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Abstract 
Ophthalmologists need an Eye-Teleanalyzer that has a high-resolution image and no light reflection.   
A Slit lamp microscope, which is the main part of Eye-Teleanalyzer, can be improved by   
implementing the function of an auto focus system, eye-tracking system, and image enhancement   
method. The focus position is the position that gives the maximum focus value. However the   
reflection of light from the slit lamp can cause an error in finding the focus value algorithm. The   
reflection must first be identified and removed before calculating the focus values. The simulation   
result shows that the proposed algorithm can give the right focus position with trade off on   
computational time. Since the human eye is a spherical shape, slit lamp microscopy will focus only   
on a small part of the eye or only on the area of interest. To get an entirely sharp image, where all   
parts of the eye are in focus, a set of sharp eye images in different areas is needed to make the image   
mosaic method. This mosaic method can improve the resolution of the overall image. However, some   
sets of eye images are taken under different lighting conditions, which can lead to false mosaicking.   
The processing time is extremely long to process. To solve this problem, the gradient orientation   
pattern matching technique (GOPM) is used to eliminate the undistributed light intensity. The   
coarse-to-fine gray-scale matching strategy is introduced to reduce the computational time. The   
results show that the uses of GOPM help the mosaicking process, to give an accurate matching   
position which is very important for the image enhancement process. Also, the processing time is   
remarkably reduced.  
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Introduction 
AnEye-Teleanalyzerisusedbyophthalmologists
incentralhospitalstodiagnosethepatients’eye

diseasesinruralareas.Itwillreducesignificantly
the cost and time of ophthalmologists’ travel
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to remoteareas andpatientshavenoneed to
wait for diagnosis and can have continuing
treatment (Tanta-ngaiet al., 2008). From the
reasonsabove, theEye-Teleanalyzerneeds to
be improved and developed in order to have
the sharpest and highest resolution image.
However, problems arise when the area of
interestoftheeyehaslightreflection,returning
awrongfocusposition.Differentlightintensities
over an eye image make a false matching
position in the image enhancement process,
which is used to produce a high resolution
image.
 An Eye-Teleanalyzer is composed of a
slit lampmicroscopyequippedwithacamera
andamotor,whichiscontrolledbyacontrol
unit(Figure1).TheoverallsysteminFigure2
showsthepatientandslitlampmicroscopein

a remote area, while the ophthalmologist is
locatedinacentralhospitalusingtheinternet
to connect both areas (Gierl et al., 2007a,
2007b;Tanta-ngaiet al.,2008).Tocaptureeye
images, first a doctor at the central hospital
controls the slit lamp microscope in the
remote area in real time.Then, a position is
selected; after that, the microscope captures
the best focal image and sends it to the
doctor’sofficeviatheinternet.
 Whenadoctorhas thesetofbest focal
images of the patient’s eye in each position,
image processing is used to find the focus
position and produce the highest resolution
imageusingtheimagemosaicmethod,which
enhances the quality of images for diagnosis
(Asmuthet al.,2001).

(a)  (b) 
Figure 1. (a) Slit Lamp Microscope and (b) Control unit 

Figure 2. The overall system 
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Materials and Methods 

Focus Value 

 A focus value is necessary for finding
thefocusposition,andtheoperationoftaking
an image starts with the camera, equipped
withtheslitlamp,movingalongthez-direction
and capturing images along its movement as
showninFigure3.
 Asetofeyeimagesisobtainedafterthis
process. Each image is calculated for focus
values by using the algorithm in Figure 4.
This algorithm uses the set of images to
performtheSobeloperationandthencalculates
theenergyofthegradientimage(Groenet al.,
1985; Subbarao et al., 1993).The energy of
gradient image can be found by finding the
varianceofintensities.Therearesomemethods
andalgorithmswhichareused,liketheSobel
operation(Jiewpaibulet al.,2008;Tanta-ngai
et al., 2008), and vertical weighting mask
(Groenet al.,1985;Gierlet al.,2007).However,

the problem arises when the system is faced
with the light’s reflection from the slit lamp
microscope.Thisreflectionwillcauseanerror
in finding the focus value algorithm. The
focusvaluewillfluctuateandcannotbeused.
Asaresult,theobjectiveinthispartistrying
toeliminate the light’s reflectionfromtheslit
lamp microscope in order to increase the
accuracyofthesystem.
 Figure5showsthefocusvaluesofeach
image along the z–direction. It can be seen
that thevalue isveryhighand themaximum
focusvalueisatimagenumber39,whichactually
isablurimageasshowninFigure6(a).
 Figure 6 shows the region of interest,
whichisaffectedbylightreflection.Figure6(a)
shows the blur image, which indicates from
Figure5thatithasthemaximumfocusvalue;
this is supposed to be the sharpest image.
Figure 6(b) shows the gradient image of
Figure 6(a), which is used to calculate the
focus value. It can be seen that the focusing
pointisonthereflection.Thisoutput,occurring

Figure 3. Movement of the slit lamp along the optical axis (z-axis) 

Figure 4. The previous algorithm used to calculate a set of focus values 
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from the reflection, can be dealt with by
removingthereflectionbeforeperformingthe
Sobeloperation.

 Deleting the Effect from Light Reflection 

 In order to remove the effect from the
lightreflection,theproposedmethodisapplied
withtheprocessthatisshowninFigure7(a);
first the reflection must be located by using
theinitialimagetobethereferenceimage,as
showninFigure7(b).
 The thresholding technique is applied
(Figure 7(c)) to locate the reflection. The
thresholdvalueisfixedinthisprocess,because
thelightreflectionareahasverylargeintensities,
andcanbeeasilyseparatedfromotherdetails.
After the thresholding process, the image
dilationtechniqueisappliedtothethresholding
imageinordertocoverallthereflectionsthat
occurinsetoftheeyeimages.Then,thedilation
imagemustbeinverted;theresultisshownin
Figure7(d),and itcanbeseen that theblack
areaistheareathatneedstoberemoved.The
mask will be multiplied with the eye images
toeliminatethereflection.Theoverallprocess
isshowninFigure8;notethatabinarymask
for removing reflections is generated first
then,theSobeloperatorisappliedtofindthe
focusvalues.After that, theoutputs from the
Sobeloperatoraremultipliedwith thebinary
mask(Jaiwatet al.,2009).

 Figure 9 shows the focus value after
deletingthereflectionandshowsthemaximum
focusvalueatimagenumber51(Figure10(a)),
which is the sharpest image. It can be seen
that, after removing the light reflection
(Figure10(c)),comparedwithbeforeremoving
thereflection(Figure10(b)),theresultshows
acleareririsimage.

 Performance 

 Although the proposed method can
eliminatetheerrorfromreflection,itusesmore
computational time in order to compute the
focusvalueasshowninTable1.Theproposed
method of finding focus value, by Sobel
operation,uses4.322seconds,whichislonger
thanthepreviousmethod.

Finding Focus Value by Weighting Vertical   
Mask 

 Due to the process of deleting the
reflection, by Sobel operation, takes more
time,withan increaseof approximately18%
fromtheprocessingtime,asshowninTable1.
The weighting vertical mask is used to
compensate for the processing time.At first,
thismaskisdevelopedtoeliminatetheeffect
of the eyelashes which are mostly in the
vertical direction (Groen et al., 1985; Gierl
et al., 2007).The 2 masks that are normally
used in the Sobel operation are replaced by

Figure 5.  The focus value with effect of   
 light reflection 
 

Figure 6. (a) The image with index 39 and  
 (b) the edge of (a) 

(a) (b) 
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Figure 7. (a) The proposed deletion of reflection algorithm 
 (b) The initial image in the sequence 
 (c) The threshold image  
 (d) The inverted image after dilating or mask for removing reflection 

(b) 

(c) 

(d) (a) 

the following (1 × 11) vertical mask (Groen
et al.,1985;Gierlet al.,2007).

[-0.4,-0.4,-0.8,-1.2,-2,0,2,1.2,0.8,0.4,0.4]T


 Therefore, theblock Sobel operation in
overall process (Figure8) is replacedby this
1-D vertical mask.The result shows that the
weighting vertical mask can return a sharp
image.Moreover,thismaskismorerobustto
light reflection, compared with the Sobel
mask.Thefollowingexampleshowstheresult

using these 2 types of mask. Figure 11(a)
(using another test set of eye images) shows
the maximum focus value using the Sobel
operation and shows that eye image number
30 is expected to be the sharpest image;
howevereyeimagenumber30isablurimage.
Themaximumfocusvalueusingtheweighting
vertical mask in Figure11(b) returns the eye
image number 58, which is a sharp image.
This is the result from the structure of the
mask,thattheweightingverticalmaskcannot
detecttheverticaledges(Gierlet al.,2007(a),
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Table 1. Average computational time of finding focus value process* 


Method Time (sec) 

Previous  Method 3.641

Proposed  Method(deletelightreflectionbySobeloperation) 4.322

Proposed  Method(deletelightreflectionbyweightingverticalmask) 3.521
*TestedbyPCcomputerIntelCore2DuoE67502.66GHzRAM2GBbus800MHz.


(a) (b) (c) 

Figure 10. (a) The eye image number 51 
 (b) The edge before removing reflection 
 (c) The edge after removing reflection 

Figure 8. The overall process of proposed method 

Figure 9. The focus value without reflection 
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2007(b)). For this reason, it will reduce the
effect from the reflectionas shown inFigure
12.Figure13showsthefocusvaluesplotafter
deleting the light reflection. The result, after

deleting the light reflection from the Sobel
operation (Figure 13(a)) and weighting
vertical mask (Figure 13(b)), shows almost
thesameresult,thatthemaximumfocusvalue

(a) 
Figure 11. (a) The result from using Sobel operation compared with (b) the focus value   
 using weighting (1 × 11) mask 

(b) 

Figure 12. (a) The gradient image using Sobel operation 
 (b) Gradient image using weighting vertical mask 

(a) (b) 

(a) (b) 

Figure 13. (a) Focus values by Sobel operation after deleting the reflection  
 (b) Focus values by weighting vertical mask after deleting the reflection 
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is from eye image number 53 and 54. Note
that,theimagenumbers53and54aresharper
thantheimagenumber58(theresultinFigure
11(b)).

 The Effect of an Eyelash 

 An eyelash is mostly composed of a
verticaledge(Groenet al.,1985;Gierlet al.,
2007).A weighting vertical mask can deal
withthisproblembyneglectingthesevertical
edges. However, a problem arises when the
area of interest has an eyelash that has a
horizontaledgecomponentandtheuseofthe
vertical mask will magnify the edge in the
horizontaldirection instead, so that the result
isinvalid.Figure14(a)to(c)showstheeffect
fromaneyelash.

 Performance 

 Althoughtheproposedmethod(Figure8)
caneliminatetheerrorfromlightreflection,it
uses more computational time in order to
compute the focus value. The 1-D vertical
mask,whichusesonlyoneverticalmaskinstead
oftwo2-DSobelmasks,haslesscomputational
timeasshowninTable1.Theproposedmethod
of finding focus value, by weighting vertical
mask,uses3.521sec.

Image Enhancement 

 In the previous research (Jiewpaibul
et al.,2008), the imageenhancementprocess
requireslengthytimetofindthebestmatching
position.Also false matching occurs in poor

lightingconditions(Jaiwatetal.,2009;Kondo
and Kongprawechnon, 2009a, 2009b). The
problem of the lengthy computational time
comes from the fact that the sumofabsolute
differences technique (SAD) which is
performed for every pixel of the image.
Another problem is that the SAD technique
cannot give the correct matching position,
because the SAD matching technique is
dependent on image intensity (Jaiwat et al.,
2009; Kondo and Kongprawechnon, 2009a,
2009b).
 Thegradientorientationpatternmatching
technique(GOPM)isusedinthisparttosolve
the different light intensities.The coarse-to-
finematchingstrategyisemployedinthispart
for significantly reducing the computational
time.
 Image enhancement is achieved by the
gradientorientationpatternmatchingtechnique
(GOPM).A notable feature of the GOPM is
that it is based on the unit gradient vectors
(UGVs)ofimages,insteadofimageintensities
[7][8].TheUGVscanbeobtainedbydividing
theimagegradientvectorsbytheirmagnitudes:


 (1)


where gx, gy denote the image gradients in
thexandydirections,andnx, nytheUGVsin
thexandydirections.Whenthedenominator
is very small (low contrast regions), 0’s are
assigned to the unit vectors to avoid zero
division.

(a) (b) (c) 
Figure 14. (a) Gray eyelash image 
 (b)  Sobel operation 
 (c)  Gradient image by weighting vertical mask 
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 Because of the normalization step in
Equation (1), the GOPM is independent of
imageintensitiesandworksverywelltomatch
2 images that have similar structural patterns
but different intensities. Gradient orientation
patterns comprise 2 images that are obtained
asx andycomponentsof theUGVs(Figures
15and16).TheGOPMcanbeperformed in
the same way as conventional template

matching methods with metrics such as the
sum-of-absolute differences (SAD), the sum-
of-squared differences (SSD), and cross-
correlation (CC).To reduce the computation
time, a coarse-to-fine template matching
strategy isemployed.Equation (2) shows the
implementationof theGOPMusingtheSAD
metric.

(a) (b) 
Figure 17.  (a) 9 spotlight images from 9 different images 
 (b) background image 

(a)   
Figure 16.  A pair of gradient orientation patterns  
 (a)  The x components (vertical components) of the UGVs of template No. 5 
 (b)  The y components (horizontal components) of the UGVs of template No. 5 

(b)   

Figure 15.  A pair of gradient orientation patterns 
 (a) The x components (vertical components) of the UGVs of the eye image 
 (b) The y components (horizontal components) of the UGVs of the eye image 

(a) (b) 
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Figure 18. The flow chart of our image   
 enhancement 

(a) 

(b) 

Figure 19.  (a) The image after mosaicking  
  of previous method 
 (b) The image after mosaicking  
  of proposed method 


  (2)

where Inx and Iny areverticalandhorizontal
components of the UGVs of the background
image, and Tnx and Tny are vertical and
horizontalcomponentsoftheUGVsofatemplate
image,i.e.,thespotlightimage.
 For image enhancement, we firstly
prepare a wide-view eye image, a so-called
backgroundimage,thatmaynotbeentirelyin
focus(Figure17(b)).Next,weobtainasetof
spotlightimagesasshowninFigure17(a)that
areinfocusandsharp.Usingthefocusvalue,
we select nine on-focus subimages (spotlight
images)fromasetofimages.Thus,thespotlight
images may come from the different frames
within the same set of images.The selected
ninespotlight imagescovertheirisandpupil
regionoftheeye.WethenapplytheGOPMto
thebackgroundimageandthesetofspotlight

images.Finally,eachspotlightimageispasted
onthebackgroundimageatitsbest-matching
position, producing a wide-view and also a
widesharpoutputimageforophthalmologists
(image mosaicking). The entire flow of the
imagemosaickingissummarizedinFigure18.
 In the proposed method, we employ a
coarse-to-fine matching strategy for finding
thebestmatchpositionofeachspotlightimage.
In the coarse matching stage, the template is
scannedevery20pixelsverticallyandhorizontally.
In the fine matching stage, the template is
scanned every pixel around the best match
pointfoundintheprecedingstep.Finally,the
spotlight image is to be patched on the
backgroundimage.
 Figure19showstheimageenhancement
results of the previous approach (Jiewpaibul
et al., 2008) and the proposed method. It
clearlyshowsthesuperiorperformanceof the
GOPM over the traditional SAD template
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Table 2.  Average computation time and error of image enhancement process* 


Method Average computation time (sec) Average error (pixel) 

Previous method 637 70.2447

Proposed Method 025 02.2483

*TestedbyMacBookPro,IntelCore2DuoT93002.53GHz,RAM4GB,Bus1066MHz.

matchingmethod. Inaddition,Table2shows
the comparison between the computation
timesofthepreviousapproachandtheproposed
method. The computation time has been
significantly reduced by the coarse-to-fine
matchingstrategy.

Conclusions 
In this paper, an image processing technique
for an Eye-Teleanalyzer is described.An
improvedmethodologyisproposedinorderto
improve the performance, speed, accuracy,
and robustnessof thesystem.Thesemethods
are:dealingwiththeautofocusvalue,removing
the reflection, and image enhancement. For
removingthereflectiontechnique, theformer
algorithm of finding focus values has been
changedby identifying the reflectedareaand
creating a mask for removing that reflection.
The result shows that the proposed method
can calculate and indicate the right focusing
image. However it uses more computational
time.
 A weighting vertical mask is used to
dealwiththecomputationaltimeoftheremoving
thereflectionalgorithm.Thismaskwillreplace
the 2 Sobel masks normally used in finding
the focus value.The result shows that using
this mask will save computational cost and
cangivetherightfocusvalue;however,there
isatradeoffwhentheareaofinterestareahas
an eyelash.This mask tends to magnify the
horizontalcomponentoftheeyelash.
 Fortheimageenhancementmethod,the
unitgradientvectorisusedtodealwiththeset
ofeyeimagesthathaveadifferentlightintensity.
Coarseandfine-tunegrayscaleGOPMmatching
techniquesareintroducedtosolvetheproblem
of the previous algorithm, which uses a

tremendous amount of computational time.
Theresultshows that theproposedalgorithm
gives fewer errors and uses much less
computationaltime.
 For further research, the programming
shouldbedoneinClanguagebyusingtheOpen
CV library, inorder to implement apractical
systemandattainashortercomputationtime.
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