intro duction and Aim

This sessionwill cover a slightly more advanced macdine vision topic than
grey level image analysis, object recognition. The TINA system will be
usedto match polygonal boundaries( extracted from imagesby the Canny
edge detector) using the technique of Pairwise Geometric Histograms, as
described in the lectures. Here a theory is suggestedthat the use of a
complete description of data with the desiredlevels of invariance, matched
with an appropriate statistical method, forms an optimal solution to the
recognition of arbitrary objects. In this practical we will attempt to evaluate
the performance of the recognition system subject to changesin the shape
represenmation.

10.2 Getting started

Login to the system as described in practical 1. The TINA executable
tinatool for this sessioncan be found in the directory 10.Pair .

10.3 Practical

Good descriptions of this tool can be found in the usersguide in the section
describing the pairs tool.

Execute this program using tinaTool -r to invoke the stored replay.
This will initialise the various parts of the tool for graphic display and load
in an example set of models and scenedata. The following sequenceof
button presseswill attempt to identify the match outline in the cluttered
scene.

match lines : match the stored line histogram's to the scene

segment model : display the sectionsof data consistert with the cho-
senModel Name

locate models : locate all examplesof the chosenModel Name

23



graph : display the radial error from the probabilistic Hough Trans-
form

This will automatically load the polygonal models as?.mly stored in
the local dinosaur directory and will build a data base of corresponding
geometric histograms with the parametersspeci ed in the pairs tool.

You can examine the typical appearanceof a histogram by selecting
the pick (geom) option in the pairs tool and picking a line from the scene
displayed in the monatool using the mouse. Executing histograms will gen-
erate the corresponding PGH on the top of the stad in the image calculator
(you may needto init ' the Tv periodically to refreshthe imcalc Tv display
with the new data).

You can match individual features of the sceneto the object fragmerts
stored in the PGH data baseusing the match line routine. Selecta few
lines to seehow well the default options appear to work.

You can run an ertire sceneanalysis using the match scene routine.
The segment button will now allow you to identied the fragmerts of the
sceneassaiated with the Mo del Name parameter. Quantify the errors for
eat model in the data baseasl-as5in a table. The table should contain
the number of line fragmerts in ead object which have beencorrectly and
incorrectly labelled.

Now clear the data baseand reload the modelswith a di erent selection
for the histogram type (directed). This form generatesa larger histogram
represertation than previously suc that the set of histohrams for ead ob-
ject comprisea complete represetiation of the shape.

Try to relate what you seein the histogram now to what you saw with the
rotate parameter. Re-run the scenematching and evaluate the recognition
performanceonceagain.

What is the fractional improvemen in labelling reliability? Is this im-
provemert statistically signi cant?
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