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Abstract 

Cranial ultrasound scans are very essential part o! the routine investigation of neonatal 

intensive care. The scan ultrasound image sequence are not only used for real-time 

diagnosis but also recorded as moving images in video recorder as ultrasonographic movie 

for fitture diagnosis, offline analysis of ultrasonogram images and the study of tissue 

velocity in neonatal cranium. The tissue motion in neonatal cranium is an important 

physical parameter which is considered in discussing the pulsation strength of newborn 

baby for pediatric diagnosis. The artery pulsation has a strong correlation with the blood 

flow in the newborn baby head and tissue-motion has a relationship with artery pulsation. 

Optical flow technique finds an excellent application in determining the tissue motion 

A velocity quantitatively in cranial ultrasonograrn of newborn baby. 

Cranial ultrasonograrn of newborn babies for different coronal and sagittal sections are 

studied and the tissue motion velocity of neonatal cranium is analyzed using the optical 

flow techniques. In order to calculate tissue motion velocity, gradient-based approaches of 

optical flow techniques with different optical flow optimizations are used. Ultrasonogram 

image sequences of 32 frames, 640 x 480 pixels/frame, 8bits/pixel, 33 ms/frame for 

different coronal and sagival sections are used. Whole ultrasonogram is not useful for 

analysis and small portion of ultrasonogram images are selected during analysis in the 

region inside cranial bone. Tissue- motions are estimated in different coronal sections and 

their errors are also estimated. 

Further, the time variant tissue-motions are analyzed using discrete Fourier transform of 

optical flow velocity. The pulsation is observed in the time variant tissue motion images 

and strong pulsation is occurred in the harmonic frequencies of tissue-motion that has a 

relation to the heartbeat frequency of a newborn baby which is helpful for pediatric 

diagnosis. 

Pulsation amplitudes, caused by artery pulsation due to blood now are also analyzed and 

visualized from a video stream of ultrasound image sequence by using I D fast Fourier 

transform in brightness mode for future diagnosis using direct pixel value. A new imaging 

technique, named pulsation amplitude image is proposed. In the proposed method, the 

tissue motion of typical coronal and sagittal sections of normal and asphyxiated neonates 

are analyzed and visualized. Significant differences have been observed in cranial tissue 

motion between normal and abnormal neonate. The results obtained in the present study 

lead to determine pulsation amplitude that strongly contribute pediatricians in diagnosis of 

newborn babys ischern Ic diseases. 
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CHAPTER 1 2 
UfI 

Introduction 

LA 

1.1 Medical Ultrasound 

I 

U itrasonography is an imaging technique in which deep structures of the body are 

visualized by recording the reflections (echoes) of ultrasonic waves directed into the 

tissues. File use of ultrasound in medical application can be divided into two major areas, 

the therapeutic and the diagnostic. In therapeutic application, the systems operate at 

ultrasonic power level up to several watts per square centimeter while the diagnostic 

equipment operates properly at power levels below 100 mW/cm2  . The therapeutic 

equipment is designed to agitate the tissue to the level where the thermal heating occurs in 

A. the tissue. Diagnostic Medical ultrasonography is an imaging technique hereby high-

frequency acoustic energy is transmitted into the human body using transducers in contact 

with the skin. The ultrasound waves produced by the transducer reflect from boundaries 

between organs and surrounding fluid, and between regions of differing tissue density and 

are used to visualize subcutaneous body structures including tendons, muscles, joints, 

vessels and internal organs for possible pathology. For diagnostic pu'poses, as long as a 

sufuicieiit amount of signal has returned for electronic processing, no additional energy is 

necessary. Diagnostic ultrasounds are used in two modes: either in continuous waves or in 

the pulse wave mode. Fetal heart detector and blood flow measuring instruments are based 

on continuous-wave mode. Echocardiograph works on pulse-wave mode. Using this it can 

be scan brain tunlor, diameter of eye ball and retinal detachment. Neonatal cranial 

ultrasonogram is a regular part of neonatal intcllsive care on ii. l'rom ultrasonogram IllOVIC 

or ultrasonogram image sequence the neonatal brain tissue motion can be observed. 

Observations are used in real time diagnosis and also recorded as moving images in vLdco 

tapes as ultrasonographic movie for future diagnosis. It plays a role in decisions Oil 

contirilLation or withdrawal of intensive treatnlellt. 

1.2 State of the art 

Despite the major advances in monitoring technology and knowledge of fetal and neonatal 

pathologies, perintal asphyxia or, more appropriately, hypoxic-ischcm ic encephalopathy 

remains a serious condition that causes signihcant mortality and long-term 

morbidity. The incidence of hypoxic-isellemic encephalopathy is reportedly high in 

countries with limited resources; however, precise figures are not available. Birth asphyxia 

A. 



is the cause of 23% of all neonatal deaths worldwide. It is one of the top 20 leading causes 

of' burden of disease in all age groups (in terms of disability life adjusted years) by the 

World llealth Organization and is the fifth largest cause of death of'  children younger than 

5 years ($%). Although data are limited, birth asphyxia is estimated to account for 920,000 

neonatal deaths every year and is associated with another I . I mill ion intrapartum 

stillbirths. More than a million children who survive birth asphyxia develop problems such 

as cerebral palsy, mental retardation, learning difficulties, and other disabilities [1]. 

Perinatal asphyxia results in hypoxic injury to various organs including kidneys, lungs and 

liver but the most serious effects are seen on the central nervous system (CNS) [2]. 

1-lypoxic ischemic encephalopathy (I-lIE) refers to the CNS dysfunction associated with 

peiiiatil asphyxia. 1-lIE is the foremost concern in an asphyxiated neonate because of' its 

potential to cause serious long-term neuromotor squeal among survivors. Hypoxic-

ischemic encephalopathv is characterized by clinical and laboratory evidence of acute or 

sub-acute brain injury due to asphyxia (i.e. hypoxia, acidosis). Most often, the exact 

timing and underlying cause remain unknown. Brain hypoxia and ischemia due to 

systemic hypoxemia, reduced cerebral blood flow (CBF), or both are the primary 

physiological processes that lead to hypoxic-ischemic encephalopathy [I]. Good 

supportive care is essential in the first 4$ hours after asphyxia to prevent ongoing brain 

injury in the penumbra region 121. 

A key point of diagnosis of lschemic disease whether there is the artery pulsation 

accompanied with blood now or not [3] [4]. Tissue motion in neonatal cranium is an 
16- 

important physical parameter that is considered in discussing the pulsation strength of 

newborn baby for pediatric diagnosis. U Itrasonography is widel used in observing 

different organs in human body due to its convenience, easy to use and low cost in 

compai-cd with magnetic resonance imaging (NI RI) and X-ray computed tomography 

(CT). In general, observations are recorded as stationary images by medical doctors for 

medical diagnosis. Observations are also recorded as moving images in video tapes as 

ultrasonographic movie for future diagnosis. In case of newborn baby, the pediatricians 

can observe the brain tissue by ultrasonography. since they can observe the brain tissue 

through the anterior fontanelle [41. 

Pediatricians use an ultrasonogram to find the cranial abnormalities in a newborn baby. 

Scanning of cranial ultrasound is an essential part of the routine investigation during 

neonatal intensive care. The scan ultrasound image sequences are not only used for real- 



time diagnosis but also recorded for future diagnosis. In this thesis brain tissue motion due 

to artery pulsation in neonatal cranium has been tried to analyze quantitatively in case of 

A both normal and asphyxiated neonate from cranial ultrasonogram image sequences to 

assist pediatricians for early detection of ischemia. 

The main point of pediatric diagnosis is the intensity of pulsation associated with blood 

flow 14].  In order to detect artery pulsation from a series of noisy ultrasound echo images 

of a newborn baby head for pediatric diagnosis, a digital image processing system was 

developed by using an algorithm based on Fourier transform [4]. In this method, the time 

sequence variations of each pixel value in a series of moving images were analyzed. In 

order to observe artery pulsation in neonatal cranium at the site of diagnosis, a real-time 

processing system was developed for continuous detection and display of artery pulsation 

from moving images of neonatal cranial ultrasonogram [5]. For clinical diagnosis of 

neonatal cranial diseases, a real-time processing of ultrasound-echo moving images was 

used by using a one dimensional processor array system [6]. By using artery pulsation 

image, the distribution of artery pulsation was analyzed in cranial ultrasonogram of 

newborn babies with intraventricular hemorrhage (IVl-l) [7]. All the algorithms used above 

were mainly based on the time sequence variation of pixel value in a series of ultrasound 

echo images. But the pixel value can be easily varied. Therefore, the above methods were 

very sensitive to the brightness of the B-mode ultrasonogram movie. The brightness can 

be easily varied by the condition in taking ultrasonographic movie or by the pediatricians. 

Optical flow is widely used for analysis of object motion in image sequences. Several 

optical flow approaches are available for analyzing the velocities of tissue motion, such as 

matching based approach and gradient-based approach. The gradient-based methods I 8]-

[III that utilize spatial and temporal derivatives of image brightness to form a gradient 

constraint equation for the estimation of two dimensional motion field find diverse 

applications in many situations including computer vision as well as video processing and 

coding. 

Being compared to different approaches of optical flow technique, gradient based 

approach is better than matching based approach because matching based approach is 

coniputationally impractical to estimate matches for a large number of points and 

matching based approach is highly sensitive to ambiguity among the structures to be 

matched [II]. 
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In gradient based approach, two optimization methods are available, global optimization 

method and local optimization method. In global optimization method, the velocity field is 

determined by minimizing an error function which is based on the gradient constraint and 

a global smoothing term over the whole image [12]. But in local optimization method, no 

extra smoothing operator is needed. it works within a very small region. Therefore, 

gradient based approach with local optimization method was used to calculate the tissue 

motion velocity at each pixel over the ultrasonographic movie. Since tissue motion 

velocities are not large. so gradient based method may work well. Using optical flow with 

local optimization technique, tissue motions were quantitatively analyzed due to artery 

pulsation accompanied with blood flow in neonatal cranial ultrasonogram [13]. But both 

local and global optimization method have some disadvantages. Local optical flow 

optimization is very robust under noise but does not yields dense flow field and global 

optical flow optimization yields dense flow field but very sensitive to noise. So, combined 

local global (CLG) optical flow can overcome the difficulty of either local or global flows 

[14]. 

In this thesis, the tissue-motion due to artery pulsation in cranial ultrasound image 

sequences has been analyzed by using different optical flow techniques, which are not 

sensitive to image brightness change. This is very helpful for quantitative characterization 

of tissue motion velocity. Moreover, the time variant tissue-motions are analyzed by using 

Fourier transform, emphasizing that the tissue motion at a particular frequency. Time 

sequence variation of optical-flow velocities are presented for characterizing tissue motion 

velocities with blood flow. The tissue motion velocities were assumed periodic. The 

period icity was observed easily by using Fourier transform analysis. The Fourier 

transform analysis may be done by discrete Fourier transform (DFT) or fast Fourier 

transform (FFT). The analyses of tissue-motion of different coronal and sagittal sections 

and visualization of the tissue-motion in B-mode ultrasonogram images can be very useful 

for assisting medical doctors especially pediatricians in the diagnosis of ischemic diseases 

of neonatal cranium. 

1.3 Objectives 

[his research will modernize the study of cranial ultrasonogram of newborn baby and 

make experiments in the field of biomedical engineering, integrating modern techniques 

and information. 
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The objective of this work is to develop some analytical tools for medical diagnosis of 

premature newborn babies easily or to detect disease easily and transtr the advanced 

technology to others. 

In other sense, it will help pediatricians from engineering point of view. The specific 

objectives of the proposed research work are summarized as follows: 

• Propose a new imaging technique named pulsation-amplitude image 

• Detect and analyze tissue-motion from ultrasound image sequence and find 

relation of pulsation strength with artery pulsation. 

• Develop software facilities for quantitative characterization of brain tissue motion. 

• Visualize the brain tissue-motion caused by artery pulsation of blood flow from a 

video stream of ultrasonogram in brightness mode for future diagnosis. 

1.4 Thesis Outlines 

The thesis is organized as follows: 

Chapter 2: This chapter contains the background knowledge on the Ultrasonogram basic 

principle and neonatal cranial ultrasonography ofdi fferent coronal and sagittal sections. 

Chapter 3: In this chapter the prepossessing of ultrasonogram image sequences such as 

filtering, region of interest selection etc are discussed. 

Chapter 4: In this section the brain tissue motion velocities are analyzed using optical 

flow techniques and the frequency of brain tissue motion velocity arc analyzed using 

Fourier transform of optical flow velocity for different coronal and sagittal sections. 

Afterward the brain tissue motions are analyzed with Fourier transform using direct pixel 

value of 13-mode ultrasonogram image sequences for different coronal and sagittal 

sections. 

Chapter 5: This section contains the visualization of the brain tissue motion using optical 

flow techniques and Fourier transform of optical flow velocity for different coronal and 

sagittal sections. The brain tissue motions are also visualized with Fourier transform using 

direct pixel value of B-mode ultrasonogram image sequences for different coronal and 

sagittal sections. 

Chapter 6: Finally the thesis concludes with some closing remarks and directions of 

further research in this chapter. 

4 



CFIAPTER 2 

Neonatal Cranial Ultrasonograj)hy 

2.1 Introduction 

Cranial ultrasonography (CUS) was introduced into neonatology in the late 1970s and has 

become an essential diagnostic tool in modern neonatology. The non-invasive nature of 

ultrasonography makes it an ideal imaging technique in the neonate. In the neonate and 

young infant, the fontanels and many sutures of the skull are still open, and these can be 

used as acoustic windows to "look" into the brain 115]. Ultrasonogram is routinely used at 

the various sites of medical diagnosis because of its convenience, easy to use, low cost in 

compared with magnetic resonance imaging (MRl) and X-ray computed tomography 

(CT). Scanning of cranial ultrasound is essential part of the routine investigation during 

neonatal intensive care. As a result of ongoing development in ultrasonography, image 

quality is high nowadays and it provides optimal settings and techniques which are 

applied. Therefore, CUS is a reliable tool for detecting congenital and for acquiring 

anomalies of the perinatal brain and the most frequently occurring patterns of brain injury 

in both preterni and full-term neonates. 

2.2 Ultrasonography 

Ultrasonography is an imaging technique in which dee1) structures of the body are 

visualized by recording the reflections (echoes) of ultrasonic waves directed into the 

tissues. Frequencies in the range of I Ml lz to I OM1lz are used in diagnostic 

ultrasonography. The lower frequencies provide a greater depth of penetration and are 

used to examine abdominal organs; those in the upper range provide less penetration and 

are used predominantly to examine more superficial structures such as the eye. 

IJitrasonography is a procedure in which high-frequency sound waves that cannot be heard 

by human ears are bounced off internal organs and tissues. These sound waves produce a 

patter1 of echoes that are then used by the computer to create sonograms or l)ic.ures of 

areas inside the body. Ultrasonogram is routinely used at the various sites of medical 

diagnosis because of its convenience, easy to use, low cost in compared with magnetic 

resonance imaging (MRI) and X-ray computed tomography (CT). Scanning of cranial 

ultrasound is essential part of the routine investigation during neonatal intensive care. In 

diagnostic ultrasonography the ultrasonic waves are produced by electrically stimulating a 

piezoelectric crystal called a transducer. As the beam strikes an interface or boundary 

4 
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between tissues by varying acoustic impedance (e.g. muscle and blood) some olthc sound 

waves are reflected back to the transducer as echoes. The echoes are then converted into 

electrical impulses that are displayed on in oscilloscope. prcsentmg a 'picture of the 

tissues under examination. 

2.2.1 Continuous wave Doppler ultrasonography 

in a continuous wave Doppler system, a sound wave is continuously transmitted and 

received with two different transducers. The transmitted and reflected beams begin to 

overlap a short distance from the sur lace of the probe, and the overlap extends until the 

beams attenuate. When several vessels are locused within the sensitive volume, the 

Doppler signals are superimposed and detected simultaneously. Continuous Doppler 

ultrasonography is not dependent on the depth of the location and speed of the blood flow. 

2.2.2 Pulsed wave Doppler ultrasonography 

A Doppler system with range resolution allows the selection of location where the Doppler 

signals are obtained. This is possible by sending the ultrasound waves in pulses and thus 

only waves from certain areas return back before the next pulse is transmitted. In order to 

analyze reflected waves during a certain time period alter pulse transmission, it is possible 

to set a sample volume located in predetermined range. The axial length of the sample 

volume is determined by the time period when the gate is open. Changing frequency of 

waves, which are reflected from a moving target. limits the use of pulsed Doppler. The 

maximum measurable Doppler shill frequency is related to half of the l)L1l5e repetition 

frequency (Nyquist limit). The pulse repetition frequency must be increased with high 

velocities, and thus the depth reached by the ultrasound decreases. The velocity of the 

blood flow and the depth olthe object are limitations of pulsed Doppler ultrasonography. 

2.2.3 Color Doppler ultrasonography 

Phase quadrature detection in the demodulators enables the observer to distinguish 

between higher or lower received signals from the transmitted frequency. corresponding to 

Doppler shifts toward or away from the transducer. Flow toward the transducer is visually 

demonstrated as red and flow away from the transducer as blue, and non-moving targets 

remain grey. The saturation of the color is related to the velocity of the flow. The 

limitations of color flow imaging are similar to pulsed Doppler ultrasonography. 
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2.2.4 3D ultrasound 

3D ultrasound is a medical ultrasound technique, often used during pregnancy, providing 

three dimensional images of the fetus. Often these images are captured rapidly and 

animated to produce a "4D ultrasound". In 3D fetal scanning, however, instead of the 

sound waves being sent straight down and reflected back, they are sent at different angles. 

The returning echoes are processed by a sophisticated computer program resulting in a 

reconstructed three dimensional volume image of fetus's surface or internal organs: in 

much the same way as a CT scan machine constructs a CT scan image from multiple x-

rays. 31) ultrasounds allow one to see width, height and depth of images, in much the same 

way as 3D movies but no movement is shown. -ID ultrasounds involve the addition of 

movement by stringing together frames of 3D ultrasounds in quick succession. 3D 

ultrasound was first developed by Olaf von Ramin and Stephen Smith at Duke University 

in 1987. Clinical use oithis technology is an area of intense research activity especially in 

fetal anomaly scanning. There are also popular uses that have been shown to improve 

fetal-maternal bonding. 4D baby scans are similar to 3D scans except that they show ttal 

movement as shown in the video clip. 

2.3 Cranial Ultrasonography 

Neurosonographers use transducers to perform sonograms on areas of the nervous system, 

however, the frequencies they use, are beam of different shapes than those that are used by 

abdominal or obstetric sonographers. By scanning blood vessels in the brain and nervous 

41 
system, they can check for abnormalities that can be indicative of a potential stroke or 

brain aneurysm. Scans can be performed in order to examine the inner structure of the 

brain as well as to find abnormal tumors or masses that may be cause the patients to have 

abnormal symptoms. 

Cranial ultrasound usually is done only on babies: 

• As a part of routine screening of babies, born prematurely to detect bleeding in the 

brain, such as intraventricular hemorrhage (IV 11). 

• To monitor any complications or to detect periventricular leukomalacia (PVL). 

IV I-I and PVL increase a baby's risk of developing disabilities, including cerebral 

palsy or meiital retardation. 

• To screen brain problems that may be present from birth (such as congenital 

hydrocephalus). 

0 To evaluate an enlarging head. 



• To detect infection or abnormal growths in or around the brain. 

• In adults, cranial ultrasound may be done during brain surgery to help for locating 
Al 

a brain mass. 

2.4 Capturing of Neonatal Cranial Ultrasonogram 

Neurosonographers may work in the area of neonatal care at hospitals in the Neonatal 

Intensive Care Units. They perform sonograms on premature infants and assist doctors 

with the diagnosis of neurological and nervous system disorders. They can scan fetuses' 

brains for the purpose of diagnosing brain disease or other related health problems. 

Sonograms are used on infants to determine abnormalities such as congenital defects, 

intracranial hemorrhage, or hyrdocephalus. Neonatal neurosonographers can also work 

with infants who have been diagnosed with sickle cell anemia, scanning their blood 

vessels in order to check for abnormalities that may be indicative of a stroke. 

Sonographers generally capture the neonatal cranial ultrasonogram movie or image using 

Port-Royal method. Port-Royal method is used to capture the ultrasonogram image in 

different planes of neonatal cranium. In this method an ultrasonic probe is placed on the 

anterior fontanelle of a neonate as shown in figure 2.1. Figure 2.2 shows tissue scheme in 

the anterior coronal section of a neonatal cranium. Willis ring, middle cerebral artery 

(MCA), anterior cerebral artery (ACA), and fine arteries around corpus callosum are 

illustrated in the figure 2.2. 

Ultrasonic Probe 

fontanelle 

Figure 2.1: Placement of ultrasonic probe on the anterior fontanelle of a neonate 
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Anterior fontanelle  
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Anterior cerebral 
artery 

Fine arteries around 

Branches Willis ring 
Horizontal part 

Middle Cerebral Artery 

Figure 2.2: Tissue scheme in the anterior coronal section fa neonatal cranium. 

Figure 2.3: Different scanned sections. (a) Coronal sections. (b) Sagittal sections. 

Different coronal and sagittal sections are shown in Table 2.1 and Table 2.2, respectively. 

Since, coronal section 2 (anterior coronal section) contains more tissues and organs, then 

anterior coronal section can be assumed as reference coronal section. Similarly, midline 

sagittal section contains more tissues and organs, and this section can be regarded as 

reference sagittal section. Each section contains special arteries and organs. We show the 
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angular displacement of each section with Ref. coronal and sagittal section. Different 

coronal and sagittal sections are shown in the Figure 2.3. 

Table 2.1: Seven coronal section 

Section Name Angle with Ref. 

Frontal 180  

11 Anterior coronal Ref. 

III Coronal through foramen of Monro 180  

IV Coronal through foramen magnum 280  

V Slightly posterior coronal 420  

VI Posterior Coronal 52° 

VII Most posterior coronal 620  

Table 2.2: Five sagittal sections 

Section Name Angle with Ref. 

Midline sagittal Ref. 

Lateral sagittal, left 170  LII 

Ril Lateral sagittal, right 37° 

Lill Most lateral sagittal, left 180  

LR111 
- 

Most lateral sagittal, right 380  

2.5 Coronal sections 

We have mentioned that seven coronal sections are scanned. The coronal series is 

performed by scanning through the anterior lontanelle. Scans are made starting interiorly 

and by working posteriorly. The transducer is angled to the back of the head for the more 

posterior scans. We have shown the brain tissue, ultrasonogram image and essential 

organs for each section [3, 33]. 

1. 

£ 
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2.5.1 Frontal 

The brain tissue, ultrasonogram image and essential organs of Frontal are given in Fig. 2.4. 

The legends of essential tissues corresponding to the number in Fig. 2.4(c) are as follows: 

• Falx cerebri-interhem ispheric fissure 

Frontal lobe 

Cribrilorm lobe 

Orbit 

(1 • 

(a) (b) (c) 

Figure 2.4: (a) Brain tissue, (b) ultrasonogram image and (c) essential organs of Frontal. 

2.5.2 Anterior coronal 

The brain tissue, ultrasonogram image and essential organs of anterior coronal are shown in 

Fig. 2.5. The legends of essential tissues corresponding to the number in Fig. 2.5(c) are as 

fo I lows: 

Corpus callosum 

Lateral ventricle frontal horn 

I-lead of caudatc nucleus 

Sylvian fissure 

Lenticular nucleus 

Middle cerebral artery 

Body of sphenoid bone 

S. Temporal lobe 
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(a) (b) (c) 

Figure 2.5: (a) Brain tissue, (b) ultrasonogram image and (c) essential organs of anterior 

coronal. 

2.5.3 Coronal through the foramen monro 

The brain tissue, ultrasonogram image and essential organs of Coronal through the loramen 

monro are shown in Fig. 2.6. The legends of essential tissues corresponding to the number 

in Fig. 2.6(c) are as follows: 

I. Lateral ventricle 

Choroid plexus foramen of monro 

Third ventricle 

(a) (b) (c) 

Figure 2.6: (a) Brain tissue, (b) ultrasonogram image and (c) essential organs of Coronal 

through the loramen monro. 

2.5.4 Coronal through the foramen magnum 

The brain, ultrasonogram image and tissues of Coronal through the foramen magnum are 

shown in Fig. 2.7. The legends of essential tissues corresponding to the number in Fig. 

2.7(c) are as follows: 

I. Falx cerebri interhemispheric fissure 

Corpus callosum 

1.atcral ventricle body 

Sylvian fissure 

Third ventricle 

-q 
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Thalamus 

Squamoparietal suture 

Hippocampal gyrus 

Pars petrosa 

/\ 

( 

/ 9 

(a) (b) (c) 

l:iglire 2.7: (a) Brain tissue, (b) ultrasonogram image and (c) essential organs of Coronal 

through the foramen magnum 

2.5.5 Slightly posterior coronal 

The brain tissue, ultrasonogram image and essential organs of slightly posterior coronal are 

shown in Fig. 2.8. 

(a) (b) (c) 

Figure 2.8: (a) Brain tissue, (b) ultrasonogram image and (c) essential organs of slightly 

posterior coronal. 

The legends of essential tissues corresponding to the number in Fig. 2.8(c) are as follows: 

Lateral ventricle (body) 

Choroid plexus 

Lateral ventric le(inferior horn) 

Cerebellum 

l.ambdoid suture 
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2.5.6 Posterior coronal 

The brain tissue, ultrasonogram image and essential organs of Posterior coronal are shown 

in Fig. 2.9. 

I 

(a) (b) (c) 

Figure 2.9: (a) Brain tissue, (b) ultrasonogram image and (c) essential organs of Posterior 

coronal. 

The legends of essential tissues corresponding to the number in Fig. 2.9(c) are as follows: 

Lateral ventricle 

Choroid plexus 

Cerebellum 

Lambodoid suture 

2.5.7 Most posterior coronal 

The brain tissue, ultrasonogram image and essential organs of most posterior coronal are 

shown in Fig. 2. 1 0.The legends of essential tissues corresponding to the number in Fig. 

2.9(c) are as follows: 

Falx ceribri-interhemispheric lissure 

Occipital lobe 

Lambodoid suture 

(a) (b) (c) 

Figure 2.10: (a) Brain tissue, (b) ultrasonogram image and (c) essential organs of Most 

Posterior coronal. 
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2.6 Sagittal sections 

Sagittal scans are easily obtained with the sector real-time transducer by scanning through 

the anterior iontancls. A midline scan is obtained to demonstrate the third and fourth 

ventricles. By angling the transducer to direct at right and left the lateral ventricles can be 

imaged. We have mentioned that three sagittal sections are scanned. For each section we 

have shown the brain tissue, ultrasonogram image and essential organs for each section [3]. 

2.6.1 M iciline sagitlal 

The brain tissue, ultrasonogram image and essential organs of Midline saginal are shown in 

Fig. 2.11. The legends olessential tissues corresponding to the number in Fig. 2.11(c) are as 

follows: 

Corpus callosum 

Choroid plexus 

Foramen of monro 

Third ventricle 

Aqueduct of sylvius 

Optic recess 

Clivus 

S. 4 ventricle 

Cerebellum 

Pons 

II Cistern magna 

12. Forarnen magnum 

c 

ii• ;;ii1 __ 
(a) (h) (c) 

Figure 2.11: (a) Brain tissue, (b) ultrasonogram image and (c) essential organs of Midline 

sagittal. 
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2.6.2 Lateral sagittal 

The brain tissue, ultrasonogram image and essential organs of Lateral sagittal are shown in 

Fig. 2.12. The legends of essential tissues corresponding to the number in Fig. 2.12(c) are as 

follows: 

Lateral ventricle 

1-lead of caudate nucleus 

Thalamocaudate notch 

Anterior cranial fossa (pars orbitalis) 

Thalamus 

Choroid plexus 

Middle cranial fossa(pars petrosa) 

S. Lambdoid suture 

Cerebellum 

Posterior cranial fossa (occipital bone) 

Figure 2.12: (a) Brain tissue, (b) ultrasonogram image and (c) essential organs ol' Lateral 
sagittal. 

2.6.3 Most lateral sagittal 

The brain tissue, ultrasonogram image and essential organs of most lateral sagittal are 

shown in Fig. 2.13. 

.1 

3 .  

(a) (b) (C) 

Figure 2.13: (a) Brain tissue, (b) ultrasonogram image and (c) essential organs of Most 

lateral sagittal. 

-r 
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The legeds of essential tissues correspodin to t numbe i Fi. 2.13(c) arc as follows:g g  

Anterior cranial fossa 

Sylvian fissure 

Temporal lobe 

2.7 Tissue with pulsation motion: 

All tissues in the neonatal cranium do not contain pulsation tissue motion due to blood flow 

in artery. For the analysis of tissue motion it is necessary to know the tissues with pulsation 

motion in different coronal and sagittal section. Table 2.3 shows typical tissues with 

pulsation motion in major coronal section and Table 2.4 shows typical tissues with pulsation 

motion in major sagittal sections. 

Table 2.3: Typical tissues with pulsation motion in major coronal sections. 

Section iiame Tissues with pulsation motion 

I Frontal falx cerebri, interhemispheric fissure 

II Anterior coronal MCA(horizontal), ACA, Sylvian fissure, 

corpus callosum 

Ill Coronal through the foramen of 

Monro 

MCA, lateral ventricle, foramen of Monro 

IV Coronal through the forarnen magnum MCA(branch), lateral ventricle 
_- 

V Slightly posterior coronal MCA(branch), lateral ventricle, choroid 

plexus, cerebellum 

VI Posterior coronal lateral ventricle, choroid plexus 

VII Most posterior coronal faix cerebri, interhemispheric fissure 

Table 2.4. Typical tissues with pulsation motion in major sagittal sections. 

No. Section name [Tissues with pulsa tile or pulsation motion 

Middle sagittal corpus callosum, cerebellum, MCA, ACA, etc. 

11 Lateral sagittal lateral ventricle, choroid plexus, cerebellum 

Ill Most lateral sagittal anterior cranial lossa, Sylvian fissure, temporal lobe 
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CHAPTER 3 / 
,f7 

Preprocessing of ultrasonogram image sequences " •'1r I - 

j .  
S 

- 

____'' .-• - 

3.1 Critical situations (luring capturing ultrasonogram image SC(IUCIICCS 

At the time of capturing ultrasonogram movie, some critical situations may happened, 

such as 

Sway of the ultrasound probe: USG probes may not be in proper alignment 

with the desired sector of scan, in that case we will unable to get actual image. 

Expert Neuro sonorapher is needed fo obtainng good iesu Its.g i  

Sway of the head of baby: During capturing the USG movie a helper should 

physically hold the infant's head in place thereby maintaining the correct 

positioning for various views 

Discontinuity of the image frames, and 

Complete dark or bright of any image frame in the sequence. 

These critical conditions of ultrasonographic images are avoided because they produce 

large errors in calculation. In order to avoid the critical conditions, the ultrasonogram was 

taken carefully with a constant brightness condition and contrast while fixing the position 

of ultrasound probe. 

3.2 Noise elimination 

Today ultrasound and magnetic resonance imaging are essential tools for noninvasive 

medical diagnosis. One of the fundamental problems in this field is speckle noise, which is 

a major limitation on image quality especially in ultrasound imaging. The presence of the 

speckle noise affects image interpretation by human and the accuracy of computer-assisted 

diagnostic techniques. Low image quality is an obstacle for effective feature extraction, 

analysis, recognition and quantitative measurements. The key point in effective speckle 

noise removing is balance between speckle suppression and feature preservation. 

Diffusioii llter is an effective technique for goal achievement. Behind this, development is 

solution of partial differential equation (PDE) of transient permeability for 2D domain. 

Due to its nonlinear nature and adaptive anisotropy, the filter has excellent properties of 

both speckle reduction and detail preserving properties. Effective realization of the 

diffusion algorithm allows using of the filter for real-time image processing in medical and 

industrial devices. Another widely used despeckle technique is the median filter. The 

1' 
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advantage of the median ilter is its simplicity and algoritmic straightforwardness. But  

due to its nonadaptive nature, it deteriorates not, only speckles but details as well. 

3.3 Region of Interest (ROI) selection 

For any section, the whole ultrasonogram consists of the following item: 

• Tissue with organs 

Cranial bone or other bone 

• Echo artifact 

The ultrasonogram image of different coronal and sagittal sections are different. Whole 

ultrasonogram is not useful for analysis. That is why small portion of ultrasonogram 

imaes are selected dri analysis. Te ultrasonographic imaes are of conic shapes but g g  

according to the structure of cranial bone various types of ROI are used. Such as oval 

shape, hexagonal shape, discrete line type etc. The region inside cranial bone was 

considered as the ROI for both coronal and sagittal sections. In Figure 3.1 one typical 

coronal and sagittal sectional ultrasonographic image with the region of interest were 

shown. The ROls are indicated by the bright regions in the Figure 3.1 (b) and (d). The 

Figure 3. 1(b) shows the ROI of the anterior coronal section and Figure 3. 1(d) shows the 

ROI of the lateral sagittal (right) section 

The cranial bone and the echo artifacts were not included in the ROI because 

• There is no artery in the cranial bone 

• Echo artifacts which are echo images that appear on the image posterior to the 

cranial bone that do not correspond to the location or intensity to the actual 

interfaces in the neonatal cranium 

For calculating the absolute value of tissue motion velocity, only the region inside cranial 

bone was considered because the portion contains only tissues and organs. 
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(a)Coronal Section (b) Coronal Section, ROI enhanced 

(c) Sagittal Section (d) Sagittal Section, ROI enhanced 

Figure 3.1: Original Ultrasonographic images of coronal and sagittal sections with mask 

inside the cranial bone. Regions of interest (ROI) are shown as bright region in the images 

(b) and (d) 

3.4 Masking 

Since entire ultrasonogram image is not useful for analysis hence these images are pre-

processed for the analysis. For example, inside cranial bone, there are necessary tissues 

and organs. Outside it, there are cranial bones and echo artifacts. The ultrasonogram 

movie of the coronal sections is symmetrical with the left and right parts but sagittal 

sections are not symmetrical. Therefore, it is not necessary to analyze the entire portion of 

the ultrasonogram image. In case of off-line analysis, relatively a smaller part in the 

ultrasonogram image can be used. In our analysis, different masks for different sections 

are used. These masks are designed to specify regions of interest (ROI) for the 

simplilcation of the analysis. 
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3.4.1 Hexagonal Mask 

In designing hexagonal mask six points are used. 1-lexagonal mask design procedure is 

Aw described below. Location of six points is shown in the Figure 3.2. 

Using these six points following algorithm produces the desired mask file: 

Step 1: Variation of x values from xi,tj to x11d per unit variation of y values from Ywp  to 

Yniid is determined. 

Step 2: Two corresponding x values are determined by subtracting and adding the offset 

value with the Xnd for every y values from Ytop to Yind'  The offset values vary in every step 

and it is equal to the ith  multiple of result from step 1, where i indicates the current step 

and it varies from 0 1 2 ..........  (Yii -Ytop). 

Step 3: Step 2 is repeated for the values of Yind  to yend and x1, xr)t instead of X11d. 

Step 4: Step 2 is repeated for the values of Yend to Ybot,(),11  and xId, xrid instead Of x1d. 

From the x values at the output file together with information Yto) and Y)c,tton1, we generated 

the hexagonal mask. 

:1  Pre-processed image Pre-processed Image 

MaskI 

Pre-processed image Pre-processed Image 

Figure 3.2: ROI selection using 6 point masking procedure. 

3.4.2 Parabolic mask 

We used four points to design parabolic mask. Parabolic mask design procedure is 

described below. Location of four points is shown in the Figure 3.3. Using these four 

points following algorithm m produces the desired ask file: 

Step 1: Variation of x values from xtii to x1111d per unit variation of y values from YLOP  to 

vill id is determined. 

Step 2: Two corresponding x values are determined by subtracting and adding the offset 

values with the Xtid for every value from Ytop to ynd.  The offset values vary in every step 
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and it is equal to the i multiple of result from step I, where i indicates the Current step 

and it varies from 0 I 2 .......... (Yirnd-Ytop). 

Step 3: Two corresponding x values are determined using xkll  and Xright  for every values 

from yj to Yhotoiii  using parabolic/circle equation for the offset determination. 

From the x values at the output file together with information of Ytop  and Yhurn WC 

generated the parabolic mask. 

Pre-processed Ima>
,
/ '\\ Ple-rocessed  image 

Maskil 

Pre-processed image Pre-processed image 

Figure 3.3: ROI selection using 4 point masking procedure. 

3.4.3 Format of Mask file 

Mask file is a two column ASKlI file and the format of mask file is shown below 

Column I Column 2 

Ytop Ybouom 
Xstart Xend (Start from Ytop) 

Xstaft Xend 

Xstart Xeiid (up to Ybonom) 

An example of mask file is shown in Figure 3.4 



(Xrn jd,Ytop) 

(Xleft,Ymid) 
Xright,Ymtd) 

Maskl 

(XJciid,Yei d) (Xrcnd,Yend) 

(x1fld, Ybottom) 

(a) 

Column I Column 2 Column I Column 2 

0 (Ytop) 224 (Yttom) 68 291 
180 180 (Start from Ytop) 69 291 
178 181 70 (Xjend) 290 (x1  
177 182 86 273 

105  
254 

45 314 

44 (Xieit) 315 (Xright) 179 180 (Xd) 
45 314 

(b) 
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Figure 3.4: (a) Graphical demonstration and (b) example of a six point mask file. 
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3.5 Ultrasonograni image sequences 

The original ultrasonographic movies or ultrasonograni image sequences were captured by 
Aaw 

usine an ultrasound probe of 5 MI-lz at the side of pediatricians. Port Royal method is used 

for selections scanned through the anterior f'ontanelle. 'Ihen a series of ultrasound images 

was captured by a PCI-based PC with video digitizer. The specifications of the 

ultrasonogram image sequences are given in 'Fable I 

Figure 3.5: Ultrasonogram image sequences 

fable 3.1: Specification of ultrasonogram image SCUCflCCS 

Number of frames in each sequences T, 2 frames 

Size of each frame I 640x480 pixels 

Depth of each pixel 18 bits 

Frame Rate 
- - - 

331ns 
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C1-IAP'f ER 4 

Analysis of neonatal tissue velocity 

4.1 Introduction 

4.1.1 Tissue motion and tissue motion velocity 

The brain tissues experience motion due to blood flow through the brain. The blood flow 

is due to heartbeat. The velocity experience by brain tissue is called tissue-motion 

velocity. The nature of the tissue motion velocity is periodic. The tissue motion velocities 

repeat themselves duc to the periodic nature of the heartbeat. Since the heartbeat is also 

varied due to physical condition of newborn babies, the tissue motion velocities are varied 

from time to time, baby to baby. 

4.1.2 Pulsation and pulsation strength 

Pulsation is the periodic beating of arteries as blood is pumped through arteries. Pulsation 

strength represents the rating of blood flow through arteries. The tissue motion velocity is 

associated with blood flow. Therefore, pulsation strength can be considered as the 

magnitude of tissue motion velocity around the arteries. The motion velocity is periodic in 

nature. The variation of blood flow is according with heartbeat. So, pulsation has a relation 

with heartbeat interval. Therefore, pulsation strength is lower or higher depends upon the 

blood flow rate or flow velocity. 

4.2 Direct interpretation of ultrasonograni images 

Using direct pixel value of neonatal cranial ultrasonogram brain maturation, the presence 

of structural brain abnormalities and/or brain injury, the timing of cerebral injury, the 

neurological prognosis of the infant can be assessed. Seriously in ill neonates and in 

neonates with serious cerebral abnormalities, either congenital or acquired, it l)laYS a role 

in decisions on continuation or withdrawal of intensive treatment. In neonates surviving 

with cerebral injury, it may help to optimize treatment of the inflint and Support ol the 

infant and his or her family, both during the neonatal period and thereafter. From 

ultrasonogram movie or ultrasonogram image sequence, the neonatal cranial tissue motion 

can be observed. 
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4.3 Relation between tissue-velocity and heartbeat interval 

1'here is a strong correlation of the blood flow in the newborn baby head with the artery 

pulsation and the tissue-motion has a relationship with artery pulsation. Medical doctors 

observe the brain tissue of the newborn baby through the soft tissue named anterior 

fontanel. The velocity experience by brain tissue due to blood flow is known as tissue-

motion velocity. The nature of the tissue motion velocity is periodic due to periodic nature 

of heartbeat and it varies time to time, baby to baby, and it depends on physical conditions 

of the prematured baby. Therefore, tissue motion contains many harmonic components of 

the pulsation frequency. The tissue-motion velocities repeat themselves due to the periodic 

nature of heartbeat. Since the heartbeat also varies due to physical condition of newborn 

babies, the tissue motion velocities vary from time to time, baby to baby. Artery pulsation 

is the periodic beating of arteries as blood pumps through arteries, and pulsation strength 

represents the rating of blood flow to the brain-tissue through essential arteries in the 

brain. The tissue motion velocity is associated with blood flow. Therefore, pulsation 

strength can be considered as the magnitude of tissue motion velocity, and therefore, a 

relationship exists between motion and heartbeat interval. Therefore, pulsation strength is 

lower or higher depends upon the blood flow rate or flow velocity. 

4.4 Motion analysis using optical flow velocity 

4.4.1 Why optical flow? 

Optical now or optic flow is the pattern of apparent motion of objects, surfaces, and edges 

in a visual scene caused by the relative motion between an observer (an eye or a camera) 

and the scene. Optical flow techniques are used in motion detection, object segmentation, 

time-to-collision and focus of expansion calculations, motion compensated encoding, and 

Stereo disparity measurement utilize this motion of the objects surfaces, and edges. 

The term of optical flow is used to denote the temporal shift of observable gray value 

structure in image sequences [16]. The velocity field that represents the motion of the 

object points across an image is called the optical flow field. Optical flow can be used to 

determine the object motion in an image sequence. Two main approaches are available for 

real time motion field estimation. They are matching based (correspondence) and gradient 

based approaches. Gradient based approaches utilize a relationship between the motion of 

the surfaces and the derivative of image brightness [8-1 I] and [I7-24J. Matching 

techniques [25] locate and track small, identifiable regions of the image over time. 
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Gradient-based approaches have several advantages over matching-based approaches. 

Matching techniques are highly sensitive to ambiguity among the structures to be matched. 

Since it is computationally impractical to estimate matches for a large number of points, so 

gradient based approach allows optical flow to be simply comnuted at a more dense 

sampling points than can be obtained with matching methods. 

4.4.2 Gradient constraint equation 

Gradient-based approaches provide a solution to motion estimation from the observation 

in time of changes in the image brightness. These changes are modeled by means of partial 

differential equations, which are called constraint equations. The field of velocity vector 

obtained by solving such partial differential equations is normally called as optical flow or 

image flow. Optical flow is based on the observation of the changes in the image 

brightness. The most important partial differential equation for modeling optical now 

fields is obtained by considering the change of image brightness as stationary with respect 

to time, T. Let p(x, y, t) be the image brightness in an image sequence at location (x, y) 

of the image at time t. Let v (x, y) = and v (x, y) = LY  be the optical flow velocity 

components in horizontal and vertical directions. Then following 1-lorn and Schunck 

[8— I0], the brightness value at time t at point (x, y)and at time t + St at point (x + 

Sx,y + (5y), where 6x = v8t and Sy = v8t; will be the same: 

p(x + vxSt,y + vSt, t + 60 = p(x,y, t) (4.4.1) 

If we expand left hand side by Taylor series expansion, 

Op Op Op 
p(x, y, t) + v6t + h— v,St + - St + € = p(x, ), t) (4.4.2) 

at 

where € contains second and higher order terms in vESt, v,St and St. After subtracting 

p(x,y, t) from both sides and dividing by St, the result is 

Op St Op St Op8t 
e = O(St) (4.4.3) 

where 0 is a term of order St that includes the first and higher variation of x and y 

since we assume that vSt and v,ó't will depend on St. The second and higher order terms 

aV av cJVy 

can be oy  neglected. It the velocity is assumed locally stationary [ = -- = -i— = -- = 0] 

to the limit St - 0, the equation (4.4.3) becomes 

'l' 
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ap 
—v + —v + — = 0 (4.4.4) 
ax ay at 

Eq. (4.4.4) is the constraint equation of optical flow which relates the temporal gradient, 

ap 
 and spatial gradients, and at a point (x,y) in the image plane to the 

ay 

instantaneous velocity (vi, v) at that point in the image. The gradient constraint equation 

can be represented by graphical representation in the (v,  v) plane in Figure 4. 1. 

dy 
y1T di 

Gradient constraint Une 

'/ 
- 
(v,v) 

d 
v=— 

dt 

\&.. •.:' ' 

Figure 4.1: Gradient constraint line in the v and v, plane. D is normalized distance 

from any pixel point to gradient constraint line 

4.4.3 Local optimization 

The method of local optimization estimates optical flow by solving a group of gradient 

constraints obtained from a small region of the image as a system of linear equations. 

Least-square solution of the gradient constraint equation is used in local optimization 

technique [9] without going into the different task of assigning any smoothen constraint 

operator. Suppose there are N points in a local region S. For considering a unique velocity 

in the local region. the following system of equations can be obtained. 

ap 1  
V - L,x+ + 

ax ay ' at 

ap(2) ap2 
— vx+ -  Vy + —  =0 
ax ay at 

ap 3 apt  
i+ =0 (4.4.5) 

ap ap °  
— Vx+ —  Vy +

7 
 =0 

ax ay 
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The above system of equations can be arranged as a matrix of equations which is an over 

determined form. 

a 1  [ 

lox Oy I 

ap(2) ap2 

I 
ap 3  I ku = - 

r(1)  

Op 3  I (4.4.6) 

I ax 3JI 
0 (N) 0 (N) a p(N) 

L i 
Let us define, 

(1) (1) 
p Op 1 [8p 1  

Tt 
I (2) (2) 
I a Op ap 2  

vx Tt 
G 

= 

[H 
 

ap 3 ap 3  [vy ] 'It = 

I 

(N) (N) a 
(N) Op 

If an overdetermined system of equations is used to estimate optical flow, the 

measurement error in the gradients and in compatibilities among the constraint equations 

due to differential motion will be reflected in the residual of the solution. The residual 

vector, r can be estimated by [II]: 

r Gi + I (4.4.7) 

In general, the over determined system has no exact solution. An approximate solution 

was found by minimizing the residual vector r defined by eq. (4.4.7). 

Op 0p Op 
r + + -- (4.4.8) 

ax 

Now the equation is solved by least square technique. Therefore, summation of error, S is, 

 

2 EOpap  
S = r 2  = vx  

ay Oti 
(4.4.9) 

-i 

ds ds 
Now, - = 0,— - - 0 gives 

dVx dv 
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(is 
(LP 

ap\ oP 
= 2.v +—v3, +—)— = 0 

dv oy ax 

* ds Op Op ap 
= 2.(

i
— V+Vy -I-) — = 0 

dvy ax Oy 

\Vhich gives 

ny Gp 'P 
opop 

Vx +Vy + 7 )=0 
ax 

(ap ap 
x y = 0  

OpOp OpOp\ 

ay 7)  

The above equation can be arranged as a matrix 

('Pt3p'\(OpOp\fop
Tt (4.4.10) lk Ox i vx1= _I 

(ap8p\ 
opap\ j [Vyj 

(opop\I 

L > OxDy) (3) at FY 

The approximated value Of Vx(jj,k) and Vy(jj) at any pixel location in the local region 

can be determined by the following summations [Appendix L] 

(OP

a

'

y 

\( 
(D

'a

PY

Px

)2   

 ("
aa

k 

 
P
y

E 

 
)) 

p\(p\ 
L> ()() >i ) 3; - — Ej ) ) (4.4.11) 

Vx(jjk) 2 
2 () ( P) 

2 
 - () 

(~—P) 
(Op\(OP) p\

>i>j () () Ekj ) - - k>j ) ) (4.4.12) 
(Op\ 2 

Vy(i,j,k) 

= LL (OP)2 > 
(LP)' — (LP

) 
 \3y)) 

The absolute value of flow velocity is given by 

VI(Jk) = /Vx(jjk)2  + 17y ( ,J)2 (4,4.13) 

The normalized error at any pixel is defined as the normalized distance from the pixel 

point to the gradient constraint line in the local region. 

Op Op Op — vx+ —  V +— 
OX(tj k) Oy k 

' Ot(jk) 

(i,j,k) = ( . . ) 

2  

FXaP'(

2

i,j,k) 

+ 

OY 

11 constraint line completely satisfied over the local region, then d become zero. If the 

error has some value, then gradient constraint line is not completely satisfied over local 

region. 

-41 
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4.4.4 Global Optimization 

In global optimization technique [8], [10]. [16], [19], [26] the velocity held is determined 

by minimizing an error function based on the gradient constraint and a global smoothing 

term over the entire image. 

According to above definition, the error function p(a) consists of two terms, Po and PS,  
where 

• The first term p0(x,y, 0 = (v + + is the square of the error from 
Ox Oy 

the optical flow constraint, and 

• the term Ps (x,  y, t) = (ThX)2 + ()2 + ()2 + 
Ot7Y 2 (-) is a penalty that 

encourages smoothness: 

Now, 

p(a) = ff p0 (x,y,t) +a2 p5 (x,y,t)dxdy (4.4.15) 

a is a weighting factor that controls the influence of the smoothness constraint. The error 

function is minimized by using the calculus of variations, which leads to a system of two 

coupled differential equations from the Euler-Lagrange equations. 

Op 
Op Op 

= 
) + -v, + (4.4.16) 

op 
Ov 

(LI)X 
Op 

V2 v = + 
O 

V + (4.4.17) 
' a2 xy ' 

OP) 

2 02  02  
Where V2  is the Laplacian operator, V = + 

The Laplacians of v, v, are approximated by 

V 2Vx V X(jj) - Vx(jjk) 
(4.4.18) 

V 2Vy Vy(j,j,k) - Vy(,j,k) 
(4.4.19) 

Where V x(jjk) and Vy(L,j,k) 
denote the Gaussian weighted averages of the neighbor points 

around the point at pixel position (i,j, k)Tlierefore, 
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Op 
 ap Op Op 

- = --(j--v + +
at 

441 OpOp Op Op 
v) = (.— vx  + - vy  + 

dX x Oy  ((
—) 2 +a2) OpOp 

— a = 2 v- 
— OpOp 

(4.4.20) v+----v —-   

Op 
OyfOp Op Op 

— vy  = -- u- + — + 
_\\ 

x Oy Ot) 

op 
a 2  (i7 — v) = 

- 

op op op
ay  (h—  v + - v, + 

Opap +(a2+( '\2"\ 2 
Oy) 

1v = a — 
(4.4.21) 

Eqs. (4.4.20) and (4.4.21) can be arranged as a matrix- 

I(Tx) 

Op2 
+ a2 apap 1 Fa2 7x  — 

Ox Oy rVxi 
= - I 

Ox at I (4.4.22) 
OpOp 0 21[Vj 

a2+(_) j [a2y 
 ay 
_j 

oy 

The value of vx  and v, [appendix III is given below 

Op Op 
ox + j 

 Y  V
Y  +) 

(4.4.23) vx =i,x  — 
O 2p O2 p a2  + + 

OpOp Op Op 
(4.4.24) v=i7— 

02 p 02p a2  + + 

If the velocity estimations are and the average of previous velocity 

estimations are v) where n is iteration number, then the estimated velocity at any 

pixel position (1,], k) is given by 
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op _ Op ap op 
--(v +v,,_ 

+) 
vx v n — +1 - -

x  - 

-n  (4.4.25) 
a2  

Ox2 0y 2  

(v 
ap _nOP+OP) + v 

Vy = — (4.4.26) DY 
 

- 

 

a 2  + + 
Ox 2  0y2  

The local average is defined as follows [7]: 

1 
V;(jjk) = [Vxi_1J_1,k + Vxt_1,j+1,k + Vxj+1,j_1,k + l7xj+lj+lk] X 

12 

 
+ { + Vxj+ljk + Vxjj1k + Vx jj+lkj x (4.4.27) 

1 
Vyjk) = + Vt_1 j+lk  + Vy+l,j_1k + l2yj+1j+lk] X — 

12 

1 
+ [vyl_1,J,k + Vyi+1.j,k + Vyij_1,k + Vyj,j+1,k] X — 

6 
(4.4.28) 

4.4.5 Combined Local and Global (CLG) optimization 

As discussed before, to solve the problem of sensitivity to noise, Bruhn et al. [27] 

proposed a method to combine local [28] with global [8]. To give a combined local-global 

method, let us reformulate the previous formulae: 

The spatio-temporal CLG motion can be expressed as w = [v, v,, 1]'at a pixel x = 

(x, y) in time t. The velocity gradient is Vw = IVv12  + IVvyI2and the intensity gradient 

is 73 , = (Px'Py'Pt)'. We also define the motion tensor:V(V3 ) = K p (V 3pV 3pT ). K is 

the smoothing kernel (spatial or spatial-temporal). It is evident that Lucas-Kanade 

minimizes the quadratic Form of the energy function, ELK and we gct(4.4.29). 

ELK = K(pv + PylJ + Pt)2  

((P)2  PP PP \ 
=w".( PPy (i)2  pypt 

\PPt PP (Pt)21 

= w'J(V 3 ).w (4.4.29) 

where Px' Py' Pt denote the image intensity gradient with respect to Cartesian and 

temporal dimensions. We have a similar formulation for 1-lorn and Schunck with an 

iterative recursion in (4.4.30). 
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EHs(w) 
= j (wTJ0(V3).w + alvw Vdydx) (4.4.30) 

where, EHS  is the energy function of 1 15 (l-Iorn-Schunck), J is the motion tensor and w is 

the motion vector [14, 291. Then we can rewrite: 

v3p = (p,p,p)T 1(v) = íç * (v3.v3T) (4.4.31) 

By replacing the structure tensor j0 (v3)  ) instead ofmatrixJ(V3 ), we will have: 

AV,-  (p$v + PxPy1y  + PtPx) = 0 (4.4.32) 

- (pxpyx + Px2 V + pp) = 0 (4.4.33) 

Its minimization induces to (4.4.34) and (4.4.35) which satisfies Euler-Lagrange formula: 

Av - (Kp 2v + Kppv + Kpp) = 0 (4.4.34) 

AVY  - (Ic PxPyVx  + Kp 2v + Kpp) = 0 (4.4.35) 

Now, the spatiotcmporal combined local-global approach is defined in (4.4.36). 

ECLC(W) 
= fa  (wTJ(V 3 ).w + alvw 

1 2dxdy) (4.4.36) 

Combining the temporal extended variant of both [8] and [28] method, we obtain a spatio- 

temporal version of the combined local-global functional which is given in(4.4.37). 

ECLG (w) 
= Lideo 

(wTJ(v3).w + alvw 2 dxdydt) (4.4.37) 

Therefore, based on Lagrange equations, we have: 

vx . — Vx 1 

h2 
--(JllvX1+Jl2v). +J13) (4.4.38) 

jcN(i) 

i j v 1 
= 

h2 
—(J21vX +J22 Vy . +J23) (4.4.39) 

jcN(i) 

for i = 1,2......, N and N(i) denotes the set of neighborhood of pixel i. After some 

manipulation, the iterative formulations of(4.4.40) and (4.4.41) are found. 
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k h2 k+1 
jcN—(i) V 1 + jep+(j) VX j  - 

k+1 
-- U12iVy j  + J13i) 

- 

Vx - (1 - + CL) 
h2 

(4.4.40) 

N(i)I +--Jii Cr 

v k+1 
= (1 - w)v

y
k +w 

IN(i)I+J22 
(4.4.41) 

yi 

Where 
N(i) = jeN(i) I) < t 

N(i) = JEN(i) I]> 

and N(z)I are the numbers of neighborhood pixel region for implementing Gauss-Seidel 

iteration. Here, i and j indices determine the backward and forward Gauss-Seidel iterative 

pixels and k defines the iteration number. From motion components, the values of the 

magnitude of tissue motion and the phase angle may be determined by 
owl 

V(x,y,t) =+v 

0 = arctan(v/v) 

4.4.6 Estimation of gradients 

The gradient constraint equation contains the horizontal and vertical spatial 

gradients, and temporal gradient, and the optical flow velocity 
at 

coniponents(v, vi). 1-low these gradients are calculated from three consecutive image 

frames which can make a large difference in the result. It is important that the estimation 

8pap . 

of -,- and - should be consistent. Many formulas can be used for such estimations. 
ax ay at 

Figure 4.2 shows the 3 x 3 x 3 for estimating gradients from an ultrasonographic movie. 

If f, g, and Ii denote the variables i,j and k then 

First method: In this method, the spatial and temporal gradients were estimated by using 

forward or central differences. 

Using first method, the gradients are; 

op 1 . . 

[p(i + zi,j, k) - p(t - i,j, k) 
UX(jjk) 

[p(i,j + Aj, k) - p(i,j 
- j, k)J (4.4.42) 

Y(ijk) 

op i 
- 

[p(i,j, k + zk) - p(i,j, k - k)} 
(Jt(jjk) 2 

MA 
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Second method: in this method, the gradients are estimated from forward and central 

differences of three consecutive frames and making averages of them. 

Op 1 
OX( t jk) 

[p(i + i, g, h) - - i, g, h)] 
h=k-1k,kk+Ek g=j—Lj,jj+j 

dY(,j,k) Thh=k — Lk ,k ,k+Lk 
+ ij, h) - p([j - jJ h)] (4443) 

OP 1 

t3t( L jk) 
[p(f,  g, k + ,2k) - p(f, g, k - k)1 

g=j—Aj,j,j+Lj f=i—L,i.i+1.i 

Third method: In this method, all points in the middle frame of three consecutive frames 

are considered and the gradients are estimated by forward or central differences and 

making averages of them. 

Ox j 
[p(i + i, g, k) - p(i - i,g, k)] 

g=j—tj,j.jFIj 

+ Ij,k) - p(f,j - ijk)} (4.4.44) 
Y(jjk) 6 

[p(f,g,k+ik)—p(f,g,k—&c)] 
.1' 10  

g=jj—j,j,j+j,j 

In the tissue-motion velocity analysis, first method is used for estimating gradients. 

Frme(K) 

Row(i) 

Ar 
i-Ai,j-j, k-M( i,j-j, k-AK I ii i,j- j, k-tK 

i-i,j.k-K i.j.k-K iIi,j.k-K 

i-Ai,j±Aj. k-AK I i-Ai,j-Aj, k-AK i—Ai,j+Aj. k-AK 

Column(j) 

Figure 4.2: A 3x3x3 window for estimating gradients. Row index i corresponds to 

horizontal direction, Column index corresponds to vertical direction, and frame index k 

corresponds to time variation of the uLtrasonographic movie. 
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4.4.7 Error Analysis 

In order to estimate the degree to which the optical how constraint equation is satisfied at 

each pixel, we normalized the residual (or error) by the spatial gradient of image 

brightness at each pixel, because the magnitude of residual depends on the spatial gradient 

of brightness. The normalized residual or error at any pixel is defined as the normalized 

distance from the pixel point to the gradient constraint line in a small region. We cleline 

the 

region by 3 x 3 x 3 pixels. Equation (4.4.45) represents the error, c at any pixel. 

PxU + yV + Pt 
e = d(i,j,k) = _________ (4.4.45) __ 

+ (Py)2  

where, d(i,j, k) is the normalized distance. The values of Px Py and Pt  can be estimated 

JU 
by (4.4.46) , (4.4.46) and (4.4.46) respectively. 

P(i + 1,j,k) —P(i - 1,j,k) 
p(tj,k) 

= 2 

p(i,j,k) 
P(i,j + 1,k) - P(i,j - 1,k) 

= 2 

P(i,j,k + 1)— P(i,j,k —1) 
p(t,j,k) 

= 2 

(4.4.46) 

(4.4.47) 

(4.4.48) 

dY 
t di Line 

y, t) 

C 

cfr 
v=— 

di 

(a) (b) 

Figure 4.3: Error calculation in our method. (a) The OFC line in the vv, plane. (b) The 

distance (normalized error or residual error) between OFC line and velocity is shown in 

the image plane. 

-Y 
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Equation (4.4.45) gives the minimum distance between the approximated V and OFC 

line shown in Figure 4.3. If OFC line completely satisfied over a local region, e becomes 

zero. From the gradient values, it is seen that f()2 + (Py)2  may become zero. in this 

case e becomes infinity. If the errors have some value, then gradient constraint line is not 

completely satisfied over defined small region. We use average value ole calculated at 

each pixel over the small region as an index of the degree to which the OFC equations are 

satisfied. 

4.4.8 Estimation of Tissue-motion Velocity with different brightness condition 

Ultrasonographic movie or image sequences are used for estimating tissue-motion velocity 

from neonatal cranial ultrasonogram. The original ultrasonographic movie was taken by 

using an ultrasound probe of 5MHz at the side of pediatricians. Port Royal method [31 is 

used for sections scan through the anterior fontanel of the neonate. Then a series of 

ultrasound echo images (32 frames, 640x48() pixels/frame, 8 bits/pixel, 33 ms/frame) was 

captured by a PCI-based PC with video digitizer. The tissue-motion velocity is calculated 

at each pixel by using a local region of window around the calculated pixel in consecutive 

three frames of ultrasound echo images. 

Figure 4.4 shows the first Frame of a series of ultrasonographic echo images with different 

brightness in the anterior coronal section of a neonatal cranium with tissue-motion 

velocity images. The pixel value at any position of the image is assumed to be in Figure 

4.4(a). Similarly, Figures 4.4(c), 4.4(e) and 4.4((-,) show the same images but 

Ak corresponding brightness respectively. The brightness value of Figure 4.4(b) represents the 

first frame of optical flow velocity as well as tissue-motion velocity image corresponds to 

Figure 4.4(a). This image can be represented as the pulsation image since artery pulsation 

can be represented by the magnitude of tissue motion velocity. Figures 4.4(d), 4.4(I) and 

4.4(h) represent the first frame of velocity as well as tissue-motion velocity image 

corresponds to Figure 4.4(c), 4.4(e) and 4.4(g). The tissue-motion velocity For each 

position in these images remains same. 

For all cases in Figure 4.4, the first frame of ultrasonographic movie is shown and 

corresponding tissue-motion velocity images are shown. It is observed that the brightness 

is varied in ultrasound echo images but the brightness of tissue-motion velocity is same. 

l'hierefore, if echo images are taken under the condition of low brightness in the same 

section as Figure 4.4(a) and their tissue-motion velocity are calculated by gradient-based 
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method of optical now technique, then it can be confirmed that tissue-motion velocity is 

not affected by the spatial variation of brihtncss of echo image. 
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l:igu l e 4.4:U Itrasonographic echo images in the anterior coronal section with di ficient 

brightness condition and their optical flow velocity images 
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4.4.8 Estimation of Tissue-motion Velocity 

Ar 
For estimating tissue-motion velocity from neonatal cranial ultrasonogram image 

sequences, we have used gradient based approach and estimated the tissue motion velocity 

using local optimization, global optimization and combined local and global optimization. 

Figure 4.5 shows the estimation of optical flow velocity with different optimization 

methods of indicating block A of anterior coronal section of a new born baby. Table 4.1 

represents some typical values of optical flow velocity estimation of same ultrasound 

image sequence with local optimization, global optimization and combined local and 

global optimization method. Figure 4.6, 4.7 and 4.8 show the Tissue motion velocity 

images of 30 frames in anterior coronal section using local, global and combined local 

global optimization of a newborn baby (Baby code: mt22h), the motion vectors are super 

imposed on original ultrasonogram image inside the cranial bone) 

TT Jj 
(a) (b) (c) (d) 

Figure 4.5: Estimation of optical flow velocity with different estimation methods of 
indicating block A. (a)Original ultrasonogram image sequence and optical flow images 
obtained by (b) Local Optimization (c) Global Optimization (d) Combined Local Global 
Optimization 

-4 
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Table 4.1: Typical optical flow velocity estimation of same ultrasound image sequence 

with different optirn ization methods 

,-, l_I_.t 
rixei 

Position 
Local JpuiT1iZaLiufl 'JIUOaI J[)LiliiiLULiUII ,oI1iu1iicu i.uai 

 Global Optimization 

x  Vx Vy  Vx V, V VY  
164 53 0.222364 0.050301 0.151495 0.027013 0.128056 0.012453 

165 53 -0.007433 0.134826 0.063414 0.408364 0.000247 0.125019 

166 53 -0.150040 0.147002 -0.145644 0.456895 -0.141738 0.125511 

167 53 -0.125092 0.148560 -0.127871 0.219029 1  -0.125061 0.125035 

168 53 -0.056244 0.089305 1  -0.006550 0.216347 -0.000189 0.009064 
169 53 0.015870 -0.006073 -0.105554 0.066432 0.015625 0.000244 
173 53 0.672330 0.029510 0.243566 1  -0.132365 0.164098 0.007906 
174 53 0.432633 -0.042585 0.184174 -0.153856 0.152832 -0.008548 
175 53 0.202060 -0.099701 0.076491 -0.216512 0.008583 -0.012463 
176 53 0.127389 -0.110305 0.033599 -0.053990 0.007817 -047154 

177 53 0.026485 -0.071795 0.077640 0.022309 0.018555 0.017822 

178 53j -0.064793 -0.002065 0.025116 0.167806 0.016174 0.000501 

179 53 -0.078643 0.076028 0.112409 0.011049 0.078136 0.008851 

180 53 -0.014516 0.262262 -0.095746 0.266993 -0.011967 0.250024 
181 53 0.105279 0.623765 1 -0.358323 0.888652 0.018442 0.512421 

182 53 -0.121706 0.529756 0.623861 1.409816 0.078249 0.502197 

183 53 -0.330965 0.267104 -0.060415 0.536018 0.133988 0.250494 

184 53 -0.309634 0.069100 -0.008843 0.046867 -0.009155 0.033447 
185 53 -0.192077 0.003266 0.092463 -0.007225 -0.007851 0.000143 
186 53 -0.017380 0.003688 0.150478 -0.038620 0.017120 0.003428 
187 53 0.172103 0.023179 0.255194 0.014788 0.140697 0.009529 
188 53 0.322463 0.038554 0.370577 0.213679 0.250067 0.008807 
189 53 0.386550 0.056893 1 0.443460 0.544295 0.261049 0L012209 
190 53 0.346930 0.112596 1 0.398530 0.250726 0.314453 0.031754 

0.125313 191 53 0.269886 0.182931 1.014642 0.169100 0.265718 

192 53 0.393657 -0.123100 0.460162 -0.381594 0.253031 0.010500 

193 53 0.284517 -0.128864 0.107436 0.045470 0.252991 -0.128297 

194 53 -0.009695 -0.061873 -0.296789 -0.058527 0.009523 0.044966 
195 53 -0.382507 -0.060777 -0.790799 -0.495991 -0.257483 -0.056809 
196 53 -0.735039 -0.138686 -0.004105 -0.814139 -0.53176! -0.136728 
197 53 -0.707225 -0.239596 -0.264907 -0217549 -0.566476 -0.175784 

-0.125135 198 53 -0.279193 -0.268828 0.151495 0.027013 -0.001026 

199 53 -0.074042 0.040274 0.063414 0.408364 -0.016557 0.008103 
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Figure 4.6: Tissue motion velocity images (motion vectors are super imposed on original 
ultrasonogram image inside the cranial bone) of 30 frames in anterior coronal section 
using local Optimization (Baby code: mt22h) 
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Figure 4.7: Tissue motion velocity images (motion vectors are super imposed on original 
ultrasonogram image inside the cranial bone) of 30 frames in anterior coronal section 
using Global Optimization (Baby code: mt22h) 
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Figure 4.8: Tissue motion velocity images (motion vectors are super imposed on original 
ultrasonogram image inside the cranial bone) of 30 frames in anterior coronal section two 
using Combined local and global Optimization (Baby code: mt22h) 
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4.4.10 Estimation of errors in different optical flow techniques 

Figure 4.9 shows the estimated error in different optical flow techniques that are applied to 

cranial ultrasound images. The errors are estimated of a typical section for local, global 

and combined local global optimization. Figure represents that the average error or 

normalized error is lowest in case of combined local global optimization. Combined local 

global optimization is more suitable for the analysis of tissue motion. Two types of 

average errors are also mentioned in the following tables 4.2 and 4.3. In table 4.2, we 

show percentage of pixels which have errors more than 1 pixel in the local region. Section 

II, III, IV and V represent the different coronal sections e.g. anterior coronal, Coronal 

through foramen of Monro, Coronal through foramen magnum, slightly posterior coronal 

section respectively. From the table it is shown that the percentage of error pixel is lowest 

y in case of combined local global optimization. Moreover, the average error in each frame 

is shown in table 4.3 which is calculated by using(4.4.45). It represents the residual error 

or normalized error in different coronal section of a newborn baby. It is found that 

combined local global optical flow technique contains least error in both tables. 
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Figure 4.9: Average error of different optical flow estimation as a function of time frame. 
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Table 4.2: Error pixel (%) in different coronal sections 

Method Section II Section III =Section IV Section V 

LF 2.08 2.43 2.91 2.93 

GF 2.78 3.25 3.91 3.81  

CLG 1.66 1.98 2.34 2.30 

Table 4.3: Error value (%) in different coronal sections 

Method Section II Section III Section IV Section V 

LF 18.08 18.43 19.34 19.79 

GF 21.21 21.57 22.53 22.84 

CLG 16.03 16.33 17.18 17.55 

4.5 Frequency analysis of tissue iiiotion using Fourier transform 

in mathematics. Fourier analysis is a subject area which grew out the study of Fourier 

series. The subject was started with trying to understand when it was possible to represent 

general functions by the summation of simpler trigonometric functions. The anempt to 

understand functions (or other objects) by breaking them into basic pieces that are easier 

to understand is one of the central themes in Fourier analysis. Fourier analysis is named 

after Joseph Fourier who showed that representing a function by a trigonometric series 

greatly simplified the study of heat propagation. Today the subject of Fourier analysis 

encompasses a vast spectrum of mathematics with parts that, at first glance, may appear 

quite dilforent. in the sciences and engineering the process of decomposing a function into 

simpler pieces, is often called an analysis. The corresponding operation of rebuilding the 

function from these pieces is known as synthesis. In this section, the Fourier transform is 

discussed briefly for the basic understanding about it and about tissue motion analysis 

using Fourier transform. 

4.5.1 The Fourier transform 

in Fourier analysis, the term Fourier transforms often refers to the process that 

decomposes a given function into the basic pieces [29]. This process results in another 

function that describes how much of each basic piece are in the original function. 

l-lowever, the transform often gives a more specific name depending upon the domain and 

other properties of the function being transformed, as elaborated below. Moreover, the 

12 
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original concept of Fourier analysis has been extended over time to apply in more abstract 

and general situations and the general field is often known as harmonic analysis. 

Fourier transform (FT) is an operation that transforms one complex-valued function of a 

real variable into another. In such applications as signal processing, the domain of the 

original function is typically in time and is accordingly called the time domain. Since the 

new function is frequency, the Fourier transform is often called the frequency domain 

representation of the original function. 

There are several common conventions for defining the Fourier transform as an integral 

functionf(x) 

f() = ff(x)e_2 dx for every real number (4.5.1) 

When the independent variable x represents time (with SI unit of seconds), the 

transformed variable e represents frequency (in hertz). Under suitable conditions, f can be 

reconstructed from f by the inverse transform: 

f(x) = d , for every real number x (4.5.2) 

For other common conventions and notations, including using the angular frequency to is 

included instead of the frequency 

4.5.2 Discrete Fourier transform 

The discrete Fourier transform (DFT) computes the values of the z-transform for evenly 

spaced points around the unit circle for a given sequence. If the sequence to be represented 

is of finite duration i.e. has only a finite number of non-zero values, the transform used is 

-01 discrete Fourier transform. DFT finds its applications in digital signal processing including 

linear filtering, correlation analysis and spectrum analysis. 

If x(n) be a finite duration sequence then N point E)FT of the sequence is expressed by 

X(k) = ' x(7j)eJ2</N , k = 0,1.......... N - 1 (4.5.3) 

And corresponding IDFT is 

x(n) = >I X(k)ei 2 ' , n = 0,1.......... N - 1 (4.5.4) 

In general, the transformation into the frequency domain will be a complex valued 

function, that is, with magnitude and phase. 

magnitude = Ix(k)II = F ,I + X nIa9 (4.5.5) 

+ 

phase = tan1 
XLrnaq 

Xrcai 
(4.5.6) 
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DFT is ideal for processing information stored in computers. In particular, the DFT is 

widely employed in signal processing and related fields to analyze the frequencies 

contained in a sampled signal, to solve partial differential equations, and to perform other 

operations such as convolutions or multiplying large integers. A key enabling factor for 

these applications is the fact that the DF'I' can be computed efficiently in practice using a 

fast Fourier transform (FFT) algorithm. 

4.5 .3 Fast Fourier transform 

The fast Fourier transform (FFT) is an algorithm that efficiently computes the discrete 

Fourier transform (DFT). The DFT of a sequence x(n) of length N is given by a complex 

valued sequence X(k) 

X(k) = k = 0,1.......... N - 1 (4.5.7) 

Let \V be the complex-valued phase factor, which is an Nth  root of unity expressed by 

WN= e—j21n/N 

1-lence X(k) becomes 

X(k) = 
, k = 0,1. ... ... ... N—i (4.5.8) 

Similarly, lDFT becomes 

x(n) = X(k)W , n = 0,1. ... ... ... N—i (4.5.9) 

From the above Equation it is evident that to compute all N values of DFT N 2  complex 

multiplications and N(N - 1) complex additions are required. 

The most well known FFT algorithms depend upon the factorization of N, but (contrary to 

popular misconception) there are FFTs with 0 (N log N) complexity for all N, even for 

21, 

prime N. Many FF'!' algorithms only depend on the lct that e is an N primitive root 

of unity, and thus they can be applied to analogous transforms over any finite field, such 

as number-theoretic transforms. Since the inverse DFT is the same as the DFT, but with 

the opposite sign in the exponent and a 1/N factor, any FFT algorithm can easily be 

adapted for it. 

4- 
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4.5.4 Fourier Transform of Ultrasonograrn Image sequences 

Consider f(, y,) is an ultrasonograni image of size MxN, the two-dimensional DFT is 
given by: 

F(k
- MN1XO Ly=O 

f(x,y)c_J2 T+ (4.5.10) - 1) _L'c'M-1 VN1 

Where k=0 1 2.............M-i and 1-0 1 2..............N-i 

Inverse Fourier transform is given by 

f (x -  Lk=O L4=Q F(k, 1)e 2 T' (4.5.11) y) - VM-1 s'N-1 

Where x0 1 2............M-i and —O  1 2........... 

Magnitude = IF(k, 1)1 = + F 2 (4.5.12 1at 

Phase = tan 1 ! (4.5.13) 

The basis functions are sine and cosine waves with increasing frequencies, i.e. F(0,0) 

represents the DC-component of the image which corresponds to the average brightness 

and F(M - 1, N - 1) represents the highest frequency. Using these two formulas, the 

spatial domain image is first transformed into an intermediate image using N one-

dimensional Fourier Transforms. This intermediate image is then transformed into the 

final image, again using N one-dimensional Fourier Transforms. Expressing the two-

dimensional Fourier Transform in terms of a series of 2N one-dimensional transforms 

decreases the number of required computations. 

Even with these computational savings, the ordinary one-dimensional DFT has 

N 2complexity. This can be reduced to N1og2 N if we employ the Fasi Fourier Trans/b rin 

(FFT) to compute the one-dimensional DPi's. This is a significant improvement, in 

particular, for large images. 

4. 
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4.5.4: Frequency analysis of tissue motion velocity 

Table 4.4: Calculation of frequency resolution 

- - 

I crms 
Symbol or 
Equation 

Value 

Sampling rate Al 33 ms 

Number of samples N 32 

Nyquist frequency /=1/2AI 15.15 Hz 

Frequency resolution Q=2f/N 0.95 Hz 

The tissue motion velocity versus time representation and intensity (magnitude) versus 

frequency representation gives the complementary information about the same data. The 

discrete Fourier transform is meaningful to inspect magnitude versus frequency plot for 

the changes of the discrete tissue motion velocities versus time at a particular frequency 

than to observe the tissue velocity with time variation. Since time variant tissue motion 

contains different frequency components, so analysis by Fourier transform will be helpful 

to detect the frequencies in which pulsation occur. 

For frequency analysis, we use the absolute value of motion the speci!ed region in 

temporal variations. For computing the frequency components of tissue-motion, either 

discrete Fourier transform (DFT) or fast Fourier transform can be used [13]. The motion 

appeared outside the cranial bone is not considered in case of frequency analysis. In 

addition, no motion is found in the region of cranial bone. The motion vectors not only 

vary with place but also with time. Pulsation regions are found with strong pulsation and 

the magnitude of motion is high in the region of middle cerebral artery and near region. 

1'hus, it is very useful to observe the periodical variation of motion as well as the 

magnitude of tissue motion over time in different area where different organs are involved. 

The heart rate of the typical baby is 140 per minute observed at the time of image 

sequence capturing. Therefore, the heartbeat interval of this typical baby is 429ms. The 

corresponding pulsation frequency is 2.33 liz. By using sampling interval 33 iris and the 

number of samples 32, the frequency resolution is obtained at 0.95 Hz. Therefore, 

fundamental frequency of the heartbeat occurs in between 2th and 31-d harmonic 

frequencies of tissue-motion. The power spectrum of tissue-motion at different frequency 

is shown in Figure 4.11. 4.12 and 4.13 using different optical flow method. The strong 

4 
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pulsation is found in the image that corresponds to the frequency ol 1.901 Iz and 2.85 lii.. 

'[herelre. strong pulsation is Ibund in a frequency. which is not the fundamental 

frequency of heartbeat frequency but the harmonic frequency of pulsation frequency. This 

fact represents that pulsation is not sinusoidal, and the period of Fourier transform is not 

equal to the integer time of the period of heartbeats. 

Figure 4. 10: Corpus callosum region is indicated by block A in ultrasonogram image of 

anterior coronal section of a neonate. 
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Figure 4.11: The pulsation amplitude spectrum density at different frequency of block A 
using local optim izal ion. 
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Figure 4.12 The pulsation amplitude spectrum density at different frequency of block A 
using global optimization. 
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Figure 4.13: The pulsation amplitude spectrum density at different frequency of block A 
using Combined Local and Global optimization. 

3- 



54 

4.5.5 Strength of pulsation of tissue-motion 

Figure 4.14(a) shows typical pulsation frequency image of coronal through the foramen 

magnum section of normal neonates and asphyxiated neonate. In a normal neonatal, the 

pulsation tissue-motion is appeared mainly along and around the middle cerebral artery 

and other essential arteries and organs in the brain. Here only anterior coronal section is 

shown in figure 4.14. In the figures, the red color shows the highest strength pulsation and 

blue color shows the lowest strength pulsation and green color is the midline of red and 

blue. 

The pulsation tissue-motion is also found at the terminal branches of middle cerebral 

artery and around the corpus callosum. The corpus callosum and Middle cerebral artery 

are shown by white block (A) and (B) respectively in the anterior coronal section. It is 

sometimes difficult for conventional Doppler-based ultrasonograph to visualize such wide 

and fine distribution of blood flow as shown in Figure 4.14. This is because the sensitivity 

of the Doppler-based technique decreases with the blood flow perpendicular to the 

propagation direction of the ultrasound beam. 

Figure 4.14(b) shows pulsation frequency image of coronal through the foramen magnum 

section of an asphyxiated neonate, where the pulsation tissue-motion is shown around the 

thalamus and corpus callosum in conmion with that in the normal neonate. However, the 

area of pulsation motion region is much less than that appeared in the normal one. The 

averaged strength of pulsation tissue-motion is also less than that of the normal neonate. 

VF_ 
(a) (b) 

Figure 4.14: Pulsation amplitude image of anterior coronal section using Fourier transform 
approach (a) Normal Development. (b) Asphyxiated Neonate. 
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Figure 4.15: Pulsation amplitude as a function of frequency index in the mentioned block 

(a) Block A and (b) Block B of anterior coronal section for normal neonate (Baby code: 

mt22h) 
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(b) 
Figure 4.16: Pulsation amplitude as a function of frequency index in the mentioned block 

(a) Block A and (b) Block B of anterior coronal section for normal neonate (Baby code: 

ko 19h) 
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(b) 

Figure 4.17/1: Pulsation amplitude as a function of frequency index in the mentioned 

block (a) Block A and (b) Block B of asphyxiated neonate of anterior coronal after three 

hours of birth (Baby code: ya03h) 
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(b) 

Figure 4.17/2: Pulsation amplitude as a function of frequency index in the mentioned 

block (a) Block A and (b) Block B of asphyxiated neonate of anterior coronal section 

after one day of birth (Baby code: yaO1D) 
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Figure 4.17/3 Pulsation amplitude as a function of frequency index in the mentioned block 

(a) Block A and (b) Block B of asphyxiated neonate of anterior coronal section after two 

day of birth (Baby code: ya02D) 
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Figure 4.17/4 Pulsation amplitude as a function of frequency index in the mentioned block 

(a) Block A and (b) Block B of asphyxiated neonate of anterior coronal section after five 

days of birth (Baby code: ya05D) 
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Figure 4.17/5: Pulsation amplitude as a function of frequency index in the mentioned 

block (a) Block A and (b) Block B of asphyxiated neonate of anterior coronal section 

after 20 days of birth (Baby code: ya20D) 
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Figure 4.18/1 Pulsation amplitude as a function of frequency index in the mentioned block 

(a) Block A and (b) Block B of asphyxiated neonate of anterior coronal section after 15 

hours of birth (Baby code: yzl5h) 

-L 



40 

35 

30 

Ar 

a) 
25 

=1 CL 
20 

C> 
.2 - 15 
(0 . 

10 
a- 

I 

40 

35 

30 

a, 
V 25 

20 

C> 
.2 15 

c 
75  10 
U- 

5 

0 

I \\ 
/ \ 
/ 4 \ 

I \ ' \ 

1/ \ 
i 

I 

S.  

• 'S 

*___.e. "• 

Block A 

—U— th=00 
—•—th=10 
--A— th20 
—.y—  th=30 

• th=40 
—1-. th=50 

th = 60 
S' th=70 

—*-- th=80 

63 

0 2 4 6 8 10 12 14 16 

Frequency Index 
(0.95/Hz) 

(a) 

Block B 

th=00 
—•—th=1O 

th=20 
th=30 

/ \'\ th=40 
/ \ 

th=70 

1/ 
—*— 

• 
S \4 

* 'S  *- '- '•. .4 

0 2 4 6 8 10 12 14 16 

Frequency Index 
(0.95Hz/unit) 

(b) 

Figure 4.18/2: Pulsation amplitude as a function of frequency index in the mentioned 

block (a) Block A and (b) Block B of asphyxiated neonate of anterior coronal section 

after 0lday of birth (Baby code: yz 0lD) 
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Figure 4.18/3: Pulsation amplitude as a function of frequency index in the mentioned 

block (a) Block A and (b) Block B of asphyxiated neonate of anterior coronal section 

after 02day of birth (Baby code: yz 02D) 
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Figure 4.18/4 Pulsation amplitude as a function of frequency index in the mentioned block 

(a) Block A and (b) Block B of asphyxiated neonate of anterior coronal section after 

05day of birth (Baby code: yz 05D) 
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Figure 4.1 8/5: Pulsation amplitude as a function of frequency index in the mentioned 

block (a) Block A and (b) Block B of asphyxiated neonate of anterior coronal section 

after 07day of birth (Baby code: yz 07D) 
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Figure 4.18/6: Pulsation amplitude as a function of frequency index in the mentioned 

block (a) Block A and (b) Block B of asphyxiated neonate of anterior coronal section 

after 09day of birth (Baby code: yz 09D) 



Figure 4. 15 and 4.16 show the pulsation amplitude at different frequency for block A and 

B of anterior coronal section for two normal neonates. Since N=32, therefore only 16 

frequency components are shown. In these plots, "Th" represents the threshold value. The 

heart rate of these babies was in the range of 120- 140 BPM at the time of capturing 

images. Therefore, the heartbeat interval is 500-429 ms and the corresponding pulsation 

frequency is 2.00-2.33Hz. By using sampling interval 33 ins and iV32, the frequency 

resolution is 0.95Hz. 2' harmonics occurs at 1.901-Iz and 3 harmonics occurs at 2.85Hz. 

Therefore, fundamental frequency of the heartbeat occurs in between 2nd and 3rd 

harmonic frequency of tissue-motion. 

Figure 4.17 and 4.18 show the pulsation amplitude at different frequency for block A and 

B of coronal through the foramen of monro for two asphyxiated neonates at different time 

interval after birth. Table 4.5 and 4.6 represent the maximum pulsation amplitude in block 

A and B of anterior coronal section for asphyxiated baby, Baby code: ya' and 'yz' at 

different time intervals after birth 

Table 4.5: The maximum pulsation amplitude in block A and B of anterior coronal section 
for asphyxiated baby, (Baby code: ya) at different time interval after birth. 

Anterior Coronal Section; Baby code: ya 
No. of 

observations 

Time of 

observation after 

Maximum pulsation amplitude in 
Block A Block B 

01 3 Hours 39.77 28.99 
- 

02 1 Day 35.99 38.37 
- 

03 2 Days 39.32 35.40 
04 5 Days 35.43 36.50 

- 

05 7 Days 36.20 38.54 
06 20 Days 38.93 37.12 

Table 4.6: The maximum pulsation amplitude in block A and B of anterior coronal section 
for asphyxiated baby, (Baby code: yz) at different time interval after birth. 

Anterior Coronal Section; Baby code: yz  

No. of Time of 

observations observation after 

Maximum pulsation amplitude in 
Block A Block B 

01 15 1-lours 37.02 36.89 
02 1 Day 35.75 34.52  

03 2 Days 37.55 36.17 
04 1 5 Days 32.23 36.87 

05 7 Days 37.07 36.03 
- 

06 9 Days 37.82 37.63 

C 



From the pulsation amplitude images of coronal section and sagittal section, the following 

analyses are noted: 

Several pulsations exhibit a periodic time variation and several of them are 

noisy. 

The strong pulsation is observed in the region of middle cerebral artery of 

normal babies without asphyxia. The magnitude of such pulsation is 

relatively small in babies with asphyxia. 

Similar situation was obtained from the region of sylvian fissure, temporal 

lobe, and corpus callosum, foramen of monro, cerebellum, and polls. 

In some regions such as lenticular nucleus, choroid plexus and ventricle, 

almost no pulsation was found. 

In corpus callosum, strong pulsation is found in normal development but in 

asphyxiated neonates, weak pulsation was found. 

It is verified by a pediatrician that pulsation amplitude image has significant difference 

between normal and asphyxiated neonates. This fact strongly supports the usefulness of 

the proposed method and which is useful for pcdittric diagnosis. The visualization of the 

strength by frequency amplitude of the artery pulsation is a posi processing of the 

conventional ultrasound image sequence. The pulsation amplitude of the neonatal cranium 

describes the well distribution of blood flow than that by conventional Doppler-based 

technic1ue. In addition, it gives additional information about blood flow such as obstruction 

and local disturbance. By visualizing the pulsation in real-time, the diagnostic potential of 

ultrasonogram will be expanded. Therefore, tile proposed technique can be useful not only 

for pediatrics but also for medical diagnosis in similar medical modalities. 
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CHAPTER 5 

Visualization of Tissue-motion 

5.1 Introduction 

 

Tissue motion in neonatal cranium is an important physical parameter that is considered in 

discussing the pulsation strength of newborn baby for pediatric diagnosis of Ischemic 

diseases. From ultrasonogram movie or ultrasonogram image sequences the neonatal 

cranial tissue motion and the tissues with artery pulsation can be observed. For diagnosis 

of lschemic diseases direct visualization and quantitative characterization of tissue motion 

of neonatal cranium are needed. In this research work brain tissue motion due to artery 

pulsation in neonatal cranium has been tried to analyze quantitatively in case of both 

normal and asphyxiated neonate from cranial ultrasonograni image sequences to assist 

pediatricians for early detection of ischemia. 

5.2 Visualization of brain-tissue motion 

The contribution in this work is to detect and visualize the tissue-motion in a movie of 13-

mode cranial ultrasound image sequence. The visualization procedure is shown block 

diagram of Fig. 5.1. Some parts of this work were published in [30.-32]. In [14] neonatal 

cranial tissue motion is estimated using CLG optical flow approach, but in [30], neonatal 

brain tissue motion was estimated with different optical now approaches e.g. local 

optimization, global optimization and combined local global optimization. Moreover, error 

analyses had been done in [30]. 

The B-mode cranial ultrasound images were taken as movies and recorded with a video 

tape at neonatal intensive care unit by a conventional ultrasonograph apparatus with the 

ultrasound probe of 5-7M1-lz. It was reported that the sway of the ultrasound probe and/or 

the movement or newborn baby head may cause artifticts of strong pulsation and the poor 

optimization of brightness and contrast may decrease the sensitivity of tissue motion [13]. 

From captured ultrasound images. some critical conditions, such as (i) sway of the 

ultrasound probe, (ii) sway of the head of baby, (iii) discontinuity of the image frames are 

checked. From ultrasound image sequence, the image data are extracted from tissue-

motion image using optical flow and direct pixel value. The brain tissue motion can be 

visualized using optical flow magnitude and optical flow vector from ultrasound image 

sequences. For frequency analysis of brain tissue motion lD Fourier transform is applied. 
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Figure 5.1: Operational flow chart for visualizing the neonatal brain tissue motion. 
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The I D FFT is applied to each pixel value and simultaneously applied to whole images 

since the pixel values were taken carefully under constant brightness and contrast 

condition. The pulsation amplitude of the brain-tissue at each pixel is determined by 

evaluating the absolute value and argument ola heartbeat-frequency component. Different 

threshold values are selected for visualizing the pulsation amplitude at different harmonic 

frequencies. The heartbeat interval as well as frequency of heartbeat (or BPM) is 

determined without electrocardiograph by searching a fundamental peak in amplitude 

spectra in frequency domain. Moreover, the heartbeat interval can be determined by 

considering a small region in the ultrasonogram movie which has a relation with strong 

artery pulsation by Fourier transform as mentioned in L14, 291. For clear visualization of 

tissue motion and strength of pulsation some threshold values are arbitrarily chosen. 

Finally, visualization of pulsation amplitude is obtained by superimposition of color 

gradation proportional to the motion strength on the original ultrasonogram at which the 

strength exceeds the threshold value 

5.2.1 Direct Visualization using brightness variation: 

The tissue motion can be observed directly from ultrasound movie. But tissue motion 

cannot be realized from single ultrasound image. For detection of tissue motion one image 

of a sequence mat be subtracted from the next image of the sequence where brightness 

variation represents the tissue motion. Figure 5.2(a), (b) and (c) represent the lkst, second 

and third frame of anterior coronal section and Figure 5.2(d), (e) and (0 shows the image 

brightness variation of successive four frames respectively. Figure 5.3(a), (b) and (c) 

represent the first, second and third frame of midline sagittal section and Figure 5.3(d), (e) 

and (f) shows the image brightness variation of successive four frames respectively. The 

brightness variation image is obtained by subtracting an image frame of a sequence from 

the next frame of the same sequences and inverting pixel values. From these images. the 

tissue motion can be estimated from the variation of image brightness change. 
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(a) (b) (c) 

(d) (e) (0 

Figure 5.2: Visualization of tissue motion using brightness variation from anterior coronal 
image sequences. 

Figure 5.3: Visualization of tissue motion using brightness variation from midline sagittal 
image sequences. 
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5.2.2 Visualization using optical flow magnitude 

Figure 5.4 shows the ultrasonographic images of different coronal sections and the 

overlapped tissue-motion velocity images are shown. LF, GF, and CLG represent the local 

flow, global flow, and combined localgiobal flow, respectively. In Figure 5.401-(a) the 

first frame of a series of ultrasonographic echo images of frontal coronal section of a 

neonatal cranium is shown. This section contains several tissues and organs, such as falx 

cerebri-interhemispheric fissure, frontal lobe. Figure 5.4 LF-(a) shows the optical flow 

velocity or tissue motion velocity image in the first frame using local optimization. This 

image can also be regarded as the pulsation image since artery pulsation can be 

represented by the magnitude of tissue-motion velocity. The red region shows the strong 

pulsation. It is observed that, the distribution of pulsation is not same within all over the 

image. The strength of pulsation is significant in some regions however it is very low in 

other regions. Weak pulsation is represented by the blue color and green region represents 

medium pulsation. Figure 5.4 GF-(a) and Figure 5.4 CLG-(a) represent the tissue motion 

velocity image of frontal coronal section using global optimization and combined local 

global optimization respectively. Similarly the tissue motion velocity images of different 

coronal planes are shown by (b): Anterior coronal (c): Coronal through foramcn of Monro 

(d): Coronal through foranten magnum (e): Slightly posterior coronal. Figure 5.5 shows 

the ultrasonographic images of different sagittal sections and the overlapped tissue-motion 

amplitude images with local, global and combined local global optimization. 

-t 
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Figure 5.4: Ultrasonographic images of different coronal sections and the overlapped tissue-
motion amplitude images are shown. LF, GF, and CLG represent the local flow, global flow, 
and combined locaiglobal flow, respectively, a) Frontal (b)Anterior coronal (c) Coronal 
through forainen of Monro (d) Coronal through foramen magnum (e) Slightly posterior 
coronal 
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Figure 5.5: Ultrasonographic images of different sagittal sections and the overlapped tissue-
motion amplitude images are shown. LF, GF, and CLG represent the local flow, global flow, 
and combined locaiglobal flow, respectively. (a) Midline sagittal (b) Lateral sagittal left (c) 
Most Lateral sagittal left (d) Lateral sagittal right (e) Most Lateral sagittal right 
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5.2.3 Visualization of tissue motion using optical flow vector 

Figure 5.6 and 5.7 show the original ultrasound images of different coronal and sagittal 

sections and two-dimensional maps of time-variant tissue motion vector of the portion of 

cranial ultrasonogram. The magnitudes of tissue-motion vectors are normalized so that the 

distance between two neighbor pixels in the map corresponds to 0.5 pixels/frame. The tissue-

motion vectors vary with place and its magnitude becomes up to a few pixel/frame at several 

regions within the cranial bone. The middle cerebral artery is one of the essential arteries in 

the brain and there are fine arteries around sylvian fissure and corpus callosum. The spatial 

distribution of large motion vectors has been found in the above regions. On the other hand, 

motion vectors become zero on the cranial bone and such tissues which is also shown in 

Figure 5.7 e.g. lenticular nucleus. Furthermore, the maximum vectors are aligned to the same 

directions at many regions of the images. The tissue-motion velocities are estimated at each 

pixel by using local optimization, global optimization and combined local global method for 

all the coronal and sagittal sections in consecutive two frames of cranial ultrasound echo 

images of the newborn baby head by using the spatial and temporal gradients. The ultrasound 

images as well as the tissue-motions overlapping the images are shown in Fig 5.6 and 5.7. We 

also show the amplitude of tissue-motion velocity using colour grading principle of the 

specified region in Fig. 5.4 and 5.5. 

1 
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Figure 5.6: Ultrasonographic images of different coronal sections and the overlapped tissue-
motion images using optical flow vectors are shown. [F, GF, and CLG represent the local 
flow, global flow, and combined localgiohal flow. respectively. (a) Frontal (h)Antcrior 
coronal (C) Coronal through foramen of Monro (d) Coronal throuh foramen magnum (e) 
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Figure 5.7: Ultrasonographic images of different sagittal sections and the overlapped tissue-
motion images using optical flow vectors are shown. LF, GF, and CLG represent the local 
flow, global flow, and combined locaiglobal flow, respectively (a) Midline sagittal (b) Lateral 
sagittal left (c) Most Lateral sagittal left (d) Lateral sagittal right (e) Most Lateral sagittal right 
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5.2.4 Visualization using frequency transform of optical flow velocity 

Frequency analysis is necessary to detect the frequency at which the strong pulsation occurs. 

1'he nature of the tissue motion velocity is periodic due to periodic nature of heartbeat and it 

varies time to time, baby to baby, and it depends on physical conditions of the prematured 

baby. Therefore, tissue motion contains many harmonic components of the pulsation 

frequency. The tissue-motion velocities repeat themselves due to the periodic nature of 

heartbeat. Since the heartbeat also varies due to physical condition of newborn babies, the 

tissue motion velocities vary from time to time, baby to baby. Artery pulsation is the periodic 

beating of arteries as blood pumps through arteries, and pulsation strength represents the 

rating of blood flow to the brain-tissue through essential arteries in the brain. The tissue 

motion velocity is associated with blood flow. Therefore, pulsation strength can be considered 

as the magnitude of tissue motion velocity, and therefore, a relationship exists between 

motion and heartbeat interval. Therefore, pulsation strength is lower or higher depends upon 

the blood flow rate or flow velocity. We use fast Fourier transform for the frequency analysis 

of tissue motion from optical flow velocity. Strong pulsation is found in the fundamental 

frequency of heartbeat frequency. Fuidamental frequency of heartbeat occurs in between 
2nd 

and 3rd  harmonic frequencies of Nyquist frequency. The strong pulsation is also found in a 

frequency which is not fundamental frequency of heartbeat frequency. This fact represents 

that the pulsation is not sinusoidal and the period of Fourier transform is not equal to the 

integer times of the period of heartbeats. Figure 5.8 and 5.9 represent the Ultrasonographic 

images of different coronal sections and sagittal sections. The overlapped 3' harmonics of 

frequency pulsation images using different optical flow optimizations are shown. LF, GF, and 

CLG represent the local flow, global flow, and combined localglobal flow, respectively. The 

frequency pulsation images have been obtaind by Fast Fourier tranform of tissue motion 

velocity and visualised pulsation strength by color grading. Red pixels are corresponding to 

strong pulsation, green pixels are corresponding to medium pulsation and blue pixels are 

corresponding to weak pulsation. 



79 

01 - - 15r, 

LF 

GF 

n~- P,: 

CLG  

(a) (b) (c) (d) (e) 
Figure 5.8: Ultrasonographic images of different coronal sections and the overlapped 
frequency pulsation images using different optical flow optimization are shown. (a) Frontal 
(b)Anterior coronal (c) Coronal through foramen of Monro (d) Coronal through forarnen 
magnum (e) Slightly posterior coronal 
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Figure 5.9: Ultrasonographic images of different sagittal sections and the overlapped 
frequency pulsation images using different optical flow optimization are shown. (a) Midline 
sagittal (b) Lateral sagittal left (C) Most Lateral sagittal left (d) Lateral sagittal right (e) Most 
Lateral sagittal right 



5.2.5 Visualization using Fourier transform of direct pixel value 

In the visualization process FFT is used for efficient computation and reduced. The frequency 

pulsation images are obtained from a series of B-mode ultrasonogram image with a neonate of 

normal development and a neonate of' low birth weight (LB W) with asphyxia at birth using 

fast Fourier transform. These frequency pulsation images are very useful for the pediatricians 

in diagnosis of newborn baby's ischemic diseases. lschemia is one of the serious diseases of 

newborn babies. Typical disease due to ischernia is hypoxic ischemic encephalomalacia 

(I-lIE). It is a term for brain damage caused by lack of oxygen and lack of blood flow to the 

brain. Once brain damage occurs, it is irreversible. The main cause of HIE is asphyxia. It is 

the temporal death or stoppage of the pulse, causes inadequate intake of oxygen and under 

supply of blood flow. It is well known that asphyxiated babies and/or LBW neonate have a 

high risk of ischemic diseases such as HIE. Since the blood flow of the neonate is significant, 

so pediatricians have great interests for observing brain tissue in asphyxia neonates through 

anterior fontanelle. So the frequency pulsation images are very useful in ischemia diagnostic 

process. FFT is used in analyses of' Tissue-motion in B-mode cranial ultrasonogram. Region 

of interest of different coronal and sagittal sections are selected and Fig. 5.10 and 5.11 show 

the FFT of original ROI in case of a normal neonate and Fig. 5.12 and 5.13 show the FFT of 

original RO1 in case ola asphyxiated neonate of different coronal and sagittal sections. Here 

only 3rd  coefficient images of FFT are shown for different coronal and sagittal section. It is 

observed that strong pulsation occurs in normal neonate and weak pulsation occurs in 

asphyxiated neonate. 



(a) (b) (c) (d) 

(1) (g) 

Figure 5.10: FFT of original RO! for differeni sections of a normal development (a) Frontal 
(b) Antcnor coronal (c) Coronal through iorameii of Monro (ci) Coronal through foramen 
magnum (c) Slightly posterior coronal (I) Posterior coronal (g) Most posterior coronal. 

(c) 

(d) (e) 

Figure 5.11: FFT of original ROI for different sagittal sections of a normal development (a) 
Midline sagittal (b) Lateral sagittal left (c) Most Lateral sagittal left (d) Lateral sagittal right 
(c) N'lost Lateral sagiltal right 



(a) (b) (c) (d) 

Fiurc 5. 1 2: FF1' of orwinal RO! !)r diIRrent coronal sections of an asphyxiated neonate (a) 

1'ronial (b) Anterior coronal (c) Coronal thrOltL&h loramen of Monro (d) Coronal throuh 

l'oramen magnum (e) Slightly posterior coronal (1) Posterior coronal (g) Most posterior 

coronal. 

(a) (b) 

(d) (c) 

Figure 5.13: FF1' of original ROI for different sagittal sections of an asphyxiated neonate (a) 

1\'liclline sagittal (b) Lateral sagittal left (c) Most Lateral sagittal left (d) I 'ateral sagittal right 

(c) Most I 'ateral sagittal right 
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5.2.6 Pulsation Amplitude image 

The Pulsation amplitude images were obtained from a neonate of normal development and a 

neonate of low birth weight (LBW) with asphyxia at birth. It is well known that the 

asphyxiated and/or LBW neonate have a high risk of ischemic diseases such as Hypoxic-

ischemic encephalomalacia. Therefore, pediatricians have great interests in blood [low of the 

brain tissue in asphyxiated neonates. The Pulsation amplitude images are obtained by 

superimposition of colour gradation proportional to the amplitude of Pulsation tissue-motion 

on the original ultrasonogram images. Pulsation amplitude images olnormal development and 

an asphyxiated neonate of different coronal sections using Fourier transform approach is 

shown in Figure 5.14 and 5.15, respectively. Here only the third harmonics are shown in 

Figure 5.14 and 5.15. Pulsation amplitude images of normal development and an asphyxiated 

neonate of different sagittal sections using Fourier transform approach is shown in Figure 

5.16 and 5.17, respectively. 1-lere, the Pulsation amplitude is appeared mainly along and 

around the middle cerebral artery and other essential arteries and organs. In the figures, red, 

green, and blue represent the highest, middle, and lowest strength of artery Pulsation, 

respectively. 

• 

PFd 
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Figure 5.14: Pulsation amplitude images of normal development using Fourier transform 
approach. (a)Frontal (b)Anterior coronal (c) Coronal through foramen of Monro (d) Coronal 
through foramen magnum (e) Slightly posterior coronal (f)Posterior coronal (g)Most 
posterior coronal. 

(a) (b) (c) (d) 

(e) (f) (g) 

Figure 5.15: Pulsation amplitude images of asphyxiated neonate using Fourier transform 
approach. (a)Frontal (b)Anterior coronal (c) Coronal through foramen of Monro (d) Coronal 
through foramen magnum (e) Slightly posterior coronal (f)Posterior coronal (g)Most 
posterior coronal. 
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(a) (b) (c) 

(d) (e) 

Figure 5.16: Pulsation amplitude images of different sagittal sections for normal development 
using Fourier transform approach. (a)Midline sagittal. (b)Lateral sagittal left (c) Most Lateral 
sagittal left (d) Lateral sagittal right (e) Most Lateral sagittal right 

(a) (b) (c) 

(d) (e) 

Figure 5.17: Pulsation amplitude images of an asphyxiated neonate using Fourier transform 
approach. (a) Anterior coronal (b) Coronal through foramen of Monro (c) Coronal through 
foramen magnum (d) Slightly posterior coronal (e) Midline sagittal. 



CHAPTER 6 

Conclusion and Future Scope 

6.1 Conclusion 

In this work, neonatal cranial ultrasonogram image sequences of different coronal and 

sagittal section are studied and neonatal brain-tissue motion due to artery pulsation are 

analyzed and visualized in the B-mode cranial ultrasound images for future diagnosis. 

There is a strong correlation of the blood flow in the newborn baby head with the artery 

pulsation. The tissue-motion has a relationship with artery pulsation. The tissue-motion are 

successfully computed by using different optical flow methods, such as: optical flow with 

local optimization, optical flow with global optimization for characterizing the brain tissue 

motion in neonatal cranium due to artery pulsation. Both local and global optimization 

method have some limitations. In this thesis a novel method is proposed to estimate the 

tissue motion quantitatively by combining local and global motion estimation methods 

namely combined local-global (CLG) optical flow technique in cranial ultrasonogram of 

newborn babies. Since tissue-motion are not affected by spatial variation of image 

brightness, therefore the strength of artery pulsation can be quantitatively estimated by 

using the magnitude of tissue-motion velocity. 

CLG optical flow shows less error pixel and error values compared to local or global 

optimization of optical flow. CLG optical flow can overcome the difficulty of either local 

or global flows. Therefore, CLG optical flow method is more suitable for characterizing 

artery pulsation quantitatively without losing the benefits of local and global method. 

The ultrasound images were also analyzed by using Fourier transform. It is found that the 

pulsation is associated with blood flow which periodically changes with heartbeat, which 

is verified by using Fourier transform of time variant tissue motion velocity. Strong 

pilsatioiis are found at a harmonics of heartbeat frequencies and amplitude spectrums iii 

other frequencies are also obtained, since the tissue motions are not sinusoidal. 

The pixel value variation of the ultrasonogram images are also used for visualizing the 

amplitude spectrum images. We proposed pulsation amplitude image obtained by 

superimposition of color gradation proportional to the amplitude of pulsation tissue-

motion on the original ultrasonogram only at which the strength of pulsation tissue-motion 
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exceeds a proper threshold. Several threshold values were used for checking the 

significant tissue motion in the ultrasound image sequences. 

The analysis has the advantages of observing pulsation amplitude that may strongly 

contribute pacdiatricians in diagnosis of newborn baby's ischernic diseases. In the 

proposed method, different coronal and sagittal sections of normal neonatal cranial and 

asphyxiated neonatal cranial are checked. The strength of pulsation for different time 

interval after the birth of neonate can be achieved by the visualization of pulsation 

amplitude at different harmonic frequencies. Since it was confirmed by a paediatrician that 

the pulsation amplitude image reveals significant difference between normal and 

asphyxiated neonates, therefore, it can be concluded that our proposed method is useful for 

paediatric diagnosis. 

6.2 Future Scope 

The tissue-motion in neonatal cranium using different optical flow optimization 

techniques have been analysed and visualized successfully. The frequencies of pulsation 

of tissue motion are also analysed using fast Fourier transform of optical flow velocity and 

direct pixel value. But these analyses of tissue motion have the limitations to the 

discontinuity of the pixel values and the time-frequency information at the same time. 

Fourier Transform only gives which frequency components exist in the signal. The time 

and frequency information cannot be seen at the same time. So time-frequency 

representation of the signal is needed. Short-time Fourier transform can be used for this 

purpose but it has the limitations, such as unchanged window, dilemma of resolution. 

Narrow window causes poor frequency resolution and wide window causes poor time 

resolution and l-leisenberg uncertainty principle. Wavelet transform has the advantages of 

changing the width of the window as the transform is computed for every spectral 

component, hence altered resolutions are placed and greater accuracy is obtained when 

signals are associated with some discontinuities. 

Future work includes precise and automatic detection and estimation of artery pulsation 

from noisy cranial ultrasound image sequences and the quantitative analysis amplitude, 

phase, and power of pulsation for all coronal and sagittal sections and to correlate among 

them. More works will include the pulsation for poor optimized conditions. 
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Now the flow velocity components are 
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APPENDIX I.Calculation of v and v3, by Local optimization method 

From equation (4.4.10) we can define 
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The approximated value of v (i,j, k) and v, (1,], k) at any pixel location in the local region can be 

determined by the following summation 
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APPEN1)IX II. Calculation of v, and v, by Global optimization method 

From equation(4.4.22) , let US define 
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