
 

 

Semi-automatic overlay of data from 

Raman and Fourier Transform-Infrared  

Spectroscopy  

 
Bachelor Thesis in Computer Science 

Umeå University 

 

June 2015 

 

Dr. Anke Hüser 
 

 

 

 

 

 

 

 

 

 
VT 2015 

Examensarbete 15hp 

Kandidatprogrammet i Datavetenskap (180hp) 

Institutionen för Datavetenskap  



 

  



 

Abstract 
Diabetes is a metabolic disease where the insulin system of a patient is not working properly. 

In 2013, about 380 million people worldwide were estimated to have diabetes, causing about 

5.1 million deaths every year. Despite these large numbers, patients are frequently diagnosed 

after onset of symptoms. Developing techniques to obtain information about the biochemical 

properties of the pancreas in situ would improve understanding of diabetes development. 

Applying such techniques in vivo would dramatically increase the possibilities to diagnose 

and characterize diabetes. This work is part of a project where the potential of vibrational 

spectroscopy for the diagnosis of diabetes is assayed. 

For this thesis, data of the same sample (a bright-field image and a matrix of spectral data) 

from two different instrument types is used. Due to handling issues, the data sets do not 

represent the exact same areas of the sample. My task was therefore to develop a program in 

MATLAB that identifies the overlapping areas based on the bright-field images and crops the 

corresponding spectral data to the correct size.  

 

The images available during development of this program did not contain enough information 

usable for an algorithm to detect identical positions to calculate an overlay, since the images 

were in black and white and only displayed arbitrary lines. Additionally, the images were 

scaled (both along the X- and the Y-axis) and rotated towards each other, increasing the 

complexity of the task. Therefore, user input was necessary to obtain an overlay of the images 

from both data sources. 

In biomedical imaging, the wider surroundings of a pixel are still important to obtain as much 

information from the data as possible. In this work, a group of image pixels correspond to a 

data point in a matrix of spectral absorptions. These two constraints resulted in the 

development of a function that identified the largest rectangle with approximately equal 

length and height in the overlapping area. 
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1 Introduction 

1.1 Diabetes  
Diabetes is a metabolic disease occurring when the amount of insulin produced by the 

pancreas is not high enough (type 1) or when the body can’t utilize insulin effectively (type 

2). Insulin, a hormone produced by specific cells in the islets of Langerhans in the pancreas, 

regulates the uptake of sugar from the blood into cells. In type I diabetes, an autoimmune 

disease, the insulin-producing cells are attacked by the immune system. For the development 

of type II diabetes both environmental and genetic factors play a role. 

In 2013, about 380 million people worldwide were estimated to have diabetes, causing about 

5.1 million deaths. The number of patients is expected to rise to close to 600 million cases 

within one generation if the current increase in case numbers can’t be slowed down. Diabetes 

has short-term effects (increased thirst, hunger and urination or weight loss) and more severe 

long-term effects (damage to eyes, nerves and kidneys or increased risk for cardiovascular 

diseases). An estimate is that about half the people having diabetes are not diagnosed; often 

the disease is first diagnosed upon onset of long-term complications [a-c]. 

 

1.2 Vibrational Spectroscopy 
Spectroscopy is the study of the interactions between electromagnetic radiation and matter 

where the measured radiation intensity is plotted as a function of the wavenumber (the spatial 

frequency of a wave). Vibrational spectroscopy allows for a non-destructive, non-intrusive, 

fast and sensitive analysis of the chemical profile of samples. A molecules spectrum is unique 

and allows identifying chemical substances [d-f]. Using microscopic accessories, it is possible 

to detect and visualize the spatial distribution of molecules on organ or cellular level [1].  

The raw data worked on during this thesis was obtained applying two different techniques: 

Fourier Transform Infrared spectroscopy (FT-IR) and Raman Spectroscopy. Both techniques 

measure vibrational energy levels associated with chemical bonds in a sample. The main 

difference between them is the type of molecular changes during vibration [d-f]: FT-IR 

detects differences in the dipole moment of bonds in molecules whereas in Raman, a 

molecular bond is polarized. Due to water being a strong dipole, it will result in a strong 

background in the FT-IR data. Therefore, samples preparation including dehydration is 

necessary for FT-IR analysis while Raman works on hydrated tissues.  
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1.3 Ethical aspects 

The data to be analyzed with the final program will be obtained by imaging of pancreas 

sections from both control and diabetes model mice1. To be able to perform these kinds of 

studies, animals are bred specifically for this purpose and must be sacrificed to obtain the 

tissue sample. Due to state regulations, no experiments with animals can be performed 

without the approval of an ethics committee. 

If the results of the whole project in the future might allow the detection of changes of the 

pancreas before the onset of diabetes symptoms, this could help a large number of patients. 

The development of a reliable system for easy diagnosis and monitoring of a wide spread 

illness with minimal side effects for the individual patient might help them to live without or 

with less severe consequences of the disease which might help to reduce the costs for the 

health care system spend on treatment of diabetes. 

 

1.4 Aim of my thesis 
Despite diabetes being a disease with a rapidly increasing number of patients, the tools for 

prediction and diagnosis are limited and are usually applied first after symptoms can be 

detected. Developing techniques to obtain information about the biochemical properties of the 

pancreas in situ 2 (analyzing the whole organ outside the organism) would improve 

understanding of diabetes aetiology. Applying such techniques in vivo (doing analyses in the 

living animal / patient) would dramatically increase the possibilities to diagnose and 

characterize diabetes. My thesis work is a part of a larger project, where the potential of 

vibrational spectroscopy (FT-IR and Raman) for prognosis and diagnosis of diabetes should 

be tested. FT-IR spectroscopy is a technique frequently applied to diabetes research [2], 

whereas Raman spectroscopy is not yet used in this field of research. In the general project, 

the potential of Raman spectroscopy to detect the same changes as FT-IR spectroscopy shall 

be assigned. Since two independent instruments are used for measurements, the obtained data 

sets are not representing the exact same area of a sample. The operator images an area using 

the first instrument, transfers the sample to the second instrument and tries to find the same 

area again within a given margin of uncertainty.  

 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 The NOD-mice (NOD – Non-obese diabetic mice) are susceptible to spontaneous develop of autoimmune 
diabetes. 
2 In laboratory or cell science, in situ refers to an intermediate between in vitro (test tube experiment) and in vivo 
(experiments with living organism).  The intact organ is analyzed, but the donor is sacrificed to obtain the 
sample. 
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My task was to develop a program in MATLAB that  

(I) Identifies the overlapping area of the two images based on bright-field images3 

(II) Finds the largest rectangle in this area (see Figure 1) 

(III) Crops the corresponding matrices with spectral data so that only data points 

representing the same positions remain in the final matrices (see Figure 2) 

 

 
Figure 1: Steps (I) and (II) of the program – identification of the overlaid area based on bright-field images, finding of 
the largest rectangle and cropping of both images. In the overlay, the FTIR-image is displayed in red, the Raman 
image in green. 

	  
	  

 
Figure 2: Step (III) from the program – cropping of the matrices. Here, every pixel displays the average absorption 
measured over all wavenumbers at this position (blue – low, yellow  high). 

 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 The simplest optical microscopy technique is bright-field microscopy: the sample is illuminated from below 
and observed from above resulting in the typical appearance of a dark sample on a bright background. 
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1.5 Image Registration 

In general, the transformation of different data sets (images) into one common coordinate 

system is called “Image Registration”. The information present in the images may be sampled 

at different times, from different angles or from different instruments as in this case. To 

analyze or compare image data from different sources, they must first be registered. One 

image is used as a reference (the fixed image), to which the other image (the moving image) 

is spatially aligned. The published algorithms use similarities between patterns in two images; 

these similarities can be based on intensities (comparing intensity patterns via correlations 

matrices) or features (searching for correspondence of distinct points in images). The 

necessary transformations of the moving image can be done by linear transformation 

(rotation, translation, scaling) or by methods taking small geometric differences into account, 

allowing local warping of the image. As a last distinguishing factor, the amount of automation 

can be used, ranging from manual registration to fully automated methods [3]. 

 

1.6 Largest Empty Rectangle Problem 

The “Largest Empty Rectangle Problem” is a question from the area of computational 

geometry aiming at identifying the position for the maximum area rectangle not containing 

any “obstacles” present in the plane. In general, two kinds of algorithms for finding the 

largest rectangle can be differentiated: the first searches for rectangles that are aligned to the 

axis of the image [4] while the other searches for rectangles with an arbitrary rotation [5]. 

Finding the largest rectangle inscribed in a polygon can be seen as a version of this problem, 

where the border of the polygon forms the obstacles. In this work, the overlapping area of the 

two images forms the polygon. Since all algorithms are approximations, the way how to 

compute the largest rectangle and the speed can vary greatly [h-j] with every solution 

presenting its own advantages and disadvantages. 

 

1.7 Questions 

The program that was developed within the scope of this thesis can be divided in three parts 

(see 1.4) where every part corresponds to some major computational questions. 

 

For part (I) – find the overlapping areas of the two individual bright-field images – the main 

issues relate to a fully automated calculation of the overlaying area of the two images. Here, 

inbuilt solutions from MATLAB for edge detection, feature detection or image registration 
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will be analyzed for their properties to give good results for images without color or clear 

structures with respect to techniques. As a possible option to a completely automated system, 

the performance of semi-automatic solution will be examined. 

 

In part (II) – find the largest rectangle in the overlapping area – the major issues are related to 

whether and if so, which restrictions should be imposed on the rectangle-finding algorithm. 

The restrictions are both related to rotation and shape of the found rectangle. The largest area 

rectangle can be found in arbitrary or axis-aligned solutions; in this situation, the coupling to a 

matrix of spectral data has to be taken into account when deciding on the alignment of the 

rectangle. Additionally, other factors than mere size may play a role in identifying the best 

solution in this scientific context. 

 

In the last part (III) – crop the matrices so that only overlapping parts remain – a major issue 

is the angle between both images and how to translate it to the corresponding matrices with 

lower resolutions. Rotation of a matrix by right angles is not a problem, but if rotations with 

other angles would have to be included, the addition of black pixels (pixels without spectral 

information) would be necessary. Not rotating the matrix other than right angles may result in 

a better match between the two individual matrices than performing small rotations. 
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2 Find the overlapping area of both images 
To identify the overlapping areas of both images, several different MATLAB functions might 

work and were therefore tested.  

The biggest problem for a completely automated system is the fact, that these bright-field 

images have a rather low amount of usable information for an algorithm: there are neither 

clear geometric structures nor colors [6,7] in the images, but only arbitrary shapes in grey 

scale. As can be seen in Figure 3, the images are at an angle against each other and the Raman 

image is distorted, thereby adding to the difficulties for an automatic identification of 

overlaying areas. 

 

 
Figure 3: Bright-field images from FT-IR (left) and Raman (right).  

 

2.1 Preparatory functions 

Images do have some prominent structures: one of them named edges (see 2.1.1) – curves 

following rapid changes of pixel intensities, the other features (see 2.1.2) – structures 

detectable in the image. Some of the methods available in MATLABs toolboxes were 

analyzed for their potential to enhance and / or identify structures in the two images. This 

identification of structures is a key step for automated image registration. 

 

2.1.1 Edge detection 

Edges often follow the outlines of objects. Using the functions found in the MATLAB Image 

Processing Toolbox could help to identify structures that would otherwise be shaded by 

different background intensities of the images obtained from the two instruments. 

In the toolbox, six different methods for edge detection are available (see (g) and [3] for more 

information) and were tested with both input images.  
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As can be seen in Figure 4, the six methods differ significantly in the amount of edges 

detected. Despite the methods available in MATLAB having different models for calculation 

of an edge, all of them detected significantly fewer edges in the Raman images than in the FT-

IR images.  

 

 
Figure 4: Results from the different edge detection methods from the MATLAB Image Processing Toolbox for FT-IR 
(left) and Raman (right). 
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2.1.2 Feature detection 

Features in computer vision are areas with specific properties that make them stand out from 

their surroundings. The MATLAB Computer Vision Toolbox contains six different detectors 

that were all tested.  

As can be seen in Figure	  5, all six detectors are able to identify a larger number of features. 

However, the number of identical features detected in both images is rather low with only up 

to five features identified in both images. For an automatic process, selecting the few 

corresponding features from two much larger sets did not work, so fur further work, no 

feature detectors were used during preparatory steps to be completed before the image 

analysis.  

 

 

 

Figure	  5:	  Results from the different feature detectors from the MATLAB Computer Vision Toolbox for FT-IR (left) 
and Raman (right). The identified features are marked in light green for the first five detectors; the last one detects 
areas and shades them in different colors.  
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2.2 Image registration  

Image registration is used during image processing to align multiple images into a single one, 

handling common issues like rotation, scale and skew. In this process, one image is used as 

the reference (or fixed) image, the other as the moving image. Geometric transformations are 

applied to the moving image so that it aligns with the fixed image. In the MATLAB Image 

Processing Toolbox and the Computer Vision Toolbox, three solutions for image registration 

can be found which were analyzed for their potential to be used in this project. 

The bright-field images used during this project were rather complicated regarding automated 

image analysis, missing clear geometric features (circles, polygons), typical shapes (car, 

human, house) or colors. 

 

2.2.1 Automated Feature Matching 

To address the question whether the given type of images can supply enough information to 

calculate the differences between both images for automatic image registration, the algorithm 

was first tested with the original image and several transformed subimages. The subimages 

could be rotated, mirrored or scaled with respect to the original image.  

In Figure 6, the steps performed by the algorithm are presented for a rotated subimage with a 

slightly increased scale. At first, all positions putatively representing identical positions are 

calculated (a), and then the outliers are removed. As outliers, positions with angle and 

distance between the corresponding points not fitting to those of the majority are removed as 

presented in (b). Finally, the subimage is rotated and its size adjusted so that it is fitting to the 

original image. In (c), an overlay of the original image in red and the transformed subimage in 

green at the correct position is presented. As long as there is high enough information content 

in the subimage, this method can calculate a good overlay 

	  
Figure 6: Steps of Image Registration    
 a) all putatively matching points    
 b) only the matching points with outliers removed   
 c) overlay of the complete image in red with the subimage in green  
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As can be seen in Figure 7(a), during image registration a larger number of putative matching 

points can be detected, some of them being identified as outliers and removed in (b). One 

problem occurring with mirrored images can be seen in (c) and (d); the algorithm has some 

problems with finding enough positions to be able to calculate rotation and scaling between 

the subimage and the original image. 

	  
Figure 7: Results from testing image registration with subimages and the original image.  
 a) all identified positions for a slightly scaled image; here one point is an outlier 
 b) only the matching points from (a);  those not fitting to angle and scale removed 
 c) vertically mirrored subimage; only one point found which is not enough for registration
 d) horizontally mirrored subimage; two points identified that contradict each other. 

 

Testing the functions from the MATLAB Image Processing Toolbox with the two individual 

images aborted with an error; not enough matching points were identified to proceed. This 

result was half expected since the detectors tested in 2.1.2 displayed difficulties in identifying 

the same features in different images. Therefore, image registration was not used in the final 

program to do the initial matching of both images, but was used for finding the corners of the 

overlapping area in the larger Raman image. 
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2.2.2 Intensity-Based Automatic Image Registration  

This solution maps pixels from two images based on relative intensity patterns. Here, an 

image similarity matrix is created and the algorithm tries to improve this matrix. As displayed 

in Figure 8(a), a high quality overlay can be calculated if the images are not rotated against 

each other. That situation, presented in Figure 8(b), the algorithm fails to produce a good 

overlay. Since not only the image, but also the matrix would need to be rotated before this 

method could be used, it was not used for the final solution.  

 
Figure 8: Results of the Intensity-Based Automatic Image Registration.  
 a) An optimal overlay can be calculated if the original Raman image is rotated by 180°.
 b) With the original Raman image no good overlay can be calculated. 

 

2.2.3 Control Point Registration  

Since all completely automatic systems did not work for creation of an image overlay, as a 

semi-automatic method the Control Point Selection Tool was tested. With respect to the kind 

of images used during this project, this method has the advantage of the user manually 

selecting common features from both images. From the selected points, the algorithm 

calculates rotation and scaling of the two images. Here, the quality of the produced overlay is 

entirely dependent on the users accuracy when selecting the control points as displayed in 

Figure 9.  
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Figure 9: Applying the Control Point Selection Tool to calculate the overlay of the FTIR and Raman image.
 a) The user selected the control points carefully.   
 b) The user was not that careful when selecting the control points; both colors are visible. 

 

3 Find Largest Rectangle 
The area covered by both images in the overlay can have somewhat varying shapes ranging 

from a tetragon to an octagon – depending on the orientation of the images to each other. For 

publication purposes, a square or a rectangle is the preferred format. Therefore, as a second 

step in the final program, the largest rectangle within the overlapping area should be found.  

 

First tests aimed at finding the largest rectangle with arbitrary orientation. The first trial was 

to calculate the largest axis-oriented rectangle, rotate the image and try again until the 

rectangle with the absolute largest area was found, but this solution was rejected due to rather 

long execution times. Discussions with the researchers involved in acquisition of the images 

gave more insight into the process how the imaged areas were selected and as a result, an 

axis-aligned algorithm was chosen to be accurate enough for this purpose. As another 

constraint and difference to published examples for finding the largest rectangle not the 

absolutely largest rectangle was searched for, but a rectangle closer to a square was aimed for. 

In biomedical imaging, when comparing the extreme cases of a very long and thin rectangle 

to a square, the square will be preferred due to more relevant information content as can be 

seen in Figure 104.  

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4 In biomedical imaging, an important point is the possibility to identify structures within the sample. 
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Figure 10: The left rectangle is larger in size than the right; however, in this case, the right image presents the more 
relevant information in a biomedical background and is therefore preferred. 

 

The algorithm developed first identifies the largest area squares fitting in the overlaid area and 

then enlarges all identified best squares to a rectangle. Finally, the rectangle with the 

absolutely largest area is selected as a result. As indicated in Figure 11(a), in this case the 

overlay does not cover the FT-IR image completely. The developed algorithm identifies the 

area covered by the largest rectangle, which is for clarity colored blue. 

 

 
Figure 11: In (a), the overlay of the two images is shown, with the largest rectangle indicated by a blue overlay in (b). 
As indicated by the black arrowheads next to both images, a few rows in the bottom of the image are not part of the 
overlay; therefore those rows will have to be removed from the image and the matrices. 

 

4 Crop Spectral Data Matrix 
The final output of the program shall be tables containing the spectral data of the overlapping 

area and a corresponding bright-field image. Therefore, the last part of the final program 

crops the matrices to the desired size and takes scaling and rotation of the images and 

matrices into account. Here, another property of the data must be taken into account: the 

resolution of the image and the spectral data are different making it necessary to calculate the 
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relation of pixels in the image and data points in the spectral data for both the rows and 

columns. Since the images from the two different instruments may be at an angle relative to 

each other, the matrix corresponding to the moving image needs to be rotated accordingly to 

the same orientation as the fixed image. 

 

Since the sample is moved between two instruments for imaging, even with greatest care, the 

two individual images of the sample will not be taken at the exact same angle. However, since 

it is easier for the human eye to detect the same structures of a sample if the two images are 

oriented in the same way or upside-down, a completely arbitrary rotation is highly unlikely.  

 

As can be seen in Figure 12(a), in the fixed image, the positions of the corners for the largest 

rectangle found in the overlapping area can be immediately translated to rows and columns of 

data points that need to be removed – in this case, only the last row. However, for the moving 

image (Raman) no such direct translation is possible. As presented in Figure 12(b), the Raman 

image is compared to the FT-IR image rotated at about 180°. Therefore, in this case, image 

and matrix must be rotated so that their orientation corresponds to one of the FT-IR data. 

Since the sides of the overlapping rectangle are not aligned with the axis of the Raman image, 

the average position of each side is calculated and rounded to the nearest integer for removal 

of rows and columns.  

 

Due to the measurement technique used for obtaining the spectral data and the different pixels 

sizes for both systems, it is not necessary to rotate the moving matrix to the exact same 

orientation as the fixed matrix. In the data set used as an example in this thesis, the common 

area covered by the FT-IR data has a resolution of 63*64 data points, whereas the Raman data 

has a resolution of approximately 19*22 data points (Figure 12). Additionally, each data point 

is represented as having a rectangular shape; however, an electromagnetic wave is circular 

when hitting the surface of an object (like an detector). Therefore, the value for the absorption 

at one position is always slightly influenced by the absorptions of the neighboring positions.  
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Figure 12: The dotted lines indicate the borders of the pixels for the spectral data points for both instruments. 
 (a) The FT-IR image (red) with the largest rectangle (blue) overlaid.  
 (b) The Raman image in its original orientation and image scale (red) with the largest 
 rectangle found in the area present in both images (green) overlaid.  

 
The combination of image acquisition, instrument properties and MATLABs restrictions for 

matrix reshaping favored the solution used in this thesis: The matrix of the Raman data will 

be rotated in multiples of 90° so that the angle between FT-IR and Raman data is as small as 

possible. Then, the average position for every side is calculated and rounded to the nearest 

integer. The resulting spectral data tables might not be completely identical, but the small 

variations will most probably disappear in the background noise originating partially in the 

different pixel sizes. In Figure 13, the same structures are easily recognizable in both spectral 

data images even if the resolution differs. The achieved accuracy was of sufficient quality to 

allow for further analysis of the scientific data. 

 

 
Figure 13: Final result of the script – the cropped matrices. 
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5 Results 

5.1 Find the overlapping area of both images 
Both edge (2.1.1) and feature (2.1.2) detection failed when applying them on the images as 

preparatory steps for an automated image registration. The number of the identified edges and 

their connections varied greatly between the two images when applying the same algorithm. 

Comparably, a rather high number of features were detected, however, only a small fraction 

of the structures were identified in both images. Applying these methods to the images 

available did not result in high quality results. Therefore, they were not used for development 

of the final program.  

 

When analyzing the different image registration techniques available, the completely 

automated methods both had advantages and disadvantages. Both the Intensity-Based 

Automatic Registration (see 2.2.2) and the Automatic Feature Matching (see 2.2.1) did work 

very well if the images were slightly rotated, skewed and / or scaled, but did not work at all if 

the images were mirrored. Larger rotations (close to 180°) and mirrored images created great 

inaccuracies in the calculated overlays.  

The only method requiring direct user input was the Control Point Selection Tool (see 2.2.3), 

being the only method that fulfilled all conditions inferred by the images used in this project. 

Since the user has to identify a number of identical positions in both images, these positions 

can be used to calculate the rotation matrix. The human eye is still better than the computer in 

recognizing comparable structures in this kind of images, especially in a situation where 

several of the image translations (rotation, scaling, skew and mirroring) occurred. As a result, 

for the final program the Control Point Selection was chosen for calculation of the overlay of 

the two bright-field images.  

 

5.2 Find Largest Rectangle 
Since the user tries to match the sample area imaged during both data acquisitions, the 

overlaid area will most probably be a rather large part of both images. Therefore, some of the 

borders of one of the images will form the border of the largest rectangle identified. Taking 

into account that a group of pixels in the image are coupled to a data point in the 

corresponding matrix, a rectangle in the same orientation as the image (an axis-aligned 

rectangle) is preferred. Identification of an axis-aligned rectangle as best solution will allow 

for correct and fast matching of image pixels to matrix elements. 
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In a biomedical context, the texture of the sample can supply additional clues to the analyzing 

researcher besides the obvious information in the image; the surroundings of a structure may 

contain important indications to the biological functions. These relations might be hidden in a 

rectangle with a suboptimal height-width ratio. Therefore, a solution was preferred that 

identified the largest square as a basis and enlarges it then to a rectangle.  

 

5.3 Crop Spectral Data Matrix 
The original data being formatted in a matrix where every position in the matrix consists of an 

array with the spectral values for that pixel makes uses of the advantage of MATLAB – 

matrix operations – allowing for a rather convenient removal of rows and columns. Since a 

matrix must strictly be kept rectangular, a rotation by any angle differing from a right angle 

would require the addition of padding values. If the neighbors of a pixel were to be kept at the 

same relative positions, padding would be needed not only around the matrix, but also within, 

making it more difficult to ensure data congruency. The error introduced by matrix rotation 

will most probably be more significant than an error introduced due to omitted rotation. 

Since the user tries to place the sample in the second instrument in the same orientation as in 

the first instrument, the angle between the two images will thus be very close to multiples of 

90°. Therefore, a solution was chosen that ignored small angles and averages values to 

identify the corners in the Raman matrix. 
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6 Discussion 

6.1 Find the overlapping area of both images 
Most image registration algorithms make use of colors, contours, geometric shapes or easily 

recognizable structures, where an algorithm can be trained on. Any fully automated process 

relies on the presence of one or several of these features. Edge detection is dependent on 

strong differences in pixel value, since the images available in this project are grey scale 

without a high contrast between background and sample, only weak edges were detected 

which are not usable for image registration. Algorithms for automatic registration of medical 

imaging data exist, amongst them some implemented in MATLAB, but these require images 

do have a stronger difference between background and foreground and do present clear 

structures an algorithm can be trained on [l]. 

Based on the images available during development of the algorithm, the images do not 

provide any of the features necessary to develop a fully automated system in the given time. It 

can not be excluded, that an algorithm could be developed that might be able to register 

images with this rather low information content, but research currently focuses more on 

improving quality and speed of the known algorithms [4].  

 

In the semi-automated solution chosen in this work, the quality of the calculated overlay is 

entirely dependent on the accuracy of the user during Control Point Selection. The user has to 

select at least three points, which should not lie on a line but should form a triangle. To ensure 

that only overlays with high enough accuracy are used during later steps of the program, the 

calculated overlay is presented as a control image to the user who has to decide if the quality 

is good enough. In tests, neither the size of the triangle nor the number of Control Points 

selected do have a great influence on the quality of the overlay so an improvement of the 

result is not achievable by changes in the computations. Since the spectral data has a much 

lower resolution than the bright-field images, small imprecisions in the range of a few pixels 

in the bright-field image will only have an influence on the control image, but not on the 

spectral data.  

 

Taken together, a solution could be developed that is able to calculate an overlay of the two 

input images with a high enough quality for further analyses.  
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6.2 Find Largest Rectangle 
Several solutions with different approaches to solving this problem are published, with 

varying usage of memory space and different time complexities [3,4].  

In this project, an algorithm searching for the largest rectangle with arbitrary rotation was 

excluded. Such an algorithm might find a rectangle with a larger area, but at a cost of 

increased complications and imprecision when cropping the spectral data matrix. Since the 

fixed FT-IR image is acquired first and then the moving (Raman) image is acquired with an 

aim at finding the same position again, an algorithm was developed that searches for a 

rectangle that is aligned with the axis of the fixed image. 

Since the overlay creates an RGB-image with one color for each image and does not have a 

line as a border, for all possible algorithms a binary image must be created. In MATLAB, 

functions for border tracing are available that are working on binary images. This analysis 

would be necessary to calculate the border of the overlaid area so that an algorithm using the 

edges of the outer polygon could be used. The number of edges for the outer polygon cannot 

be defined during development of the code but is dependent on the overlay. Since all corner 

detection algorithms have a fixed maximal number of corners to identify, this leads to 

detection of corners on slanting lines based on pixel values and therefore problems in defining 

the correct shape of the outer polygon. Therefore, algorithms based on the edges of the outer 

polygon were excluded.  

 

In this work, an algorithm was selected that searches for the largest rectangle based on the 

largest square found. It was chosen since its implementation was rather straightforward even 

if both memory requirements and time complexity were not the best of the studied algorithms. 

This algorithm does not guarantee that the largest possible rectangle is found, since all 

computations are based on the identification of squares. This drawback is of no great 

consequence, since the information that can be obtained in a long, small rectangle with larger 

size might be of less biological significance than the one from a smaller square. 

 

Here, improvements are definitely possible: a different type of algorithm could be selected as 

a starting point, requiring less memory or being faster. The implementation of for-loops in 

MATLAB is rather slow, and it is generally recommended to vectorize loops. Here a speedup 

could be achieved by exchanging for-loops by vectorized structures as much as possible.  
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More speedup could be achieved by preallocating memory space for all variables; changing 

their size during iterations is a time consuming step. It was nevertheless used in this program 

since the maximal size needed for the variables keeping track of the largest rectangles 

identified is not known but depends on the overlay. In the end, a decision had to be made 

between needing to preallocate a rather large memory chunk to ensure that the size is large 

enough for all possible situation or to reallocate memory in some iteration. This will only 

happen in those iterations, where the newly found rectangle is of the same size than the 

largest found so far.  

 

6.3 Crop Spectral Data Matrix 
One matrix can be cropped directly in the correct orientation, here, the FT-IR data was 

selected as the non-rotated, mainly due to the higher resolution of the spectral data. Averaging 

to calculate the borders of the rectangle might result in the removal of a rather high number of 

data points that are located in the overlapping area. The Raman data, on the other hand, has a 

lower resolution. The number of individual data points lost by averaging for corner 

determination is smaller in this case. Here, the solution was selected that allowed to keep as 

many individual spectra as possible. 

 

6.4 Final Solution 
In this work, a program was developed that fulfilled all conditions made.  

The complete program takes less than 5 minutes for the complete execution including the time 

the user selects the Control Points, so the speed and efficiency of the program can be 

improved. Since acquisition of one set of spectroscopic data with one instrument takes about 

90 minutes, there was no time limit given for program to perform its analyses. The data 

acquisition will always be the limiting factor.  

The calculation of an accurate overlay of the bright-field images and removal of the correct 

rows and columns from the matrices were the major key aspects and the resulting image and 

tables are of as high quality as possible.  

 

The program was developed with a target user that has some computer experience, but feels 

more comfortable with dialogues than command line tools. Therefore, all selection of input 

and output data is done via dialogues clearly stating which kind of data is required or shall be 

saved.  
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The data analyzed with this program will be part of a project trying to develop techniques that 

will improve the methods available for diagnosis and monitoring of diabetes. Hence, it is of 

crucial importance that the data analysis is not biased. The selection and removal of points 

from the spectral data can be done manually, but would be a rather time consuming process 

with a higher risk of introduced bias. Here, the greatest advantage of this program is that all 

preparation of the data of interest occurs without possibilities for the user to interfere. Based 

on the bright-field image, no guesses can be done regarding the spectral properties of the 

image. 

 

  



Semi-automatic overlay of data from Raman and Fourier Transform-Infrared Spectroscopy  

      Anke Hüser 

	  22	  

7 Acknowledgements 
	  
I’d	  like	  to	  thank	  Ulf	  Ahlgren	  and	  András	  Gorzas	  for	  an	  interesting	  and	  challenging	  topic	  
to	  work	  on,	  Lars-‐Erik	  Janlert	  for	  supervision,	  and	  Johan	  for	  everything.	  

8 References 
Both scientific articles and digital sources were used as references during this work. 

8.1 Scientific articles 
 

1) Chemical Fingerprinting of Arabidopsis Using Fourier Transform Infrared (FT-IR) 
Spectroscopic Approach; András Gorzsás, Björn Sundberg; Chapter 18 (pp 317-352) in 
Arabidopsis Protocols – Third Edition, Jose J. Sanchez-Serrano, Julio Salinas (Eds), Humana 
Press, Springer Science + Business Media New York, 2014 

2) FT-IR spectroscopy in diagnosis of dabetes in rat animal model.; F. Severcan, O. Bozkurt, 
R. Gurbanov, G. Gorgulu; J Biophotonics (2010), Volume 3 Issue 8-9, Pages 621-631 

3) A survey of image registration techiniques; Lisa Gottesfeld Brown; ACM Computing 
Surveys (CSUR), Volume 24 Issue 4, Dec. 1992, Pages 325-376 

4) Finding the largest area axis-parallel rectangle in a polygon; Karen Daniels, Victor 
Milenkovic, Dan Roth; Computational Geometry 7 (1997) 125-148  

5) Finding the largest area rectangle of arbitrary orientation in a closed contour; Ruben 
Molano, Pable G. Rodriguez, Andres Caro, M.Luisa Duran; Applied Mathematics and 
Computation 218 (2012) 9866–9874	  

6) Study and Comparison of Various Image Edge Detection Techniques; Raman Maini, 
Himanshu Aggarwal;	  International Journal of Image Processing (IJIP), Volume (3) : Issue (1) 

7) 2D Geometric Shape and Color Recognition using Digital Image Processing; Sanket Reg, 
Rajendra Memane, Mihir Phatak, Parag Agarwal; International Journal of Advanced 
Research in Electrical, Electronics 

	  

8.2 Other Sources 
 
In parentheses, the date this page was last opened is given.  
 
(a) http://www.idf.org/sites/default/files/EN_6E_Atlas_Full_0.pdf   (16.Maj 2015) 
(b)  http://www.who.int/diabetes/action_online/basics/en/  (16.Maj 2015) 
(c) http://www.who.int/mediacentre/factsheets/fs312/en/  (16.Maj 2015) 
(d)  http://www.chemvista.org/ramanIR4.html     (16.Maj 2015) 
(e) http://www.gatewayanalytical.com/blog/comparison-of-raman-and-ftir-spectroscopy-
advantages-and-limitations/          (16.Maj 2015) 
(f) http://www.brighthubengineering.com/manufacturing-technology/89050-infrared-and-raman-
spectroscopy-what-is-the-difference/        (16.Maj 2015) 
(g)  http://se.mathworks.com/discovery/edge-detection.html   (17.Maj 2015) 
(h) http://www.drdobbs.com/database/the-maximal-rectangle-problem/184410529 (20.Maj 2015) 
(i) http://d3plus.org/blog/behind-the-scenes/2014/07/08/largest-rect/  (20.Maj 2015) 
(j) http://cgm.cs.mcgill.ca/~athens/cs507/Projects/2003/DanielSud/  (21.Maj 2015) 
(k)	  	   http://www.imagingshop.com/automatic-cropping-of-non-rectangular-images/ (12.Maj.2015) 
(l) http://se.mathworks.com/help/images/registering-an-image.html  (12.Maj.2015) 
  



Semi-automatic overlay of data from Raman and Fourier Transform-Infrared Spectroscopy  

      Anke Hüser 

	  23	  

Supplemental Material  

User Guide 
 

This program is written in MATLAB release R2015a using several functions from the Image 

Processing Toolbox. It is recommended to use this version or for later versions check if used 

functions are not replaced. 

 

To run the program, open the file main.m in MATLAB, select the EDITOR tab and press 

RUN. 

 

The program will then open a dialog asking to select four files belonging to the same sample:  

1. the FT-IR bright-field image 

2. the Raman bright-field image 

3. the FT-IR spectral data (mat-file), and  

4. the Raman spectral data (txt-file). 

These files can be located anywhere on your system. 

 

Next, the Control Point Selection Tool opens a window (see Figure 14) with the main part 

subdivided into four parts: the Raman-image is displayed on the left side, the FT-IR- image 

on the right side. The lower half presents an overview of both images where a rectangle marks 

the area zoomed in to in the upper half. Using the scrollbars next to the images can move this 

area. The magnification can be changed by means of the two dropdown menus above the 

images. 

 

Here, select at least three identical positions in both images that have to form a triangle (three 

points in a row do not work) and mark them by clicking on them. Mark a position in one 

image, then mark the same position in the other image. It is not possible to mark several 

positions in one image and then mark the same images in the other. Clicking on them and 

moving the mouse with the right mouse button pressed down can move selected points.  

Under the menu Edit, both pairs of selected points and individual points from the one or other 

image can be deleted. 

If enough points are selected, close the window by File à Close Control Point Selection 

Tool.  
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Figure 14: Control Point Selection Tool with one point selected in both images.  

 

Then, based on the selected points, the program calculates an overlay in red and green of both 

images in the size of the FT-IR-image (parts of the Raman-image outside this area are 

removed) and displays it in a new window. If the accuracy of the overlay is good enough, 

press Return or select Yes in the dialog, else select No which ends the program.  

 

The program will open several dialogs for saving the output files: 

1. the cropped image (only one, since it is the same for both images) 

2. the table containing spectral data for the FT-IR image 

3. the table containing spectral data for the Raman image 

4. the image displaying the average absorptions for the FT-IR spectroscopy, and 

5. the image displaying the average absorptions for the Raman spectroscopy.  

 

Some steps of the program require some calculation time, so there can be smaller delays 

between required user interactions.  
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System description 

main.m 

This file contains the main part of the program, coordinating all calculations needed to 

identify the largest overlapping area of the bright-field images and clipping of the spectral 

data matrices. The input-files must be a jpg-image and a mat-file for the FT-IR-data as well as 

an jpg-image and a txt-file for the Raman-data. As output, a jpg-image and two tab-delimited 

txt-files are created. 

At first, the location for the image and spectrum for both the Raman and FT-IR files is 

obtained via a dialog and the files are read in. The images are converted to grey scale images; 

the spectral data is transformed to a 3D-matrix with the absorptions and a vector for the 

measured wavenumbers. The maximum indices for the image and the corresponding matrix 

are obtained and the relation image pixels / matrix pixel calculated. 

To create an overlay, the MATLAB function c is used to select points marking the same 

positions on the images to calculate rotation, scale and skew between the two images. Then, 

an overlay with the FT-IT image in red and the Raman-image in green is created and 

presented to the user to determine if the overlay is sufficiently accurate. If not, the program 

ends; otherwise a binary representation of the image is created and the largest inscribed 

rectangle calculated. Using the return values, the image is cropped to the determined size and 

the user is asked where to save the image. The FT-IR matrix can be immediately clipped and 

after transformation back to a table, the table is saved at a user-defined place. 

The determined overlapping area is then transformed using the inverted tform to fit to the 

Raman-image and a new overlay is created automatically. Dependent on the rotation angle 

between the Raman and the FT-IR image, both Raman image an matrix are rotated as 

multiples on 90° and the matrix is clipped. Following transformation back to a table, the data 

is exported to a user-defined place. An averaging of the absorption values is calculated and 

presented as image for both data sets. 

 

cropMatrix 

This function removes the rows and columns from the spectra that are outside the area found 

in both the FT-IR and Raman images. As input, the matrix with the spectral data, the rows and 

columns for the corners of the overlaid area (not as coordinates, only as row and column 

indices) as well as the relation between pixels in the bright-field image and the spectral data 

for both rows and Columns is required. 
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A copy of the matrix is created to ensure that the original raw data remains intact. To 

calculate the number of rows to be removed, the row index is divided by the relation between 

rows (in image and spectra) and rounded to the next integer using round. If needed, some 

rows and columns are removed from the output matrix, starting at with the bottom rows and 

right columns for easier matrix indexing.  

 

displaySpectra 

This function takes a 3D-matrix of spectral data as input and calculates for each pixel the 

average of all absorption values. The average is saved in a new matrix, which is returned. 

 

findCornersRaman 

This function takes a binary representation of the Raman image with the overlaid rectangle as 

input. A 2 pixel wide padding is added to this image to ensure that the corner-function 

identifies the four corners of the overlaid rectangle even if the rectangle is in contact with the 

border of the image. Since the overlaid rectangle can be rotated relative to the Raman image, 

the coordinates for the two upper corners can differ. Therefore, the column and row values of 

the four most prominent corners identified are sorted. The average of the two smaller and two 

larger values for both row and column are calculated and returned.  

 

findRectangle 

The identified overlaying area will most probably not be a rectangle, but for removal of 

outlying matrix data and presentation in scientific articles this shape is preferred. Therefore, 

the largest rectangle in this area shall be found. The following restrictions apply: the largest 

rectangle shall have a form close to a rectangle since in the context of the imaging done a very 

long and narrow rectangle usually presents less information than a form closer to a square; the 

search for the rectangle will be done axis-parallel. For the first part of the function (finding 

the largest square in the overlapping area), this tutorial proved to be very helpful (part 

“Largest Inscribed Square” [k]). 

This function takes a binary representation of the overlaid area in the size of the FT-IR image 

as input and returns the row- and column-indices for the corners of the best rectangle. The 

first step is the creation of three matrices the same size as the input matrix to store the values 

for (I) the largest square starting at this position and extending to the right and below and the 
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number of white pixels (II) to the right and (III) below this pixel. Additionally, the size of the 

largest area and the upper left corner of this area are stored. 

The function iterates over the complete binary image, starting from the lower right corner, if 

that pixel is white (1), the minimum of the values from the three neighbouring pixels in the 

square matrix is increased by 1 and placed at the current position in the square matrix. For the 

height and width matrices, the value of the field to the right or below is increased by one.  

The area of the found square is calculated and compared to the largest square found until now, 

if the new square is larger, its size is stored as the largest and its starting point is saved. If the 

new square has the same size as a previously found square, its starting point is added to the 

list of starting points of squares with the same size. 

For all largest squares found, the function then tests if they can be enlarged to the right or 

downwards whilst increasing the total area. Finally, the corner rows and columns are returned. 

 

formatMatrixFTIR  

This function is needed to adjust the different output formats from the FT-IR and Raman 

proprietary software to the same format. A part of this function  (row 5 – 20) was taken from 

a script from András Gorzas (Insitute for Chemistry, Umeå University) .The original FT-IR 

data file is in .mat format, with the first column containing the wavenumbers (one 

wavenumber for each row) and all following columns representing all points measured which 

contain the spectral intensities for this point at the different wavenumbers. For the FT-IR 

image having always 64 * 64 data points, this table has 4097 columns and 467 rows (different 

wavenumbers). 

The first column of the input table is copied into a vector of wavenumbers, the first variable to 

be returned from this function. All other columns are copied into an individual vector, which 

is placed in the correct position in a matrix of spectral data, the second return value. The 

number of rows and columns for the output matrix can be found in the filename of the 

spectral data or are obtained via a dialogue from the user.  

 

formatMatrixRaman 

This function is needed to adjust the different output formats from the FT-IR and Raman 

proprietary software to the same format. The original Raman data file is in .txt format, with 

four columns (absolute Y-coordinate, absolute X-coordinate, wavenumber, intensity) with 

1011 rows per measured data point in the first dataset worked on. The image size of the 
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Raman can vary dependent on the selection made by the user. 

This function counts the number of unique X- and Y-coordinates to obtain the number of 

columns and rows for the output matrix. Then, all unique entries from the third column are 

copied to a vector containing the wavenumbers, the first variable to be returned from the 

function. Finally, the values of the fourth column are copied to a vector in chunks with the 

same number of elements as the number of wavenumbers. The vector is placed in a row-by-

column sized matrix at the correct position, which is returned. 

 

matrix2table 

This function takes as input a 3D matrix with arrays of spectral intensities at every point and 

an array containing the corresponding wavenumbers. The function iterates over all elements 

in the matrix, copies the content of the array to a table and adds the row and column 

coordinates in the first two columns of the table. The final table is returned. 

 

RG2binary 

The calculated overlay of the FT-IR and Raman images is displayed with one image in red, 

the other in green. For both the calculation of the largest Rectangle (see 0) and to identify the 

overlaid area in the Raman image, a binary representation of the image is needed.  

This function creates an empty matrix of zeros in the same size as the input RGB image, uses 

the MATLAB-function find to identify all pixels fulfilling a condition. In this case, find 

returns the row and column indices for all pixels that have a pixel value different from 0 in 

both the red and green channel of the image. In the binary output image, the value of the 

corresponding pixels is changed to 1 and the binary image is returned. 

 

rotateRaman 

Since the two datasets to be analysed are obtained from two different instruments, the 

orientation of both images can vary. This function takes as input a tform (MATLAB 

transformation object), a binary image representing the Raman image in its original 

orientation with the overlaid area marked in white and the matrix with spectral data for the 

Raman image. The angle between in both images is calculated based on the tform data. 

Dependent on the angle, both the image and the matrix will be rotated at right angles.   
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Used MATLAB functions 

 
The following table lists all MATLAB-functions used in this work and the address to the 
description of the corresponding function. 
 
Function name Address 
cell http://se.mathworks.com/help/matlab/ref/cell.html 
cell2mat http://se.mathworks.com/help/matlab/ref/cell2mat.html 
corner http://se.mathworks.com/help/images/ref/corner.html 
cpselect http://se.mathworks.com/help/images/ref/cpselect.html 
dlmwrite http://se.mathworks.com/help/matlab/ref/dlmwrite.html 
find http://se.mathworks.com/help/matlab/ref/find.html 
fullfile http://se.mathworks.com/help/matlab/ref/fullfile.html 
imcrop http://se.mathworks.com/help/images/ref/imcrop.html 
imfuse http://se.mathworks.com/help/images/ref/imfuse.html 
importdata http://se.mathworks.com/help/matlab/ref/importdata.html 
imread http://se.mathworks.com/help/matlab/ref/imread.html 
imref2d http://se.mathworks.com/help/images/ref/imref2d-class.html 
imshow http://se.mathworks.com/help/images/ref/imshow.html 
imwarp http://se.mathworks.com/help/images/ref/imwarp.html 
inputdlg http://se.mathworks.com/help/matlab/ref/inputdlg.html 
length http://se.mathworks.com/help/matlab/ref/length.html 
num2str http://se.mathworks.com/help/matlab/ref/num2str.html 
padarray http://se.mathworks.com/help/images/ref/padarray.html 
questdlg http://se.mathworks.com/help/matlab/ref/questdlg.html 
rgb2gray http://se.mathworks.com/help/matlab/ref/rgb2gray.html 
rot90 http://se.mathworks.com/help/matlab/ref/rot90.html 
round http://se.mathworks.com/help/matlab/ref/round.html 
size http://se.mathworks.com/help/matlab/ref/size.html 
sort http://se.mathworks.com/help/matlab/ref/sort.html 
str2num http://se.mathworks.com/help/matlab/ref/str2num.html 
transpose (.’) http://se.mathworks.com/help/matlab/ref/transpose.html 
uigetfile http://se.mathworks.com/help/matlab/ref/uigetfile.html 
uiputfile http://se.mathworks.com/help/matlab/ref/uiputfile.html 
unique http://se.mathworks.com/help/matlab/ref/unique.html 
vec2mat http://se.mathworks.com/help/comm/ref/vec2mat.html 
vertcat http://se.mathworks.com/help/matlab/ref/vertcat.html 
zeros http://se.mathworks.com/help/matlab/ref/zeros.html 
Table 1: List of all MATLAB-functions used in this thesis and the URL to the respective API-description. 

 
 
 
 


