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Abstract—3D integral imaging is a true 3D imaging 

technology. It offers the simplest form that is capable of recording 

and replaying the true light field 3D scene in the form of a planar 

intensity distribution, by employing microlens array. There is a 

new world health crisis threatening the humanity with the spread 

of Covid-19 (Coronavirus Disease-2019). The Covid-19 belongs to 

a family of viruses that may cause various symptoms such as 

pneumonia, fever, breathing difficulty, and lung infection. Real 

images of Covid-19 patients confirmed by computed tomography 

CT were used to segment areas of increased attenuation in the 

lungs, all compatible with ground glass opacities and 

consolidations. This paper describes a new method to generate an 

indicative Covid-19 3D integral image models. The method is 

based on a Multiprocessor Ray Tracing System including Philips 

viewer, 3D slicer software and unidirectional camera. 

Experimental results are extremely satisfactory and for the first 

time it is proved that 3D integral images Covid-19 models 

are generated through Multiprocessor ray tracing system in order 

to deep monitoring and visualization to could be aid diagnosis in 

the absence of RT-PCR kits as demonstrated. A new file format 

content is created as well. 
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I. INTRODUCTION 

The main idea behind this novel algorithm is to utilize the 
previous work [1-5] to handle the generation of a covid-19 3D 
integral image a sequence of frames , and the exploit the new 
file format to prevent the distortion of the images. 

 

Medical applications 3D endoscopy and tomography for 
direct observation and diagnosis of Covid-19 is now certain 
and available application. Creation of real-time 3D covid-19 
imaging system has been now achieved to open application. 

 
Existing Radiologic Representation of pathology is limited 

by its three-dimensional representation on a two-dimensional 
screen. [2][6]. 

 

In this new developed method, Philips Dicom viewer, 3D 
slicer packages and Multiprocessor ray tracing system are used 
in order to generate a Covid-19 3D integral images model. As a 
result, the new method is accomplished by adding a new 
programming functions in C, C++, Java and Mathlap to 

adapted Multiprocessor ray tracing system "Tachyon" software 
package, in order to easily diagnoses and observation of the 
Covid-19. 

The new technique for confirmed case, reconstruction in 
motion and maximal intensity perspective projection do create 
Covid-19 3D integral images model. 3D reconstruction 
provides multiple projections with a preview of the surgical 
field and study of lesion characteristics, which can help 
achieve faster and safer surgery. 

 

 
II. ADVANCED INTEGRAL IMAGES SYSTEMES 

It is possible to capture 3D integral images electronically 
using a commercially available CCD array [22-38]. This form 
of capture requires a high resolution CCD together with 
specialised optical components to record the micro-images 
fields produced by precision micro-optics. The object/scene is 
recorded by a CCD placed behind the recording microlens 
array through a rectangular aperture. The aperture greatly 
affects the characteristics of the micro-images recorded. Since 
each micro-image is an image of the object seen through the 
aperture independently, its shape and size is determined by the 
aperture. If the field of a sub-image is fully covered by the 
image, it is said to be fully-filled, otherwise it is said to be 
under-filled or over-filled. 

The system will record live images in a regular block pixel 
pattern. The planar intensity distribution representing an 

integral image is comprised of 2D array of MM sub-images 
due to the structure of the microlens array used in the capture 
and replay. Sections of such typical lens array are illustrated in 
Figure 1. Different configuration patterns can be used in the 
design and manufacturing of microlens arrays as shown in 
figure 1. The packing density or fill factor is an important 
design criterion. The hexagonal arrangement of element 
microlenses has a higher capacity of the lens grid, and the 
hexagonal element shape can lead to 100% packing density 
without dead space [7]. These properties of the hexagonal 
microlens array make it a good choice for OII. 

The resulting 3D images are termed Omnidirection Integral 
Images (OII) and have parallax in all directions. The 
rectangular aperture at the front of the camera and the regular 
structure of the hexagonal microlenses array used in the 
hexagonal grid (recording microlens array) gives rise to a 
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regular ‘brick structure’ in the intensity distribution as 
illustrated in Figure 2. Unidirectional integral images (UII) are 
obtained by using a special case of the integral 3D imaging 
system where 1D cylindrical microlens array is used for 
capture and replay instead of a 2D array of microlenses. A 
section of a cylindrical lens array is shown in Figure 3. The 
resulting images contain parallax in the horizontal direction 
only. Figure 4(a) shows an electronically captured 
unidirectional integral 3D image and Figure 4(b) shows a 
magnified section of the image. The M vertically running 
bands present in the planar intensity distribution captured by 
the integral 3D camera are due to the regular structure of the 
1D cylindrical microlens array used in the capture process. 

The replay of the 3D Integral images is achieved by placing 
a microlens array on the top of the recoded planar intensity 
distributions. The microlens array has to match exactly the 
structure of the planar intensity distribution. 

 

 
 

 
(a) hexagonal microlens array. 

 

 
 
 
 
 
 
 
 

 
 
 

(b) Circular microlens array. 

Hexagonal grid arrangement. 

 
Figure 1: Enlarged part of microlens arrays using 

different configuration [8]. 

 
 

 

(a) 
 

 
(b) 

 

(b) Square microlens array. Figure 2: (a) Example of the nature of sub-image field. 

(b) magnified section [8]. 

(a) Circular microlens array. 

Orthogonal grid arrangement. 
Figure 3: Diagrammatic representation of the lens array [9]. 
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(a) 

 

 

(b)  

 
Figure 4. An electronically captured unidirectional integral 

image (a) Full (b) Magnification [8]. 

 
III. CAMERA MODEL IMPLICATIONS 

Due to the nature of the recording process of integral 
imaging, many changes the camera model used in standard ray 
tracing. For lenticular sheets, each lens acts like a cylindrical 
camera. A strip of pixels is associated with each lens forming a 
sub-image. Each lens records a sub-image of the scene from a 
different angle as shown in the Figures 5 and 6. For micro- 
lenses arrays each lens acts like a square or a hexagonal 
camera depending on the structure of the lenses, as shown in 
Figure 7. In the lateral cross section of the lenticular or the 
micro- lenses, a pinhole model is used. In the case of lenticular 
sheets, the pinhole forms a straight line parallel to the axis of 
the cylindrical lens in the vertical direction. For each pixel, a 
primary ray is spawned. The recording path of the primary ray 
draws a straight line going forward towards the image plane 
and backward away from the image plane. Similar primary 
rays of neighbouring lenses are spawned to similar directions 
parallel to each other. Therefore highly correlated sub-images 
are produced which is a property of integral imaging. 

Image plane 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

Figure 5: Top view of the modelled optical system of integral imaging 

[8]. 

 

 
 

 

Figure 6: Lenticular sheet model in integral ray tracer [8]. 

 
 

 
 
 

Figure 7: Micro-lens array in integral ray tracing [8]. 

Virtual scene 

Modelled lenses 
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The structure of the lenses and the camera model in the 
integral ray tracing affects the way primary rays are spawned 
as well as the spatial coherence among them. 

 
IV. COMPUTER GENERATION OF INTEGRAL IMAGING USING 

RAY TRACING 

All the described properties of ray tracing can be migrated 
to three-dimensional integral imaging and opens the door to 
computer graphics applications that facilitate integral imaging 
displays. Integral imaging increases the perception of the 
photo-realism in ray tracing for the observer. Computer 
generation of integral imaging has been reported in several 
literatures [10-14]. Computer generation of integral imaging is 
very useful where an integral image can be replayed using a 
LCD monitor by overlaying it with a lenticular sheet.[19] 
modelled the optical system of integral imaging and applied it 
inside a ray tracing renderer. This new renderer is represented 
in the work by the term integral ray tracing (IRT) [32][37]. For 
both lenticular sheets and microlens arrays, each cylindrical 
lens or microlens acts like a separate camera. The virtual scene 
is straddling the modelled lenticular sheet as well as the image 
plane as shown in Figure 3.3. In recent years several research 
groups have proposed similar techniques for generating 
synthetic integral images [10] [12] [14-18][32-38]. However, 
most of the work concentrated on reproducing the various 
physical setups to using computer generation software 
packages such as TACHYON [19] and POVRAY [20]. 

 
V. ANALYSIS OF COVID-19 3D INTEGRAL IMAGES 

MODELS 

The following described method leads to use 3D integral 
images for direct observation of Covid-19. Philips viewer 
software is used to read real CT scan sequence of images 113 
frames or CT images for confirmed Covid-19 case as shown in 
figures 10 and 11. 

This phase of the method is to load the images to a 3D 
Slicer software, then use the segmentation and volume 
rendering. Ultimately, the Covid-19 model is exported as *.obj 
file. see Figure 8. There is a problem that has been encountered 
with importing the *.obj file to an adapted multiprocessor ray 
tracing system is how to except the proper format of the new 
file. 

The answer is to add unidirectional camera parameters to 
the new scene description file see Figure 9 and [5]. Eventually, 
The Covid-19, 3D integral images are generated see Figures 13, 
14 and 17. 

 

 
 

Figure 9: unidirectional camera 3D integral images 

parameters. 

 
 

VI. PHLIPS DICOM VIEWER SOFTWARE 

The Philips DICOM Viewer is an application that is used to 
open DICOM data The application consists of a series selector 
and a series viewer and supports basic image viewing 
operations like playing movies and adjusting image settings. 
The Philips DICOM Viewer is a read-only application [39] as 
shown in Figure 10. 

 

 
Figure 10: Screenshot of Philips multimodality 

DICOM viewer. 

 

 
b) 

a) 

 

 

 
 

Figure 8: *. Obj file format. 

3D-Model 

begin_scene 

resolution 1024 768 

camera 
FOCALLENGTH 6.8 

LENSPITCH 2.116667 

LENSPIXELS 9 

APERTUREDISTANCE 10.0 

SIZE 38.0 

ZOOM 1.0 
aspectratio 1.0 

antialiasing 0 

raydepth 2 

CENTER 4.86 7.2 5.4 

VIEWDIR -0.475149 -0.703924 -0.527943 

UPDIR -0.29537 -0.437585 0.84928 

END_CAMERA 

# 3D Slicer output. SPACE=LPS 

mtllib right lung.mtl 

v -30.9241 67.18 -938.605 

v -30.2498 67.1033 -938.385 

v -32.5224 67.9554 -938.655 

v -31.7196 67.6447 -938.791 

vn 0.626329 -0.77382 0.0944195 

vn -0.401724 0.914948 0.0385832 

vn -0.496852 0.866905 0.0401653 

f 3361//3361 4949//4949 4950//4950 
f 4950//4950 4949//4949 6704//6704 
f 4950//4950 6704//6704 6705//6705 

…………………… 

…………………… 
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g) 

 

c) d) 

 

 

 
 

 

 
i) j) 

 
 

e) f) 

Figure 11 (a-f) : CT images of Covid-19 obtained from a clinics and 

hospitals are displayed by Philips viewer software. 

 

 

 
k) l) 

 

 

 

 
a) 

b) 

 

 

 

 

 

 
c) 

d)
 

  

e) 
f) 

Figure 12 (a-l): Covid-19 3D integral image 

frames of lung. 

 

a) b) 
 

Figure 13 (a,b): Zoom in view of Covid-19 3D integral 

images, camera SIZE 30.0. 

 

a) 
b) 

 

Figure 14 (a,b): Zoom in view of Covid-19 3D integral images 

camera SIZE 38.0. Different positions of camera 

h) 
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VII. 3D SLICER DICOM SOFTWARE 

A software application for visualization and analysis of 
medical image computing data sets. All commonly used data 
sets are supported, such as images, segmentations, surfaces, 
annotations, transformations, etc., in 2D, 3D, and 4D. 
Visualization is available on desktop and in virtual reality. 
Analysis includes segmentation, registration, and various 
quantifications [40], as shown in Figures 15 and 16. 

 

e) f) 

g) h) 

a) 
 

Figure 16 (a-h) : CT images of Covid-19 are displayed by 3D 

slicer software. 

 

 

 

 

 

 
b) c) 

 

Figure 15 (a-c): Cross-platform open-resource medical image processing 

and visualization system of 3D slicer [40]. 
 

 
a) b) 

 
 

 
 

a) b) 

 

c) d) 

 

  
 

 

d) e) f) 
c) 

Figure 17 (a-f):different sequence of Covid-19 3D 

integral image frames of lung. 
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Figure 18:Flowchart Of Novel Generation Covid-19 3D integral images. 
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VIII. EXPERIMENTAL AND RESULT 

The results are extremely satisfactory and for the first time 
it is proved that Covid-19 images can be modeled to 3D 
integral images based on adapted parallel ray tracing system. 
In this paper a unidirectional integral images camera model is 
adopted. A new file format is created. An example of rendered 
scenes such a lung confirmed case of Covid-19 using the 
multiprocessor integral imaging ray tracer is shown in Figures 
13, 14, 17 and 18. 

 
IX. CONCLUSION 

This paper presents new method to allow a computer 
generation of Covid-19 3D integral images modeling that 
would lead to easily diagnose and surveillance this virus. In 
this report, the CT images are loaded and then viewed by 
commercially available software tools such as Philips viewer 
and 3D slicer. The experiment was conducted on real CT scan 
data of Covid-19 case provided by clinics and hospitals 
achieving promising results. To my knowledge the first time 
this has been achieved. For this study the Adapted 
Multiprocessor ray tracing system Tachyon has been used as 
render. A new Covid-19 3D integral images description scene 
file format is generated. 

 
X. REFERENCES 

[1] M. G. Eljadid, A. Aggoun, O. H. Youssef, “Computer Generated 

Content for 3D TV”, in proc of 3DTV conference, Greece, 2007, 

.DOI:10.1109/3DTV.2007.4379381 ISBN: 978-1-4244-0722-4. 
[2]  Mahmoud G. Eljadid, A. Aggoun, " Medical 3D Integral Images 

Visualization in True Space" Lecture Notes on Software Engineering, 

Vol. 4, No. 2, May 2016, DOI: 10.7763/LNSE.2016.V4.229. 

[3] Mahmoud G. Eljadid, Amar Aggoun, "3D Holoscopic Image Video 

Content Display on Volumetric Displays: The next generation 3D TV 

technology", International Journal of Information Technology and 

Electrical Engineering, Vol.7, No. 6, December 2018. ISSN:2306- 

708X. 

[4] Mahmoud G. Eljadid, Amar Aggoun, "Computer Generation of 3D 

Integral Imaging Animations" Libyan International Conference on 

Electrical Engineering and Technologies, LICEET 2018, Tripoli- 

Libya 2018, LICEET13732018. 

[5] Mahmoud G. Eljadid, Amar Aggoun, Osama H. Youssef Atallah, 

"New 3D Holoscopic Images Content Format" Libyan International 

Conference on Electrical Engineering and Technologies, LICEET 

2018, Tripoli-Libya 2018, LICEET13732018. 

[6] J. K. Makanjuola, A. Aggoun, M. Swash, Philipp C.R. Grange, B. 

Challacombe, P. Dasgupta, “3D-holoscopic imaging: A new 

dimension to enhance imaging in minimally invasive therapy in 

urology oncology,” Journal of Enduorology, vol. 27, issue 5, May 2, 

2013 

[7] Akimakina, L.V. and Melnikova, N.V., “Basic Parameters and 

Properties of NIKFI, Hexagonal Lens Grid”, Sov. J. Opt. Tech., vol. 

35, pp.186-189, 1980. 

[8] Wu, C., “Depth measurement in integral images,” PhD Thesis, De 

Montfort University, 2003. 

[9] Forman M., Aggoun A. and McCormick M., "Compression of integral 

3D pictures", Fifth International Conference on Image Processing and 

its Applications, IEE conf., Pub. 410, pp. 584-588. 1995. 

[10] S. Min et al, "Three-Dimensional Display System Based On 

Computer-Generated Integral Imaging," Stereoscopic Display and 

Virtual Reality Systems VIII proc. Of the SPIE, Vol. 4297, pp. 187- 

195, 2001. 

[11] Halle, M. W. et al, "Fast Computer Graphics Rendering for Full 

Parallax Spatial Displays," Practical Holography XI and Holographic 

Materials III Proc. Of the SPIE, Vol.3011, 1997. 

[12] Naemura T., T. Yoshida and H. Harashima, "3D Computer Graphics 

Based on Integral Photography," Optics express, Vol. 8(2), pp. 255- 

262, 2001. 

[13] Grahm E. Milnthorp, "Computer Generation of Integral Images using 

Interpolative Shading Techniques" De Montfort University, PhD 

Thesis 2003. 

[14] Athineos, S. Sgouros, N." Photorealistic integral photography using a 

ray-traced model of capturing optics" Journal of Electronic imaging 

Oct-Dec 2006/vol. 15(4). 

[15] Ren, J., Aggoun, A., and McCormick, M., ‘Computer generation of 

integral 3D images with maximum effective viewing angle’ Journal of 

Electronic Imaging, Vol. 14, 2005. 

[16] Yang, R., Huang, X., and Chen, S., “Efficient Rendering of Integral 

images” Proceeding of SIGGRAPH 2005. 

[17] Park, K. S., Min, S.W., Cho, Y., “Viewpoint vector rendering for 

efficient elemental image generation” IEICE Trans. Inf. & Syst., Vol. 

E90-D(1), pp. 233-241, 2007. 

[18] Motoki, T., Isono H. and Yuyama I., "Present status of three- 

dimensional television research", Proc. IEEE'83, pp. 1009-1021, 

1995. 

[19] Parallel/Multiprocessor Ray Tracing Software. [Online]. Available 

jedi.-ks.-uiuc.-edu/-~johns/-raytracer/ 

[20] http://www.povray.org/ 

[21] Yamazaki, K. Kamijo and S Fukuzumi: “Quantative evaluation of 

visual fatigue” Proc. Japan Display, pp 606-609. (1989). 

[22] M. T.M. Lambooij W. A. IJsselsteijn, I. Heynderickx: “Visual 

Discomfort in Stereoscopic Displays: A Review” Proc. of SPIE-IS&T 

Electronic Imaging, SPIE Vol. 6490, (2007). 

[23] Lippmann, G. ‘Eppreuves Reversibles Donnat Durelief’, J. Phys. Paris 

821 (1908). 

[24] S Manolache, A Aggoun, M McCormick, N Davies, S Y Kung, 

“Analytical model of a three-dimensional integral image recording 

system that uses circular and hexagonal based spherical surface 

microlenses”, Journal of the Optical Society of America. pt A, 

18,No.7, pp 1814-1821, Aug. 2001. 

[25] A Aggoun: ‘Pre-processing of Integral Images for 3D Displays’ IEEE 

Journal of Display Technology, Vol. 2. NO. 4, pp. 393-400, Dec. 

2006. 

[26] M McCormick, N Davies, A Aggoun: ‘3D television and display 

systems using integral imaging’. Invited paper, ‘Photonics East’ SPIE 

Conference on 3D Display Systems. Boston USA, Vol. 2864, pp. 51- 

59, July 2002. 

[27] N Davies, M McCormick and Li Yang: “Three-dimensional imaging 

systems: A new development”. Applied Optics. Vol 27, 4520, (1988). 

[28] M McCormick, N Davies, A Aggoun, M Brewin: “Resolution 

requirements for autostereoscopic full parallax 3D-TV”. International 

Broadcasting Conference, Amsterdam, Sept. 94. IEE Conference 

Publication No.397, (1994). 

[29] Lippmann G, “La Photographic integrale” comtes Rendus, Academic 

des Sciences, 146, 446-451, 1908. 

[30] Ives, H. E., "Optical Properties of a Lippmann Lenticulated Sheet," J. 
Opt. Soc. Am., Vol.20, pp.171-176, 1931 

[31] M. Mccormick and N. Davies, “Full natural colour 3D optical 

models by integral imaging,” Holographic Systems, Components and 

Applications, 4th International Conference on , vol., no., pp.237,242, 

13-15 Sep 1993. 

[32] M. G. Eljadid, “3D content computer generation for volumetric 

displays,” PhD Thesis, Brunel University West London, 2007. 

[33] Contract no: IST-7-248420-STREP, Program FP7-ICT-2009-4. 1st 

Newsletter June 2010. Intermediate Dissemination Report. (20th 

April 2012). [Online]. Available: http://www.3dvivant.eu/. 

[34] A. Aggoun, E. Tsekleves, D. Zarpalas, P. Daras, A. Dimou, L. Soares, 
P. Nunes, "Immersive 3D Holoscopic System", IEEE Multimedia 

Magazine, Special Issue on 3D Imaging Techniques and Multimedia 

Applications, Vol. 20, Issue 1, pp. 28-37, Jan-Mar 2013. 

[35] M. G. Eljadid, A. Aggoun, O. H. Youssef,” Enhanced Techniques 

3D Integral Images Video Computer Generated” Proceedings of the 

International conference on Computing Technology and Information 

Management, Dubai, UAE, 2014. ISBN: 978-0-9891305-5-4 ©2014 

SDIWC. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Aggoun%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23216303
https://www.ncbi.nlm.nih.gov/pubmed/?term=Swash%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23216303
https://www.ncbi.nlm.nih.gov/pubmed/?term=Swash%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23216303
https://www.ncbi.nlm.nih.gov/pubmed/?term=Challacombe%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23216303
https://www.ncbi.nlm.nih.gov/pubmed/?term=Challacombe%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23216303
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dasgupta%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23216303
http://www.povray.org/
http://www.3dvivant.eu/


9 

International Libyan Conference for Information and Communication Technology 

Proceedings of the ILCICT 2022 

 

 
27-30 / 3 / 2022, Tripoli, Libya 

 

[36] M. G. Eljadid, A. Aggoun, O. H. Youssef,” Enhanced Still 3D 

Integral Images Rendering Based on Multiprocessor Ray Tracing 

System” Journal of Image and Graphics, Volume 2, No.2, December 

2014 doi: 10.12720/joig.2.2.117-122. 

[37] O. H. Youssef, “Acceleration techniques for photo-realistic 

computer generated integral images,” Ph.D Thesis, De Montfort 

University, 2004. 

[38] O. H. Youssef and A. Aggoun, “Coherent grouping of pixels for 

faster shadow cache,” in Proc. 3rd Holoscopic Computer Graphics, 

3DTV Conference, Tampere, Finland, 8-9 June 2010. 

[39] Philips Dicom viewer software package [online]. Available http://  

https://www.philips.com/ 

[40] 3D Slicer Dicom software package . [online] Available 

https://www.slicer.org/ 

 

 

http://www.philips.com/
http://www.slicer.org/

	Diagnosis and Surveillance of Covid-19 Pandemic Based on 3D Integral Images Technique

