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 

Abstract: An essential security requirement while transmitting 

and receiving medical images is to maintain confidentiality and 

authorization of these medical images. This paper contains a 

proposal of an enhanced lossless image encryption algorithm that 

provides security to Digital Imaging and Communications in 

Medicine (DICOM) images by producing a random key with using 

enhanced group modulo based bit circular shift (GMO-BCS) 

technique. Random key production is the backbone of this 

technique to provide robust security of medical images that 

transfer over a network. In the encryption process, we randomly 

generate a key for each and every pixel of the DICOM image. 

Group theory is used in this process to create circular shifting in 

8-bit pixel values while the security enhancement employs the 

random key for encryption. This technique is more suitable for 

medical image encryption either by direct transmission or 

multimedia app-based transmission under telemedicine and 

others.  

 
Keywords: Random key security, medical image encryption, 

GMO-BCS, encryption, decryption.  

I. INTRODUCTION 

Images play an important role in our daily life to convey 

information either for entertainment or for communication 

purpose. Security is also important for images to easily 

transferring with authentication. Medical images also play an 

important role in the diagnosis. Medical Imaging is a 

technique for the visualization of the interior structure of the 

body for analysis and diagnoses the disease or damage [1]. 

DICOM stands for Digital Imaging and Communication in 

Medicine. It has a special type of file format extension that is 

filename.dcm. These type of images having extension .dcm 

does not easily open anywhere without a supporting software 

or viewer. DICOM images standard maintained by NEMA 

(National Electrical Manufacturers Association) and transmit 

over a medium such as wired (like copper wire, optical fiber) 

or wireless communication, storage devices, etc [1, 2].  

Some DICOM images that hold different file types, 

parameter, and size. It may be either 8 Bpp (Bit per pixel) or 

12 Bpp or 16 Bpp. 8 Bpp DICOM images are color Doppler, 

DSA (Digital Subtraction Angiography) and ultrasound 
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images [3]. Compound radiography and digital radiography 

have 12 Bpp. Mammography images holds the 12 Bpp while 

X-ray angiography, MRI and CT (Computed Tomography) 

images have 16 Bpp and large in size especially CT [3]. This 

work is an advanced and enhanced version of GMO-BCS 

proposed in [4]. This paper have a proposal of randomized 

key based enhanced lossless image encryption algorithm that 

successfully works with DICOM images and provides 

security to it. During processing, a random key sequence 

generated and employed with enhanced group modulo based 

bit circular shift (GMO-BCS) technique. GMO-BCS image 

encryption is the base of this technique whereas random key 

generation and association with each pixel are the advanced 

features that provide robust security to medical images. 

Group theory is used in this process to create circular shifting 

in 8-bit pixel values whereas the random key utilized for bit 

rotation for security enhancement in encryption. 

II. LITERATURE REVIEW 

The base work proposed in [4] where the key-value 

assigned by the user which fixed for each channel of the 

image. When the assessment of image quality is required, 

there is no exact principal to chose the SSIM [5]. Triple 

image encryption using one-time keystream scheme is 

proposed in [6]. Medical image encryption based on multiple 

chaotic mapping proposed in [7] and using edge map a 

medical image encryption technique proposed in [8]. 

Improved padding based GGH encryption algorithm for 

medical image encryption is proposed in [9]. The masking 

algorithm technique is proposed in [10] for medical image 

encryption and compression both. A 3-Dimensional chaotic 

system is proposed for medical image encryption in [11]. For 

encryption purpose, 3D Lorenz map governs DNA rules 

proposed in [12]. Some other image encryption techniques of 

hybrid, frequency and spatial domains are discussed in [13]. 

To secure internet multimedia application, image encryption 

is proposed in [14] for image transmission using the internet. 

Based on variable circular shift an image encryption 

algorithm is proposed in [15]. The telemedicine information 

system is discussed in [16] for diagnosis. In this paper, the 

proposed technique applicable to telemedicine purpose for 

secure image transmission without any loss of data. The 

security is essential to maintain integrity and authentication 

of medical images that have critical data used for diagnosis 

and treatment. A proposal to maintain the integrity and 

authenticity of multi-frame DICOM images using digital 

signature proposed in [17]. Some advances of medical image 

analysis with examples are discussed in [18]. 
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III.  PURPOSE 

A. Submission of the paper 

Data loss in medical image processing can create a serious 

problem which can cause a lot of risk to the patient. To 

achieve security goal about information privacy of data or 

non-altered data of medical images that transfers for 

telemedicine purpose, we propose a Randomized key-based 

GMO-BCS algorithm. The transmission process includes the 

information to transmit by computers than can be accessed 

only by an authorized person not by others (anyone else). 

IV. METHODOLOGY 

The encryption process includes the initial GMO-BCS 

algorithm proposed in [4]. The critical value used to rotate 

bits circularly according to group modulo operation i.e., in 

between 0 to 7 means  8, but the generation is of the key is 

random. The fixed only one-time key is used in initial 

GMO-BCS algorithm for encryption and decryption while in 

the proposed algorithm the random key is generated for each 

pixel individually. This feature of the algorithm makes it 

unique and more secure from initial GMO-BCS. By using the 

random key for every pixel of each channel of DICOM image 

generates new pixels for encrypted channel matrix. After 

converge or overlapped to all encrypted channel matrixes, we 

got a cipher image. For decryption, the reverse process of 

encryption is used and the encrypted DICOM image is used 

as the input image of the decryption process. According to the 

random key value used in the encryption process subtracted 

from 8 for the reverse circular shifting of bits in the 

decryption process. In this paper, the posed algorithm is 

advanced from the earlier one and easily works with the 

DICOM images file formats.  

A. Encryption Algorithm: The encryption algorithm is an 

enhanced version of [4] and as following:   

Step 1: Begin. 

Step 2: Read the medical image. 

Step 3: Extract RGB (Red, Green, and Blue) channels. 

Step 4: Find the size in number of rows and columns of  

     all (RGB) channel  

Step 5: Find the seed value to generate a random key  

     sequence generation to all (RGB) channels. 

Step 6: Generate a random key sequence to all (RGB)  
     channels by using seed value. 

Step 7: Apply random key to circular shift rotation at the bit  

level with initial shifting d=x<8 and increment value 

of d by 1 for every next row. 

Step 8: Generate an encrypted channel R matrix. 

Step 9: Repeat Step 6 to Step 7 for channel G with 

d=x+y<8 in step 6. 

Step 10: Repeat Step 6 to Step 7 for channel B with 

d=x+y+z<8 in step 6. 

Step 11: Combine all channels (RGB) matrix. 

Step 12: Find the encrypted medical image. 

Step 13: End 

B. Decryption Algorithm: The decryption algorithm is an 

enhanced version of [4] and as following:   

Step 1: Begin. 

Step 2: Read the encrypted medical image. 

Step 3: Extract RGB (Red, Green, and Blue) channels. 

Step 4: Find the size in number of rows and columns of  

     all (RGB) channel  

Step 5: Use the last value of random key sequence as a key to  

 all (RGB) channels. 
Step 6: Apply random key to circular shift rotation at the bit  

level with initial shifting d=(8-x)<8 and increment 

value of d by 1 for every next row. 

Step 7: Generate an encrypted channel R matrix. 

Step 8: Repeat Step 6 to Step 7 for channel G with 

d=(8-x+y)<8 in step 6. 

Step 9: Repeat Step 6 to Step 7 for channel B with 

d=(8-x+y+z)<8 in step 6. 

Step 10: Combine all channels (RGB) matrix. 

Step 11: Find the Decrypted medical image. 

Step 12: End 

V. EXPERIMENTAL RESULTS 

The result is shown here for DICOM encryption and 

decryption. This algorithm smoothly works with the medical 

image file format (.dcm) without any loss of data. The PSNR 

and MSE calculated as per the formula described in [4, 5]. 

Structural similarity index measure (SSIM) is calculated as 

discussed in [5].  

A. Encryption Result 

The DICOM image encryption result is depicted in Table 

1. Medical images that are used in this paper are color 

Doppler (ultrasound) image of the abdomen that contains 

some information about the disease of the patient. This image 

is the original images of the patient. The other information 

about these images from where I have taken is discussed in 

the acknowledgment section. In this image, we removed the 

personal information of the patient.  

First of all, we have read the DICOM image and extract 

their RGB channels then apply randomized GMO-BCS 

algorithm to encrypt all three RGB channels. After finding 

the encrypted RGB channels, converge all them to get the 

final encrypted image. All encryption process result is shown 

in Table 1. The PSNR and MSE of the encryption process are 

depicted in the encryption section Table 3. The PSNR value 

of all RGB channels and average PSNR value is acceptable.  

B. Decryption Result 

 The decryption process results are depicted in Table 2. This 

process is the same as the reverse process of encryption. The 

significant random value is subtracted from 8, which used for 

rotation in encryption and hold the property of group modulo 

operation that is 0 to 7. This advanced feature makes it more 

robust. As discussed in [4], the randomized GMO-BCS 

technique is also an utterly lossless technique. The infinite 
PSNR value and zero MSE value prove that the proposed 

randomized GMO-BCS encryption-decryption algorithm is 

lossless. The PSNR and MSE of the decryption process are 

depicted in the decryption section of Table 3. After 

decryption, the infinite PSNR and zero MSE shows the 

error-free decryption.  

 

 

Table 1 Result of Randomized GMO-BCS of DICOM Encryption Process 
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Randomized GMO-BCS Encryption Results 

Original Medical Image 

(OMI) 

Extracted Channels of OMI Encrypted Channels of OMI Encrypted Medical Image 

(EMI) 

 

 

 

 

 

 

 

 

 

 
Original Image 

 
Red  

 
Encrypted Red  

 

 

 

 

 

 

 

 

 

 
Encrypted Image 

 
Green  

 
Encrypted Green  

 
Blue  

 
Encrypted Blue  

 

Table 2 Result of Randomized GMO-BCS of DICOM Decryption Process 

Randomized GMO-BCS Decryption Results 

Encrypted Medical Image 

(EMI) 

Extracted Channels of EMI Decrypted Channels of EMI Decrypted Medical Image  

(DMI) 

 

 

 

 

 

 

 

 

 

 
Encrypted Image 

 
Encrypted Red  

 
Decrypted Red  

 

 

 

 

 

 

 

 

 

 
Decrypted Image 

 
Encrypted Green  

 
Decrypted Green  

 
Encrypted Blue  

 
Decrypted Blue  

 

 

Table 3 Result of Randomized GMO-BCS of DICOM Encryption Process 
Randomized GMO-BCS Medical Image Results 

Channels   

 

Encryption Decryption 

PSNR MSE PSNR MSE 

Red Channel 30.9219257 52.59 Inf dB 0.00 

Green Channel 30.7291756 54.97 Inf dB 0.00 

Blue Channel 30.6820139 55.57 Inf dB 0.00 

Average  30.7777051 54.38 Inf dB 0.00 
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C. Encryption and Decryption Result (Comparison): 
After the randomized GMO-BCS Experiment, we have seen 

that the average encryption result is much better than the 

basic GMO-BCS algorithm proposed in [4]. The proposed 

randomized GMO-BCS encryption results are depicted in 

Table 4. The random key value is used for bit circular shift 
performed in 8-bit binary values of each pixel according to 

the random key. The basic GMO-BCS encryption results are 

shown in Table 5. The image and experimental platform are 

the same for both techniques. 

The main aspect i.e. security is also better than GMO-BCS. 

Basic GMO-BCS uses fixed precise key values for each 

channel whereas the random-key GMO-BCS generates the 

random key for each pixel of each channel of the original 

image randomly.  

D. Decryption Result 

In reference to the comparison, the decryption process is the 

reverse process of encryption for both techniques. The 

decryption process of randomized GMO-BCS technique and 

basic GMO-BCS technique is completely lossless. To avoid 

repetition, we have not shown the figure of the decryption 

results of basic GMO-BCS decryption discussed in [4].  

Table 4 Result of GMO-BCS Encryption Process 

 

Table 5 Result of GMO-BCS Encryption Process
GMO-BCS Process Results 

Original Image Extracted 

Channels of 

Original Image 

Histogram of Extracted 

Channels of Original 

Image 

Encrypted Channels of 

Original Image 

Histogram of 

Encrypted Channels 

of Original Image 

Encrypted Image 

 

 

 

 

 

 

 
Original Image 

 
Red   

Hist. of Red 

 
Encrypted Red  

 
Hist. of Enc. Red  

 

 

 

 

 

 

 

 
Encrypted Image 

 
Green   

Hist. of Green 

 
Encrypted Green  

 
Hist. of Enc. Green  

 
Blue  

 
Hist. of Blue 

 
Encrypted Blue  

 
Hist. of Enc. Blue  

  

Randomized GMO-BCS Processing Results 

Original Image Extracted 

Channels of 

Original Image 

Histogram of 

Extracted Channels of 

Original Image 

Encrypted Channels of 

Original Image 

Histogram of Encrypted 

Channels of Original 

Image 

Encrypted Image 

 

 

 

 

 

 

 

 

 

 
Original Image 

 
Red  

 
Hist. of Red 

 
Encrypted Red  

 
Hist. of Enc. Red 

 

 
 

 

 

 

 
Encrypted Image  

Green   
Hist. of Green 

 
Encrypted Green  

 
Hist. of Enc. Green  

 
Blue  

 
Hist. of Blue 

 
Encrypted Blue  

 
Hist. of Enc. Blue  
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VI. RESULT DISCUSSION 

The PSNR and MSE based result comparison between initial 
GMO-BCS discussed in [4] with the proposed randomized 

key-based GMO-BCS image encryption algorithm is 

depicted in Table 7. 

In comparison to both techniques, the PSNR value for the red 

channel after randomized GMO-BCS encryption slightly 

differs with 0.2898516 and MSE is better with difference 

7.03. As shown in Table 7. Initial GMO-BCS algorithm is 

slightly better for the red channel but the Random GMO-BCS 

in terms of Green and Blue channels is much better. 

Infinite PSNR and 0.00 MSE of the Decryption section of 

Table 7 prove that both techniques are completely lossless. 

The graph related to the PSNR value of red, green and blue 
channels for both techniques is depicted in Fig. 1. As shown 

in Fig. 1 the PSNR value of Rand-GMO-BCS scheme is 

better than the initial GMO-BCS proposed in [4]. 

 

Table 6 Result of Randomized GMO-BCS Decryption Process
Randomized GMO-BCS Decryption Results 

Encrypted 

Image 

Extracted 

Channels of 

Original Image 

Histogram of 

Extracted Channels 

of Original Image 

Encrypted Channels of 

Original Image 

Histogram of 

Encrypted Channels of 

Original Image 

Original Image 

 

 

 

 

 

 
Original Image 

 
Red  

 
Hist. of Red 

 
Encrypted Red  

 
Hist. of Enc. Red 

 

 

 

 

 

 
Encrypted Image 

 
Green  

 
Hist. of Green 

 
Encrypted Green  

 
Hist. of Enc. Green  

 
Blue  

 
Hist. of Blue 

 
Encrypted Blue  

 
Hist. of Enc. Blue  

  

Table 7 Result of Randomized GMO-BCS Decryption Process
Channels Basic GMO-BCS Results  Randomized GMO-BCS Results 

Encryption Decryption Encryption Decryption 

 PSNR MSE PSNR MSE PSNR MSE PSNR MSE 

Red 27.7568075 108.99 Inf dB 0.00 28.0466591 101.96 Inf dB 0.00 

Green 30.5184775 57.71 Inf dB 0.00 29.4064576 74.55 Inf dB 0.00 

Blue 36.4481037 14.73 Inf dB 0.00 33.5188256 28.92 Inf dB 0.00 

Average 31.5744629 60.4767 Inf dB 0.00 30.3239808 68.4767 Inf dB 0.00 

 

Fig. 2 concluded the comparison of MSE between both 

techniques. In basic GMO-BCS, MSE is better for red 

channel encryption. It means that the PSNR value of 

randomized GMO-BCS technique is higher in comparison to 

basic GMO-BCS. The MSE is higher for green and blue 

channels mean PSNR is better in case of Randomized 

GMO-BCS for the green and blue channel. In the average 

case higher MSE and lower PSNR is shown in Table 7 for 

proposed random GMO-BCS. This is the reason that decided 
that the proposed technique is better. In Randomized 

GMO-BCS, the average MSE is much better than initial 

GMO-BCS after encryption. 

The SSIM index value is 0.2941, and SSIM index value map 

is depicted in Fig. 3. After random GMO-BCS decryption, 

we found the standard SSIM index value is 1.0000. It means 

that the quality of decryption is outstanding.    

 

 

 

 

 

 

 
Fig. 1 PSNR comparison between GMO-BCS and 

Randomized GMO-BCS Encryption 
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Fig. 2 MSE comparisons between GMO-BCS and 

Randomized GMO-BCS Encryption 

 

Table 8 SSIM Index Value Map after Encryption and Decryption 
 

 

SSIM Value 

After Encryption 

= 0.2941 

 
SSIM Index Value Map After Encryption 

 

 

SSIM Value 

After Decryption 

= 1.0000 

 

 
SSIM Index Value Map After Decryption 

VII. CONCLUSION 

In this paper, A random key sequence produces for each pixel 

of all channels of the medical images based on initial 

GMO-BCS. Security included in the encryption process is 

not easily cracked without finding the exact random key 

sequence and seed value, which has taken for key generation 

in the encryption process. Because of this, the proposed 

technique is robust than the initial GMO-BCS. The results are 

shown above where the rotation keys are generated randomly 

that makes the high level of encryption standard. The lossless 
feature of proposed technique makes it more suitable for 

medical image encryption and transmission under 

Telemedicine. In the future, to enhance the security of the 

medical image we can use the extensive group higher than 

8-bit for the circular shift in pixel bit values using group 

modulo operation.  

ACKNOWLEDGMENT 

Our thanks to the Dr. Manoj Kumar, Faculty of Ayurveda 

(Indian Medicine), SSH, BHU for providing retinal images. 

We give a lot of thanks to Prof. S.K. Upadhyay, Coordinator, 

DST-CIMS, Institute of Science, BHU, Varanasi for their full 

support. 

 

 

 

 

 

REFERENCES 

1. History – DICOM Standard. Available:  

(https://www.dicomstandard.org/history/ ) 

2. DICOM Standard-NEMA. Available :  

(http://dicom.nema.org/medical/dicom/current/output/html/part03.html)    

3. Dicom library - Space storage. Available : 

 (https://www.dicomlibrary.com/dicom/study-structure/) 

4. Vineet Kumar Singh, P. K. Singh, and K.N. Rai. “Image Encryption 

Algorithm based on Circular Shift in Pixel Bit Value by Group Modulo 

Operation for Medical Images.” 2018 4th International Conference on 

Computing Communication and Automation (ICCCA), IEEE, 2018. 

5. Alain Hore, and Djemel Ziou. "Image quality metrics: PSNR vs. 

SSIM." 2010 20th International Conference on Pattern Recognition. 

IEEE, 2010. 

6. Hongjun Liu, and Xingyuan Wang. "Triple-image encryption scheme 

based on a one-time key stream generated by chaos and plain 

images." Journal of Systems and Software 86.3 (2013): 826-834. 

7. Xiao Chen, and Chun-Jie Hu. "Adaptive medical image encryption 

algorithm based on multiple chaotic mapping." Saudi journal of 

biological sciences 24.8 (2017): 1821-1827. 

8. Weijia Cao, et al. "Medical image encryption using edge maps." Signal 

Processing 132 (2017): 96-109. 

9. Massoud Sokouti, Ali Zakerolhosseini, and Babak Sokouti. "Medical 

image encryption: An application for improved padding based GGH 

encryption algorithm." The open medical informatics journal 10 (2016): 

11. 

10. G. Thippanna, et al. "Medical Image Encryption and Compression Using 

Masking Algorithm Technique." (2015). 

11. Chong Fu, et al. "A novel medical image protection scheme using a 

3-dimensional chaotic system." PloS one 9.12 (2014): e115773. 

12. Abinaya Kumari, et al. "3D Lorenz map Governs DNA Rule in 

Encrypting DICOM Images." Biomedical and Pharmacology 

Journal 11.2 (2018): 897-906. 

13. Majid Khan and Tariq Shah ”A literature review on Image Encryption 

Techniques.” 3D Research 5.4 (2014): 29. 

14. Dang, Philip P., and Paul M. Chau. "Image encryption for secure internet 

multimedia applications." IEEE Transactions on consumer 

electronics 46.3 (2000): 395-403. 

15. Abdelfatah A. Tamimi, and Ayman M. Abdalla. "A variable 

circular-shift image-encryption algorithm." Proceedings of the 

International Conference on Image Processing, Computer Vision, and 

Pattern Recognition (IPCV). The Steering Committee of The World 

Congress in Computer Science, Computer Engineering and Applied 

Computing (WorldComp), 2017. 

16. Alexander Horsch and Thomas Balbach. "Telemedical information 

systems." IEEE Transactions on Information Technology in 

Biomedicine 3.3 (1999): 166-175. 

17. Luiz OM Kobayashi,, and Sergio S. Furuie. "Proposal for DICOM 

multiframe medical image integrity and authenticity." Journal of digital 

imaging 22.1 (2009): 71-83. 

18. Dougherty, G. "Image analysis in medical imaging: recent advances in 

selected examples." Biomedical imaging and intervention journal 6.3 

(2010): e32. 

AUTHORS PROFILE 

 

Vineet Kumar Singh enrolled as a research scholar 

and pursue their Ph.D. in Computer Application from 

DST-CIMS (Department of Science and Technology – 

Centre for Interdisciplinary Mathematical Sciences, 

Institute of Science, Banaras Hindu University (BHU), 

Varanasi. He has completed his Master of Computer 

Application in the year 2011 from Indira Gandhi 

National Open University, Maidan Garhi, New Delhi. Mr. Singh has 

appointed as an Assistant Professor in Faculty of Computer Application at 

Jagatpur Post Graduate College, Varanasi (Affiliated to MGKVP, Varanasi) 

since September 2011. Mr. Singh has published a Lab Manual for UG 

students, published three papers Scopus, ESCI and IEEE indexed journal. 

The research area of Mr. Singh is Image Processing, Image Watermarking. 

Mr. Singh has a live membership of ‘The Indian Science Congress 

Association’, Kolkata. He was a former member of IEEE up to December 

2018.  

 

 

 

 

 

  

https://www.dicomstandard.org/history/
https://www.dicomstandard.org/history/
https://www.dicomstandard.org/history/
http://dicom.nema.org/medical/dicom/current/output/html/part03.html


International Journal of Recent Technology and Engineering (IJRTE) 

ISSN: 2277-3878, Volume-8 Issue-3, September 2019 

 

1722 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

Retrieval Number: C4453098319/19©BEIESP 

DOI:10.35940/ijrte.C4453.098319 

 

 
 

 

 

Dr. Achintya Singhal is an Associate Professor of 

Department of Computer Science, Banaras Hindu 

University, Varanasi. He did his Ph.D. from APS 

University, Rewa and has completed Master of 

Computer Application from Aligarh Muslim University, 

Aligarh. He has 42+ numerous research publications in 

national and international journal and conference proceeding. He has also 

visited Sri Lanka and Thailand in 2006. His research interest includes Digital 

Watermarking, Image Processing, Database; Programming, etc. He has over 

12 years of teaching experience and good programming skill.  

 

 

 

 

Prof. K. N. Rai is an Emeritus Professor of Indian 

Institute of Technology (Banaras Hindu University) 

since July 2019. Prof. Rai was a former Institute 

Professor of IIT (BHU) from January 2015 to June 

2019 and has achieved HAG scale from August 01, 

2012 to July 31, 2014. Prof. Rai was a former Professor 

of IIT (BHU) from October 1994 to July 2012. Including Mathematical 

Modeling he has an expert of several fields such as Differential Equation, 

Mathematical Methods, Nonlinear Mathematics, Heat and Mass Transfer, 

Bio-transport Process, Moving Boundary Problems, Image Processing, etc.. 

He has 110+ Publications, one published book and three book chapters 

published. Prof. Rai has 47 years of experience in research and academics. 

Under the supervision of him, 19+ researchers have completed their Ph.D.. 

Prof. Rai has achieved an outstanding reviewing award by International 

Journal of Heat and Mass Transfer, Elsevier. He has achieved a reviewing 

certificate by International Journal of Heat and Mass Transfer, Elsevier and 

International Journal of Thermal Science, Elsevier. 

 

 

 

  

Dr. Abhishek Kumar is an Assistant Professor, 

Computer Science at Banaras Hindu University. He is 

Apple Certified Associate, Autodesk Certified & Adobe 

Certified Educator. His research interests is 

Stereoscopy, 3D Animation, Image Processing, VR & 

AR, Multimedia, Game Technology, MOOCs, Graphics & Visual Effects. 

 

 

 

  

Prof. A.N.D. Dwivedi is a Professor, Department of 

Radiology, Institute of Medical Sciences, Banaras 

Hindu University. He did his MBBS in year 2002 and 

did his M.D. in Radiodiagnosis from I.M.S., BHU in 

2007. He has 80+ numerous research publications in 

national and international journal and conference proceeding. His research 

interests is radiodiognosis and medical imaging . 

 


