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Abstract 
This paper introduces a novel 360º calibration tunnel for auto-calibration of multi-camera in the around-view 
monitoring system. A specific cylindrical pattern is designed to cover the tunnel and to uniquely encode 3D real 
world. The unusual model- and correspondence-free multi-camera calibration is employed based on our previous 
work in [1]. In particular, the scale-free fractal designs inside the 360º pattern result in resolution-free calibration 
and thus makes the tunnel practical for nearly arbitrary resolutions. One of the main advantages of such tunnel is to 
not only avoid of manually place the calibration multiple patterns around a vehicle which is complex and laborious 
but also to dramatically decrease the time of the calibration in a range of few seconds. Therefore, the proposed 
calibration tunnel can be widely applied to vehicle manufacture, verification, and repair and also in future thanks to 
the progressing of artificial intelligence, for installing in every gas station to calibrate the multi-cameras of 
autonomous cars. 
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1. Introduction 
Nowadays, thanks to the rapidly progressing in 
artificial intelligence (AI) many car manufactures 
use around-view monitoring (AVM) systems for 
convenience of drivers [3]-[5] including the parking 
systems equipped by ultrasonic sensors and rear 
cameras [6]. The usual method for calibrating the 
car cameras is to place calibration patterns around 
a vehicle and to extract the extrinsic parameters 
and the relative pose between sensors [7]. 
However, such traditional methods are not only a 
complex and laborious task, but also very time 
consuming in particular for variety of cars in terms 
of different size and vision sensors [8]. Therefore, in 
this paper, we introduce a novel 360º tunnel which 
can automatically calibrate the car cameras in a 
range of only few seconds. 
The proposed tunnel is covered by a special 360º 
cylindrical pattern which has free-scale fractal 
shapes inside. These fractal shapes cope with 
arbitrary resolutions and thus capable to calibrate 
different vision sensors with variety in resolution. 
In additional, the proposed method which is based 

on our previous work [1] [2], is completely model- 
and correspondence-free scheme. In the other 
word, no matter what is the distortion lens, it works 
for the normal camera with usual field-of-view 
(FOV) or fish-eye lenses with extremely wide FOV. 
In multi-camera calibration, not only a calibration is 
needed for each camera, but the individual images 
have to be aligned to fit together in a final image 
mosaic. Image alignment is usually considered a 
separate problem from distortion correction and 
thus handled separately. However, the proposed 
approach, combines distortion correction and 
image alignment in a single procedure and thus 
provides much more efficient calibration. 
 
2. Model- and Correspondence-free Multi-
Camera Calibration 
Camera calibration should be easy to perform on 
the one hand and provide robust results on the 
other hand. These requirements motivate the 
proposed, "unusual" approach for multi-camera 
calibration. Common methods in camera calibration 
assume a geometrical model to correct distortion. 
However, here, the proposed algorithm introduces 
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an approach that does not make any assumptions 
about the projection model of the lenses and their 
parameters and therefore allows nearly arbitrary 
distortions. This calibration procedure uses a 
particular 360º pattern including distributed 
variety of markers and fractal shapes in different 
resolutions. For such multi-camera setups, not only 
a calibration is needed for each camera, but the 
individual images have to be aligned to fit together 
in a final panoramic 360º image. Image alignment is 
usually considered a separate problem from 
distortion correction and thus handled separately. 
The proposed method, however, combines 
distortion correction and image alignment in a 
single procedure. Tabel.1 demonstrates the steps of 
the calibration algorithm. 
Before explaining the calibration procedure, we 
describe how the calibration tunnel encodes the 3D 

real world and provides a unique target coordinate 
system. Figure.1 shows the proposed calibration 
tunnel. The 360º cylindrical pattern contains twelve 
special colourful checkerboards. Each individual 
checkerboard includes some markers or fractal 
shape. By defining a marker as an origin of the 
pattern, the location of each individual patch of the 
checkerboards is defined by counting the patches in 
respect with this origin. In addition, by considering 
the radius of the tunnel (which is known) the 3D 
space becomes encoded. The role of the markers is 
to avoid any ambiguities and to aid for deriving the 
relative pose of the cameras. Following the steps of 
the algorithm is explained. Note that in [1] and [2], 
the graph based segmentation algorithm for the 
calibration is described by detail. 
 

 

  
Fig 1: The calibration tunnel covered by 360º pattern. The fractal shape is magnified. 

 
Table 1: Calibration Procedure 

 

 
 
2.1 Detecting the corresponding part of the 360º 
pattern in each individual car's camera 
Since the car places inside the encoded 3D space, no 
matter that the adjacent cameras have the 
overlapping area or not. Therefore, the proposed 
method is generic and can be applied for both cases. 

Finding the correspondence points is one of the 
main steps in multi-camera calibration. However, 
here thanks to the encoded 3D tunnel, each single 
camera by looking at a part of the 360º pattern in its 
field of view can locate its position in 3D space. 
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2.2 Running the graph based segmentation 
algorithm 
The graph-based segmentation algorithm [1-7] is 
used to the segmentation task. In such 
segmentation, first the primal graph of the image is 
created at the first level of the irregular pyramid. 
Second, by consecutively contracting the 
contraction kernels step by step the next levels are 
built. Finally, the region adjacency graph (RAG) at 
the top of the pyramid is represented. Such RAG has 
the property that each of its node is consider as one 
patch of the checkerboard. 
 
2.3 Counting patches as the correspondence 
matching 
After segmenting the image each node of the 
resulted graph on top of the pyramid represents a 
unique patch of the checker board. Now, since there 
are special markers in the 360º pattern, one can 
simply find outs the coordinate of each patch by just 
counting patches in between till reaches to the pre-
defined origin. 
 
2.4 Refining the calibration task 
As it is illustrated in Figure.1 the 360º pattern 
includes special fractal shapes [8-20]. The main 
property of the fractals is that they generate the 
same shape in different scales or different positions. 
Therefore, in the pattern two fractals in two 
different scales are designed. Every normal patch in 
such pattern has uniform region inside its patch. 
This means that the corresponding points of the 
resulted graph for each normal patch has 4 points 
from the world. Hence, the points between the 
corners have not any correspondence. Now, at this 
point, by moving the car around the pattern, each 
camera sees a new pattern in its FOV. This means 
that whenever the position of the high resolution 
(fractal) patches are changed, a new part of the 
space gets a high number of corresponding points. 
Therefore, moving the car through 360º tunnel, the 
space receives the corresponding matching points 
as the high resolution in the fractal patch [19-34]. 
 
3. Conclusion 
This paper introduced a new 360º tunnel efficient 
for multi-camera calibration and around-view 
monitoring systems. The proposed algorithm is not 
only mode- and correspondence-free but thanks to 
the fractal shapes also resolution-free. In addition, 
since it does not assume any geometrical model for 
the lens distortion of the lenses it can be applied for 
almost any arbitrary distortion. Finally, such 
generic calibration can be extended and employed 
for the next autonomous car's generation and even 
by fusing with other sensors (LIDAR, RADAR and 
GPS) be beneficial for calibration the Unmanned 
aerial vehicles (UAVs). 
 

 
 
References 
1. Aida Badamchi Shabestari, B.A.A., Maryam 

Shekarchi, Seyed Mojtaba Mostafavi, Development of 
Environmental Analysis for Determination of Total 
Mercury in Fish Oil Pearls by Microwave Closed 
Vessels Digestion Coupled with ICP-OES. Ekoloji, 
2018. 27(106): p. 1935. 

2. Aida Badamchi Shabestari, S.M.M., Hanieh 
Malekzadeh, Force Degradation Comparative Study 
on Biosimilar Adalimumab and Humira. Revista 
Latinoamericana de Hipertensión, 2019. 13(06): p. 
496-509. 

3. Amanlou, M. and S.M. Mostafavi, In sillico screening 
to aim computational efficient inhibitors of caspase-
9 by ligand-based pharmacophore modeling. 
Medbiotech Journal, 2017. 1(01): p. 34-41. 

4. Arezoo Gowhari Shabgah, M.T.Q., Seyed Mojtaba 
Mostafavi, Jamshid Gholizadeh Navashenaq, 
Angelina Olegovna Zekiy, Majid Ahmadi, Saeed 
Mohammadian Haftcheshmeh, Jamshid Gholizadeh 
Navashenaq, CXC chemokine ligand 16: a Swiss army 
knife chemokine in cancer. Expert Reviews in 
Molecular Medicine, 2021. 23. 

5. De, A. and S.M. Mostafavi, Sulfamethizole 
functionalized graphene oxide for in-vitro separation 
and determination lead in blood serum of battery 
manufactories workers by syringe filter-dispersive-
micro solid phase extraction. Analytical Methods in 
Environmental Chemistry Journal, 2020. 3(04): p. 
17-29. 

6. Heidari, S., M. Imani, and S.M. Mostafavi, A Validated 
and Rapid HPLC Method for Quantification of Human 
Serum Albumin in Interferon beta-1a 
Biopharmaceutical Formulation. Medbiotech 
Journal, 2017. 1(01): p. 29-33. 

7. Inna Pustokhina, A.S., Hafsan Hafsan, Seyed Mojtaba 
Mostafavi, and S.M. Alizadeh, Developing a Robust 
Model Based on the Gaussian Process Regression 
Approach to Predict Biodiesel Properties. 
International Journal of Chemical Engineering, 
2021. 2021. 

8. Jafari, S., A. Riahi, and S.M. Mostafavi, Supercritical 
Fluid Extraction of Flavonoid from Achillea 
wilhelmsii in Pilot Scale. Medbiotech Journal, 2018. 
2(03): p. 108-112. 

9. Mahmoud, Z.H., et al., Identification of Rejuvenation 
and Relaxation Regions in a Zr-based Metallic Glass 
Induced by Laser Shock Peening. Journal of Materials 
Research and Technology, 2021. 

10. Mina Adibi, S.T., Rava Parhizkar, Seyed Mojtaba 
Mostafavi, , The Morphology of Zinc Sulfide 
Nanocrystals Synthesized by Different Methods. 
Journal of Nanoanalysis, 2020. 

11. Morni, A. and S.M. Mostafavi, Cloud point-dispersive 
liquid-liquid microextraction for preconcentration 
and determination of mercury in wastewater samples 
by methylsulfanyl thiophenol material. Analytical 
Methods in Environmental Chemistry Journal, 2020. 
3(01): p. 63-71. 

12. Mostafavi, K.A. and S. Mojtaba, Simultaneously 
determination of copper and zinc in human serum 
and urine samples based on amoxicillin drug by 
dispersive ionic liquid- liquid microextraction 
coupled to flame atomic absorption spectrometry. 



8 |         J .  P r a c t i c a l  M I S ,  2 0 2 0 ;  1 ( 1 ) :  0 1 - 0 8  

 

Analytical Methods in Environmental Chemistry 
Journal, 2020. 3(03): p. 32-43. 

13. Mostafavi, S.M., 3D Graphene Biocatalysts for 
Development of Enzymatic Biofuel Cells: A Short 
Review. Journal of Nanoanalysis, 2015. 2(2): p. 57-
62. 

14. Mostafavi, S.M., K. Bagherzadeh, and M. Amanlou, A 
new attempt to introduce efficient inhibitors for 
Caspas-9 according to structure-based 
Pharmacophore Screening strategy and Molecular 
Dynamics Simulations. Medbiotech Journal, 2017. 
01(01): p. 1-8. 

15. Mostafavi, S.M., S. Eissazadeh, and M. Piryaei, 
Comparison of Polymer and Ceramic Membrane in 
the Separation of Proteins in Aqueous Solution 
Through Liquid Chromatography. Journal of 
Computational and Theoretical Nanoscience, 2019. 
16(1): p. 157-164. 

16. Parvanian, S., S.M. Mostafavi, and M. Aghashiri, 
Multifunctional Nanoparticle Developments in 
Cancer Diagnosis and Treatmen. Sensing and Bio-
Sensing Research, 2016. 1(2): p. 22. 

17. Pasban, A., et al., Quantitative Determination of LPG 
Hydrocarbons by Modified Packed Column Adsorbent 
of Gas Chromatography Via Full Factorial Design. 
Journal of Nanoanalysis, 2017. 4(1): p. 31-40. 

18. Samira Eissazadeh, S.M.M., Masoumeh Piryaei, and 
M.S. Taskhiri, Application of Polyaniline 
Nanostructure Based Biosensor for Glucose and 
Cholesterol Detection. Research Journal of 
Pharmaceutical, Biological and Chemical Sciences, 
2019. 10(1): p. 150. 

19. Seyed Mojtaba Mostafavi, A.R., Mina Adibi, Farshid 
Pashaee, Masoumeh Piryaei, Modification of Glassy 
Carbon Electrode by a Simple, Inexpensive and Fast 
Method Using an Ionic Liquid Based on 
Immidazolium as Working Electrode in 
Electrochemical Determination of Some Biological 
Compounds. Asian Journal of Chemistry, 2011. 
23(12). 

20. Seyed Mojtaba Mostafavi, A.R., Mina Adibi, Farshid 
Pashaee, Masoumeh Piryaei, Electrochemical 
Investigation of Thiophene on Glassy Carbon 
Electrode and Quantitative Determination of it in 
Simulated Oil Solution by Differential Pulse 
Voltammetry and Amperometry Techniques. Asian 
Journal of Chemistry, 2011. 23(12): p. 5356-5360. 

21. Seyed Mojtaba Mostafavi, M.P., Ahmad Rouhollahi 
and A. Mohajeri, Separation and Quantification of 
Hydrocarbons of LPG Using Novel MWCNT-Silica Gel 
Nanocomposite as Packed Column Adsorbent of Gas 
Chromatography. Journal of NanoAnalysis, 2014. 
1(01): p. 01. 

22. Seyed Mojtaba Mostafavi, M.P., Ahmad Rouhollahi 
and A. Mohajeri, Separation of Aromatic and 
Alcoholic Mixtures using Novel MWCNT-Silica Gel 
Nanocomposite as an Adsorbent in Gas 
Chromatography. Journal of NanoAnalysis, 2014. 
1(01): p. 11. 

23. Seyed Mojtaba Mostafavi1, H.M. and M.S. Taskhiri, 
In Silico Prediction of Gas Chromatographic 
Retention Time of Some Organic Compounds on the 
Modified Carbon Nanotube Capillary Column. Journal 
of Computational and Theoretical Nanoscience, 
2019. 16(151): p. 156. 

24. Shahabedini, A.S., et al., Electrophoretic removal of 
sodium dodecyl sulphate from peptide solution 
through a hydrogel-micropipette system. Eurasian 
Chemical Communications, 2020. 2(8): p. 875-880. 

25. Shamsipur, M., et al., Biotransformation of methyl 
tert-butyl ether by human cytochrome P450 2A6. 
Biodegradation, 2012. 23(2): p. 311-318. 

26. Surendar Aravindhan, L.A.Y., Methaq Hadi lafta, 
Markov Alexander, Yulianna Ivanovna Enina, 
Natalya A. Yushchenkо, Lakshmi Thangavelu, Seyed 
Mojtaba Mostafavi, Michail V. Pokrovskii, Majid 
Ahmadi, P53‐long noncoding RNA regulatory 
network in cancer development. Cell Biology 
International, 2021: p. 
https://onlinelibrary.wiley.com/doi/abs/. 

27. Zabihi, O., A. Khodabandeh, and S.M. Mostafavi, 
Preparation, optimization and thermal 
characterization of a novel conductive thermoset 
nanocomposite containing polythiophene 
nanoparticles using dynamic thermal analysis. 
Polymer degradation and stability, 2012. 97(1): p. 
3-13. 

28. Zabihi, O., et al., The effect of zinc oxide nanoparticles 
on thermo-physical properties of diglycidyl ether of 
bisphenol A/2, 2′-Diamino-1, 1′-binaphthalene 
nanocomposites. Thermochimica acta, 2011. 521(1-
2): p. 49-58. 

29. Riahi, A. How hydrocarbon analyzer work? 2021; 
Available from: 
https://rosecal.com.au/hydrocarbon-analyzer/. 

30. Riahi, A. Thermocouple suffering range. 2021; 
Available from: 
https://rosecal.com.au/thermocouple-suffering-
range/. 

31. Riahi, A. What is an analyzer? 2021; Available from: 
https://rosecal.com.au/what-is-an-analyzer/. 

32. Riahi, A. pear level switch. 2020; Available from: 
https://rosecal.com.au/pear-level-switch/. 

33. Riahi, A. Types of thermometer sensors. 2021; 
Available from: https://rosecal.com.au/types-of-
thermometer-sensors/. 

34. Riahi, A. ISA10 wireless applications. 2020; Available 
from: https://rosecal.com.au/isa10-wireless-
applications/. 

 

https://onlinelibrary.wiley.com/doi/abs/
https://rosecal.com.au/hydrocarbon-analyzer/
https://rosecal.com.au/thermocouple-suffering-range/
https://rosecal.com.au/thermocouple-suffering-range/
https://rosecal.com.au/what-is-an-analyzer/
https://rosecal.com.au/pear-level-switch/
https://rosecal.com.au/types-of-thermometer-sensors/
https://rosecal.com.au/types-of-thermometer-sensors/
https://rosecal.com.au/isa10-wireless-applications/
https://rosecal.com.au/isa10-wireless-applications/

