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Abstract—Portable ultrasound, sonography, medical 

imaging, point-of-care devices, embedded systems. 

There is increasing demand and interest for rapid, 

affordable and accessible diagnostics. This accelerated 

the development and application of portable sonography 

machines at the point-of-care (POC). Normally, 

ultrasound machines are bulky and only used inside 

hospitals, but portable machines are light, small, and 

provide imaging in real-time in many environments 

(rural clinics, emergency care, and disaster relief). The 

paper examines the engineering design features of 

portable sonography machines including transducer 

technology, signal processing, low-power operation, and 

inclusion of multiple digital platforms, including 

smartphones and the cloud for diagnostics. The paper 

discusses many technical aspects including the 

difficulties with image resolution and detection of 

signals; occurrences of minaturization and cost-effective 

options; and issues with regulatory validation. Lastly, the 

paper discusses promising future applications including 

the digital technology including artificial intelligence 

(AI), telemedicine with wireless data transfer, and the 

role of new materials and systems to improve 

performance. While addressing issues of today with 

future possibilities, portable sonography machines may 

convert the landscape of POC diagnostics, mitigate 

disparities, and allow for the early diagnosis of diseases 

and conditions in many environments. 
 

Index Terms—Portable ultrasound, sonography, medical 

imaging, point-of-care devices, embedded systems. 

 

I. INTRODUCTION 

 

 Medical imaging is a fundamental technique in 

modern medicine that facilitates diagnosis, treatment 

planning, and disease progression surveillance. 

Among the many medical imaging modalities, 

ultrasound has emerged as an increasingly popular tool 

because of its non-invasive approach, real-time 

imaging, and absence of ionizing radiation. Despite its 

presence in clinical practice for decades, many 

ultrasound devices are bulky, expensive, and used 

solely in a clinic or specialized hospital settings. For 

these reasons, ultrasound machines have been 

unavailable in most rural communities, resource-

limited settings, or emergency environments. In 

addition, increases in global need (ex, POC 

diagnostics) has placed enormous pressure on the 

perceptual process to improve size and portability of 

imaging systems. Portable appliances containing 

ultrasound components represent development in this 

area of need, providing a small, lightweight, and 

affordable diagnostic device to patients and 

practitioners practicing outside of an official clinic 

environment. Portable ultrasound devices can offer 

life-saving interventions in the emergency medicine, 

maternal and fetal health, critical care, military 

medicine, and disaster relief compartments of 

healthcare delivery where lapses in diagnosis may 

result in significant negative outcomes. A technical 

perspective of the existing engineering design process 

of portable devices highlights many competing 

perspectives including the miniaturization of a 

transducer, low-power consumption electronic design, 

efficient signal processing, user-friendliness, and 

connectivity capabilities for data sharing and 

telemedicine. Additionally, issues with low-resolution 

images, battery life, price, and compliance with 

medical and technical regulatory processes will remain 

many of the key barriers for mass uptake of portable 

technology into clinical practice. This paper aims to 
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address the engineering design considerations and 

existing limitations, and future considerations related 

to portable ultrasound devices for POC diagnostics. 

Additionally, the review will examine hardware and 

software innovations and emergent application of 

system-based ultrasound technologies like AI-assisted 

image analyses and cloud-enabled telehealth to 

illustrate the implications that portable ultrasound 

technology may have on the future of health and health 

care.  

II. LITERATURE REVIEW 

 

Research into the development of portable sonography 

machines has persisted for the last three decades, 

mainly through the organizations and clinical need for 

accessible, real-time diagnostic technology in the field 

and clinical environment. Prior to the late 1990s, 

ultrasound systems consisted of large cart-based 

machines that were limited to hospital use and 

therefore not accessible in resource-challenged 

environments [1], [2]. The advent of portable 

ultrasound scanners in the late 1990s put ultrasound 

devices closer in size to a laptop which increased 

access to ultrasound imaging capabilities for bedside 

care and in emergent situations [3]. The arrival of 

handheld ultrasound devices such as the GE Vscan and 

Philips Lumify in the 2010s changed point-of-care 

diagnostics by placing ultrasound imaging tools in the 

clinician's pocket and directly available at the patient's 

side [4], [5]. 

The state of transducer technology has been a critical 

component in facilitating this change. The 

piezoelectric transducers that traditionally defined 

ultrasound imaging [6] used bulky and power-hungry 

piezoelectric transducers. However, the replacement 

transducers could come in the form of capacitive 

micromachined ultrasonic transducers (CMUTS) or 

polymer-based transducers that are capable of being 

small, low power, and compatible with CMOS 

circuitry [7]– [9]. The resulting benefits of transducer 

advancements have been to decrease the overall size 

of the device, and increase capability to blend with 

digital electronics, which greatly advances the 

possibility of existing portable imaging systems [10], 

[11]. 

Another preliminary area of study has been power 

optimization. Portable ultrasound systems utilize 

batteries and require electronic architectures that 

maximize efficiency to operate at reliable levels 

without sacrificing the benefit of portability. Studies 

have discussed using low-power ASICs for 

beamforming [12], adaptive power management 

strategies [13], and delegating the computing tasks to 

a smartphone and/or tablet [14], [15]. Together, these 

studies limit energy consumption and cost while 

improving usability in field deployments. 

While significant improvements have been made in 

hardware, ultrasound image quality has continued to 

be a huge barrier in the transition to portable devices 

compared with traditional machines. Signal 

processing developments and novel reconstruction 

algorithms has commenced [16]. Furthermore, 

artificial intelligence (AI) and machine learning 

approaches, have proven beneficial not only for 

augmenting image quality but also for automating 

detection and diagnostic tasks related to cardiac 

dysfunction [17], fetal anomalies [18], and pulmonary 

diseases [19], [20]. AI has been essential in providing 

additional depth to the quality roadmap, allowing 

portable ultrasound to reach levels of diagnostic 

performance relative to larger systems in some 

unexpected cases. 

The range of clinical applications for portable 

sonography has expanded rapidly. Its use in 

emergency medicine has resulted in faster triage and 

assessment as part of the trauma care process [21], and 

in obstetric practice, it has led to improved maternal 

and neonatal outcomes in rural and underserved areas 

[22]. The use of bedside portable ultrasound is also 

increasing in critical care units for the assessment of 

cardiac and lung pathology [23]. The advantages of 

portable ultrasound devices have also found a useful 

application in military medicine allowing for bedside 

imaging in combat zones [24]. During the COVID-19 

pandemic, the use of handheld ultrasound systems 

quickly found acceptance in bedside lung imaging 

aimed at reducing the reliance on radiography and 

patient movement [25]. 

Despite these advances there remain challenges that 

need to be addressed in order to achieve widespread 

adaptation of portable ultrasound into clinical practice. 

As compared to cart-based devices, portable machines 

typically have limited resolution, contrast and depth 

penetration [26]. Cost as a barrier to purchasing 

remains high in low- and middle-income countries 

where the potential for improving healthcare delivery 

is the greatest [27]. Regulatory pathways to approval 

of portable diagnostic devices are inconsistently 
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applied across jurisdictions ultimately leading to slow 

uptake of new technologies [28]. 

For the future, several areas of promise are apparent. 

AI-assisted acquisition plans are being developed to 

help novices collect images that are diagnostically 

appropriate [29]. Integration with telemedicine 

systems allows for consultation and interpretation 

from a distance, as the use of portable ultrasound 

expands into rural and underserved areas [30]. New 

nanomaterials and flexible electronics should produce 

next-gen transducers that are lighter, more efficient, 

and could use different methods to create images [31]. 

All these advancements suggest a future where 

portable ultrasound machines are an essential part of 

the healthcare systems across the world, and 

particularly in point-of-care diagnosis. 

 

III. COMPONENTS AND WORKFLOW 

 

A. System Components 

A typical portable sonography machine has the 

following basic components: 

Transducer Probe: 
 

The transducer performs the action of emitting and 

receiving ultrasound waves. The transducer converts 

electrical signals into high-frequency sound waves and 

conversely. Many modern portable systems utilize 

piezoelectric and CMUT-based transducers [1]. 
 

Central Processing Unit (CPU): 

The CPU interprets the raw echo signals received by 

the transducer and ultimately converts them into an 

interpretable image using various signal processing, 

including beamforming, filtering, and image 

reconstruction. 
 

Display Unit: 

Often an LCD or OLED technology, the display unit 

allows the operator to view the images as they are 

constructed. Touch-enabled displays are becoming 

more common in portable ultrasound devices. 
 

User Interface (UI): 

The UI is the hardware buttons or software-defined 

controls for the operator to manipulate the available 

scanning parameters (for example depth of imaging, 

gain of imaging and) and importantly, mode of 

imaging (for example, B-mode, Doppler). 

 

Power Supply: 

Portable systems often utilize lithium-ion rechargeable 

batteries, which will last for several hours of use on a 

charge. Power management is especially important in 

a field hospital and emergency department scenarios. 
 

Data Storage and Connectivity: 

Most devices offer internal storage (SSD or SD card) 

and also offer connection options for storage or 

sharing of the information via USB, Bluetooth, Wi-Fi, 

and via integration with cloud connectivity to facilitate 

data sharing and telemedicine applications [2]. 

Workflow: The diagnostic workflow of a portable 

ultrasound system at the point of care generally 

consists of the following steps:  
 

Patient Preparation:  

The patient is positioned appropriately depending on 

the area of interest, followed by application of 

coupling gel where appropriate, a liquid that 

maximizes acoustic coupling.  
 

Image Acquisition:  

Once the proper mode (e.g., 2D, Doppler) is selected 

and the transducer properly placed over the area of 

interest, real-time images are generated as reflected 

echoes return to the transducer.  
 

Image Processing and Analysis:  

The CPU will then use algorithms and programs 

embedded in the system to improve the image using 

tools such as noise reduction and edge detection. In 

some systems, trained clinicians may use AI-based 

assistance to assist with anatomical identification or 

recognition of abnormal areas of interest.  
 

Interpretation and Diagnosis:  

Trained clinician interprets the sonographic images at 

point of care to determine next best course of clinical 

action, thus providing timely and often life-saving 

decisions, especially in emergency medicine or remote 

contexts.  
 

Documentation or Data Sharing:  

Images and reports can be stored locally or pushed 

through wireless connectivity to an information 

system for record-keeping purposes, or sent to a 

specialist for consultation and interpretation. 
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IV. SYSTEM ARCHITECTURE 

 

The architecture of a portable sonography device is 

developed with size, energy efficiency, and functional 

imaging in mind at the point of care and at the time 

that you need it. Many hardware and software 

components work together to provide high quality 

imaging in a mobile situation. The system block 

diagram is shown as a simplified diagram in Fig. 1. 

The system architecture for a portable sonography 

COVID-19 essential equipment system consists of 

associated hardware and software that work 

synergistically to enable real-time diagnostic imaging 

in point-of-care scenarios like emergency 

departments, rural clinics, ambulances, and field 

usage. The core design objective of the system 

architecture is to maintain the performance and image 

quality of traditional ultrasound systems while 

decreasing the size, weight and power to enhance the 

mobility and usability of the system. At the hardware 

level, the architecture is focused on the transducer 

array, which emits and detects high-frequency 

USDound waves. The transducer arrays themselves 

can be made out of piezoelectric crystals or capacitive 

micromachined ultrasonic transducers (CMUTs), and 

their configuration, linear, convex, or array, will 

determine the field of view and depth imaging. The 

signals received by the transducer are typically low 

amplitude, and must be processed instantly by the 

Analog Front-End (AFE), which typically 

encompasses low-noise amplifiers, filters, and analog-

to-digital converter (ADC). Together these 

components are used to amplify, filter, and digitize 

echo signals. The digitized signals are then sent to a 

digital signal processor (DSP) or a field-

programmable gate array (FPGA) where they perform 

the significant real-time tasks of beamforming, scan 

conversion, and the actual image reconstruction 

algorithms. These components are most commonly 

selected because they can easily perform multiple 

parallel tasks with low latency and low power. All 

subsystems are monitored and supported by a central 

processing unit (CPU) and microcontroller unit 

(MCU) that coordinates user input, mode controls, 

storage, and component communication with each 

other. The CPU also handles the post processing of the 

data including the application of contrast 

enhancement, edge detection, and image labeling. 

Along with imaging and processing, the system must 

facilitate user interaction and result visualization 

through a display and UI (user interface). A display can 

be high-resolution display, and the UI may consist of 

physical buttons, capacitive touchscreens, or 

controlling through external devices, such as 

smartphones or tablets. Power is regulated and 

distributed from lithium-ion battery packs which are 

part of the integrated Power Management Unit (PMU), 

to ensure energy efficiency and safety for daily (and 

overnight) use. Furthermore, the PMU usually 

incorporates fast charging support and circuits for 

protection in the event of a fault. Connectivity to 

external systems of the portable ultrasound machine is 

a key element of modern portable ultrasound 

machines. Connectivity is achieved using Wi-Fi, 

Bluetooth, and sometimes cellular LTE/5G modules, 

which are used for image transmission, remote 

consultation, software updating, and cloud 

Synchronization. Connectivity will be an important 

feature in telemedicine and emergency use cases due 

to the need for remote diagnosis and collaboration. The 

software architecture component will interface with 

multiple layers. The lowest layer in the architecture is 

the embedded firmware layer which manages low-

level programming such as controlling the transducers, 

data acquisition synchronization, and hardware 

coordination. Above the firmware layer is a real-time 

signal processing layer which could be implementing 

dynamic range controlling algorithms, gain control, 

noise removal, and speckle reduction algorithms. 

Advanced portable ultrasound systems may also be 

developing AI (artificial intelligence) modules, such as 

real time anatomical recognition and anomaly 

detection, and automated measurements. The 

graphical user interface (GUI) layer, which allows for 

intuitive control over imaging variables such as depth, 

gain, zoom, and scan mode selection (for example, B-

mode, Doppler, or M-mode), sits on top of the data 

management layer. The data management layer will 

handle storage, file formats (DICOM, JPG), and 

secure transmission over healthcare communication 

formats. Systems integration of all this technology will 

be implemented on a highly compact, thermally 

regulated printed circuit board (PCB), within a durable 

light-weight housing for use in both clinical and non-

clinical settings. In addition to using passive cooling 

technologies, shock resistant casings, and 

waterproofing can be included to increase longevity. 
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The design of these systems leads to reliable, quick 

boot-up; ease of sterilization; and low maintenance, 

making them an ideal fit for decentralized diagnostics. 

Ultimately, the architecture of portable sonography 

machines achieves a balance between the high 

performance of imaging capabilities in a limited scope 

of mobility, usability, and energy constraints, and 

enables reliable and timely diagnostics at a time and 

location outside of a hospital environment. 

 

V. APPLICATIONS IN HEALTHCARE 

 

The introduction of portable sonography systems into 

the health and medicine profession has completely 

changed the diagnostic landscape, allowing real time, 

bedside imaging to be implemented in a variety of 

clinical settings. The portability, size and low power 

requirements make them appropriate in a variety of 

uses in almost all areas of application in health and 

medicine, particularly where traditional ultrasound 

machines are too large or complex to deploy, such as 

in pre-hospital, emergency, disaster or remote settings. 

As the name suggests, their main usage is focused on 

ultrasound imaging; nevertheless, portable 

sonography systems are now being used routinely in a 

variety of related uses. Probably the biggest change 

has occured in the emergency or non-emergency 

critical care pre-hospital space where time is crucial to 

diagnosing. For example, portable ultrasound 

machines are often used in trauma to conduct focused 

assessment with sonography in trauma (FAST) exams 

for rapid assessment of possible internal bleeding 

pericardial effusion or pneumothorax. The portable 

devices can provide immediate feedback to the 

clinicians so they can make decisions about treatment 

without taking the time to transfer the patient out of 

the emergency room to the radiology suite. Making 

these diagnoses as quickly as possible is important to 

prevent delays in treatment which has an impact on an 

affected patient's outcome. In the pre-hospital or 

ambulance care environment, paramedics are using 

handheld or point-of-care ultrasound to assess an 

individual's cardiac activity (easier), assist with 

intravenous (IV) access (harder) or assess possible 

abdominal injuries (harder) before reaching the 

hospital, thus facilitating early triage assessment and 

readiness prior to a patient coming in the front door of 

the emergency department. In the ICU environment, it 

is very common to find that physicians are using 

portable sonography every day to guide placement of 

central lines, assess fluid status, evaluate lung 

pathology, and evaluate cardiac function without 

having to move patients that are critically ill.  As an 

emerging use of portable ultrasound, providing 

diagnostic assessments for provides a major use for 

portable sonography systems in rural and remote 

healthcare environments where advanced imaging 

modalities are deficient. Portable ultrasound provides 

clinicians in a rural clinic, mobile health unit, 

humanitarian, or disaster zone with the feedback that 

they need to determine the continuation of pregnancy 

(e.g. confirm life), make assessments of possible organ 

abnormalities, or routine screening for differential 

diagnoses, thereby improving diagnostic access and 

reducing patient referrals or travel. 

The advent of portable ultrasound in primary care and 

office-based practice has allowed general practitioners 

to improve the accuracy of their diagnoses during 

routine assessments. Point-of-care ultrasound 

(POCUS) can be utilized to look at musculoskeletal 

injuries, or evaluate gallstones vs kidney stones, 

bladder volume evaluation, or evaluate soft tissue 

infections such as abscesses. In obstetrics and 

gynecology, a primary care unit can use portable 

machines for prenatal monitoring, confirmation of 

fetal heart sounds, and early pregnancy assessments, 

especially in low-income settings where routine 

maternal check-ups may be more difficult to achieve. 

These devices provide non-invasive, radiation-free 

imaging, which can be safely and effectively utilized 

multiple times during pregnancy with excellent patient 

outcome descriptors. In cardiology practice, 

echocardiography or portable echocardiogram to 

assess left ventricular function, to assess pericardial 

effusion, valvular abnormalities, and as a guide in 

resuscitative actions during acute arrest situations. 

Hand-held echocardiogram devices are not being 

deployed more often in routine consultations and 

active ward rounds in City Hospitals. In 

anesthesiology and pain management, ultrasound 

guidance is being provided for nerve blocks, epidural 

placement, and joints injections enhancing the safety 

and precision of these procedures. In addition, portable 

ultrasound is utilized by musculoskeletal medicine and 

sports medicine physicians for tendon injury 

evaluations, ligament tears, joint effusions, and muscle 

strains eevaluations. Importantly, the use of portable 

ultrasound allows for real-time evaluation of injuries, 
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typically at the site the injury occurred, which can lead 

to clinical decisions or treatment in more timely 

fashion. 

Portable ultrasound's role previously limited to direct 

clinical diagnosis, has now allowed for an even 

broader role in medical education and training, giving 

students and residents exposure to and hands-on 

experiences with real-time imaging in didactic and 

bedside scenarios. In global health activities, portable 

sonography is a leading technology used by non-

government organizations (NGOs) and health 

missions to provide imaging services to developing 

countries, refugee populations and other underserved 

locations and populations that often require imaging in 

environmental and resource-deprived settings. During 

public health emergencies and pandemics, such as 

COVID-19, portable ultrasound was critically 

important in evaluating lung status, cardiac 

complications and/or fluid status in infected patients 

without transportation exposure or CT radiation risk. 

In home healthcare and telemedicine, portable 

ultrasound is beginning to be integrated with 

smartphones or tablets allowing clinicians to do 

remote scans with the support of specialists that may 

be miles away, redefining access to expert-level care.  

Additionally, the advent and application of AI and the 

use of cloud-based platforms have permitted portable 

sonography to expand to automated high-throughput 

screening of populations, remote diagnostics and real-

time decision support capabilities. Taken together, the 

access and flexibility of portable sonography have 

made it a foundational aspect of point-of-care 

diagnostics, enabling utilization of ultrasound imaging 

in almost every area of medicine, in venues and in 

paradigms previously thought impossible. 

 

VI. CHALLENGES AND LIMITATIONS 

 

Although portable sonography systems have many 

benefits, a number of challenges and limitations occur 

which can impact their performance, uptake or 

diagnostic accuracy in clinical situations: 
 

Image quality 

Portable ultrasound systems generally produce lower 

spatial and contrast resolution compared to full-sized 

machines. The limitations related to power, transducer 

size and processing capability of portable machines 

can lead to reduced clarity of images acquired by 

portable devices, especially when imaging deep tissue 

or obese patients leading to a lower level of diagnostic 

confidence in complicated cases. 
 

Operator dependence 

Ultrasound is a highly operator dependent modality 

and images produced in clinical practice vary 

significantly due to the education and experience of 

the clinician. Poor education in image acquisition, 

image quality, or image interpretation can contribute 

to false positive examinations or missed diagnoses, 

particularly in contexts where resources are limited.  
 

Imaging modes 

Most portable devices can only offer limited imaging 

modes such as B-mode or limited Doppler capabilities. 

Advanced imaging such as 3D/4D, elastography and 

contrast ultrasound imaging, are not generally 

performed using portable devices, therefore limiting 

the amount of imaging and diagnostic capability 

compared to high-end systems.  
 

Battery life and power challenges 

Although portability is one of the strengths of portable 

machines, they are dependent on battery power which 

can be problematic in the case of continuous or high-

volume use in a clinical setting. Portable devices may 

have limited battery life or battery charging times can 

lengthen workflows or stop spontaneous / rapid 

workflows (e.g., emergency situations, remote 

settings). 
 

Data storage and integration disadvantages 

Portable machines often have limited internal storage 

and they may not easily integrate into hospital 

information systems or Picture Archiving and 

Communication Systems (PACS). Therefore, issues in 

workflow or data management may arise when using 

portable devices. 
 

Durability and Environmental Concerns 

Frequent moves to get to a new location or work in 

demanding environments present the possibility for 

mechanical failure through physical abuse. 

Additionally, extreme temperatures, dust, and 

moisture may impact performance degradation over 

time. 
 

Cost vs. performance considerations 

Although almost certainly less expensive than 

traditional systems, high-performance mobile devices 
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can still be relatively expensive. Entry-level systems 

may not have the necessary specifications/features 

described for quality performance, which reduces the 

cost and image quality options.   

 

VII. FUTURE SCOPE 

 

AI-based Image Enhancement 

Portable ultrasound systems of the future will likely 

utilize artificial intelligence and machine learning 

algorithms to enable improved image quality, 

automated abnormality identification, better use of 

less-experienced operators, and improved diagnostic 

outcomes and reduced reliance on operator 

experience.  
 

Miniaturization (Wearable Ultrasound) 

New developments in microelectronics and sensor 

technology will allow this trend to continue, and 

devices may become wearable (non-invasive portable 

ultrasound), allowing for continuous patient 

monitoring relating to cardiac, vascular or fetal health 

- taking a large step towards improving patient care in 

circumstances outside of the clinic.  
 

Newly Developed Imaging Modes 

3D/4D imaging, elastography, native or contrast-

enhanced ultrasound, will be more seamlessly 

integrated into portable devices, expanding the use of 

portable ultrasound and allowing more comprehensive 

diagnostics at the point of care. 
 

Increased Connectivity/Utilization of Tele-health 

Tools 

Enhanced wireless communications, including 5G and 

optimized transmission of real-time images, will allow 

ultrasonographers to combine remote consultations 

and cloud-based storage, allowing portable 

sonography to be widely integrated into telemedicine 

and global health service contexts.  
 

Innovative Battery and Power Sources 

Innovative battery technologies relating to energy 

efficiency may expand the operational time (and 

reduce charging cycle times) of portable ultrasound 

devices, which will provide efficiency and increased 

reliability in emergency or remote contexts.  
 

Personalized Workflows with AI 

Dynamic AI-driven workflows may allow greater 

efficiency (established scanning protocols), advised 

imaging parameters/sequences, and automated 

reporting to encourage efficiency, and reduce time 

triggers in busy and chaotic clinically busy 

environments. 

 

VIII. CONCLUSION 

 

Portable sonography machines have the potential to 

completely change modern medicine, providing 

diagnostic imaging in real-time at locations that were 

previously only possible in a hospital setting. Portable 

ultrasound units, due to their small size, low power 

requirements, and improved sophistication, are now 

commonplace in emergency medicine, critical care, 

remote clinics, and global health initiatives, providing 

rapid clinical assessments, improving patient 

outcomes, and increasing access to quality diagnostic 

imaging resources for patients, particularly those in 

rural or underserved areas and limited-resource 

settings.  

 

Although portable ultrasound units offer a variety of 

advantages, limitations still exist, such as image 

resolution, the number of imaging modes available, 

and the role of operator dependence. Thankfully, 

enhancements in digital signal processing, battery 

efficiency, and artificial intelligence development are 

moving quickly to help solve these limitations. This 

includes increasing imaging resolution, internet or 

remote access for collaboration and information 

sharing, and more intelligent automation to make the 

unit less operator-dependent, more reliable, and easier 

to use by both clinicians and non-specialists.  

 

Portable ultrasound is currently a valuable and 

essential component of the expanding point-of-care 

(POC) healthcare systems, and will play a critical role 

in the expansion of decentralized diagnostics and 

personalized medicine that many healthcare systems 

around the world are exploring. Investment and 

innovation in portable ultrasound and its associated 

technologies will not only increasingly rapidly become 

a first-line diagnostic evaluation before traditional 

imaging in many situations, but will complement 

diagnostic imaging modalities as a whole. Not only is 

portable sonography the new technology, it is the new 

paradigm in the delivery of quality healthcare 

internationally, wherever our patients may be. 

 



© January 2026 | IJIRT | Volume 12 Issue 8 | ISSN: 2349-6002 

IJIRT 191813 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 7922 

REFERENCES 

 

[1] T. L. Szabo, Diagnostic Ultrasound Imaging: 

Inside Out, 2nd ed. Amsterdam, Netherlands: 

Elsevier, 2004. 

[2] P. R. Hoskins, K. Martin, and A. Thrush, 

Diagnostic Ultrasound: Physics and 

Equipment, 2nd ed. Cambridge: Cambridge 

Univ. Press, 2010. 

[3] R. Kimura and A. N. DeMaria, “Hand-carried 

ultrasound: The stethoscope of the future?” 

Circulation, vol. 112, no. 3, pp. 395–397, 2005. 

[4] A. Levy and J. C. Fox, “Portable ultrasound 

machines: Past, present, and future,” Emerg. 

Med. Clin. North Am., vol. 36, no. 4, pp. 829–

847, 2018. 

[5] G. Moore and J. Copel, “Point-of-care 

ultrasonography,” N. Engl. J. Med., vol. 364, 

no. 8, pp. 749–757, 2011. 

[6] A. C. Chan and A. Perlas, “Basics of ultrasound 

imaging,” Can. J. Anesth., vol. 58, pp. 62–72, 

2011. 

[7] H. Oralkan et al., “Capacitive micromachined 

ultrasonic transducers: Next-generation arrays 

for acoustic imaging?” IEEE Trans. Ultrason. 

Ferroelectr. Freq. Control, vol. 49, no. 11, pp. 

1596–1610, 2002. 

[8] A. Nikoozadeh et al., “Forward-looking 

intracardiac ultrasound imaging using a 1-D 

CMUT array integrated with custom front-end 

electronics,” IEEE Trans. Ultrason. Ferroelectr. 

Freq. Control, vol. 61, no. 2, pp. 288–295, 

2014. 

[9] J. Zhang, Y. Wang, and M. Li, “Polymer-based 

piezoelectric transducers for medical 

ultrasound imaging,” Sensors, vol. 19, no. 2, 

pp. 373–380, 2019. 

[10] D. H. Turnbull and F. S. Foster, “Ultrasound 

biomicroscopy in developmental biology,” 

Ultrasound Med. Biol., vol. 28, no. 1, pp. 1–15, 

2002. 

[11] S. W. Smith, “Progress in miniature imaging 

transducers,” Ultrasonics, vol. 50, no. 2, pp. 

197–203, 2010. 

[12] J. Liu, J. T. Yen, and J. E. Johnson, “A 256-

channel ASIC for portable ultrasound 

systems,” IEEE Trans. Biomed. Circuits Syst., 

vol. 9, no. 6, pp. 857–867, 2015. 

[13] Y. Chen et al., “Low-power strategies in 

portable ultrasound imaging,” IEEE J. Solid-

State Circuits, vol. 53, no. 9, pp. 2655–2665, 

2018. 

[14] D. Kim et al., “Smartphone-based ultrasound 

imaging system,” Ultrasound Med. Biol., vol. 

44, no. 9, pp. 1993–2005, 2018. 

[15] H. Ma et al., “Tablet-based portable ultrasound 

imaging for POC diagnostics,” Med. Eng. 

Phys., vol. 76, pp. 24–32, 2020. 

[16] L. Zhou et al., “Image enhancement in portable 

ultrasound: A comparative study,” Ultrasound 

Med. Biol., vol. 45, no. 5, pp. 1123–1134, 2019. 

[17] D. Schmiedl et al., “AI-based image 

reconstruction in portable sonography,” IEEE 

Access, vol. 8, pp. 150123–150134, 2020 

[18] F. Vasconcelos et al., “Deep learning for fetal 

anomaly detection in portable ultrasound,” 

Med. Image Anal., vol. 64, p. 101753, 2020. 

[19] A. Roy et al., “Machine learning for cardiac 

function assessment using handheld 

ultrasound,” Comput. Biol. Med., vol. 118, p. 

103617, 2020. 

[20] J. Soldati et al., “Ultrasound in the COVID-19 

era: Portable devices for lung imaging,” Chest, 

vol. 158, no. 3, pp. 938–948, 2020. 

[21] A. Perera et al., “Ultrasound in emergency 

medicine: Portable and effective,” Emerg. 

Med. J., vol. 27, no. 2, pp. 112–117, 2010. 

[22] A. D. Nelson and S. L. Choi, “Obstetric 

ultrasound in resource-limited settings,” Int. J. 

Gynecol. Obstet., vol. 138, no. 3, pp. 352–358, 

2017. 

[23] J. M. Vieillard-Baron et al., “Hemodynamic 

assessment with portable echocardiography in 

critical care,” Intensive Care Med., vol. 42, no. 

3, pp. 432–444, 2016. 

[24] D. A. Quick and L. P. Brown, “Military 

applications of portable ultrasound,” J. Trauma 

Acute Care Surg., vol. 78, no. 6, pp. 1197–

1202, 2015. 

[25] F. Pivetta et al., “Handheld lung ultrasound in 

COVID-19 management,” Crit. Care, vol. 24, 

no. 1, pp. 1–8, 2020. 

[26] K. J. Jeong et al., “Comparison of portable and 

conventional ultrasound image quality,” 

Ultrasound J., vol. 11, no. 3, pp. 45–52, 2019. 



© January 2026 | IJIRT | Volume 12 Issue 8 | ISSN: 2349-6002 

IJIRT 191813 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 7923 

[27] R. D. Wanjari et al., “Barriers to ultrasound 

access in low-income countries,” BMC Health 

Serv. Res., vol. 18, p. 545, 2018. 

[28] M. A. Johnson, “Regulatory perspectives on 

portable ultrasound,” J. Med. Devices, vol. 13, 

no. 2, pp. 021007, 2019. 

[29] S. Arnaout et al., “AI-guided acquisition for 

non-expert sonographers,” Nat. Med., vol. 26, 

pp. 463–468, 2020. 

[30] A. Y. Chen et al., “Tele-ultrasound for rural 

healthcare delivery,” Telemed. J. E-Health, vol. 

26, no. 6, pp. 739–745, 2020. 

[31] H. Wang et al., “Flexible nanomaterial-based 

ultrasound transducers,” Adv. Mater., vol. 32, 

no. 23, p. 1905238, 2020. 


