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Abstract—Remote consultation, surgery, and 
diagnosis can generate a variety of technical 
issues of the image compression for the patients’ 
text and video data because of the communication 
channel requirements. Therefore, various image 
compression algorithms have been developed for 
portable, point-of-care, and mobile medical 
imaging systems. Nowadays, multimodality or 
portable medical instruments have been widely 
used and they have wireless transmission 
capabilities using WiFi or 5G communication 
channels such that image compression 
algorithms are very important to transfer the 
image data quickly and efficiently. Therefore, the 
image compression algorithms and measurement 
parameters are reviewed for medical imaging 
instruments.  
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I.  INTRODUCTION 

Medical imaging instruments are X-ray, computed 
tomography (CT), magnetic resonance imaging (MRI), 
ultrasound, optical coherence tomography (OCT), 
optical imaging, single photon emission computed 
tomography (SPECT), and positron emission 
tomography (PET) [1-5]. They have been widely used 
to monitor a variety of clinical applications such as 
small animal imaging or surgical tools for research or 
human body conditions for diagnosis and treatment in 
the clinics and hospitals [1, 6-13]. X-ray, CT, SPECT, 
and PET are ionized and invasive medical imaging 
instruments [14-19]. However, MRI, OCT, optical 
imaging, and ultrasound are non-ionized, non-
destructive, and non-invasive medical imaging 
instruments [20-27].  

Advanced semiconductor, artificial intelligence, 
deep learning, machine learning, and communication 
technologies could provide medical imaging 
instruments more efficient and powerful diagnosis [28-

35]. These kinds of advanced technology development 
can make patients use less hospital visit and more 
frequent usage for wireless medical services with 
portable devices [36-41]. Therefore, it could be helpful 
to improve the life quality because the patients could 
reduce medical expenses. 

In the hospitals, picture archive communication 
system (PACS) can control the image and text data of 
the patients using network servers with their own 
special security algorithms [42]. However, remote-
consultation, surgery, and diagnosis have been used 
between the patients and medical doctors working 
remotely using personnel computers or cellular phones 
through communication channels [43, 44]. Therefore, 
image compression issues have been generated for 
portable communication machines such as cellular 
phones and tablet personal computers because of 
bandwidth and speed limitation.  

Image compression algorithms are very useful and 
efficient tools because the picture and video data 
obtained from MRI and PET are very large which is up 
to several gigabyte size only for one image data [45, 
46]. However, several image data need to be obtained 
for diagnosis. 

 Nowadays, multimodal medical image instruments 
like PET-CT, PET-MRI, and MRI guided ultrasound 
have been widely used because only one single 
medical image instrument has its own advantages and 
disadvantages [47-51]. For example, the PET has very 
low image quality for structural information. However it 
can provide useful information to detect the cancer 
information [52]. The CT has very high image quality 
for structural and anatomical information [52]. However, 
it cannot provide functional information such as cancer 
information [53, 54]. Therefore, PET-CT are valuable 
to investigate the certain cancer information even 
though they provide very highly invasive medical 
image [55].   

Ultrasound imaging can easily provide video data 
compared to MRI [9, 56, 57]. Ultrasound also can 
detect the sudden temperature changes during surgery 
operations for patients [58, 59]. However, MRI can 
provide very accurate temperature information for 
patient body because MRI can measure  tissue 
magnetic properties, water diffusion, and blood 
oxygenation data simultaneously [60]. For cancer 
treatment using high intensity focused ultrasound 
which we called HIFU, temperature monitoring process 
is very important especially for surgery operation [61]. 
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Therefore, MRI could support such a useful function of 
temperature variances.  

For multimodal image instruments, the hospitals 
might be preferable for accurate diagnosis. However, 
the picture and video data size generated from 
multimodal medical image instruments are much larger 
than only one single medical image instrument [62]. 
Therefore, it is not possible to transmit and receive 
such huge data using current cellular phones and 
tablet personal computers without image compression.  

Compared to other medical imaging instruments, 
ultrasound machines manufactured from several 
medical imaging companies such as Teratech, 
General Electric, Sonosite, Siemens, and MobiSante 
have been developed as portable, point-of-care, or 
mobile type ultrasound image instruments [63-65]. 
Therefore, these instruments can easily transfer 
patient data out of the hospitals or even local clinics; 
portable ultrasound machines have been used to 
diagnose broken arms and shoulders even during the 
sports game and emergency rooms [29, 30, 66]. For 
such situation, the speed to transmit the data and 
receive the diagnosis from the hospitals is very 
important for immediate diagnosis [67]. The multimodal 
imaging instruments or portable medical imaging 
instruments can possibly transfer the patient image 
data through communication channels such as Wi-Fi, 
4G, and 5G communications very quickly [68, 69]. 
Therefore, it is useful to use efficient image 
compression algorithms for medical imaging 
instruments. For these various situations, the image 
compression algorithms for medical imaging 
instruments are more demanding for immediate 
diagnosis [67, 70]. 

Section II describes a variety of image compression 
algorithms for currently developed communication 
systems. In addition, these image compression 
algorithms for medical image instruments and 
evaluation parameters for image compression 
algorithms will be studied. Section III is the conclusion 
of the review paper. 

 

II. MATERIALS AND METHODS 

A. Image Compression Algorithms 

 To use communication channels for transmitting 
the image data remotely, we need to obtain the patient 
image data from the medical image instruments [71-
73]. Fig. 1 describes how to generate compressed 
image files from medical image instruments through 
communication channels [74]. The image instruments 
such as ultrasound, CT, or MRI generate digital 
imaging and communication in medicine (DICOM) 
image files obtained from patients and then, transfer 
these files to communication servers for further 
encoding process [75]. The DICOM is a standard 
image type of transferring the patient image with 
secured digital signature and watermark algorithms [1]. 
Through communication channels such as Wi-Fi or 5G, 

encoded image data are transmitted via air and then, 
received data was decoded to fully recover the original 
image data [76]. This is the fundamental transmission 
process to transfer and receive the image data through 
communication channels [77, 78]. The multimodal 
image instruments need to generate each different 
image so the images need to be combined. 
Additionally, some image processing techniques like 
bandpass filter to improve the image quality could be 
performed before image compression process begins 
[45]. 

A variety of image compression algorithms have 
been developed for communication systems. The joint 
photographic experts group (JPEG), Lempel-Ziv-Welch 
(LZW), portable network graphics (PNG), tagged 
image file format (TIFF), and graphics interchange 
format (GIF) are common image compression file 
types which are widely used in the academic and 
business fields [79]. In the medical imaging 
instruments, independent JPEG Group (IJG), JPEG 
2000, LZW, PNG, GIF, and BMP file format have been 
used. For mammograms and CT instruments, JPEG 
and JPEG 2000 are used [55]. For CT and MRI 
medical imaging instruments, IJG is used [80]. For 
EEG and MRI medical imaging instruments, LZW is 
used [81]. For portable medical ultrasound imaging 
instruments, PNG is used [79].  

 

Fig. 1. Image file transfer with communication channels 

 

Fig. 2 describes procedures for image compression 
and decompression process in detail [82]. The 
compressed image format is converted from DICOM 
file format through computer programs. Original 
DICOM files need to be reduced due to some 
redundant error data [83]. These converted file format 
can be obtained by reducing and mapping the image 
data for processing and quantizing the image data 
[84]. After further encoding process, compressing the 
image data are performed. 

When receiving compressed image data through 
the communication systems in the personal 
computers, personal digital assistants, readers, or 
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tablet computers, need to properly perform decoding 
process using some image processing tools such as 
MATLAB (MathWorks, Natik, USA) or Python (Python 
Software Foundation, Delware, USA) programs in the 
personal computers to obtain the original data [85]. 
However, these several processes could be mixed with 
other unwanted noise or distorted signals, thus 
reducing the image quality [86]. Therefore, additional 
several filtering processes could be performed using 
fast Fourier transforms and inverse fast Fourier 
transforms [87]. In the spectrum domain, we can easily 
improve the image quality by reducing unwanted noise 
or harmonic signal components [88-90]. 

 

Fig. 2. Imge comrpession algorithm with encoding and 
decoding prcoess 

 

B. Measurement parameters for Image 
Compression  

There are several measurement parameters to 
estimate image compression quality. However, 
compression ratio, peak signal-to-noise ratio (PSNR), 
structural similarity index (SSIM), and mean square 
error (MSE) are commonly used [91]. First, the 
compression ratio can be obtained by dividing the 
original image file size by compressed image file size 
[79]. The image file size reduction is very useful to 
reduce burden of the occupied bandwidths for high-
speed communication systems [92]. Therefore, 
compression ratio of the image data is important to 
evaluate the image compression algorithms in the 
communication systems. The DICOM files have no 
compressed image data so they have 100% image 
quality compared to compressed image data [83]. 
However, wireless or portable communication 
instruments have their own occupied bandwidth and 
speed limitation [93]. Therefore, compressed image 
data need to be used instead of DICOM files which 
have 100% image quality. 

 The PSNR parameter is the ratio of the maximum 
signal power of the image data to the noise power of 
the image data at center frequency [94]. The signal 
power of the image data should be higher than noise 
power of the image data. Otherwise, the image cannot 
be observed in the computer. The compressed images 
are supposed to have low noise signals so higher 

PSNR parameter is always desirable [95]. For 
communication systems, PSNR parameter has been 
used to estimate how much compressed image file is 
corrupted [55]. 

SSIM parameter is a kind of measurement 
parameter to show how much the compressed image 
data is similar to the original image data [96]. Higher 
SSIM parameter is also desirable for compressed 
image [97]. Therefore, SSIM is used to compare the 
original image data and compressed image data and 
indicate how much images are similar each other. 

MSE parameter is the measurement parameter to 
show how much the pixel value differences between 
the compressed and original image data [98]. Lower 
MSE parameter is also desirable for compressed 
images. After processing compressed image data, 
some image data could be lost so lower MSE 
parameter needs to be important.  

For each different image quality used in the medical 
imaging instruments, several measurement 
parameters such as compression ratio, PSNR, SSIM, 
and MSE need to be estimated because each different 
communication systems has its own occupied physical 
hard disk space, speed, and bandwidth limitations. 
However, most of image quality has reached up to 
maximum of 80% after image compression process 
performed [99]. Otherwise, the image quality for 
medical instruments for diagnosis and treatment is 
hard to be predicted. Developed algorithms have their 
own advantages and disadvantages for each different 
parameter. These measurement parameters are also 
related with axial and lateral image resolutions [100-
106]. The image resolutions are very crucial for 
diagnosis and treatment. Therefore, image 
compression results for different image systems need 
to be evaluated. 

III. CONCLUSION 

The various medical imaging data with enhanced 
imaging compression algorithm is essential for current 
medical imaging systems. The multimodal, point-of-
care, and portable medical imaging instruments 
possibly have a chance to transmit and receive the 
patient data through communication channels using 
high speed WiFi or 5G communication channels. Due 
to fast wireless internet technologies with remote 
diagnosis and treatment capabilities could be possibly 
applied to medical imaging instruments. Therefore, this 
review of the currently developed algorithms for 
medical imaging instruments could be helpful to 
develop the remote consultation, surgery, and 
diagnosis.  

To evaluate the developed image compression 
algorithms, several measurement parameters such as 
compression ratio, PSNR, SSIM, and MSE need to be 
evaluated for wireless communication system 
requirements. The compression ratio is valuable to 
reduce the file size because of the limited bandwidth 
for current communication systems such that the 
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transmission time could be reduced. The transmission 
time is crucial for high speed communication systems. 
The PSNR parameter is very important to estimate 
how much the original image data is distorted or 
corrupted after the image compression process. The 
SSIM is useful how much the compressed image data 
after transmission is similar to the original image data 
before transmission. The MSE is the parameter to 
show how much the pixel value differences between 
the compressed image and original image data. These 
measurement parameters are also related with axial 
and lateral image resolutions. Therefore, developed 
image compression techniques need to be evaluated 
using several measurement parameters before 
integrating with medical imaging instruments. 

 

ACKNOWLEDGMENT  

This research was supported by Kumoh National 
Institute of Technology (202001570001). 

 

REFERENCES 

[1] W. R. Hendee and E. R. Ritenour, Medical Imaging 

Physics. Hoboken, NJ, USA: John Wiley & Sons, 

2003. 

[2] M. N. Ullah, Y. Park, G. B. Kim, C. Kim, C. Park, H. 

Choi, and J.-Y. Yeom, "Simultaneous Acquisition of 

Ultrasound and Gamma Signals with a Single-

Channel Readout," Sensors, vol. 21, no. 4, p. 1048, 

2021. 

[3] R. B. A. Zawawi, H. Choi, and J. Kim, "High-PSRR 

Wide-Range Supply-Independent CMOS Voltage 

Reference for Retinal Prosthetic Systems," 

Electronics, vol. 9, no. 12, p. 2028, 2020. 

[4] J. Kim, K. S. Kim, and H. Choi, "Development of a 

low-cost six-axis alignment instrument for flexible 

2D and 3D ultrasonic probes," (in eng), Technol. 

Health Care, vol. 29, no. S1, pp. 77-84, 2021. 

[5] H. Choi, S.-w. Choe, and J. Ryu, "Optical Design of 

a Novel Collimator System with a Variable Virtual-

Object Distance for an Inspection Instrument of 

Mobile Phone Camera Optics," Applied Sciences, 

vol. 11, no. 8, p. 3350, 2021. 

[6] Y. Ma, Y. Yang, Z. He, K. Yang, C. Sun, and Y. 

Wang, "Theoretical and practical solutions for high-

order superdirectivity of circular sensor arrays," 

IEEE Trans. Ind. Electron., vol. 60, no. 1, pp. 203-

209, 2013. 

[7] T. Zhang, J. Ou-Yang, X. Yang, W. Wei, and B. Zhu, 

"High Performance KNN-Based Single Crystal Thick 

Film for Ultrasound Application," Electron. Mater. 

Lett., vol. 15, no. 1, pp. 1-6, 2019. 

[8] B. Zhu, C. Fei, C. Wang, Y. Zhu, X. Yang, H. Zheng, 

Q. Zhou, and K. K. Shung, "Self-focused AlScN film 

ultrasound transducer for individual cell 

manipulation," ACS Sens., vol. 2, no. 1, pp. 172-177, 

2017. 

[9] Q. Weibao, Y. Yanyan, T. Fu Keung, and S. Lei, "A 

multifunctional, reconfigurable pulse generator for 

high-frequency ultrasound imaging," IEEE Trans. 

Ultrason. Ferroelectr. Freq. Control, vol. 59, no. 7, 

pp. 1558-1567, 2012. 

[10] H. Choi, X. Li, S.-T. Lau, C. Hu, Q. Zhou, and K. K. 

Shung, "Development of Integrated Preamplifier for 

High-Frequency Ultrasonic Transducers and Low-

Power Handheld Receiver," IEEE Trans. Ultrason. 

Ferroelectr. Freq. Control, vol. 58, no. 12, pp. 2646-

2658, 2011. 

[11] J. Kim, K. You, S.-H. Choe, and H. Choi, "Wireless 

Ultrasound Surgical System with Enhanced Power 

and Amplitude Performances," Sensors, vol. 20, no. 

15, p. 4165, 2020. 

[12] J. Kim, K. Kim, S.-H. Choe, and H. Choi, 

"Development of an Accurate Resonant Frequency 

Controlled Wire Ultrasound Surgical Instrument," 

Sensors, vol. 20, no. 11, p. 3059, 2020. 

[13] H. Kang, H. Choi, and J. Kim, "Ambient Light 

Rejection Integrated Circuit for Autonomous 

Adaptation on a Sub-Retinal Prosthetic System," 

Sensors, vol. 21, no. 16, p. 5638, 2021. 

[14] P. Strojnik and P. H. Peckham, The Biomedical 

Engineering Handbook. Boca Raton, FL, USA: CRC 

Press, 2000. 

[15] H. Choi and K. K. Shung, "Novel power MOSFET-

based expander for high frequency ultrasound 

systems," Ultrasonics, vol. 54, no. 1, pp. 121-130, 1// 

2014. 

[16] M. Ullah, E. Pratiwi, J. Park, K. Lee, H. Choi, and J. 

Yeom, "Wavelength discrimination (WLD) TOF-

PET detector with DOI information," Phys. Med. 

Biol., vol. 65, no. 5, p. 055003, 2019. 

[17] J. Yun, H. Choi, and J. Kim, "Low-noise wide-

bandwidth DNA readout instrument for nanopore 

applications," Electron. Lett., vol. 53, no. 11, pp. 

706-708, 2017. 

[18] H. Choi and S.-w. Choe, "Acoustic Stimulation by 

Shunt-Diode Pre-Linearizer Using Very High 

Frequency Piezoelectric Transducer for Cancer 

Therapeutics," Sensors, vol. 19, no. 2, p. 357, 2019. 

[19] S. Chee, J. Ryu, and H. Choi, "New Optical Design 

Method of Floating Type Collimator for Microscopic 

Camera Inspection," Applied Sciences, vol. 11, no. 

13, p. 6203, 2021. 

[20] C. R. Hill, J. C. Bamber, and G. t. Haar, Physical 

Principles of Medical Ultrasonics. Hoboken, NJ, 

USA: Wiley Online Library, 2004. 

[21] B. Zhu, Y. Zhu, J. Yang, J. Ou-Yang, X. Yang, Y. Li, 

and W. Wei, "New potassium sodium niobate single 

crystal with thickness-independent high-performance 

for photoacoustic angiography of atherosclerotic 

lesion," Sci. Rep., vol. 6, p. 39679, 2016. 

[22] B. Zhu, N. Y. Chan, J. Dai, K. K. Shung, S. 

Takeuchi, and Q. Zhou, "New fabrication of high-

frequency (100-MHz) ultrasound PZT film kerfless 

linear array " IEEE Trans. Ultrason. Ferroelectr. 

Freq. Control, vol. 60, no. 4, pp. 854-857, 2013. 

[23] H. Choi and K. K. Shung, "Crossed SMPS MOSFET-

based protection circuit for high frequency ultrasound 

transceivers and transducers," Biomed. Eng. Online, 

vol. 13, no. 1, p. 76, 2014. 

[24] H. Choi, Y. J. Ju, J. H. Jo, and J.-M. Ryu, "Chromatic 

aberration free reflective mirror-based optical system 

design for multispectral photoacoustic instruments," 

Technol. Health Care, vol. 27, no. S1, pp. 397-406, 

2019. 

[25] H. Choi, J. Jo, J.-M. Ryu, and J.-Y. Yeom, 

"Ultrawide-angle optical system design for light-

http://www.jmest.org/


Journal of Multidisciplinary Engineering Science and Technology (JMEST) 

ISSN: 2458-9403 

Vol. 9 Issue 1, January - 2022  

www.jmest.org 

JMESTN42353957 14927 

emitting-diode-based ophthalmology and 

dermatology applications," Technol. Health Care, 

vol. 27, no. S1, pp. 133-142, 2019. 

[26] H. Choi, J.-Y. Jo, and J.-M. Ryu, "A Novel Focal 

Length Measurement Method for Center-Obstructed 

Omni-Directional Reflective Optical Systems," Appl. 

Sci., vol. 9, no. 11, p. 2350, 2019. 

[27] S. H. Seo, J. M. Ryu, and H. Choi, "Focus-Adjustable 

Head Mounted Display with Off-Axis System," 

Applied Sciences, vol. 10, no. 21, p. 7931, 2020. 

[28] C.-Y. Roh and S. Kim, "Medical innovation and 

social externality," J. Open Innov. Technol. Market 

Complex., vol. 3, no. 1, p. 3, 2017. 

[29] K. You, S.-H. Kim, and H. Choi, "A Class-J Power 

Amplifier Implementation for Ultrasound Device 

Applications," Sensors, vol. 20, no. 8, p. 2273, 2020. 

[30] K. You and H. Choi, "Wide Bandwidth Class-S 

Power Amplifiers for Ultrasonic Devices," Sensors, 

vol. 20, no. 1, p. 290, 2020. 

[31] H. Choi, H.-C. Yang, and K. K. Shung, "Bipolar-

power-transistor-based limiter for high frequency 

ultrasound imaging systems," Ultrasonics, vol. 54, 

no. 3, pp. 754-758, 2014. 

[32] J. Kim, K. You, and H. Choi, "Post-Voltage-Boost 

Circuit-Supported Single-Ended Class-B Amplifier 

for Piezoelectric Transducer Applications," Sensors, 

vol. 20, no. 18, p. 5412, 2020. 

[33] H. Choi, "Development of negative-group-delay 

circuit for high-frequency ultrasonic transducer 

applications," Sens. Actuators, A, vol. 299, p. 

111616, 2019. 

[34] H. Choi, J. J. Jeong, and J. Kim, "Development of an 

Estimation Instrument of Acoustic Lens Properties 

for Medical Ultrasound Transducers," J. Healthcare 

Eng., no. Sup1, p. 7, 2017. 

[35] H. Choi, C. Park, J. Kim, and H. Jung, "Bias-Voltage 

Stabilizer for HVHF Amplifiers in VHF Pulse-Echo 

Measurement Systems," Sensors, vol. 17, no. 10, p. 

2425, 2017. 

[36] H. Choi, "Class-C Linearized Amplifier for Portable 

Ultrasound Instruments," Sensors, vol. 19, no. 4, p. 

898, 2019. 

[37] K. You and H. Choi, "Inter-Stage Output Voltage 

Amplitude Improvement Circuit Integrated with 

Class-B Transmit Voltage Amplifier for Mobile 

Ultrasound Machines," Sensors, vol. 20, no. 21, p. 

6244, 2020. 

[38] K. Kim and H. Choi, "Novel Bandwidth Expander 

Supported Power Amplifier for Wideband Ultrasound 

Transducer Devices," Sensors, vol. 21, no. 7, p. 2356, 

2021. 

[39] K. Kim and H. Choi, "High-efficiency high-voltage 

class F amplifier for high-frequency wireless 

ultrasound systems," PLOS ONE, vol. 16, no. 3, p. 

e0249034, 2021. 

[40] J. Kim, J. Ko, H. Choi, and H. Kim, "Printed Circuit 

Board Defect Detection Using Deep Learning via A 

Skip-Connected Convolutional Autoencoder," 

Sensors, vol. 21, no. 15, p. 4968, 2021. 

[41] R. B. A. Zawawi, H. Choi, and J. Kim, "High PSRR 

Wide Supply Range Dual-Voltage Reference Circuit 

for Bio-Implantable Applications," Electronics, vol. 

10, no. 16, p. 2024, 2021. 

[42] M. Postema, Fundamentals of Medical Ultrasound. 

New York, NJ, USA: Taylor and Francis, 2011. 

[43] J. T. Bushberg and J. M. Boone, The Essential 

Physics of Medical Imaging. Philadelphia, PA, USA: 

Lippincott Williams & Wilkins, 2011. 

[44] H. Choi, "Development of a Class-C Power 

Amplifier with Diode Expander Architecture for 

Point-of-Care Ultrasound Systems," Micromachines, 

vol. 10, no. 10, p. 697, 2019. 

[45] K. K. Shung, M. Smith, and B. M. Tsui, Principles of 

Medical Imaging. Cambridge, MA, USA: Academic 

Press, 2012. 

[46] H. Choi, J. M. Ryu, and J. H. Kim, "Tolerance 

Analysis of Focus-adjustable Head-mounted 

Displays," Curr. Op. Photon, vol. 1, no. 5, pp. 474-

490, 2017. 

[47] P. John, Oral Medicine. London, UK: JP Medical 

Publishers, 2014. 

[48] H. Choi, J.-Y. Yeom, and J.-M. Ryu, "Development 

of a Multiwavelength Visible-Range-Supported 

Opto–Ultrasound Instrument Using a Light-Emitting 

Diode and Ultrasound Transducer," Sensors, vol. 18, 

no. 10, p. 3324, 2018. 

[49] H. Choi, J.-M. Ryu, and S.-w. Choe, "A novel 

therapeutic instrument using an ultrasound-light-

emitting diode with an adjustable telephoto lens for 

suppression of tumor cell proliferation," 

Measurement, vol. 147, p. 106865, 2019. 

[50] J. H. Jo, S. Lee, H. J. Seo, J. H. Lee, and J. M. Kim, 

"Design of omnidirectional camera lens system with 

catadioptic system," in SPIE Optical Metrology, 

2013, pp. 87882Q-87882Q-7: International Society 

for Optics and Photonics. 

[51] H. Choi, J. Ryu, and J.-Y. Yeom, "A Cost-effective 

Light Emitting Diode-acoustic System for Preclinical 

Ocular Applications," Curr. Op. Photon, vol. 2, no. 1, 

pp. 59-68, 2018. 

[52] M. Perez-Liva, T. Viel, T. Yoganathan, A. 

Garofalakis, J. Sourdon, C. Facchin, M. Tanter, J. 

Provost, and B. Tavitian, "Performance evaluation of 

the PET component of a hybrid PET/CT-ultrafast 

ultrasound imaging instrument," Phys. Med. Biol., 

vol. 63, no. 19, p. 19NT01, 2018. 

[53] J. J. Jeong and H. Choi, "An impedance measurement 

system for piezoelectric array element transducers," 

Measurement, vol. 97, pp. 138-144, 2017. 

[54] H. Choi and J.-M. Ryu, "Photo-Acoustic 

Applications Using a Highly Focused Macro Lens," 

J. Med. Imaging Health Inf., vol. 7, no. 1, pp. 25-29, 

2017. 

[55] L. F. R. Lucas, N. M. M. Rodrigues, L. A. d. S. Cruz, 

and S. M. M. d. Faria, "Lossless Compression of 

Medical Images Using 3-D Predictors," IEEE Trans. 

Med. Imaging, vol. 36, no. 11, pp. 2250-2260, 2017. 

[56] Z. He, "Optimization of acoustic emitted field of 

transducer array for ultrasound imaging," Bio-Med. 

Mater. Eng., vol. 24, no. 1, p. 1201, 2014. 

[57] U. Jung and H. Choi, "Active echo signals and image 

optimization techniques via software filter correction 

of ultrasound system," Applied Acoustics, vol. 188, p. 

108519, 2022. 

[58] X. Wang, V. Seetohul, R. Chen, Z. Zhang, M. Qian, 

Z. Shi, G. Yang, P. Mu, C. Wang, Z. Huang, Q. 

Zhou, H. Zheng, S. Cochran, and W. Qiu, 

"Development of a Mechanical Scanning Device 

With High-Frequency Ultrasound Transducer for 

http://www.jmest.org/


Journal of Multidisciplinary Engineering Science and Technology (JMEST) 

ISSN: 2458-9403 

Vol. 9 Issue 1, January - 2022  

www.jmest.org 

JMESTN42353957 14928 

Ultrasonic Capsule Endoscopy," IEEE Trans. Med. 

Imaging, vol. 36, no. 9, pp. 1922-1929, 2017. 

[59] S.-w. Choe and H. Choi, "Suppression Technique of 

HeLa Cell Proliferation Using Ultrasonic Power 

Amplifiers Integrated with a Series-Diode 

Linearizer," Sensors, vol. 18, no. 12, p. 4248, 2018. 

[60] F. A. Jolesz, "MRI-guided focused ultrasound 

surgery," Annu. Rev. Med., vol. 60, pp. 417-430, 

2009. 

[61] K. Hynynen, "MRI-guided focused ultrasound 

treatments," Ultrasonics, vol. 50, no. 2, pp. 221-229, 

2010. 

[62] L. V. Wang, Photoacoustic Imaging and 

Spectroscopy. Boca Raton, FL, USA: CRC press, 

2009. 

[63] Q. Zhou, K. H. Lam, H. Zheng, W. Qiu, and K. K. 

Shung, "Piezoelectric single crystal ultrasonic 

transducers for biomedical applications," Prog. 

Mater Sci., vol. 66, pp. 87-111, 2014. 

[64] B. Zhu, J. Xu, Y. Li, T. Wang, K. Xiong, C. Lee, X. 

Yang, M. Shiiba, S. Takeuchi, and Q. Zhou, "Micro-

particle manipulation by single beam acoustic 

tweezers based on hydrothermal PZT thick film," AIP 

Adv., vol. 6, no. 3, p. 035102, 2016. 

[65] H. Choi, "Stacked Transistor Bias Circuit of Class-B 

Amplifier for Portable Ultrasound Systems," Sensors, 

vol. 19, no. 23, p. 5252, 2019. 

[66] R. B. A. Zawawi, W. H. Abbasi, S.-H. Kim, H. Choi, 

and J. Kim, "Wide-Supply-Voltage-Range CMOS 

Bandgap Reference for In Vivo Wireless Power 

Telemetry," Energies, vol. 13, no. 11, p. 2986, 2020. 

[67] W. Qiu, C. Wang, Y. Li, J. Zhou, G. Yang, Y. Xiao, 

G. Feng, Q. Jin, P. Mu, M. Qian, and H. Zheng, "A 

scanning-mode 2D shear wave imaging (s2D-SWI) 

system for ultrasound elastography," Ultrasonics, 

vol. 62, pp. 89-96, 2015. 

[68] M. K. Kazimierczuk, RF Power Amplifier. Hoboken, 

NJ, USA: John Wiley & Sons, 2014. 

[69] K. Kim and H. Choi, "A New Approach to Power 

Efficiency Improvement of Ultrasonic Transmitters 

via a Dynamic Bias Technique," Sensors, vol. 21, no. 

8, p. 2795, 2021. 

[70] J. Cheon, D. Lee, and H. Choi, "A CMOS Image 

Sensor with a Novel Passive Pixel Array and High 

Precision Current Amplifier for a Compact Digital X-

ray Detector," J. Med. Imaging. Health. Inf., vol. 10, 

no. 11, pp. 2745-2753, 2020. 

[71] A. Mosenia, S.-K. S, A. Raghunathan, and N. Jha, 

"Wearable Medical Sensor-based System Design: A 

Survey," IEEE Trans. Multi-Scale Comput. Syst., vol. 

3, no. 2, pp. 124-138, 2017. 

[72] H. Choi and K. K. Shung, "Protection circuits for 

very high frequency ultrasound systems," J. Med. 

Syst., vol. 38, no. 4, p. 34, 2014. 

[73] H. Riaz, J. Park, H. Choi, H. Kim, and J. Kim, "Deep 

and Densely Connected Networks for Classification 

of Diabetic Retinopathy," Diagnostics, vol. 10, no. 1, 

p. 24, 2020. 

[74] H. Choi, C. Yoon, and S.-H. Shin, "Development of a 

Novel Image Compression Algorithm for Point-of-

Care Ultrasound Applications," J. Med. Imaging 

Health Inf., vol. 8, no. 7, pp. 1526-1531, 2018. 

[75] J. C. Russ, The Image Processing Handbook. Boca 

Raton, FL: CRC press, 2016. 

[76] J. L. Su, B. Wang, K. E. Wilson, C. L. Bayer, Y.-S. 

Chen, S. Kim, K. A. Homan, and S. Y. Emelianov, 

"Advances in Clinical and Biomedical Applications 

of Photoacoustic Imaging," Expert opinion on 

medical diagnostics, vol. 4, no. 6, pp. 497-510, 2010. 

[77] P. Kishore, N. Venkatram, C. Sarvya, and L. Reddy, 

"Medical image watermarking using RSA encryption 

in wavelet domain," in 2014 First International IEEE 

Conference on Networks & Soft Computing (ICNSC), 

, 2014, pp. 258-262. 

[78] H. Choi, M. Qian, M. G. Kim, H. Zheng, H. K. Choi, 

B. Zhang, and K. K. Shung, "Analog Wideband 

Receiver Architecture for High Frequency 

Ultrasound Instrumentation," J. Med. Imaging Health 

Inf., vol. 6, no. 1, pp. 47-52, 2016. 

[79] L. Qiao, Y. Li, X. Chen, S. Yang, P. Gao, H. Liu, Z. 

Feng, Y. Nian, and M. Qiu, "Medical high-resolution 

image sharing and electronic whiteboard system: a 

pure-web-based system for accessing and discussing 

lossless original images in telemedicine," Comput. 

Methods Programs Biomed., vol. 121, no. 2, pp. 77-

91, 2015. 

[80] S. K. Thompson, J. D. Hazle, D. F. Schomer, A. A. 

Elekes, D. A. Johnston, J. Huffman, and C. K. Chui, 

"Performance analysis of a new semiorthogonal 

spline wavelet compression algorithm for tonal 

medical images," Medical Physics, vol. 27, no. 2, pp. 

276-288, 2000. 

[81] G. Badshah, S.-C. Liew, J. M. Zain, and M. Ali, 

"Watermark compression in medical image 

watermarking using Lempel-Ziv-Welch (LZW) 

lossless compression technique," J. Digital Imaging, 

vol. 29, no. 2, pp. 216-225, 2016. 

[82] S.-H. Shin and H. Choi, "Image Formation 

Technique Using Advanced Matrix Pattern in Fourier 

Transform for Medical Ultrasound Machine," J. Med. 

Imaging. Health. Inf., vol. 9, no. 9, pp. 1950-1954, 

2019. 

[83] L. O. M. Kobayashi, S. S. Furuie, and P. S. L. M. 

Barreto, "Providing integrity and authenticity in 

DICOM images: a novel approach," IEEE Trans. Inf. 

Technol. Biomed., vol. 13, no. 4, pp. 582-589, 2009. 

[84] F. Tranquart, N. Grenier, V. Eder, and L. Pourcelot, 

"Clinical use of ultrasound tissue harmonic imaging," 

Ultrasound Med. Biol., vol. 25, no. 6, pp. 889-894, 

1999. 

[85] N. B. Smith and A. Webb, Introduction to Medical 

Imaging: Physics, Engineering and Clinical 

Applications. Cambridge, United Kingdom: 

Cambridge university press, 2010. 

[86] B. Wang, J. L. Su, A. B. Karpiouk, K. V. Sokolov, R. 

W. Smalling, and S. Y. Emelianov, "Intravascular 

Photoacoustic Imaging," IEEE J. Quantum Electron., 

vol. 16, no. 3, pp. 588-599, 2010. 

[87] W. Xia, M. Kuniyil Ajith Singh, E. Maneas, N. Sato, 

Y. Shigeta, T. Agano, S. Ourselin, S. J West, and A. 

E Desjardins, "Handheld real-time LED-based 

photoacoustic and ultrasound imaging system for 

accurate visualization of clinical metal needles and 

superficial vasculature to guide minimally invasive 

procedures," Sensors, vol. 18, no. 5, p. 1394, 2018. 

[88] H. Choi and S.-w. Choe, "Therapeutic Effect 

Enhancement by Dual-bias High-voltage Circuit of 

Transmit Amplifier for Immersion Ultrasound 

http://www.jmest.org/


Journal of Multidisciplinary Engineering Science and Technology (JMEST) 

ISSN: 2458-9403 

Vol. 9 Issue 1, January - 2022  

www.jmest.org 

JMESTN42353957 14929 

Transducer Applications," Sensors, vol. 18, no. 12, p. 

4210, 2018. 

[89] H. Jung, R. Wodnicki, H. G. Lim, C. W. Yoon, B. J. 

Kang, C. Yoon, C. Lee, J. Y. Hwang, H. H. Kim, and 

H. Choi, "CMOS High-Voltage Analog 1–64 

Multiplexer/Demultiplexer for Integrated Ultrasound 

Guided Breast Needle Biopsy," IEEE Trans. 

Ultrason. Ferroelectr. Freq. Control, vol. 65, no. 8, 

pp. 1334-1345, 2018. 

[90] H. Choi, P. C. Woo, J.-Y. Yeom, and C. Yoon, 

"Power MOSFET Linearizer of a High-Voltage 

Power Amplifier for High-Frequency Pulse-Echo 

Instrumentation," Sensors, vol. 17, no. 4, p. 764, 

2017. 

[91] S.-H. Shin, W. Sok Yoo, and H. Choi, "Development 

of modified RSA algorithm using fixed mersenne 

prime numbers for medical ultrasound imaging 

instrumentation," Comput. Assisted Surg., pp. 1-6, 

08/14 2019. 

[92] J. M. Daniels and R. A. Hoppmann, Practical Point-

of-care Medical Ultrasound. New York, NJ, USA: 

Springer, 2016. 

[93] S. C. Cripps, RF Power Amplifiers for Wireless 

Communications. Norwood, MA, USA: Artech 

House, 2006. 

[94] R. M. Slone, E. Muka, and T. K. Pilgram, 

"Irreversible JPEG compression of digital chest 

radiographs for primary interpretation: assessment of 

visually lossless threshold," Radiology, vol. 228, no. 

2, pp. 425-429, 2003. 

[95] G. Mehta, M. K. Dutta, and P. S. Kim, "An Efficient 

and Lossless Cryptosystem for Security in Tele-

Ophthalmology Applications Using Chaotic Theory," 

Ophthalmology: Breakthroughs in Research and 

Practice: Breakthroughs in Research and Practice, p. 

189, 2018. 

[96] A. J. I. Barbhuiya, T. A. Laskar, and K. 

Hemachandran, "An approach for color image 

compression of JPEG and PNG images using DCT 

and DWT," in Computational Intelligence and 

Communication Networks (CICN), 2014 

International Conference on, 2014, pp. 129-133: 

IEEE. 

[97] J. C. Patra, J. E. Phua, and C. Bornand, "A novel 

DCT domain CRT-based watermarking scheme for 

image authentication surviving JPEG compression," 

Digital Signal Process. , vol. 20, no. 6, pp. 1597-

1611, 2010. 

[98] E. Göçeri and A. Yaldır, "Developing an Image 

Processing Application on Compression and Filtering 

of Multidimensional Medical Images," in 

International Conference on Integrated Design and 

Process Technology,(IDPT-2007), Antalya, Turk, 

2007, pp. 36-40. 

[99] X. Xu, H. Venkataraman, S. Oswal, E. Bartolome, 

and K. Vasanth, "Challenges and considerations of 

analog front-ends design for portable ultrasound 

systems," in IEEE Int. Ultrason. Symp., 2010, pp. 

310-313: IEEE. 

[100] J. S. Suri, C. Kathuria, R.-F. Chang, F. Molinar, and 

A. Fenster, Advances in Diagnostic and Therapeutic 

Ultrasound Imaging. Norwood, MA, USA: Artech 

House, 2008. 

[101] Z. He, F. Zheng, Y. Ma, H. H. Kim, Q. Zhou, and K. 

K. Shung, "A sidelobe suppressing near-field 

beamforming approach for ultrasound array 

imaging," J. Acoust. Soc. Am., vol. 137, no. 5, pp. 

2785-2790, 2015. 

[102] H. Choi, M. Kim, T. Cumins, J. Hwang, and K. 

Shung, "Power MOSFET-diode-based limiter for 

high frequency ultrasound systems," Ultrason. 

Imaging, vol. 37, no. 1, pp. NP1-NP1, 2015. 

[103] H. Choi, H. Jung, and K. K. Shung, "Power 

Amplifier Linearizer for High Frequency Medical 

Ultrasound Applications," J. Med. Biol. Eng., pp. 1-

10, 2015. 

[104] H. Choi, C. Yoon, and J.-Y. Yeom, "A Wideband 

High-Voltage Power Amplifier Post-Linearizer for 

Medical Ultrasound Transducers," Appl. Sci., vol. 7, 

no. 4, p. 354, 2017. 

[105] H. Choi, J.-M. Ryu, and J.-Y. Yeom, "Development 

of a Double-Gauss Lens Based Setup for 

Optoacoustic Applications," Sensors, vol. 17, no. 3, 

p. 496, 2017. 

[106] H. Choi, J. Park, W. Lim, and Y.-M. Yang, "Active-

beacon-based driver sound separation system for 

autonomous vehicle applications," Appl. Acoust., vol. 

171, p. 107549, 2021. 

 

http://www.jmest.org/

