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Abstract     
In-line DHM was designed, holograms recorded and  the  numerical  reconstructions  were  

made  using  an algorithm based on the diffraction theory in Fresnel approximation using Fourier 

Transformation. Using double Nd:YAG laser (λ = 532 nm) output (approximately 63 mW),  and  

CCD camera used with 1024 X 1024 pixels , microscopic objective with 0.87 NA was used for 

magnification, obtained  images  resolution about 0.31µm.we observed there are Inverse 

relationship between the numerical aperture and the resolution . 

for applying this new microscope we used it for a biological sample -red blood cells- that 

took  it from different diseases (e.g. Healthy Person, G6PD, Thalassemia Major ,SCD 

,Hereditary Spherocytosis) and making a blood films from it , We present the experimental 

image result, their 3D  image, cross section profiles and histogram. these offer insight into the 

nature of morphological abnormalities used to identify various disorders, to compute important 

parameters for each cells have morphological changes (Normal Cell , Anchitocyte , Bite Cell, 

Elliptocyte, Macrocyte , Spherocyte , Sickle Cell , Stomatocyte , Target Cell  , Tear Drop Cell )in 

this easy way this parameters like Diameter ,Thickness ,Refractive Index , Optical Path Length, 

Surface Area , Volume ,Spherocity Index. 

We found that the diameter of the cells limit between (9.9 µm for macrocyte -3.9 µm for 

sickle cell) and the normal cell was 7.4 µm , and the thickness of the cells limit between (2.249 

µm for Tear-drop cell - 4.233 µm for Spherocyte) and the normal cell was 2.646 µm. refractive 

index values of 1.18 to 2.22 were and 2.64 for normal cell. The surface areas of individual 

erythrocytes were measured range from 251.1µm
2
  for macrocyte to70.8µm

2
 for sickle cell and 

the normal cell was 147.70µm
2
 ,and The volumes of individual erythrocytes were calculated 

range from 239.25µm
3
 for macrocyte to 45.8µm

3
 for sickle cell and the normal cell was 113.98 

µm
3
  

Keywords  : Digital Holographic Microscopy  , In-Line DHM, Fresnel approximation , Red 

Blood Cells. 
 

 خصالمل
اىٖ٘ى٘مشاً فً اىَخرثش ٗ  تأسرخذاً اىطشٌقح اىَذ٘سٌح ٗذَد عَيٍح ذسجٍو  DHM  ذٌ ذصٌٍَ  اىَجٖش اىشقًَ ثلاثً الاتعاد

 اعادج اىثْاء اىعذدي تاسرخذاً خ٘اسصٍٍح عيى أساط ّظشٌح اىذٍ٘د ىفشٌسْو ٌاسرخذاً ٍعادلاخ ف٘سٌش . تاسرعَاه اىيٍضس

سقٍَح   ٍيً ٗاط( ، ٗ ماٍٍشا 63ّاٍّ٘رش ٗقذسج اخشاج )د٘اىً   532اىْذًٌٍَ٘ = ٌاك ٍضاعف اىرشدد رٗ اىط٘ه اىَ٘جً 

CCD  1024 4357ٍع X  ىيرنثٍش ،ٗذٌ اىذص٘ه  عيى قذسج اىرذيٍو تَقذاس  :;.3تنسو ، ٗ ذٌ أسرخذاً اىفرذح اىعذدٌح قٍَرٖا

 .عنسٍٔ تٍِ قٍَح اىفرذح اىعذدٌٔ ٗ قٍَح قذسج اىرذيٍو ٗلادظْا  اُ ْٕاك علاقح.ٍاٌنشٗ ٍرش 3.64

 .e.g)ّرٍجح اصاترٖا تأٍشاض    -مشٌاخ  اىذً اىذَشاء -تعذ رىل ذٌ ذطثٍق اىَجٖش عيى ٍجَ٘عٔ ٍِ اىعٍْاخ تٍ٘ى٘جٍح 

Healthy Person, G6PD, Thalassemia Major ,SCD ,Hereditary Spherocytosis)  ٗعَو أفلاً اىذً ٍْٖا ،.  

 ,Normal Cell , Anchitocyte , Bite Cell, Elliptocyte)ذَد ٍعشفٔ اىرشٕ٘اخ اىرً ذصٍة ٕزٓ مشٌاخ اىذً اىذَشاء 

Macrocyte , Spherocyte , Sickle Cell , Stomatocyte , Target Cell ,Tear Drop Cell ) 

شٌقح سٖيح ىذساب اىَعيٍ٘اخ اىٖاٍح ىنو اىخلاٌا  اىص٘سج اىثلاثٍح الاتعاد،اىَقطع اىعشضً ٗاىٖسر٘مشاً.فأُ ٕزا طٍِ خلاه 

 . اىرً ىذٌٖا ذغٍشاخ شنيٍح ٍثو اىقطش،ٗ سَل،ٗ ٍعاٍو الاّنساس، ٗط٘ه ٍساس تصشي،ٍسادح اىسطخ،ٗدجٌ،ٍؤشش اىنشٌٗح

ٍاٌنشٍٗرش ، ٗسَل اىخلاٌا  7.:( ٍاٌنشٍٗرش ٗماُ اىخيٍح اىعادٌح -3.9>.>ٗتزىل ٗجذّا أُ قطش اىخلاٌا ٍْذصشج تٍِ )  

ٍاٌنشٍٗرش. ذٌ قٍاط اىَساداخ اىسطذٍح ٍِ اىنشٌاخ  5.979ٍاٌنشٍٗرش ٗ اىخيٍح اىعادٌح ) 7.566 - >5.57ٍْذصشج تٍِ ) 

شتع ، ٗ ذٌ دساب دجٌ ٍاٌنشٍٗرش ٍ 3:.:47ٍاٌنشٍٗرش ٍشتع ٗ ماّد اىخيٍح اىطثٍعٍح -70.8) 584.4اىذَشاء ذرشاٗح ٍِ )

 .ٍاٌنشٍٗرش ٍنعة ;>.446ٍاٌنشٍٗرش ٍنعة ٗ ماُ اىخيٍح اىعادٌح  ;.78إىى  58.>56مشٌاخ اىذً اىذَشاء ٍِ 
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1. Introduction 
Digital holographic microscopy (DHM) is a powerful instrument for the study of microscopic 

samples by retrieving the amplitude and phase of the wave reflected by the sample or transmitted 

through it [1] . 

Modern medicine and therapy rely on early and precise diagnosis to permit localized and 

specific treatments. Three-dimensional (3D) imaging of complex microscopic and submicroscopic 

processes in tissues, down to the cellular level, is still a challenging issue. Rapid, sensitive, non-

invasive methods with high-resolution capability are thus needed for diagnosis of lesions or tissue 

dysfunctions. Digital  Holographic Microscopy  (DHM) offers new opportunities likely to fulfill 

these requirements. In DHM the hologram is  recorded on a Charge Coupled Device (CCD) camera 

and reconstructed numerically on a PC, giving direct access to the phase and amplitude of the 

reconstructed wavefront, with a high vertical accuracy in the nanometer range and a diffracted 

limited transverse resolution [2] . 

The main advantages of DHM is that only a single hologram is needed for each orientation of 

the specimen, leading to short acquisition time and low stability requirements for the system. The 

biological specimen observed is red blood cell (RBC), having a 3D-structured nucleus, which 

makes it an ideal test specimen for the method [3] . 

MATURE erythrocytes represent the main cell type in circulating blood. They can be 

characterized by specific biconcave shape, high hemoglobin content, and absence of intracellular 

organelles Fig.1. Parameters such as RBC shape and refractive index  are important characteristics 

that can be considers as good indicators of the body’s physiological state[4] . 

The aim of this paper is to design and reconstruction the digital holography microscopy offer 

insight into the nature of morphological abnormalities used to identify various disorders. 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

Fig. 1 RBC shap+ 
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2.  Principles Of Digital In-Line Holographic Microscopy 
The holographic process takes place in two stages: the recording of an image, and the 

reconstruction [5] . 

The intensity of the light incident on the recording medium can be written as the sum of two 

wavefields 
 

 (   )   (   )   (   )    ……….  (1) 
 

where R(x, y) is the amplitude of the reference wavefield, O(x, y) is the amplitude of the object 

wavefield. The real-valued intensity |h(x, y)|
2
 is recorded and may be written as 

 (   )  | (   ) |  | (   )|  | (   )|    (   )  (   )    (   ) (   ) …………  (2) 

where   (   ) is the intensity,  denotes the complex conjugate,   (   )  (   )and 

  (   ) (   ) are the virtual and real image terms, and | (   )|  and | (   )| are the DC 

terms(which includes reference and object field intensities). As the third term,   (   )  (   ), is 

proportional to the object wavefield, O(x, y), it produces a virtual image of the object. 

Consequentially the fourth term,   (   ) (   ), which is proportional to the conjugate of the 

object wavefield, produces a real image see fig. 2 [6] . 

 

 
Fig 2. The capture (a) and reconstruction (b) of a Gabor hologram. 

 

3. Theory 

3.1 Numerical Calculation 
There are a number of different methods developed for numerically calculating the diffraction 

field. More common approaches in digital holography have been the Fresnel transform and 

Huygens convolution methods, as well as, more recently, the angular spectrum method . These 

methods are closely related to each other, and the terminology is not uniform [7] . 

Once the hologram has been recorded, it remains to reconstruct the optical field by 

computationally simulating diffraction using one of these numerical methods . 

In this section we review the numerical reconstruction of a DHM. We recall that |h(x, y)|
2 

is the 

intensity recorded by the CCD. It is formed when the object wave O(x, y), after propagation a 

distance d, interferes with the reference wave R(x, y). 

We also recall that the intensity term is made up of the sum of four terms, the object and 

reference terms and the real and virtual images. The image plane (reconstructed DHM) is a distance 

d from the hologram (CCD) plane.  

Numerical reconstruction produces a discretely sampled complex distribution 

    (               ) representing the reconstructed image, where mxʹ and myʹ are integer indices 

and Txʹ and Tyʹ are the sampling intervals in the reconstruction plane (xʹ, yʹ). A number of different 

algorithms exist to numerically reconstruct a digital hologram, and obtain values for 
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    (               ) These different algorithms have different values for Txʹ and Tyʹ .Fresnel 

transformation method is used in the present research[8]. 

 

Fresnel transform method:  
The Fresnel transformation is the most commonly used method in holographic reconstruction. 

The direct method is briefly derived as follows; We begin by applying th Fresnel Transform to the 

sampled signal  (         ) which denotes the sampled object term in the hologram (CCD) plane 

to obtain an equation for the continuous reconstructed image     (     ). 
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The constant 
         

   
  does not depend on the spatial frequency coordinates or the 

object and so can be omitted. We note that since the signal O exists only at discrete 

spatial coordinates, only these discrete values of x and y need to be considered in the 

above integral;[9] 
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where Tx and Ty are the CCD pixel pitch in the x and y directions respectively, and 

where Nx and Ny are the number of pixels in the CCD camera in the x and y directions 

respectively. We can conclude that WCCDx and WCCDy, the widths of the camera in the x 

and y directions are given by NxTx and NyTy respectively.[10] 

then Equation 1 reduces to 
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If we choose the output sampling intervals to be defined as follows[11] 
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 This equation can be calculated using the very time efficient FFT algorithm. We note that the 

output window size in the xʹ and yʹ dimensions can be calculated to be 

      
  

  
                (   ) 

      
  

  
              (   ) 

It is clear that the output window size is directly proportional to the distance of propagation, d, and 

inversely proportional to the sampling interval Tx and Ty in both dimensions.[9] 

The resultant field      (               )is the numerical representation of a complex optical 

wavefield and from it the intensity       (               ) and the phase  (               )can 

be determined as 

     (               )  |     (               )|
 

           (  ) 

 (               )       (
  {     (               )}

  {     (               )}
)             (  ) 

respectively, where Im{} represents the imaginary part and Re{} the real part of the resultant 

field      (               ) [11].  

 

4. Methodology 

4.1 Samples Preparation : 
The preparation of blood samples are performed by taking a blood specimen with 

normal and abnormal cells take from different diseases (healthy person, 

G6PD,Thalassimia major ,SCD, Megaloblastiosis and heridetary spherocytosis)  were 

prepared for diagnosis under the DHM. 

there are three step of making a blood films  as it show in figure 3 they are: 

1. preparation of blood smear see (3-a) . 

2. fixation of blood smear by air see (3-b). 

3. staining of blood smear by Lieshman stain see (3-c and d). 
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4.2 Experimental Set Up 
Digital  in-line holography  has come  to  represent a new    tool   for   biological   applications, 

The  hardware  required  is  a  laser, microscope objective , and a CCD camera.  

 

 

 

 

 

 

 
 

Figure 4.  show the experimental set-up for a digital in-line holographic microscope. The blood film is 

illuminated by one beam .A microscope objective collects the transmitted light and forms the object wave, 

which interferes with a reference beam to produce the hologram recorded by the digital CCD camera. 

 

The digital holographic microscope (DHM) that we have developed is in-line digital 

holography microscopy .The experimental setup is schematically depicted in Fig. 4. The specimen 

is illuminated by a frequency double Nd:YAG laser (λ = 532 nm) and the transmitted light is 

collected by a 100X  microscope objective with 0.87 NA The numerical aperture (NA) refers to the 

amount of light that which enters the objective. And The resolution is 0.31 that produces a wave 

front called object wave, The CCD camera(sony) (1024  × 1024 pixels) records  -Holograms - the 

interference of this object wave with a reference plane wave fig 5.  

 

Figure 3.  Preparing blood film 

ND:YAG Laser Microscope 

objective 

Blood 

film 

CCD 

Camera 
Computer 
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Figure 5 Photograph for Setup of The DHM.(Karbalaa University ,College Of Science ) 

 

Numerical reconstruction of holograms were performed on a laptop ASER ASPIRE 

V5-571 series with an Intel P8400 Core i3 processor of clock speeds of 2.26 GHz per 

processer with 1 GB of RAM. and  MatLab 7.14.0.739 (R2012a) (Mathworks Inc).    
 

 

 

 

 

 

 

Figure 6. this  picture represent the result of recording process its the Digital hologram  for blood 

film from Thalassemia Major Diseases   which  contains  a several abnormal shape for RBC’s like 

target cell and tear drop cell 
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5. Results and discussion  
The  recording  hologram  was  reconstructed  by  using Fresnel  propagation;  the  program  

was  designed  using Matlab 
 

 
 

Figure 7 Experimental results obtained with RBCs image with for a- target cell  b- tear drop cell. 

After reconstruction using MATLAB program 

 

three dimentional image show that target cell in figure 8. A. are abnormal red blood cells, They 

show a shallow but visible round depression in the central portion of the cell, which in turn is 

surrounded by a peripheral hemoglobinizedzone.tear drop in b.  Red cells appearing in the shape of 

a tear drop. 

 
a- Target cell                                           b- tear drop cell 

 

figure 8 . 3D image 

 

The thickness and diameter of the cells is computed from Figure 9. 

a

- 

b

- 

http://en.wikipedia.org/wiki/Red_blood_cells
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Figure 9. Thickness profile obtained in central cross-section of the cell a-target cell b- tear drop cell. phase 

profile conveys quantitative information about the physical thickness and index of refraction of cells. 

 

 a-target cell We found that Thin Round area of central pigmentation  Red cells have an area of 

increased staining which  appears in the area of central pallor thinner than normal with a dark 

central hemoglobin-containing  area gives the  cell a target appearance, 8.2 µm in diameter and 

3.8 µm in thickness 

b- tear drop cell Red cells shaped like a tear drop or pear, 5.5 µm in diameter and 2.2 µm in 

thickness 

A graphic representation of particle size distribution in Figure 9. A histogram, is a graphic 

representation of a collection of data based on cell size and/or cell number depicting variations in 

the process. It is sometimes referred to as a frequency of distribution curve. Because graphics 

can show data in ways that are meaningful and quickly understood, the histogram is a very 

powerful tool in red cell morphological analysis. It enables one to visualize, analyze, and 

interpret empirical data that displays morphological changes graphically as points, peaks or 

valleys, or as a line of frequency curve [12] 

. 

 

 
 

Figure 10.  A histogram, as shown in Figure a- target cell  and b- tear drop 

 

 

 

 

a

- 

b 

a-                                                                               b- 



Journal of Kerbala University , Vol. 12 No.2 Scientific . 2014 
 

84 

 

From diameter, thickness that we calculated it from fig.8 and fig.9 we can determine Refractive 

indices of individual erythrocytes calculated based on Eq. (12). from  hi  is  the  cellular  thickness  

     
 

  
∫     

  

 

( )                     (  ) 

Where  z  is  the  axial  coordinate, nci(z)  is  the  function  representing  the value of the  

intracellular  refractive  index  along  the  cellular  thickness  hi [13].the  refraction  index  values 

for target and tear drop cells are (n taget = 5.374: ,n tear drop = 1.1807) . 

 Showed that  the Hemoglobin in erythrocytes is dissolved in intracellular fluid supposed to 

have a higher refractive index than that of water , The membrane of erythrocyte has a slightly 

higher refractive index than plasma 

From the knowledge of refractive indices of individual cells, we can easily translate phase 

signals from eq. (13) ,phase shift induced on the transmitted wave arises from the difference in 

refractive index (RI) between the specimen and the surrounding medium         the refractive 

index of the plasma , and is proportional to the thickness of the observed transparent specimen. The 

phase value    can thus be expressed as [14]: 
 

  (   )  
  

 
   (   )      (   )                                       (  ) 

 

where  λ =532 nm , ni  the refractive index of the cell.. 

The surface areas of individual erythrocytes, which assumes the cell is a truncated cylinder: 
 

          (   )    ……...          (14-a)    ,     
 

 
     ……..            (14-b)        

                          

Where r is the radius of RBC and h the thickness and d is the diameter of the cell. [15]  

Once the height information is retrieved, are assumed to be cylindrical, leading to the 

following expression for erythrocyte volume [16] : 
 

                ………          (15) 

 

Knowing the surface area values for target and tear drop cells are(205.77 , 88.36)µm
2
 

respectively, and volume values for target and tear drop cells are(205.37 , 55.03)µm
3
 respectively, 

We see that an  increase  in  volume  is dependent  upon  an  increase  in thickness.  

 we can calculate parameters such as sphericity (ψ) The sphericity, ψ, It is defined as the ratio 

between volume of the cell, to the actual surface area of the cell, with values ranging from 0 (for a 

laminar disk) to 1 for a perfect sphere [17] : 

      
 

 
 ⁄

     
      ………..                 (16) 
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There are more shape of RBCS that had been studied: 

 

4. Conclusion: 
 

In this paper we design and reconstruction DHM , we have demonstrated a DHM is an efficient 

and easy to operate interferometric technique ,it can be used in a biological environment as a 

noninvasive phase contrast microscope to visualize transparent objects such as living cells in a 

culture. We observed that the Variability in size of RBC in healthy and unhealthy humans RBC 

may have smaller or bigger diameter than the mean value. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cell name 
d µm h µm n 

OPL 

(µm) 
∆  Scell Vcell   

Macrocyte 9.922 3.096 4.9587 0.91 10.79 251.01 239.25 0.743 

Target cell 8.202 3.889 5.374: 2.76 32.66 205.77 205.37 0.818 

Stchomatocyte 7.938 3.942 5.39<8 2.91 34.39 197.18 194.98 0.825 

Normocyte 7.408 2.646 4.6;<4 0.15 1.86 147.70 113.98 0.713 

Elliptocyte 6.588 3.836 2.0139 2.62 30.95 171.76 131.17 0.727 

Achanthocyte 6.615 2.521 1.3955 0.151 1.784 121.07 86.59 0.782 

Tear-drop cell 5.583 2.249 1.1807 0.024 0.283 88.36 55.03 0.792 

Bite cell 5. 556 3.175 4.999; 1.04 12.36 103.85 76.99 0.843 

Spherocyte 5.292 4.233 5.5556 3.76 44.10 114.30 93.06 0.871 

Sickle cell 3.969 3.704 4.<779 2.11 24.91 70.89 45.80 0.863 
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