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Abstract in Greek  

 

Η υπερηχογραφία έχει αποδειχθεί ένα πολύ σημαντικό εργαλείο στον τομέα της ιατρικής 

απεικόνισης. Τα πλεονεκτήματά της αφομοιώθηκαν γρήγορα στην ιατρική πρακτική εξαιτίας 

της απουσίας εκπεμπόμενης ιοντίζουσας ακτινοβολίας και του σχετικά χαμηλού κόστους 

απόκτησης, λειτουργίας και συντήρησης του εξοπλισμού σε σύγκριση με αυτόν που 

χρησιμοποιείται σε άλλες απεικονιστικές μεθόδους. Η χρήση υπερηχογραφικού εξοπλισμού 

είναι απλή και έχει πολλές χρήσεις σε διάφορες ανατομικές περιοχές.  

Η εντατική χρήση του υπερηχογραφικού εξοπλισμού έχει σαν αποτέλεσμα διάφορα 

λειτουργικά του μέρη είτε να πάψουν να λειτουργούν είτε να δυσλειτουργούν. Μια τέτοια 

κατάσταση έχει σοβαρό αντίκτυπο στην ποιότητα της διαγνωστικής εικόνας που μελετάει ένας 

ιατρός. Παραπλανητικές ανατομικές απεικονίσεις μπορεί να οδηγήσουν σε αδυναμία ακριβούς 

αξιολόγησης μιας κλινικής κατάστασης.  

Με σκοπό να ενισχυθεί η αξιοπιστία του χρησιμοποιούμενου υπερηχογραφικού εξοπλισμού 

αλλά και να επιμηκυνθεί ο χρόνος ζωής του, έχουν δημιουργηθεί και εφαρμοστεί διάφορα 

πρωτόκολλα ελέγχου ποιότητας. Αυτά τα πρωτόκολλα περιλαμβάνουν ένα σύνολο ελέγχων 

που χρειάζεται να κάνει ένας ειδικός ανά τακτά χρονικά διαστήματα για να διασφαλίζει ότι σε 

περίπτωση που υπάρχει σοβαρή μηχανική βλάβη θα παρθούν τα κατάλληλα μέτρα για να 

επιδιορθωθεί το πρόβλημα. Αυτοί οι έλεγχοι περιλαμβάνουν επιθεώρηση του εξοπλισμού για 

εμφανείς φθορές καθώς και αξιολόγηση της διαγνωστικής εικόνας χρησιμοποιώντας όπου είναι 

απαραίτητο εξοπλισμό ελέγχου (phantom). 

Αυτή η εργασία έχει σκοπό να συγκεντρώσει και να παρουσιάσει τους βασικούς ελέγχους 

ποιότητας που προτείνουν τα πρωτόκολλα διασφάλισης ποιότητας, των ACR, AAPM, BMUS, 

AIUM, και EFSUMB, σε υπερυχογραφικά μηχανήματα, και στη συνέχεια να εφαρμόσει 

αυτούς τους ελέγχους σε εν λειτουργία εξοπλισμό καταλήγοντας έτσι σε συμπεράσματα για 

την κατάσταση λειτουργίας του. 

Εξαιτίας της πανδημίας COVID-19 και τους αυστηρούς περιορισμούς που επιβλήθηκαν στις 

μετακινήσεις, δεν κατέστη δυνατό να γίνει η εφαρμογή των ελέγχων σε κάποιο 

υπερυχογραφικό μηχάνημα. Σαν αποτέλεσμα, αυτή η εργασία δεν παρουσιάζει συμπεράσματα  

για τον έλεγχο ποιότητας επιθεωρημένου εξοπλισμού. Παρόλο που δεν βρήκα κάποια 

περίπτωση χρήσης ενός υποχρεωτικού πρωτοκόλλου, υπάρχουν σε παγκόσμιο επίπεδο, 
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διάφορα ιατρικά κέντρα, τα οποία κάνουν προαιρετικούς ελέγχους με σκοπό να εγγυηθούν τις 

παρεχόμενες υπηρεσίες τους.    
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Abstract in English  

 

Ultrasonography has been proven a very efficient tool in the field of medical imaging. Its 

advantages have been rapidly implemented in medical practice due to the absence of ionizing 

radiation and the low cost of purchase, function, and maintenance especially in comparison 

with equipment used in other medical imaging methods. Using an ultrasonography system is a 

simple way with many applications in various anatomical areas.  

Intensive employment of ultrasonography equipment has the result of displaying severe 

deterioration in their different functional parts where in most of the cases are unperceived in 

naked eye. That situation has a significant impact in quality of equipment’s display. Misleading 

anatomical displays may conclude in a false examination of a clinical condition.  

In order to enhance the functional ultrasonography equipment’s reliability and its lifetime, 

various quality control protocols have been created and implemented for use. That protocols 

includes a set of inspections where an expertise should make regularly to ensure that proper 

measures would be considered in case of serious malfunctions. They consist of equipment’s 

inspections for obvious external wears, and evaluation of diagnostic display, using in some 

cases appropriate phantoms. 

The purpose of this thesis is to collect and present the fundamental quality control tests of 

ultrasonography equipment which are recommended by the quality assurance programs of 

ACR, AAPM, BMUS, AIUM, and EFSUMB, and following that to implement these 

inspections in ultrasonography equipment, resulting in quality control assessment. 

Due to the COVID-19 pandemic and the following restrictions in movements, tests were not 

implemented in ultrasonography devises. So, the current thesis will not present experimental 

results about quality control of tested equipment. Although, I did not find any case of mandatory 

protocol, there are various Health Centers around the world that use optional inspections to 

warranty their provided clinical services.     
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Chapter 1  

 Physics Behind Ultrasonography Systems 

1.1 First Steps in Ultrasonography 

The first observations of ultrasound phenomena occurred during studies on behavior of 

blindness bats. In 1794, Lazzaro Spallanzani, an Italian physiologist conducted a few studies 

on how blind bats could navigate themselves. He concluded that the bats use the reflected 

sounds in order to understand where objects are localized in the surrounding environment. This 

was the first step in the path of discovering ultrasound physics (WIKIPEDIA, n.d.).  

 

Figure 1. Lazzaro Spallanzani  

1729 - 1799 

In the 19th century, ultrasounds were being studied in a theoretical level, as a part of classical 

physics and there were not any implementations to everyday life. But, in the beginning of 20th 

century, scientists managed to create methods which can employ ultrasounds in defensive, 

industrial, and medical sector. After discovering SONAR (SOund Navigation and Ranging), 

which was used basically for defensive reasons and specifically for enemy submarines, 

researchers tried to use this technology in medical diagnosis. So, it was 1941 when an Austrian 

neurologist Karl Theo Dussik in collaboration with his brother Friedreich who was physicist, 

achieved to take the first echo image from inside a human body, outlining the ventricles of the 

displayed brain. He was the first who has taken a formal accreditation for using ultrasounds in 

medical diagnosis in 1942 (ULTRASOUND SCHOOLS INFO, 2019). In the next few decades, 
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it was made a great progress, as innovative modalities began to be implemented in medical 

practice. 

 

Figure 2. Karl Dussic and his Ultrasonography Device (THE Audio Forums, n.d.) 

All the image-display devices which had been produced then, required experienced operators 

to precisely guide probes across the area under inspection, but even modern units produced 

grainy or blurry images. The next generation of ultrasound units replaced monochromatic 

oscilloscopes with television screens which they displayed images in multiple shades of gray, 

reducing the blurring. Blurring was a very negative characteristic for images, and it diminished 

by using digital components rather than analog rendering displays. 

In 1970s launched new developments such as the continuous wave Doppler, spectral wave 

Doppler and color Doppler and in 1980s ultrasound technology became more sophisticated with 

improved image quality and 3D image capabilities. Developers harnessed new technologies 

from entertainment industry such as the recording of beating heart on videocassette recorders. 

That progress continued into 1990s with the adoption of 4D (real time) capabilities and guided 

biopsies (endoscopic ultrasound). 

As for medical sector, the term “ultrasound” is more known as diagnostic sonography or 

ultrasonography and that use was specifically in diagnostic imaging techniques or therapeutic 

applications. Modern ultrasonography can produce high-quality measurements of internal body 

structures like joints, tendons, muscles, blood vessels as well as moving structures in a 3D view. 

Furthermore, such a system can make measurements associated with the stiffness of tissue, and 

as a result, this can be a contribution of finding the source of a disease or to exclude the 

possibility of any pathology. 
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1.2 The Nature of Waves 

The waves can be described as disturbances which travel from one point to another and they 

carry energy. In the nature, there are two types of waves, the longitudinal and the transverse 

waves. 

• The longitudinal waves are oscillations that propagate along the direction of the 

oscillation moving. 

• The transverse waves are oscillations that propagate perpendicular to the direction of 

the disturbance moving. 

1.3 Ultrasound Waves 

Ultrasound waves are pressure vibrations which propagates through a medium. Any 

ultrasound wave can be produced when the molecules of the medium begin a longitudinal 

vibration towards the direction of the mechanical disturbance. Such oscillations produce a space 

where the particles of the medium forced closer together than normal. Such a region of high 

particle’s density is called compression. After the passage of the compression, the particles 

spread apart and consequently the density of the space become lower than normal. That region 

with reduced density is called rarefaction. 

 

Figure 3. Ultrasound Longitudinal Wave (THE Audio Forums, n.d.). 

In nature there are three separated regions of longitudinal waves which have been divided 

according to their frequencies. 

• Audible waves. They belong to the range of sensitivity of the human ear. The 

frequencies vary from 20 to 20.000Hz approximately. 

• Infrasonic waves are longitudinal waves with frequencies below the audible range. 

• Ultrasonic waves are longitudinal waves with frequencies above the audible range. 
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1.4 Speed of Ultrasound 

The two main factors, which influence the speed of ultrasound, are the stiffness and material 

density. Density is a natural quantity that originates from the atomic and molecular level. It 

shows us how much mass can be contained in a specific volume. 

On the other hand, stiffness is a different natural quantity. It is associated with the ability of 

an object to sustain its shape when an external force is exerted on it for a while. In order to 

become more analytic, we take into consideration that there is a physical factor which depends 

on the material deformation. We call this factor elastic modulus. We can imagine that an elastic 

modulus is analogous to the spring constant. Between the molecules or atoms, we assume the 

interactive forces as springs. So, a material with large elastic modulus is very stiff and difficult 

to deform. That is a measure of how easily a material resists from being deformed when it is 

squeezed. In the picture, we can see the space between masses which affects the density of the 

medium as well as the springs affects the stiffness. 

 

Figure 4. Representation of masses and internal forces inside a medium. 

A longitudinal wave can be propagated along the raw of masses by giving the first mass a 

momentary. This movement is transferred to the second mass by a strongly stiff spring, quickly 

causing acceleration and passing the movement to the third mass and so continuing the same 

procedure. If the density is relatively low, molecules can be accelerated quickly and 

consequently the disturbance moves rapidly. On the contrary if the density is relatively high 

and the stiffness relatively low then the disturbance travels slowly. 

Hence, low density and high stiffness lead to higher speed of ultrasound, instead of high 

density and low stiffness lead to slow speed of ultrasound. The mathematical formula calculates 

the speed of ultrasound in accordance with stiffness and density factors is the following: 

k
c


= , 

where c is the notation of speed of ultrasound. 

In the following table we can see the speed of ultrasound in different tissues. 
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Material c (m/s) 

Air 331 

Water 1.480 

Fat 1.430 

Liver 1.578 

Kidney 1.560 

Bone 3.190 – 3.406 
Table 1. Speed of ultrasound in different tissues. 

We use frequencies from 1 – 15MHz for diagnostic purposes. (Peter Hoskins, 2010). 

1.5 Reflection of Ultrasound 

To introduce the reflection of ultrasound waves, we must mention a very important factor, 

the acoustic impedance. The acoustic impedance is the measurement of response which the 

particles of the medium attain, in accordance to their velocity. We can explain the acoustic 

impedance in more details by modeling the medium as a row of small or large masses linked 

by weak or stiff springs. 

In the following model there is low density and low stiffness. 

 

Figure 5. Representation of masses and internal forces in a medium with low density and low stiffness. 

In such a model, small masses are easily accelerated, and its movements face little opposing 

tension from the weak spring. According to that situation, we have a material with low 

impedance. 

As for the following model we have high density and high stiffness. 

 

Figure 6. Representation of masses and internal forces in a medium with high density and high stiffness. 

In that model, we have put relatively heavy masses which are difficult to accelerate, and the 

movements are resisted by the stiff spring. So, in that model we have higher acoustic impedance 

than the previous model. 

The mathematic formula for the acoustic impedance is given by: 
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z k=  , where z is the notation of acoustic impedance. 

Introducing acoustic impedance allow us to analyze how the reflection of ultrasounds can 

occur at tissue boundaries. When an ultrasound wave encounters an interface between tissues 

with different acoustic impedance, some of its energy is reflected back. The remaining energy 

is transmitted into the second tissue.  

A very useful factor in the ultrasound imaging is the reflection coefficient RA. This 

coefficient is determined as the ratio of reflected to incident ultrasound wave. Considering that 

factor, we can observe the formation of tissue in the screen. 

1.6 Scattering of Ultrasound 

Inside the body, there are volumes with various acoustic impedance, having size comparable 

with the wavelength. Such volumes can scatter an incident wave over a wide range of angles. 

In such cases, we observe ether a uniform scatter to all directions or a non-uniform scatter to a 

preferable direction. The type of scattering depends on the size of the particle. 

1.7 Refraction of Ultrasound 

We observe the refraction when direction of a wave changes from one material to another. 

To be more specific, when an ultrasound wave crosses an interface of two materials and its 

speed increases, then the angle between the propagation line of the wave and the vertical plane 

will increase. In the case where the ultrasound wave crosses an interface and its speed is being 

reduced, the angle between direction of the wave and the vertical plane is going to be decreased. 

 

Figure 7. The direction of propagation depends on the differentiation of ultrasound speed in the second medium. 

In the only case where we do not observe a change in the direction of propagation is when 

the incident wave propagates vertical to the interface between two materials. 
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1.8 Attenuation and Absorption of Ultrasound 

Attenuation occurs when a wave propagates through a tissue and its energy is gradually lost, 

affecting the intensity of the disturbance. It occurs partially due to energy absorption in tissue, 

reflection, and scattering between the boundaries of tissue with different densities. 

The absorption is very close phenomenon to the attenuation. The absorption converts 

ultrasound energy into heat. At low frequencies, the particles of the medium can move in step 

with the passing ultrasound wave and the energy associated with that motion is effectively 

passed back to the wave as it moves on. 

In high frequencies, the particles of the medium cannot move instantaneously and are unable 

to keep up with the intensive fluctuations in pressure. As a result of this, the particles are not 

able to pass back to the wave all the energy associated with their movements, because they are 

out of step. As the energy is deposited in the medium, is converted into heat (Peter Hoskins, 

2010). 

In medicine the absorption of ultrasound waves is dependent on tissue composition and 

structure but the full understanding of all the mechanisms behind the absorption is still 

imperfect. 

1.9 Ultrasound Intensity 

Ultrasound intensity is the amount of energy which flows per unit time through a unit area 

that is perpendicular to the direction in which ultrasonic waves traveling. A very important unit 

for describing the ultrasound intensity is the decibel (dB). Decibel unit used for comparison 

between two ultrasound intensities with the same frequency. When the ratio between the two 

intensities is 10, we say that the difference is 1 bell. Thus, the relative intensities of two 

ultrasonic waves in bells is equal to the logarithm of the intensity ratio. 

𝐵 = 𝑙𝑜𝑔10 (
𝐼

𝐼0
), 

Where, B is the bell value, and I, I0 are the two intensities. 

𝑏 = 10 𝑙𝑜𝑔10 (
𝐼

𝐼0
), 

Where b is the decibel value. 
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Medical ultrasounds are low intensity ultrasonic waves and the previous equations help for 

making the comparison easier because the outcome is a pure number. Let’s think the following 

examples: 

• When an ultrasonic wave has 10 times greater intensity than another wave then the 

outcome is 10dB. 

• When an ultrasonic wave has 100 times greater intensity than another wave then the 

outcome is 20dB. 

• When an ultrasonic wave has 1.000.000 times greater intensity than another wave then 

the outcome is 60dB. 

The last example is very appropriate for medical ultrasounds since the difference in intensity 

between a transmitted ultrasound beam and a returning echo can be six orders of magnitude 

different. 

1.10 Doppler Effect 

The Doppler effect is a change in the observed frequency of a wave when the source or the 

detector have a relative movement each other. For ultrasounds the observed frequency fʹ is given 

in relation of the source frequency f. The mathematical equation which describe the relation 

between the source frequency and detection frequency is the following. 

𝑓 ′ = 𝑓 ∙  
𝑢 ± 𝑢𝑑

𝑢 ± 𝑢𝑠
 

“u” is the speed of ultrasound in the transmitting medium, 

“ud” is the speed of the detector in the transmitting medium, 

“us” is the speed of the source in the transmitting medium. 

When the motion of detector or source is toward the other, then the frequency is shifted up. 

On the contrary, when the motion of detector or source is away from one another, then the 

frequency is shifted down. 
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Figure 8. Change of the frequency when the source is moving relatively with the detector. 
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Chapter 2 

Description of Ultrasonography Systems in Medicine 

2.1 Introduction 

Technological advances in electronics and computing have revolutionized ultrasound 

practice. Important developments in digital signal processing have produced innovations in 

beam forming and image display. In the past 50 years, diagnostic ultrasound machines have 

progressed from complicated and expensive B-mode gantry systems that produced only static, 

unstable images to handheld devises capable of high resolution, real-time, greyscale and colour 

Doppler imaging. 

Ultrasonography can be utilized in examination of the heart (echocardiography), in location 

of aneurisms of the aorta and other abnormalities of the major blood vessels, in identifying size 

and structural changes in organs in the abdominopelvic cavity. It is also of value in identifying 

and distinguishing cancers and benign cysts. A particular important use of ultrasonography is 

in the field of the obstetrics and gynaecology where the technique can evaluate foetal size and 

placental position (FARLEX, n.d.).   

2.2 Image Production 

The ultrasound equipment relies on a phenomenon called the piezoelectric effect to generate 

ultrasounds. This phenomenon could be fund in crystalline materials and involves the reversible 

conversion of two forms of energy from one to the other, mechanical to electric energy and vice 

versa. Production of ultrasounds relies on the reverse piezoelectric effect, while detection is 

based on the piezoelectric effect.   

The ultrasound machine receives the beam signals from probes as amplitude, frequency, and 

the changes of the frequency over time. The two-dimensional grey-scale images are generated 

from the amplitude of the echoes. During the scan, real time images of the tissue anatomy and 

motion can be obtained. The grey scale of an image can be readjusted by increasing or 

decreasing the gain of the display. Increasing the gain, the ultrasound machine manages more 

echoes, so it creates a brighter image. This function enhances the image noise and artifacts 

allowing the loss of contrast and the finer details which is a very serious disadvantage. 

Gain can be adjusted in the near-field, far-field or overall field of the scan display. As the 

ultrasound beam propagates deeper into the medium, the returning echoes are attenuated, 
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resulting on less resolution of the image. In order to fix this problem, the machine has the Time 

Gain Compensator (TGC) function which adjust the image brightness at different depths. 

Most modern ultrasound machines allow the user to freeze and save images. These images 

can be saved in a memory device or can be printed for further review and archiving. Recently, 

some ultrasound systems can obtain videoclip and this function has been proved a very useful 

tool. 

During diagnostic scans, it is often useful to obtain specific measurements of an anatomical 

structure. Most machines have a caliper button that allows the user to measure the absolute 

distance between two points. Once the two calipers have taken their true position, the distance 

between calipers is displayed on the ultrasound screen. 

2.3 Types of Visualization 

In recent years, different types of ultrasound visualization have been exploited commercially 

in clinical field. A-Mode or Amplitude Modulation is the oldest ultrasound technique and 

provides simple displays. The transducer sends a single pulse of ultrasound into the medium. 

Consequently, an one-dimensional simplest ultrasound image is created on which a series of 

vertical peaks is generated after ultrasound beam encounter the boundary of different tissue. 

That modality uses a transducer which can only scan a line inside the body. A-Mode involve 

two axes, x-axis and y-axis, where x represents the depth and y represents the amplitude 

(NYSORA, n.d.). 

 

Figure 9. An Illustration of an A-Mode display originated from abdominal scanning. The heights represent the depth of the 

echoing structure from the transducer (Paul Atkinson, 2010). 

Another type is the B-Mode or Brightness Modulation where a 2D view is displayed on a 

screen. In B-Mode imaging the amplitude of the echo from a series of A-scans is converted into 

dots of different brightness. The main two axis are x-axis which represents depth and z-axis 
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which represents echo amplitude or intensity. Each transducer element forms a bright spot in 

the image. The horizontal and vertical directions represent real distances in tissue, whereas the 

intensity of grayscale indicates echo strength. B-Mode is the most common technique and 

displays an image of small or large points which represent weak or strong echoes, respectively. 

Additionally, rapid updates in the displayed images can create a real time motion. 

 

Figure 10. Transverse B-mode ultrasound image in wrist anatomy (ResearchGate, n.d.). 

An additional type of ultrasound visualization is M-Mode or Motion Modulation. M-Mode 

is the display of one-dimensional image that is used for analyzing moving body parts. This 

technique detects all motion down a line drawn through the tissue. Simply, M-Mode takes a 

single line of the B-Mode and displays changes within this over time (RCEM LERNING, n.d.). 

This can be achieved by recording the amplitude and the rate of motion in real time and by 

measuring the distance of the object from a single transducer at any moment and repeatedly. 

The single ultrasound beam is transmitted via the body and echoes are displayed as points of 

varying amplitude which create lines across the monitor.  
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Figure 11. Visualization of M-Mode (FUJIFILM/VISUAL SONICS, n.d.). 

Another modern technique based on Doppler principle consists of two different display 

modes, the Spectral Doppler mode and the 2-Dimentional Colour Imaging. In Doppler systems 

ultrasound images of flow are essentially obtained from measurements of movement where 

echoes from moving scatterers exhibit subtle differences in the time for the signal to be returned 

to the receiver. These differences can be measured as a direct time difference or in terms of a 

phase shift. 

In Spectral Doppler all the velocity information detected from a single point inside a blood 

vessel is displayed in the form of a frequency shift-time plot. An example of such a display is 

shown in the following picture. 

 

Figure 12. Spectral Doppler. Horizontal baseline represents the time - line and the vertical distance corresponds to Doppler 

shift. 

The main characteristics of this picture is the horizontal line which corresponds to time, the 

vertical distance from the baseline which indicates Doppler shift, and the grey scale which 

indicates the amplitude of the detected ultrasound. The Spectral Doppler display allows closer 

inspection of the fluctuations in velocity over time. In spectral Doppler it is arranged that 

positive Doppler frequency shifts (blood flowing towards the transducer) are depicted above 

the baseline, and negative Doppler frequency shifts (blood flowing away from the probe) are 

depicted under the baseline (VIRTUALEXPO GROUP, n.d.). 

In 2-Dimentional Colour Imaging the Doppler detecting signal is displayed in the form of a 

colour image superimposed on the B-scan image. That technique allows the user to observe the 

presence of blood flow inside tissue. 
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Figure 13. 2D Colour Doppler display (CVC - CARDIOVASCULAR CONSULTANTS, LTD., n.d.). 

Conventionally, we have attributed flow that travels away from the transducer as blue shades, 

and flow that travels towards the transducer as red shades. Lighter shades of each colour denote 

higher velocity. A third colour, more often yellow or green is used to denote areas of high flow 

turbulence (Color flow Doppler (ultrasound), n.d.). 

Another modern technique which has taken substantial attention in recent years for non-

invasive assessment of tissue mechanical properties is the ultrasound elastography. This method 

takes advantage of changes in soft tissue elasticity in different pathologies to produce 

quantitative and qualitative details about diagnostic purposes. Measurements are acquired in 

specialized imaging modes that can detect tissue stiffness in response to an applied mechanical 

force. Excitation methods include quasi-static mechanically-induced displacement via active 

external compression or passively-induced physiologic motion from internal organs such as 

cardiovascular or respiratory systems, dynamically-induced compression via a “thumbing” 

transducer at the tissue surface to produce shear waves, and dynamic ultrasound-induced tissue 

displacement and shear waves by acoustic radiation force impulse excitation (Rosa M.S. Sigrist, 

Ultrasound Elastography: Review of Techniques and Clinical Applications, 2017). Shear waves 

cause particle motion perpendicular to the direction of wave propagation. Their speed is 

approximately 1-10 m/s in soft tissue and allows highly-contrast precision among different 

tissues in the system display. 
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Figure 14. B-Mode image (left) of a cervical hypoechoic rounded lymph node. Elastogram (right) demonstrated that the 

lymph node is stiffer compared to surrounding tissue (Rosa M.S. Sigrist, Ultrasound Elastography: Review of Techniques 

and Clinical Applications, 2017). 

2.4 Main Parts of Ultrasonography Equipment 

A common ultrasonography machine has the following main parts: 

• Transducer probe 

• Central Processing Units (CPU) 

• Transducer pulse controls 

• Display 

• Keyboard/Cursor 

• Disk storage device 

• Printer 

2.4.1 Transducer Probes 

Transducer probes have many different shapes and sizes. Especially, the shape of the probe 

characterizes its field of view and the frequency of emitted waves determines the depth which 

the sound waves propagate. Transducer probes may contain one or more crystal elements. In 

multi-element probes, each crystal has its own circuit. 

In medical practice there are four basic types of transducer probes. 

• Curvilinear Transducer 

• Linear Transducer 

• Sector/Phased Transducer 

• Intracavity Transducer 

Each medical expert can choose a proper transducer probe for a specific point of interest. In 

many machines the transducer is interchangeable and can be unplug from the ultrasound 
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machine base when it is not used and to be replaced from another necessary transducer. Some 

other machines have all the probes plug in them and the user choose the appropriate by pressing 

a button or touching the probe icon on the screen.  

The final part of the probe head is referred as the footprint and is the point which has a direct 

contact with the patient surface. Larger footprints provide larger scanning area rather than 

smaller are suitable for small-size anatomic regions and are preferable for examinations which 

require maneuvering. 

 

Figure 15.Different parts of a transducer (Kovacs, n.d.). 

In the footprint there are the piezoelectric crystals. That part plays a major role in 

transmitting and receiving the ultrasounds during the scan. Modern probes have plumbium 

zirconium titanate crystal in the head instead of quartz crystals because that material displays 

better image quality. But when the probe is dropped down, crushed, or thrown against other 

objects can be damaged and may be caused malfunction. 

The transducer probe generates and receives mechanical waves using a physical principle 

called piezoelectric effect or pressure electricity effect. The piezoelectric effect occurs when 

charge is applied to a piezoelectric crystal and it vibrates producing pressure mechanical waves. 

The Curie brothers discovered piezoelectricity on quartz crystals. From the beginning of 

medical ultrasonography every probe has one or more quartz crystals. In 1954 the discovery of 

Lead Zirconate Titanate (PZT) ceramics led to a family of synthetic materials which have 

become the most popular choice for ultrasound imaging transducers and arrays. When an 

electric current is applied to that crystals, their shape changes rapidly. Such vibrations of the 

crystals produce ultrasound waves that travel outwards. Inversely, piezoelectric crystals convert 

ultrasound echoes to electrical current, so transducer probes can detect ultrasonic waves as well. 

The penetration of ultrasound beam strongly depends from the frequency. Higher-frequency 

probes provide less penetration of the ultrasonic waves through the tissue, but higher resolution 
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images. On the other hand, probes with lower frequency spectrum should be used to visualize 

deeper structures, but with lower image resolution. 

The curvilinear or convex array probe has a frequency range of 2.5 − 7.5MHz. This 

transducer is mostly used for evaluating deep structures in the abdomen and pelvis. Real time 

3D probes have wider field of view and are beneficial for deep part scanning.  

 

Figure 16. Picture of curvilinear probe (Ultrasound Supply - A Probo Medical Business, n.d.). 

 

Figure 17. 3D convex probe (Ultrasound Supply - A Probo Medical Business, n.d.). 

The linear transducer operates in a frequency range between 2.5 - 15MHz. This probe is 

especially for detailed anatomic resolution very near to the individual’s surface. The shape of 

the beam is rectangular. It is appropriate for vascular examination, breast examination, thyroid 

examination, tendon examination, measurement of body fat and musculus mass. The real – time 

3D probes with linear scanning type has a range of 7.5 – 11MHz and are beneficial at near part 

of tissue with wide field of view. 
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Figure 18. Picture of linear probe. 

 

 

Figure 19. Picture of 3D linear probe (Jaken Medical Inc., n.d.). 

The phased array transducer is a very important tool for a sonographer because it has small 

footprint but a wide field of view at deep parts. They use frequencies between 2 – 7.5MHz and 

are functional for cardiac, transesophageal, abdominal application as well as brain diagnosis. 

Phased arrays are ultrasound transducers that fire individual elements on the array in a specific 

sequence in order to direct the sound wave in a specific direction. Small delays in element firing 

allow for electronic field steering and focusing without moving the ultrasound probe. All 

elements will be fired multiple times different degrees of steering to create a probe.  

In the display, line density decreases at the bottom of the image. The sensitivity of the image 

reduces at extremes of steering and lateral resolution is best in the center of the field of view 

due to a larger effective aperture (Nightatgale, n.d.). 
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Figure 20. A phased-array probe (Universal Diagnostic Solutions, n.d.). 

Another specialized transducer is the transvaginal type with frequency 6MHz. It displays a 

real – time 3D image with wide field of view and is beneficial for endocavity applications.   

 

Figure 21. Intracavity Probe. 

2.4.2 Penetration of Ultrasound Beam 

The penetration of ultrasound beam strongly depends from the frequency. Higher-frequency 

probes provide less penetration of the ultrasonic waves through the tissue, but higher resolution 

images. On the other hand, probes with lower frequency spectrum should be used to visualize 

deeper structures, but with lower image resolution. 

  Some ultrasonography machines allow the user to change the broadband frequency. 

Additionally, they have image optimization controls that allow the user to increase the 

penetration and the resolution. 

2.4.3 Probe’s Deterioration 

Modern array transducers consist of a few elements which an individual element or a group 

of elements may become non-functional duo to: 
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• Damaged electrical connections. 

• Lower sensitivity of the element(s) 

• Partially detached matching layer or lens material 

• Reduced performance of specific electrical circuits in the machine 

So-called dropout of individual elements or group of elements in the transducer is a frequent 

source of ultrasound equipment malfunction, and sonographers, physicist with engineers must 

be alert for this problem. 

2.5 Central Processing Unit (CPU) 

The CPU plays an important role for the ultrasound machine. The CPU is a circuit that 

contains the microprocessor, memory, amplifiers and power supply for the microprocessor and 

transducer probe. It sends electrical current to the transducer probe for emitting sound waves 

and receives the electrical pulses from the returning echoes. By the time all the date is 

processed, the CPU forms the displayed image. 

2.6 Transducer Pulses Controls 

The Transducer Pulse Control allows the operator to set and change the frequency and 

duration of the ultrasound pulses, as well as the scan mode of the machine. The choices of the 

sonographer are translated into changing electric currents that applied to the piezoelectric 

crystals in the transducer probe. 

2.7 Display 

The display is a monitor that shows the processed data from the CPU. The image can be 

black and white or colorized according to the preferred mode. 

 

Figure 22. Ultrasonography Equipment Screen and Keyboard (Ultrasound Supply - A Probo Medical Business, n.d.). 
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2.8 Keyboard/Cursor 

Ultrasound machines have a keyboard and a cursor such as a black ball. That controls allow 

the operator to add notes, to take measurements from data, and to make some suitable 

adjustments during equipment’s use. 

2.9 Disk Storage 

The processed data can be stored on a disk. The disks can be CDs or DVDs. 

2.10 Printer 

Many ultrasound machines have thermal printers that can be used to capture a hard copy of 

the image from the monitor. 
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Chapter 3 

Implementation of Quality Assurance in Medicine 

3.1 Quality Assurance vs Quality Control 

Quality assurance and quality control are two different aspects of quality management. 

According to ISO 9000:2015 Quality Management Systems – Fundamentals and Vocabulary, 

the definition of Quality Assurance is a «part of quality management focused on providing 

confidence that quality requirements will be fulfilled». Following a quality assurance program, 

a professional can provide confidence to customers, government agencies, regulators, and 

certifiers. According to the same document Quality Control can be defined as «part of quality 

management focused on fulfilling quality requirements». Quality Control procedure is based 

on measuring, examining, and testing one or more characteristics of a product or service. 

   In the following table are referred the differences between Quality Assurance and Quality 

Control. 

Table 2. Differences between Quality Assurance and Quality Control. 

Quality Assurance Quality Control 

It is a procedure that focuses on 

providing assurance that quality 

requested will be achieved 

It is a procedure that focuses on 

fulfilling the quality requested 

Quality Assurance aims to prevent the 

defect 

Quality Control aims to identify and fix 

defects 

It is a method to manage the quality 

Verification 

It is a method to verify the quality – 

Validation 

It does not involve executing the 

program 
It always involves executing a program. 

It is a preventive technique It is a corrective technique 

In order to meet the customer 

requirements, Quality Assurance defines 

standards and methodologies 

Quality Control confirms that the 

standards are followed while working on 

the product 

It is performed before Quality Control 
It is performed only after Quality 

Assurance activity is done 
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As we see the procedure is that we compare the measured outcomes of an activity against 

some required standards. Especially, when we refer to the ultrasound mode, the outcomes are 

images with clinical utility. 

3.2 Benefits of Quality Assurance  

A few expertise argue that the assessment of ultrasound machine performance should be 

based on user’s judgement upon the quality of the images, which a sonographer inspects. Some 

other professionals agree that quality control tests are not necessary because modern ultrasound 

machines are very reliable and rarely break down. But following such point of view it becomes 

apparent that there are some drawbacks. 

• The user’s perception may change as someone become more familiar with device 

control. 

• Different users may express different judgment about the outcomes. 

• Progress of time may cause subtle changes in performance. 

• The quality of the clinical image will be dependent on the patient’s body properties. 

• Only a skillful operator could produce images with better quality, in comparison with 

someone who has little experience.  

Researches on a wide range of different transducers from different manufacturers have seen 

that at least 5% of them are defective (Outi Sipila, 2010). This problem can lead possibly to 

missed diagnosis or under-diagnosis. A degradation of the system leads to a decrease in the 

displayed image quality. 

Because a professional does not want to be uncertain if an image is clinical acceptable or 

not, we implement a quality assurance program on the machine. Setting of periodic definitive 

measurements for each transducer and scanner separately, we can identify degradation in image 

quality from an early stage. Additionally, if a machine is suspicious for malfunction, a quality 

control test can help us to find the source of the problem. After fixing the defect, a quality 

control test can verify whether equipment is operating properly, and if the repairs have been 

done correctly.  

3.3 What a Quality Assurance Program in Ultrasonography must Involve 

According to the Report of AAPM Ultrasound Task Group No.1 (Mitchel Goodsitt. Paul 

Carson, 1998) a quality assurance program should involve: 
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• Quality control testing 

• Preventive maintenance 

• Equipment calibration 

• In-service education of sonographer 

• Acceptance testing of new equipment 

• Evaluation of new products 

In addition, for detecting image quality problems, we can implement short-duration tests, 

following a frequent schedule and includes: 

• Physical examination 

• Image uniformity 

• Perception of anechoic objects 

• Spatial resolution (axial and lateral) 

• Distance accuracy 

• Maximum depth of visualization 

• Dead Zone 

The short-duration tests should be combined with physical and mechanical inspection for 

every three to six months. A proper duration for the tests would be 15 minutes per ultrasound 

unit. The more thorough tests should be performed annually and it would take 1 – 2 hours for 

each ultrasound machine. 

Some quality assurance programs employ test objects(phantoms) which are used to measure 

specific aspects of machine performance. Regardless the technique, which is used, it must 

satisfy some criteria.  

1) It must help the professional to obtain a quantifiable measure of performance. 

2) The inspected quantity should be relevant to the clinical application. 

3) The measurements should be reproducible over a scale of years. 

4) The measurements should be sensitive enough to detect a change in performance before 

it becomes clinically significant. 

3.4 Types of Measurements 

They are two types of measurements, the absolute and the relative measurement. Absolute 

measurements allow the performance of a machine to be compared with another machine or to 
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be examined by a commercial specification. The relative measurements are examinations which 

take place in an ultrasound machine between two different times. In the next step, the results 

are being compared considering major differences among them. 

3.4.1 Relative Performance Measurements 

When is the time of using relative performance technique, the transducer must be connected 

to the machine and a professional should pre-set the machine in a routine clinical setting. The 

transducer must be clean, dry and without remains of gel. Additionally, operation must be put 

to the lowest frequency and the Overall Gain with TGC to the maximum level. Due to this, a 

reverberation uniform pattern is taken in any selected depth. This pattern arises from the large 

acoustic impedance between the transducer and the air, giving rise to large multiple and regular 

reflections, and it is expected that will be uniform across the image (VIRTUALEXPO GROUP, 

n.d.).  

 

Figure 23. Reverberation pattern seen when a transducer is working into air (VIRTUALEXPO GROUP, n.d.). 

This test examines the following four aspects: 

1. Crystal drop-out 

Crystal drop-out become apparent when one or more elements in a linear or curvilinear 

transducer is out of work. The result is a vertical line in the image along which the echo 

signal is reduced. A good way to detect that problem is to take a thin object such as a 

paperclip and run it along the surface of the transducer. That action creates a moving 

column of reverberations along the displayed image.  
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Figure 24. Paperclip reverberation pattern (VIRTUALEXPO GROUP, n.d.). 

If the thin wire encounters a damaged element, the brightness of the column display will 

be reduced. 

2. Uniformity 

Uniformity can be examined based on the brightness of the plain image. Localized bright 

or dark regions may indicate defects. TGC is used to produce uniform images over a range 

of depths. Normally a system should be able to create uniform images vertically using 

TGC. Some non-uniformity areas can be observed in some parts of the following figure.  

 

Figure 25. Detection of non-uniform areas in a plain image. 
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3. Sensitivity 

An indicator of sensitivity could be the depth to which the reverberation pattern extends. 

Each successive reverberation must be smaller than its predecessor and appear to come from a 

greater depth. In case which the sensitivity has been changed, it is possible the maximum depth 

to be different than normal. 

If the machine develops a fault over time which changes its sensitivity, then it is likely that 

the depth value will change. 

• The Gain and TGC setting must be the same for each occasion when the test is carried 

out. 

• It is necessary to repeat the test for each transducer at the scanner. 

• It must not be assumed that the test is absolute at every machine. If an equipment has 

smaller value than another equipment, this cannot be interpreted as a poorer 

performance. 

• The depth recorded for the limit of reverberation will not necessarily appear the same 

on the hard copy.   

4. Noise 

Noise is a fluctuating low-level echo which do not persist between frames. TGC should be 

adjusted on a real-time image so that noise can be clearly seen at a depth greater than that of 

the last reverberation. The Overall Gain should be reduced until the noise vanishes (Peter 

Hoskins, 2010).   

3.4.2 Absolute Performance Measurements 

To prepare an absolute performance measurement, a professional is to test several 

performance parameters. These parameters are: 

1. Axial resolution 

2. Lateral resolution 

A professional can measure the axial and lateral resolution using a frozen image at the 

scanner during quality assurance. After taking an appropriate internal image of a phantom, a 

cross section of a filament is magnified, and a central bright region surrounded by less bright 

zones is being observable. Then, we measure the preferable size of that central region using the 

machine’s calipers. 

3. Slice thickness resolution 
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Figure 26. Spatial resolution consists of axial resolution, lateral resolution, and slice thickness (RCEM LERNING, n.d.). 

4. Penetration 

 

Figure 27. Dependence of penetration with frequency (Thoracic Key, n.d.). 

5. Noise 

The penetration in a tissue mimicking material (phantom) can be calculated by measuring 

the maximum depth at which the system can detect arising echoes from scattering points. The 

specialist needs to observe at which depth the fine-scale speckle pattern is disappeared, and it 

is replaced by random noise. The basic difference between speckle pattern and random noise is 

that the first one remains constant on the image and the latter is fluctuating. 
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6. Contrast resolution 

The purpose of this measurement is to detect the capability of the scanner to distinguish 

subtle differences in the echogenicity between different regions. 

7. Geometric accuracy 

Its purpose is to examine whether the overall outline shape of an object is being presented 

in accuracy. To accomplish this task, it is useful a grid of distinguished filament targets with 

known separation.  

3.5 Phantoms 

Phantoms are very important tools for ultrasonography quality assurance. They are filled 

with tissue mimicking material such as Agar, Zerdine™, Urethane, TPE (Thermoplastic 

Elastomeric), or some types of epoxies, liquids, and natural mixtures. Because same materials 

are aqueous, that phantoms dehydrate over time, resulting in changes in their speed of 

ultrasound and attenuation coefficient. So, they are not suitable for long term consistency due 

to the limits of its lifetime. On the other hand, polyurethane materials are more stable over time, 

but they cannot match with the speed of sound or to stay stable over the temperature fluctuation. 

 

Figure 28. Ultrasonography phantoms with a map of the anechioc objects in outer well. 

The phantom material has speed of ultrasound 1.540 m/s and attenuation coefficient between 

0.5 − 0.7 dB/cm∙MHz. Phantoms which mimic soft tissue, have suitable small-diameter 

scattering material. These targets are nylon filaments, cylinders, spheres, or other shapes. 

Monofilaments or stainless-steel wires with diameter 0.1 – 0.3mm are very useful to test the 

resolution of the system. Cylindrical and spherical objects are useful for simulation of some 

clinical features such as cyst or regions of pathology. That structures should be free of scatters, 
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with diameter greater than 1mm, and varying contrast and stiffness relative to background 

material. 

 

Figure 29. Doppler flow phantom (Supertech, n.d.). 

 

 

Figure 30. Doppler flow phantoms especially for cardiac equipment (CIRS, n.d.). 

The Doppler phantoms have channels where different liquids are circulating. So, that 

channels must be 3mm in diameter, walled or wall-less, and can be attached to various pumping 

system.  
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Figure 31. Informative anechoic map in a QA phantom (ResearchGate, n.d.). 

 

In quality control assessment it is very important to put the phantom inside the scanning 

room and to leave there for 30 – 60 minutes in order its temperature to equilibrate with the 

environment. In case the phantom has a well, it must be filled with tap water or scanning gel. 

TGC is adjusted to give a uniform speckle brightness over different depths and simultaneously 

the Overall Gain should be monitored to achieve a speckle brightness. 
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Figure 32. B-mode display of a phantom. 

In case of using tap water in a phantom well, there is a possibility to observe same signs of 

reverberation artifacts which relate to echoes from the sides of the well. We can remove such 

artifacts by using damp paper or other absorbers. Also, the structure of the material can easily 

be bend and distorted if excess force is applied in the surface of a phantom as well as it would 

push any target out of its position, causing very serious damage to the test object. 

   In recent years, silicon rubber phantoms have been introduced in quality control tests. They 

are stable materials and provide higher attenuation and durability. Additionally, they are 

reusable and safer compared to phantoms which are made from Agar, gelatin and gel paraffin 

which cannot last for a very long time. This make them more effective and efficient in use.  

3.5.1 Types of Phantoms 

➢ General Purpose Quality Assurance Phantoms.  

Most of the times they are used for general B-mode imaging for: 

• Image Uniformity 

• Depth of Penetration 

• Axial, Lateral and Elevational Resolution 

• Near Field/Dead Zone 

• Lesion Detectability 

(High contrast – anechoic objects) 

(Low contrast – gray scale objects) 
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➢ System Specific Quality Assurance Phantoms. 

They are used for: 

• Radiotherapy Systems  

• Breast ultrasound  

• Doppler Systems 

• Elasticity Systems 

In Doppler systems, a QC phantom inspects the following points: 

• Flow Rate 

• System Sensitivity 

• Directional Discrimination 

• Location of Flow 

• Maximum Penetration 

 

➢ Phantoms in Ultrasound QC/QA  

They are used for: 

• Equipment Selection 

• Acceptable Testing/Commissioning 

• Consistency Checks (Rule of thumb: Is the system performing the same today as it 

did yesterday) 

• Accreditation Programs for ACR, AIUM and ICAVL 

3.5.2 Different Models of Phantoms 

1. Multi-Purpose, Multi-Tissue Ultrasound Phantom – Model 040GSE 

 

 

Figure 33. Model 040GSE (CIRS, n.d.). 
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This phantom can test the full range of standard diagnostic ultrasound probes from 2 – 

18Mhz. Dual attenuation design provides challenging testing environment for high sensitivity 

probes. Additionally, Model 040GSE has elasticity targets. 

With this phantom, a sonographer can test the followings: 

• Uniformity 

• Depth of penetration 

• Beam profile/ Focal zone/Lateral Response Width 

• Vertical Distance Measurement 

• Axial and Lateral Resolution 

• Contrast Resolution 

• Greyscale Contrast Sensitivity 

• Elasticity Sensitivity 

• Dead Zone Assessment  

 

2. 3D Ultrasound Calibration Phantom ATS 560H 

 

Figure 34. 3D phantom ATS 560H (CIRS, n.d.) 

The phantom is designated with a combination of monofilament line targets with diameter 

0.12mm in order to display image at frequencies ranging from 2.25 – 7.50MHz. It has six non-

echogenic cylindrical targets of varying sizes and a 3D target structure (Supertech, n.d.). With 

that phantom we can examine the following points: 
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• Dead Zone or Ring-Down 

• Vertical Measurement Calibration 

• Horizontal Measurement Calibration 

• Sensitive/Penetration 

• Functional Resolution 

• Focal Zone 

• Axial and Lateral Resolution 

• Image Uniformity 

• Volume Measurements  

 

3. Bean Profile & Slice Thickness Ultrasound Phantom ATS 538-H 

 

That phantom contains a thin plane of echogenic material embedded in a non-echoic rubber-

based tissue mimicking matrix. It has two scan planes which the scattering plane is oriented at 

45 to one scan plane and perpendicular to the other. 

 

Figure 35. Model ATS 538N-H (CIRS, n.d.). 
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Figure 36. Scaning and Scattering planes inside a Beam Profile & Slice Thickness Ultrasound Phantom (EASY 

NOTECARDS, n.d.). 

Amplitude variations in the near field are displayed as varying degrees of brightness versus 

the almost homogeneity of the amplitude in the far field. That phantom provides a mean of 

evaluating the slice thickness of an imaging system at varying depths. Slice thickness displays 

reflections produced by structures in front of or behind the beam’s main axis. As the slice 

thickness increases, the degrees of spatial resolution decreases. By this phantom a sonographer 

can inspect (Supertech, n.d.): 

• Beam Profile (near field, focal length, focal zone, beam width, side and grating lobes 

and beam divergence in the far field). 

• Slice Thickness 

• Image Uniformity 

• Tissue Harmonic Imaging Compatibility 

 

4. Elasticity QA Ultrasound Phantoms CIRS 049 & 049A 

Model 049 and 049A elasticity QA phantoms are tools developed for sono-elastography 

systems. The phantom contains targets of known stiffness relative to the background material 

and range in stiffness, diameter, and depth. The elasticity QA phantoms are suitable for 

determining the dynamic range of the system, checking system performance over time, and 

demonstrating system features.  
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The Model 049 is a basic QA phantom as it contains two sizes of spheres positioned at two 

different depths. At each depth there are two spheres that are softer than the background and 

two that are harder than the background.  

 

Figure 37. Model 049 and position of the spheres (CREATIS, n.d.). 

The Model 049A has stepped mass targets instead of spheres. Each stepped mass consists of 

six diameters so that someone can evaluate the ability to visualize targets that are located at the 

same depth and have the same relative stiffness but vary in diameter. There are 4 separate 

hardness as well as the targets appear isoechoic on standard B-mode imaging (Supertech, n.d.).  

 

Figure 38. Model 049A (Jonathan Frederik Carlsen, 2014) 

 

5. Gray Scale Ultrasound Phantom ATS 531 

Model 531 gray scale phantom is designated to evaluate an imaging system’s gray scale 

processing and displayed dynamic range. The phantom contains 10 levels of contrast target 

structures relative to the background, ranging than -15dB to +15dB. That phantom can evaluate: 

• Gray Scale 

• Displayed Dynamic Range  
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Figure 39. Model ATS 531 (Supertech, n.d.). 

 

6. Gray Scale Ultrasound Phantom CIRS 047 

That phantom allows visualization of gray scale resolution power at continuous depth from 

1 – 12cm and assess resolution of masses varying in size, depth, and contrast. It allows user 

evaluation of gray scale sensitivity with a wide range of transducer frequencies. Masses may 

be viewed with either a circular or elliptical cross-section. The mass diameters were selected so 

the volume imaged would double as the diameter increased (CIRS, n.d.). 

 

Figure 40. Model CIRS 047 (CIRS, n.d.) 
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Figure 41. Image from a differentiated test object in CIRS 047 (CIRS, n.d.). 

 

 

Figure 42. Image of test objects in CIRS 047 (CIRS, n.d.). 

Also, it is constructed from Zerdine and consists of 21 testing objects with diameters 2.4, 4 

and 6.4cm. The depth of test objects varies continuously as phantom is scanning laterally. 

 

7. Multipurpose Ultrasound Phantom Kyoto Kagaku N-365 

An appropriate phantom made of urethane elastomer, for daily assessment which contains a 

grey scale for contrast resolution, cyst targets with non-resonance cylinders, and line targets for 
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geometrical evaluation. It provides close range resolution as well as axial and angular resolution 

(Supertech, n.d.). 

 

Figure 43. Phantom Kyoto Kagaku N-365 (VIRTUALEXPO GROUP, n.d.).  

 

8. Ultrasound Phantoms for 2D and 3D Evaluation – CIRS Model 0555 Set 

That set consists of two phantoms, the Model 055 3D Ultrasound Calibration Phantom and 

Model 055A 3D Wire Test Objects, as described in the AIUM (American Institute of 

Ultrasound in Medicine) publication “Standard Methods for Calibration of a 2-Dimensional 

and 3-Dimensional Spatial Measurement Capabilities of Pulse Echo Ultrasound Imaging 

System”. 

 

Figure 44. Model 055 Set (Supertech, n.d.) . 
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These phantoms were designated to evaluate measurements taken on ultrasound systems 

using newer spatial encoding algorithms. Both phantoms are made of Zerdine™, a material 

which is not damaged by changes in temperatures. 

The CIRS Model 055 3D Ultrasound Calibration Phantom is a volumetric target phantom 

and contains a small egg and a large egg. There are two scanning surfaces and the targets are 

off centered within the background material. Depending upon what side is scanned the test 

objects are located at distances ranging from 2 − 6cm from the scanning surface.  

 

Figure 45. Position of the two eggs from above (Medical Device Depot Inc., n.d.). 

 The CIRS Model 055A 3D Wire Test Objects is a wire target phantom. In 2D, the wires can 

be used to trace imaginary elliptical or rectangular shapes while in 3D mode the same wire 

targets can trace out elliptical and/or rectangular rods (Meditron, n.d.). 
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Figure 46. A cross-section of the wires (Medical Device Depot Inc., n.d.). 

 

Figure 47. A B-mode image of the wires (CIRS, n.d.). 

These rods are used for measuring the: 

• Perimeters 

• Volumes 

• Surface areas  

• Image Uniformity  
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9. Accreditation Phantom for Uniformity - CIRS Model 551 

That phantom helps appropriately trained personnel in identifying the presence of lateral 

and/or axial steaks. It consists of a uniform block of Z-Skin™ that is elastic enough to conform 

to any shape transducer. Z-Skin is durable enough to withstand the probe pressure to maintain 

coupling with all the elements of even the tightest curvilinear arrays (Meditron, n.d.). 

 

Figure 48. Phantom CIRS Model 551 in use (Supertech, n.d.). 

 

 

Figure 49. A common B-mode image of the accreditation phantom CIRS Model 551 (Supertech, n.d.). 
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3.6 Quality Assurance Tests According to a Report of AAPM Ultrasound Task Group 

No. 1 (1998) 

According to that report (Mitchel Goodsitt. Paul Carson, 1998), a specialist who is going to 

prepare a quality assurance test, must make the following inspections: 

3.6.1 Physical and Mechanical Inspection 

• Transducers 

1) Checks in cables, housing and transmitting surfaces for cracks, separations, and 

discolorations. (Inserting the plug and securing the transducer must be an easy 

operation. Bend or loose prongs may justify transducer repair). 

2) Checks in mechanical transducers for the presence of air bubbles in the scan heads.  

3) Verify that the transducers within the scan head move smoothly without excessive 

noise or vibration. 

4) Check that the edges of the material on the face of the transducer are not loose. 

• Power Cord 

1) Check for cracks, discoloration, and damage to the cables and plugs. 

• Control panels 

1) Check for dirty or broken switches, knobs and burnt out lights. 

• Video Monitor 

1) The video monitor should be clean and free of scratches. 

• Wheels and wheel locks 

1) Check that all wheels rotate freely and that the machine is easy to manoeuvre. 

2) Check that wheels are seated securely. 

3) Check wheel locks to verify that they lock securely. 

• Dust filters 

1) Inspect the dust filters. (Dirty filters cause over-heating which shortens the life of 

electronic components). 
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• Scanner housing  

1) Check for dents to the scanner. 

• Action 

1) Take damaged systems or components out of service and repair them before using 

system. 

3.6.2 Image Uniformity 

A medical physicist or in some cases a sonographer examine the image uniformity using a 

suitable phantom with uniform texture similar to that of liver parenchyma, and free of filaments 

and lesion-simulating targets. We start with the following steps.   

1) Generate images using both single and multiple focal zones. 

2) Adjust the gain and TGC for moderate image brightness to be uniform with depth. 

3) Record the settings for future use. 

• Procedure  

1) Scan across the phantom and freeze the image while moving the transducer. 

2) Examine the image for steaking. If streaking is present, repeat the scan at another 

phantom location to ensure that streaking is not a result of poor coupling or phantom 

artifacts. 

3) If there are any significant (4dB threshold) nonuniformities contact with a service 

engineer. 

3.6.3 Depth of penetration/visualization 

The depth of penetration determines the weakest echo signal level that can be detected 

and clearly displayed. That value is ascertained by measuring the depth in a phantom at 

which usable echo information disappears. That phantom must be at least 18cm deep and 

might include a column of filament targets that are oriented perpendicular to the scan plane 

and separated be 1cm intervals. Alternatively, there are phantoms that include anechoic 

cylindrical structures of various sizes. The map of that objects consists of a 1mm diameter 

cylinder structure to a depth of 2cm, 3mm diameter cylindrical structure from 2 – 10cm, 

and 5mm diameter cylindrical structure from 5 – 18cm. The advantage of latter design is 

that it permits one to determine maximum depth of penetration at which an object can be 
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perceived without the subjectivity involved in estimation which is based on the ultrasound 

texture pattern. 

• Procedure 

1) Scan the phantom and freeze the image. 

2) Measure and record the maximum depth of visualization of background echoes from 

the phantom. 

3) Photograph the display and process the film, leaving the display frozen. 

4) Measure the penetration visible on the film. 

• Suggested Performance Criteria and Corrective Actions 

1) Contact the service engineer if either the depth of visualization measured on the 

monitor or hard copy changes from its baseline value by more than 0.6cm. 

 

Figure 50. Determination of maximum depth of visualization based on display of anechoic objects (Mitchel Goodsitt. Paul 

Carson, 1998). 

It is expected that the maximum depth of visualization should remain constant over time. 

Any variations would indicate performance degradation. Changes in the depth of visualization 

may have their origin from variations in output intensity and receiver gain as well as damage to 

the transducer or cable. 

3.6.4 Distance Accuracy 

The vertical distance or depth calibration test determines the accuracy of measured distances 

along the beam’s axis. Vertical distance errors occur in the most cases by drifts or failures in 

the system’s internal timing circuits. Horizontal distance errors can be the result of flows in the 
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transducer scan mechanism. Distance accuracy is tested by comparing the measured distance 

between marked filament targets with known distance. 

The phantom should include a vertical column of filament targets that are oriented 

perpendicular to the scan plane and are located at 1cm intervals, as well as horizontal rows of 

filaments that are separated by known distances.  

• Procedure 

1) Scan the phantom so that the vertical column of filament targets appear towards the 

center of the image and a desired set of horizontal targets is also visible. 

2) Vertical distance accuracy can be tested using the ultrasound instrument’s calipers 

and measuring the distance between the most widely separated filament targets in 

the vertical column displayed in the image. 

It is appropriate to measure the distance between the same two filaments as in the baseline 

tests. 

3) Horizontal distance accuracy can be tested using the ultrasound instrument’s 

calipers and measuring the distance between the most widely separated filament 

targets in the horizontal line displayed in the image. 

Consider contacting with service if: 

• Vertical measurement error is greater than 1.5mm or 1.5% of the actual distance. 

• Horizontal measurement error is greater than 2mm or 2% of the actual distance. 

Discrepancies greater than 2% should be corrected at the next service visit. Differences 

greater than the previous mentioned are the result of either machine error or the incorrect 

velocity of ultrasound in the phantom. 

3.6.5 Axial Resolution 

Axial resolution describes the scanner’s ability to detect and clearly display closely spaced 

objects that lie along the beam’s axis. Axial resolution can be determined by identifying the 

closest two filaments inside a phantom that can be clearly visible as separate objects in the 

image. 
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Figure 51. Spacing of filament targets in the axial resolution target group of a phantom (Mitchel Goodsitt. Paul Carson, 

1998). 

• Procedure 

1) Scan the phantom with focus located at axial resolution target grouping of interest 

and with maximum image zoom at that location.  

2) Record axial resolution as a smallest separation between targets that can be 

perceived at each depth. 

• Suggested Performance Criteria and Corrective Actions 

Axial resolution should be 1mm or less for transducers having central frequencies greater 

than 4MHz, and 2mm or less for transducers having central frequencies less than 4MHz.  

3.6.6 Lateral Resolution 

Lateral resolution describes the instrument’s ability to distinguish structures that are closely 

positioned within the image plane along a line perpendicular to the beam’s major axis. Lateral 

resolution can be easily characterized as the beam width. Lateral resolution can be affected by 

the loss of transducer elements or by problems in the system’s beamforming and receiving 

circuits. Lateral resolution can be measured by imaging filament targets which are displaced 

laterally by a variety of known distances.  
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• Procedure 

1) Scan the phantom with the horizontal grouping of filament targets. 

2) Zoom the image with the grouping of filament targets and determine which set can 

be identified as containing two separate filaments. This is the lateral resolution. 

• Suggested Performance Criteria and Corrective Actions 

Call the service engineer if: 

1) The lateral resolution changes by more than 1mm for two successive test periods. 

2)  It is greater than the value computed with the following formula: 

 

2.5  
 where focal length is in  and frequency in 

focal length
mm MHz

frequency D



  

3.6.7 Ring Down or Dead Zone 

   The ring down or dead zone is the distance from the front face of the transducer to the first 

identifiable echo. The dead zone is the result of transducer ringing and reverberations from the 

transducer – phantom or patient interface. The transducer dead zone occurs either because a 

hard surfaced offset is used to separate the transducer from the patient or because the emitted 

pulse is finite in length and low amplitude echoes might not be detectable if they coincide in 

time with excitation pulse complex of the transducer. A suitable phantom contains a set of 

filament targets located very close to the scanning window. 

 

Figure 52. The depth of dead zone is determined by identifying the shalowest filament target that can be clearly visuallized. 

• Procedure 

1) Scan the region in the phantom containing the dead zone test filaments. 

2) Freeze the image and determine the closest filament, that can be imaged. Then, 

record the depth of this filament which is the dead zone. 

• Suggested Performance Criteria and Corrective Action 
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Contact the service engineer if: 

1) The dead zone does not meet the following criteria.  

Transducer Central Frequency ( f ) (MHz) Dead Zone (mm) 

≤ 3 < 7 

3 < f < 7 < 5 

≥ 7 < 3 

Table 3. Point of dead zone in relation to the transducer central frequency. 

Deeper dead zone can be attributed to an elongated pulse length arising from either a cracked 

crystal, a loose backing or facing material, a broken lens, or a longer excitation pulse. 

3.7 Conducting Quality Control Tests in Accordance with ACR Guidelines 

All ultrasound equipment must be evaluated upon installation by an appropriate acceptance 

testing and thereafter to ensure that it is functioning correctly. Ultrasound system performance 

evaluations must be conducted at least annually. During that tests we must examine the 

following factors in all machines and transducers (AMERICAN COLLEGE OF 

RADIOLOGY).  

• Physical and mechanical inspection. 

This assures the mechanical integrity of the equipment as well as the safely of the operator 

and patient. 

• Image uniformity and artifact survey. 

This test aims to identify the presence of artifacts, often axial or lateral streaks in scans of 

uniform sections of a phantom.   

• Geometric accuracy. 

These tests often involve use of the scanner calipers to measure known distances between 

phantom test targets in the axial and lateral direction.  

• Contrast resolution. 

The use of larger 2D targets emphasizes contrast resolution performance, while the use of 

small targets also tests spatial resolution capabilities. 



51 

 

• Fidelity of the ultrasound scanner electronic image display. 

Display characteristics, that are evaluated, may include gray scale response, presence of 

pixel defects and overall image quality. These evaluations are performed using specialized test 

pattern images and may involve the use of photometric equipment. 

• System sensitivity. 

Visual determination of the maximum depth of visualization of speckle patterns or phantom 

targets as well as the quantitative measurements of signal – to – noise ratio (SNR). 

• Spatial resolution. 

This should be measured in the axial and lateral resolution measurements, including visual 

interpretation of groups of phantom pin targets and measurement of its dimension. 

• Fidelity of the display devices used for primary interpretation. 

Display characteristics that are evaluated may include gray scale response, presence of pixel 

defects, and overall image quality. These evaluations are performed using specialize test pattern 

images and may also involve the use of photometric equipment. 

• Qualitative evaluations of Doppler functionality. 

For special Doppler mode, the tests include positioning of the Doppler sampling volume, 

specification angle, Doppler spectral display, directional of flow and lack of velocity signal 

where no flow is present. For color flow imaging mode, the tests include color map and flow 

direction as well as color signal superimposition on the gray scale image. As there are visual, 

quantitative tests, the use of a phantom is not required.  

We can use either subjective visual or objective computer-based methods. If we use the 

subjective method, it is recommended that the images used to perform the tests must be retained 

for comparison with subsequent test images.  

   All scanners and transducers should be tested at least one time between a period of 6 to 12 

months. 

3.7.1 Acceptance Testing 

Ultrasound scanners: The performance of all ultrasound imaging equipment must be 

evaluated at the time it is acquired. This also includes purchases of new scanners and/or 

transducers, replacement of equipment and major equipment upgrade, as well as that pulled 
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from storage. These tests provide a performance baseline for comparison with future tests 

results. 

   Acceptance testing of a scanner alone may be performed using a single transducer. This test 

should include: 

1) Physical and mechanical inspection. 

2) Image uniformity/artifact survey (each transducer port on the scanner should be 

tested). 

3) Geometric accuracy. 

4) System sensitivity. 

5) Spatial resolution. 

6) Contrast resolution. 

7) Fidelity of ultrasound scanner electronic image display. 

For systems which have tissue harmonic imaging capabilities, we must test the following 

factors for that mode especially. 

1) System sensitivity. 

2) Spatial resolution. 

3) Contrast resolution.  

Ultrasound transducers: Acceptance tests should include the following: 

1) Physical and mechanical inspection. 

2) Image uniformity/ artifact survey. 

3) Geometric accuracy. 

4) System sensitivity. 

5) Spatial resolution. 

6) Contrast resolution. 

Appropriate actions and notifications must be taken place immediately to protect the patients 

and staff from an imminent danger by using the equipment. After the problem has been 
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addressed, acceptance testing should be conducted to assure that the problem has been resolved. 

These test results should be documented. 

3.7.2 Test Methods for Daily Checks in 5 Minutes  

These checks are better to be performed daily and before the first patient is examined. They 

allow us to know if there is any potential damage, or deterioration of the devise such as in the 

transducers, the monitor, and the hard-copy unit. The only tools which we will need are, a ruler, 

a non-permanent marker and a paperclip or a thin wire. 

The 5min tests include: 

• Visual Inspection, which can be performed firstly, and checks: 

1) Housing of transducers and coloured protection foil. 

2) Cables  

3) Trackball 

• Procedure 

1) Check cables of transducers and other units for damages. 

2) Check if the cables are connected faultlessly. 

3) Check if there are some connections damaged. 

4) Inspect for cracks or split offs at the transducer housing and at the colored protection 

foil on the transducer surface. 

5) Check if the transducer is clean or free of coupling gel or other substances. 

6) Inspect if the keyboard or trackball are working faultlessly. 

7) Check if the air filters of the device are clean. 

These checks are going to be done daily and the notes will include errors or problems. 

3.7.2.1 Checking the Working Elements of the Transducers  

For such inspection we need a paper clip or a thin wire and coupling gel. 

• Procedure 

1) Turn on the ultrasound device. 
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2) Take the thin wire or paper clip and move it along the active scanning zone of the 

transducer. 

3) Inspect for loses or changes of echo display within the B-mode image as 

reverberations of the wire or any other changes in moving. 

4) Note changes of widths within the displayed object, flickering or losses of 

representation together with the object’s position. 

5) Measure the length of the active scanning area with the ruler according to the marks 

set by the colored marker and note it. 

Such test should be done daily, and we must note the errors or problems as well as size of 

active scanning length. Changes in sensitivity or total losses of elements can decrease the image 

quality. If the elements of a transducer are lost, then the active area is also reduced.  

3.7.2.2 Quality of the Images 

1) Turn on the ultrasound devise. 

2) Set Monitor input to «ext.input» or «VCR-input». 

3) Check if the diagonal white lines are visible. 

4) Minimize brightness and contrast of the display. Check if there are dark areas 

visible on the display. 

5) Note the changes. 

6) Adjust brightness and contrast of the display in the appropriate levels. 

If the monitor is flickering, then call the service team. Such test must be done daily. Strong 

flickering or local changes in brightness can indicate aging or damage of the monitor. 

3.7.2.3 Procedure of Gray Level Comparison Between Monitor and Printer 

1) Turn on the ultrasound device and freeze the image. 

2) Make a hardcopy of the monitor image. 

3) Compare the number of displayed bars of the monitor and printed image. Check if 

there are large differences. Then rate: 

As 1 if there are no remarkable differences. 
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As 2 if there are slightly remarkable differences. 

As 3 if there are largely remarkable differences. 

Noting the rating and call the maintenance team to fix it. Then repeat the inspection until 

there are no visual differences. Such tests must be conducted daily and after a maintenance 

service. Differences in hardcopy images originate from aging print substances. 

3.8 Routine Quality Assurance “Cookbook” by AIUM 

The Routine Quality Assurance “Cookbook” is a guide which outlines the basic quality 

assurance requirements for AIUM – accredited practices (American Institute of Ultrasound in 

Medicine, 2008). 

3.8.1 Section A: Cleanliness and Safety 

➢ Immediately 

• Clean any spill of bodily fluids or hazardous materials. 

At the end of each exam: 

• Clean the gel from transducers and ultrasound machine control panels. 

➢ Daily 

• Check transducer cables for damage. 

• Check transducer for cracks, separations, and discoloration. 

• Clean monitors and inspect for cracks. 

• Check for any damage to power cords or PACS connections. 

• We must identify and report improper operation of switches or knobs on medicine 

console. 

• Identify and report any burned-out indicator lights. 

• Clean rooms for dust, dirt, and infection control. 

➢ Weekly 

• Clean dust from machine console air filters. 

• Check the machine for dents and other damage. 

➢ Monthly 

• Clean ultrasound machine console and other equipment in the exam room. 
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3.8.2 Section B: Image Display and Performance  

➢ Daily 

• During routine scanning, we visually assess images for vertical shadows and streaks 

caused by dead elements in the transducer. 

➢ Annually  

• Checking of brightness and contrast controls. (confirm machine monitor settings to be 

at calibration points used for setting up hard copy and/or workstations). 

• Assess monitors grey scale setup. (The only materials we need is a stored grey bar or 

a Society of Motion Picture and Television Engineers [SMPTE] pattern in the 

ultrasound scanner) 

 

Figure 53. Stored gray-bar in the machine (American Institute of Ultrasound in Medicine, 2008). 
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Figure 54. SMPTE Pattern for Evaluation (American Institute of Ultrasound in Medicine, 2008). 

• Evaluation:  

1) Display the grey bar pattern stored in the ultrasound machine. If there is no grey bar 

pattern, we use the grey bar display on B-mode images. 

2) Then, we verify that all grey transitions are visible on the system monitor. 

3) We sent the image to the PACS network; we verify that these grey level transitions 

are viewed on the PACS monitors. 

• Assessment of cables, housing, and transmitting surfaces of each transducer. 

1) Confirm that there are no cracks, separations, or discolorations. 

• Assess transducer uniformity for each one. 

1) Firstly, for this assessment we need a phantom. 

2) Disable spatial compound imaging. 

3) Implement a shallow depth setting to provide good spatial detail up close to the 

transducer. 

4) We must use a single transmit focal depth. 
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5) Then, we adjust sensitivity to produce an image which has a uniform grey level. 

6) Use maximum persistence settings. 

➢ Evaluation 

1) Scan a uniform region of the phantom. We have to be very careful about transducer 

to be fully coupled with no gap. 

2) Look for shadows emanating from the transducer surface. 

➢ Then we rate the transducer 1 – 4. 

1) Rate 1 or 2 means “still operational”. 

 

Figure 55. Absence of non-uniformities (American Institute of Ultrasound in Medicine, 2008). 
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Figure 56. 1-2 minor non-uniformities (American Institute of Ultrasound in Medicine, 2008). 

 

2) Rate 3 means “needs replacement when possible”. 

 

Figure 57. 3 minor non-uniformities (American Institute of Ultrasound in Medicine, 2008). 
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3) Rate 4 means “immediately remove from service”. 

 

Figure 58. More than 3 minor non-uniformities (American Institute of Ultrasound in Medicine, 2008). 

• Assess maximum depth of visualization for transducer. 

The materials we need is a phantom. 

➢ Adjust system settings, 

1) Increase the power output to 100%. 

2) For multi-frequency transducers, we use a mid-frequency setting. 

3) Place the transmit focus as deeply as possible to maximize visualization of image 

texture. 

4) Increase the system gain to the level where electronic noise is just barely perceptible. 

➢ Evaluation 

1) Scan a region of the phantom and freeze an image. 

2) Use the electronic callipers to estimate the maximum distance over which you can 

visualize the background texture pattern. 

3) Call this measurement the maximum depth of penetration. 

4) Use this number to compare performance from one QA session to the next. 
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• Assess distance measurement accuracy for each transducer. 

We need a phantom for that assessment. 

➢ Evaluate 

1) Scan a phantom, viewing a column of targets with the transducer positioned to image 

the column of targets near the centre of the displayed field. 

2) Place digital callipers to measure distance between two targets. 

 

Figure 59.Vertical distance measurement check (American Institute of Ultrasound in Medicine, 2008). 

3) Compare measured distance with known separation. 

4) Repeat for horizontal measurement accuracy, imaging targets with known 

horizontal spacing. 

 

Figure 60. Horizontal distance measurement accuracy checks (American Institute of Ultrasound in Medicine, 2008). 
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5) Place digital callipers to measure from the centre to the centre between two 

neighbour targets. 

6) Compare measured distance with known separation.  

3.9 British Medical Ultrasound Society (BMUS) Guidelines (Nick Dudley, 2014) 

As the British Medical Ultrasound Society says, the purpose of a quality assurance test 

should be to ensure that consistent, reliable results are provided as well as to check for 

deterioration if equipment performance. There are three levels of Quality Assurance Tests.  

• Level 1 → Infection control and scanner damage. 

• Level 2 → Basic scanner and transducer testing. 

• Level 3 → Further scanner and transducer testing. 

The Level 1 procedure must ensure that the scanner is clean and infection risks to patients 

and staff are minimized. Additionally, inspections are performed to detect any damage to the 

transducers and their cables.  

Infection control measures must be implemented to every patient, so these actions are 

conducted several times each day. On the other hand, inspections for scanner damage are 

performed weekly. 

The Level 2 procedure ensure appropriate setting of video monitor controls for consistency 

of imaging. That test should be performed every day. 

The Level 3 procedure provide further evaluation of scanner performance and are designated 

to be conducted each month. Such a test needs to set aside dedicated time.  

3.9.1 Detailed Analysis of Level 1 Procedure 

Weekly checks should be performed either before switching the scanner on or after switching 

it off. 

• Procedure  

1. Clean ultrasound gel and body fluids from scanner console, transducers, and cables after 

every patient. (frequency: multi-daily) 
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Information: The transducers should be wiped out gently with soft paper towel. It could be 

used especially, cleaning agent recommended by the manufacturer. Avoid use alcoholic 

substances because they can damage the transducers. 

2. Ensure transducers are stored securely when they are not in use. (frequency: multi-daily) 

Information: The transducer should be stored in their holder by the time it is not used. Avoid 

leaving the transducer on other surfaces because there is the danger to fall off and be damaged. 

3. Ensure transducers’ cables are properly stowed and out of risk of being run over by the 

scanner wheels. (frequency: multi-daily) 

Information: For transducers that are not in use, the cables should be correctly stored to ovoid 

trailing on the ground.  

4. Clean monitors for dust, gel, etc. (frequency: daily) 

Information: Clean dust from the monitor using a soft dry cloth. Remove the stains by using 

moist soft cloth. It can be accepted a screen cleaner approved by the manufacturer.  Paper towels 

must be avoided because they may damage the screen as well as ammonia-based products as 

these can be harmful for flat screen LDC monitors. 

5. Check the appropriate operation of the main scanner controls. (frequency: daily) 

If there is a problem in operation, inform the service team. 

Information: Check that the most used monitor’s controls are functioning normally and there 

are no cases which they stick or respond intermittently.  

6. Inspect the transducers used for any damage. (frequency: daily) 

If suspected damage, inform the service team. For major damages take the transducer out 

of service. 

Information: Inspect visually all the transducers for signs of wear and damages. Attention must 

be paid to the edges of the lens where there is a connection between plastic casing and them. 

Applying a light pressure to the probe at the junction between the lens and the plastic casing 

may reveal movement suggesting damage to the bonding. The hard-plastic casing needs to be 

inspected for hair-line cracks. If there is a minor damage, it should be reported and then be 

mentioned to the service team. In the case of major damage, the probe must be taken out of 
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service for further inspection and potentially replacement or repair. In case of gel or water may 

ingress, the probe must be subjected to electrical safety tests. 

7. Inspect for switches, knobs, and other controls for damage. (frequency: weekly) 

If suspected damage, inform service team. 

Information: Controls must be inspected visually for wear or abrasion. Non-sealed knobs 

should be inspected for ingress of scanning gel. 

8. Inspect the probe cables, the main cables and plug of all cables for damage. (frequency: 

weekly) 

If suspected damage, inform service team. 

Information: This should be performed with the scanner switched off. Inspect the probe cables, 

main cables, plugs and cables to any attached peripherals for damage. Running the cable 

carefully through your hand, gently pinching the cable between the thumb, first and second 

finger will reveal any cuts, abrasions, twisting or deformation or stress internal to the cable. 

Disconnect the probes and check the connectors for physical damage and signs of stress such 

as twisted or misaligned pins, abrasion, or corrosion for surface connections.  

9. Inspect the ultrasound system for damage such as cracks and dents. (frequency: weekly) 

If suspected damage, inform service team. 

Information: The ultrasound system must be visually inspected for bumps and dents. 

Additionally, movement and locking mechanisms of any moving part such as video monitor, 

console and keyboard must be checked. 

10. Test of brake and wheel function. (frequency: weekly)  

If suspected damage, inform service team. 

Information: If the scanner is used in a single location, then check it for stability or whether 

the brakes are holding it securely. If the scanner is moved to various locations then unlock the 

brakes and check the system for smooth movements, ensuring that there is no pull or drag and 

that one pair of wheels can be locked in position for case of steering. Then, re-engage the brakes 

at the working position and check the system for stability. 

11. Check air filters for dust and fluff. (frequency: weekly) 
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Clean if dirty. 

Information: Clean the filters with cloth, brush, or vacuum cleaner, depending on 

manufacturers’ recommendation. 

3.9.2 Detailed Analysis of Level 2 Procedure 

Procedure 

1. Check that the video monitor’s brightness and contrast controls have been appropriately 

adjusted. (frequency: daily) 

If there is any deviation from calibration points, then reset contrast and brightness to 

calibration points. 

Information: If brightness and contrast controls have been altered from their baseline settings, 

readjust to those recorded or marked on the display. 

2. Check that the gray-scale bar is fully displayed. (frequency: daily) 

If gray-scale bar is not fully displayed, reset contrast and brightness settings to calibration 

points. 

Information: The monitor should be viewed and adjusted in the same lighting conditions as 

scanning is performed. The ideal light should be subdued with no bright light sources or 

reflections. The gray-scale bar should show peak white at one end and the darkest gray scale at 

the other. There should be a continuous gradient from white to black. If this is not problem, 

adjust the contrast and brightness to achieve this and record the new values as baseline for future 

reference. 

3. Check if grey levels on the ultrasound system monitor is matched by grey levels on PACS 

system monitor. (frequency: daily) 

If gray levels do not match, adjust PACS monitor settings. 

4. Inspect reverberation images for shadows and streaks caused by transducer dropout for all 

transducers in use that day. (frequency: daily)  

If there is any suspicion of a fault, then undertake Level 3 testing. 

Information: This test is not possible on phased array probes. Turn off harmonic, trapezoidal 

and compound imaging, as these may mask faults. With the probe operating in air and free of 

gel, inspect the reverberation pattern for axial dropout, which would indicate a failure of the 
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element, cable connection or transmit/receive channel. A subtle non-uniformity is normal in 

many different probes. If there are shadows or streaks arising from the proximal part of clinical 

images there is a possibility to represent a more severe problem and should be immediately 

reported to the service team.  

Reference images may be stored to the local hard-drive or to PACS for assist with the 

observation of change. 

3.9.3 Detailed Analysis of Level 3 Procedure 

Procedure 

1. Check the air reverberation pattern. (Frequency: monthly)  

If it is out of tolerance, then contact with service team. 

If the system is to continue in use, ensure that a documented contemporary clinical 

assessment is performed. 

Information: Operate the transducer dry in air.  

• Select appropriate preset. 

• Select a fundamental frequency and harmonic. 

• Alter output to 100%. 

• Increase the overall gain to maximum and ensure Time Gain Compensation (TGC) 

sliders are positioned centrally. 

• Move a single focus to the most superficial setting. 

• Turn off compounding, trapezoidal imaging and real time adaptive image processing. 

• Adjust the scale so that the full face of the transducer is in the image and if possible, 

such that the reverberation occupies at least 25% of the image depth. 

• Measure and record the distance from the top of the image to the deepest visible 

reverberation in the center of the image. 
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Figure 61. Air reverberation pattern measurement from the top of the image to the deepest visible reverberation line (Nick 

Dudley, 2014). 

➢ Make an element dropout test. (frequency: if there is a fault with the inspection of 

reverberation images as it is described in step 4 at Level 2. In case of phased array 

transducers, the inspections must be made monthly) 

If it is out of tolerance, then contact with the service team. 

If the system is to continue in use, ensure that a documented contemporary clinical 

assessment is performed. 

Information: With the same settings as the previous step run the smooth edge of the paperclip 

along the probe. The paperclip will produce strong echoes localized at the point of contact. Any 

loss of echoes indicates element dropout, which is likely to be clinically significant. 
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Figure 62. Normal paperclip reverberation pattern (Nick Dudley, 2014). 

 

 

Figure 63. Reduced paperclip reverberation brightness in dropout region (Nick Dudley, 2014). 

 

➢ Make an electronic noise assessment for B-mode, Doppler, and Color flow. (Frequency: 

monthly) 

Information: Using the same settings as previously, reduce the overall gain to the point where 

noise has just disappeared from the image and record the gain value as the noise threshold. Note 

and report any change from the baseline. It can be helpful to reduce superficial TGC to eliminate 

reverberation lines. 
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Figure 64. Electronic noise assessment (Nick Dudley, 2014). 

Pulse Wave (PW) Doppler and Color Flow Imaging (CFI) may be tested in the same way.   

• Schedule an electrical safety testing. (Frequency: monthly) 

Information: Check the date that electrical safety testing is next due. 

 

3.10 EFSUMB Technical Quality Assurance Group  

European Federation of Sociates of Ultrasound in Medicine and Biology (EFSUMB) has 

suggested some criteria for a Quality Assurance program to cover on the ultrasonography (C. 

Kollmann, 2012). It has divided a program to tree different levels. 

• Level 1 – User test “5-min test” 

This level does not need any additional sophisticated equipment, special evaluation software or 

time-consuming procedures. This procedure is easy in use from personnel that function the 

equipment in regular basis. 

It includes the following inspections: 

1. Visual inspection for crucks or delamination of transducers. If there is any problem, then 

make a separate transducer checking or report it to Maintenance Department. 

2. Visual inspection of cable damage. If there is any problem, then make a separate transducer 

checking or report it to Maintenance Department. 
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3. Visual inspection of image uniformity due to the loss of transducer elements. This step is 

subjective. If there is any problem, then make a separate transducer checking or report it to 

Maintenance Department. 

4. Visual inspection of monitor function. If there is any problem, then adjust the monitor 

settings or report it to Maintenance Department. 

5. Visual inspection of the hard copy and image storage function. If there is any problem, then 

adjust the machine settings or report it to Maintenance Department. 

6. Visual inspection of monitor sensitivity and noise. If there is any problem, then go on Level 

2 or report it to Maintenance Department. 

• Level 2 - Performance Tests 

It includes the following inspections: 

1. Inspect the lateral and axial resolution with the help of a specified software and test object. 

If there is any problem, then make a separate transducer checking. 

2. Inspect the maximum depth of penetration with the help of a specified software and test 

object. If there is any problem, then report it to Maintenance Department. 

3. Inspect the uniformity with the help of a specified software and test object. If there is any 

problem, then report it to Maintenance Department. 

4. Inspect the monitor function with the help of a specified software and test object. If there 

is any problem, then report it to Maintenance Department. 

5. Inspect the dynamic range and contrast resolution with the help of specified software and 

test object. If there is any problem, then report it to Maintenance Department. 

• Level 3 – Performance Tests  

When the equipment is newly introduced in a quality assurance scheme, several parameters 

have to be measured and quantified to acquire information on the technical performance of the 

equipment. This test is called acceptance test and establishes initial data about the different 

parameters used for further long-term investigation. This test document meets the baseline 

performance of the equipment and should be done only once and whenever a repair is taken 

place, profound maintenance, and a software update has been done. 
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It includes the following inspections: 

1) Inspect the lateral and axial resolution with the help of a specified software and test object. 

If there is any problem, then make a separate transducer checking. 

2) Inspect the maximum depth of penetration with the help of a specified software and test 

object. If there is any problem, then report it to Maintenance Department. 

3) Inspect the uniformity with the help of a specified software and test object. If there is any 

problem, then report it to Maintenance Department. 

4) Inspect the monitor function with the help of a specified software and test object. If there 

is any problem, then report it to Maintenance Department. 

5) Inspect the dynamic range and contrast resolution with the help of specified software and 

test object. If there is any problem, then report it to Maintenance Department. 

6) Make evaluation to focus and resolution with the help of a specified software. If there is 

any problem, then make separate transducer checking or report it to Maintenance 

Department. 

7) Inspect caliper calibration with the help of specified software. If there is any problem, then 

report it to Maintenance Department. 

8) Inspect dynamic range and contrast resolution with the help of specified software. If there 

is any problem, then report it to Maintenance Department. 

9) Inspect postprocessing grey level encoding with the help of specified software. If there is 

any problem, then report it to Maintenance Department.  

10) Inspect transducer element performance with the help of specified software. If there is any 

problem, then report it to Maintenance Department. 

   Someone who want to practice such a quality assurance program should follow suitable 

training courses dedicated to each level separately. Level 1 and level 2 procedures are aimed at 

clinical personnel with basic skills of quality assurance program while level 3 is aimed at 

technical personnel who has completed suitable training courses. 
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Chapter 4  

Conclusion – Proposed Protocol 

After checking a few suggested quality control protocols from international organizations 

and national monitoring bodies, this study has concluded that some basic display factors must 

be checked by a quality assurance program, based on AAPM template (Mitchel Goodsitt. Paul 

Carson, 1998). That program must be used or implemented by a medical or supervised 

radiologist/physicist, at least every six months. 

An appropriate test could have 15 minutes duration for each ultrasound unit. More thorough 

tests should be performed annually and should be taken 1-2 hours in every ultrasound machine.  

Firstly, a professional has to inspect the hardware of the ultrasound machine such as the 

cables for delamination or the transducer’s face for cracks. So, the first think that should be 

checked is a list of regional hardware parts of the ultrasound machine. It follows a table of that 

checks. The person who make the inspection must sign the status of each part and to give details 

for the kind of problem. As a result, the service team can take the proper measures. 

• Physical and Mechanical Inspection. 

1. Transducers 

(Check cables, housing, face & connectors for cracks, separations, air-bubbles and 

discoloration) 

Date:

Equipment:

Cables Good Tolarate Bad

Housing Good Tolarate Bad

Face Good Tolarate Bad

Connectors Good Tolarate Bad

Function Discribe the problem

 

 

2. Power cord  

(Check for cracks, discoloration and damage to cable and plug)  

Date:

Equipment:
Function Discribe the problem

Power cord Good Tolarate Bad
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The person who makes the checks must inspect the function of the ultrasound monitor. 

Restriction in monitor’s tools may cause false clinical diagnosis and deteriorated medical care.  

3. Control 

(Check operation of switches and knobs, note any burnt-out light) 

Date:

Equipment:

Switches Good Tolarate Bad

Knobs Good Tolarate Bad

Function Discribe the problem

  

 

4. Video monitor 

(Check for focus, cleanliness, scratches and operation of controls)  

Date:

Equipment:

Focus Good Tolarate Bad

Cleanliness & Scratches Good Tolarate Bad

Operation of controls Good Tolarate Bad

Function Discribe the problem

 

 

5. Wheels and Wheel Locks 

(Check that wheels rotate freely and are secure. Make sure locks work.) 

Date:

Equipment:

Wheels Good Tolarate Bad

Wheel Locks Good Tolarate Bad

Function Discribe the problem

 

 

6. Dust Filters 

(Check for cleanliness) 

Date:

Equipment:

Cleanliness Good Tolarate Bad

Level Comments

 

 

• Display Conditions  

The next most important aspect that it must be checked, is the quality of the image. 

Equipment’s malfunctions may affect the displayed image in the monitor. To make the 

appropriate inspection, a professional should use a phantom with tissue mimicking material. It 
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follows a list of major inspections that must be done, and they have been introduced be 

numerous regulatory organizations.     

1. Image Uniformity 

Inspecting image uniformity, we assess that the grey level remains consistent with no dark 

bands across horizontal or vertical areas at any depth and with absence of streaking or 

reverberation artifacts.  

Equipment: Test Period:

Transducer: Phantom:

Power: Focal Zone:

Gain: System Default:

TGC: Dynamic Range:

FOV:

Vertical: Horizontal:

None

Noticable

Serious

Any above baseline? dB = 

None

Noticable

Serious

Any above baseline? dB = 

Date:

Baseline Settings

Baseline values (dB)

Vertical Banding 

Horizontal Banding

 

If a non-uniformity is under 4dB then the service team must be informed. 

2. Depth of Penetration.  

 

The phantom includes a column of high frequency targets that are oriented perpendicular to 

the scan plane and are located at 2cm intervals. 

Phantom 

Monitor

Hardcopy 

Baseline Value (cm):

Date:

Measurement on:
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It is required that maximum depth of visualization remains constant over time. If the change 

is more than 1cm from the baseline, the service department should be contacted. The test should 

be performed every three months. 

 

3. Vertical and Horizontal Distance Accuracy 

To evaluate vertical accuracy, a professional must measure the distance between the most 

clearly separated filament targets in the vertical column which is displayed in the image.   

The horizontal accuracy assessment use horizontal rows of filament targets separated by 

3cm. The distance between the most clearly separated targets in the horizontal band is measured 

using instrument’s calipers to measure the distance.  

Equipment:

Transducer:

Power:

Gain:

TGC:

FOV:

Vertical Distance Determined From:

Horizontal Distance Determined From:

Hardcopy:

Scanner:

Scanner:

Hardcopy:

Horizontal Baseline Value (cm):

Dynamic Range:

System Default:

Focal Zone:

Test Period:

Phantom:

Date:

Baseline Settings

Vertical Baseline Value (cm):

 

Distances between calipers located along the direction of the ultrasound beam should agree 

with the actual distance within ±1.5mm or ±1.5%. If the variation is more than ± 2mm or ±2%, 

the service department should be contacted.  

Distances between the calipers located perpendicular to the central axis should correspond 

to actual distances within ±2mm or ±2%. If the variation is more than ±3mm or ±3%, the service 

department must be contacted. 

These inspections are recommended to be conducted at least every three months. 
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4. Axial Resolution 

Inspecting axial and lateral resolution we use a very specific positioning of the filament 

targets in the phantom. 

Equipment: Test Period:

Transducer: Phantom:

Power: Focal Zone:

Gain: System Default:

TGC: Dynamic Range:

FOV:

Date:

Baseline Settings

 

 

2mm

1mm

0.5mm

0.25mm

…....cm

Axial Resolution    

(Mark appropriate box)
Depth

 

2mm

1mm

0.5mm

0.25mm

…....cm

Axial Resolution    

(Mark appropriate box)
Depth

 

2mm

1mm

0.5mm

0.25mm

…....cm

Axial Resolution    

(Mark appropriate box)
Depth
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5. Lateral Resolution 

Equipment: Test Period:

Transducer: Phantom:

Power: Focal Zone:

Gain: System Default:

TGC: Dynamic Range:

FOV:

Date:

Baseline Settings

 

 

2mm

1mm

0.5mm

0.25mm

…....cm

Lateral Resolution in mm 

(Mark appropriate box)

Depth of 

filament

 

2mm

1mm

0.5mm

0.25mm

…....cm

Lateral Resolution in mm 

(Mark appropriate box)

Depth of 

filament

 

2mm

1mm

0.5mm

0.25mm

…....cm

Lateral Resolution in mm 

(Mark appropriate box)

Depth of 

filament

 

These tests are recommended to be conducted at least every tree month. 
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6. Ring Down or Dead Zone 

Equipment: Test Period:

Transducer: Phantom:

Power: Focal Zone:

Gain: System Default:

TGC: Dynamic Range:

FOV:

Date:

Baseline Settings

 

 

Mark appropriate box 

Value

10mm

7mm

5mm

4mm

3mm

2mm

1mm  

If the inspections conclude that there is a very serious malfunction in the equipment, we must 

inform the maintenance team to take the proper actions. 

After the examination of some phantom’s main characteristics, I concluded that the phantom 

CIRS Model 551 is the most suitable for uniformity inspection.  That phantom helps trained 

personnel identifying the presence of lateral and/or axial resolution. It consists of Z-Skin™ 

material that is elastic enough to conform to any shape transducer, and durable for extended 

phantom life. That model maintain coupling with all the elements of even the tightest 

curvilinear arrays. A most suitable phantom for a thorough set of quality control tests is the 

CIRS Model 040GSE Multi – Purpose, Multi – Tissue Ultrasound Phantom which provides all 

the standard B-mode imaging test objects. The phantom is made of Zerdine® hydrogel polymer 

which has been formulated to provide tissue mimicking properties including compatibility with 

harmonic imaging and at least four years lifetime.  
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Table 4. Inclusive Table with all characteristic of the abovementioned set of tests. 

Test Tolerance Frequency Units Equipment 

Visual Inspection 
Subjective At least one time between a 

period of 1 to 3 months
none Eye inspection 

Image Uniformity Nonuniformity ≤ 4dB At least one time between a 

period of 6 to 12 months
dB Phantom CIRS Model 551

Depth of 

Penetration 

0 - 0.6cm from acceptance test value At least one time between a 

period of 6 to 12 months
mm Phantom CIRS Model 040GSE

Geometric 

Accuracy 

0 -1.5mm or 1.5% of the actual distance in 

vertical measurements.                                                            

0 - 2.0mm or 2% of the actual distance in 

horizontal measurements.

At least one time between a 

period of 6 to 12 months
mm Phantom CIRS Model 040GSE

Dead zone

0 - 7mm for frequency ≤ 7MHz                                  

0 - 5mm for frequency between 3MHz and 7MHz              

0 - 3mm for frequency ≥ 7MHz

At least one time between a 

period of 6 to 12 months
mm Phantom CIRS Model 040GSE

Spatial 

Resolution

0 - 1mm for frequencies ≥ 4MHz in axial 

resolution 0 - 2mm in case of frequency < 4MHz 

in axial resolution                                                                 

0 - 1mm in any frequency for lateral resolution, or 

lower than 2.5∙focal length/(freq in MHz∙aperture 

diameter in mm)

At least one time between a 

period of 6 to 12 months
mm Phantom CIRS Model 040GSE
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Appendix I Tables of all Protocols and Supervisory Organizations  

 

Supervisory Bodies  → EFSUMB BMUS ACR AAPM - 1998 AIUM

Point of Inspection  ↓

1
Visual inspection for crucks or 

delamination of transducers * * *

2 Test of brake and wheel function *

3

Visual inspection of probe 

cables and plug of all cables for 

damage 
* * *

4
Inspect for switches, knobs, and 

other controls for damage * *
5

Visual inspection of image 

uniformity *
6

Visual inspection of monitor 

function * *
7

Visual inspection of the hard 

copy and image storage function *
8

Visual inspection of monitors 

sensitivity and noise * * *
9

Inspect the lateral and axial 

resolution * * *
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Supervisory Bodies  → EFSUMB BMUS ACR AAPM - 1998 AIUM

Point of Inspection  ↓

10
Inspect slice thickness 

resolution *
11

Inspect the geometric 

accuracy * * *
12

Inspect the maximum 

depth of penetration * * *
13 Inspect the uniformity * * * *
14

Inspect the monitor 

function *

15

Inspect the dynamic 

range and contrast 

resolution
* * * * *

16

Check that the gray-

scale bar is fully 

displayed 
*

17

Inspect reverberation 

images for shadows and 

steaks
*
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Supervisory Bodies  → EFSUMB BMUS ACR AAPM - 1998 AIUM

Point of Inspection  ↓

18
Check the air reverberation 

pattern * *

19
Quality evaluations of Doppler 

functionality * *

20 Inspect Doppler signal sensitivity *
21 Inspect Doppler angle accuracy *

22
Inspect color display and gray-

scale image congruency *

23 Inspect range-gate accuracy *
24 Inspect readout accuracy *
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Supervisory Bodies  → EFSUMB BMUS ACR AAPM - 1998 AIUM

Point of Inspection  ↓

25

Insect system sensitivity of a 

system with tissue harmonic 

imaging
*

26

Inspect spatial resolution of a 

system with tissue harmonic 

imaging
*

27

Inspect contrast resolution of a 

system with tissue harmonic 

imaging 
*
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Appendix II Abbreviations 

 

AAPM………………………………………. American Association of Physicists in Medicine 

ACR……………………………...………………………….…American College of Radiology 

AIUM………………...……………………….... American Institute of Ultrasound in Medicine 

A-Mode………………………………………………….……………...Amplitude Modulation  

B-Mode…………………………………………………………………Brightness Modulation 

BMUS………………………………………………….…. British Medical Ultrasound Society 

CPU……………………………………………………………………Central Processing Units 

CD……………………………………………………………………………...…Compact Disk 

DVD………………………………………………………………………Digidal Versatile Disk 

EFSUMB……………Europian Federation of Societies of Ultrasound in Medicine and Biology 

FWHM………………………………………………….………. Full Width at Half Maximum 

FWTM……………………………………………………….... Full Width at Tenth Maximum  

ICAVL……………...Intersocietal Commission for the Accreditation of Vascular Laboratories 

ISO……………………………...………………International Organization for Standardization 

LDC………………………………………………………………...……Liquid Crystal Display  

M-Mode……………………………………………………………………Motion Modulation 

PACS……………………………….…………Picture Archiving and Communication System 

PZT………………………...…………………...……………………. Lead Zirconate Titanate 

QA……………………………………………………………………...……. Quality Assurance 

QC……………………………………………………………………………...Quality Control 

SMPTE……………………….…………Society of Motion Picture and Television Engineers 

SONAR………………………………………………………. SOund Navigation and Ranging 

SNR………………………………………………………………………Signal to Noise Ratio 

TGC……………………………………………...……………………Time Gain Compensator 

TPE…………………………...……………………………………. Thermoplastic Elastomeric 
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