
4. Detection of lipid areas in a carotid artery 
phantom 

We made a carotid artery phantom using sheep 
and pig intestines. As shown in Fig. 3, a piece of fat 
and the sheep intestine was placed in the inferior 
portion of the through-hole, which was regarded as 
a lipid core of the plaque. Water was shed by 
connecting the termination of the pig intestine to 
the tube pump. In the experimental setup of Fig. 4, 
after cooling for 30 minutes, B-mode images were 
acquired with the ultrasonic array transducer (7.5 
MHz) every 1 minute in a temperature relaxation 
process. Figures 5 (a) and (b) show the B-mode 
images of the front and side views of the phantom, 
respectively. Although the phantom structure is 
observed, lipid areas (places surrounded by white 
dashed lines in B-mode images) are not identified. 
Figures 5 (c) and (d) show the corresponding UVC 
images of Figs.5 (a) and (b), respectively. The blue 
areas indicating the minus UVC rate correspond to 
lipid areas in the phantom. 
 

5. Conclusions 

In order to apply the UVC imaging under cold 
exposure to the detection of unstable vessel plaques, 
temperature changes of a carotid artery phantom 
just behind and after cold exposure were examined. 
As a result, the carotid artery phantom placed in the 
inferior portion of the through-hole was effectively 
cooled even under water flow in the through-hole. 
Therefore, lipid areas in the carotid artery phantom 
clearly identified by the UVC imaging. 

However, since it seems that the effect of 
temperature relaxation due to blood flow is larger in 
the human body, verification by a living body is 
necessary to demonstrate the validity of UVC 
imaging for minute temperature change.  
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Fig. 2 Temperature changes in the TMM phantom 
under and after cold exposure. 
 
 
 
 
 
 
 
 
Fig. 3 Configuration of a carotid artery phantom. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Experimental setup to detect lipid areas in the 
carotid artery phantom. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5 (a), (b) B-mode images and (c), (d) UVC 
images of the carotid artery phantom. 
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1. Introduction 

Compressive sensing (CS)(1,2 is a novel 
sensing method and has attracted attention to many 
fields. Assuming sparsity of target, CS makes it 
possible to fast imaging while maintaining image 
quality. In medical field, CS has been used for 
magnetic resonance imaging (MRI) to reconstruct 
images from significantly fewer measurements. 
Recently, CS for ultrasound imaging has been 
introduced in ultrasound imaging for fast imaging, 
reducing elements, and improving quality. In this 
study, the optimized process of compressive sensing 
for ultrasound imaging is investigated with various 
sampling times. 
 
2. Method 

To obtain RF signals for compressive sensing, 
A soft tissue-mimicking phantom (US-2 
multi-purpose phantom N-365, Kyoto Kagaku) 
including string wires was used in this experiment. 
Each diameter of string wires is 0.1 mm. Figure 1 
describes the experimental setup and arrangement 
of targets. Ultrasonic pulses were emitted and echo 
signals were obtained using a pulser/receiver 
(DPR300, JSR Ultrasonics), and a single transducer 
(V312-SU, Olympus Inc.), which center frequency 
is 5 MHz, focal distance is 25.4mm, and diameter is 
6 mm. The single transducer was moved by an 
automatic positioning stage during the scan. The 
scanning pitch was 0.5 mm and 91 RF signals were 
obtained. 

In compressive sensing process using the 
Lasso algorithm(3, the optimization objective for 
Lasso is expressed as  

min
𝑥𝑥

{ 1
2𝑛𝑛 ‖𝒚𝒚 − 𝐴𝐴𝒙𝒙‖2

2 + 𝜆𝜆‖𝑥𝑥‖1 }     (1) 
where n is the number of samples, 𝑦𝑦 ∈ ℂ𝑚𝑚 is the 
measurement vector, 𝐴𝐴 ∈ ℂ𝑚𝑚×𝑛𝑛 is the 
measurement matrix, x ∈ ℂ𝑛𝑛×1 is a sparse vector, m 
is the number of observations. Computing x by 
solving eq. (1), compressive signal is obtained. 
 

In this study, compressive sensing process is 
adopted in various processes, and obtained B-mode 
images are compared. As shown in Fig. 2, radio 
frequency (RF) signals, envelope signals, and 
log-compressed signals are used as the 
measurement vector, respectively. In addition, to 
reduce calculation time, decimation process is 
employed to envelope signals. When compressive 
sensing is employed after decimation, the 
calculation time of compressive sensing will 
become shorter. The sampling time of RF signal 
was 0.8 nsec (1.25 GHz), and it was decreased to 8 
nsec (125 MHz) and 80 nsec (12.5 MHz) in each 
decimation process. Each process was calculated 3 
times to calculate the average of calculation time. 

 
Fig. 1 Experimental setup. 

 

 
Fig. 2 Flowchart of proposed processes. 

 
3. Results  

Figures 3 and 4 shows B-mode images with 
sampling time of 0.8, 8, and 80 nsec. Axial and 
lateral resolution are shown in Figs. 5 and 6. Each 
average calculation time is listed in Table I. 
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Fig. 3 B-mode images with time sampling of 0.8 nsec. 
(a)w/o CS, (b)CS to RF signals, (c)CS to envelope 
signals, and (d) CS to log-compressed signals. 
 

 
Fig. 4 B-mode images with time sampling of 80 nsec. 

(a)w/o CS, (b)CS to RF signals, (c)CS to envelope 
signals, and (d) CS to log-compressed signals. 

 
Table I Calculation time. 

Ts after 
 decimation [nsec] 

CS to 
RF [sec] 

CS to 
Env [sec] 

CS to 
Log [sec] 

0.8 501 517 708 
8 510 28 31 
80 506 23 24 

 

 
(a)                        (b) 

 
(c)                       (d) 

Fig. 5 Axial resolution of B-mode images with time 
sampling of 0.8 nsec (dash line) and 80 nsec (solid line). 
(a)w/o CS, (b)CS to RF signals, (c)CS to envelope 
signals, and (d) CS to log-compressed signals. 

 
(a)                        (b) 

 
(c)                       (d) 

Fig. 6 Lateral resolution of B-mode images with time 
sampling of 0.8 nsec (dash line) and 80 nsec (solid line). 
(a)w/o CS, (b)CS to RF signals, (c)CS to envelope 
signals, and (d) CS to log-compressed signals. 
 
4. Conclusion 

In this study, CS for ultrasound images are 
investigated with various processes and time 
sampling. Fine B-mode images with CS-to-RF and 
CS-to-Env processes were obtained with lower 
sampling rate. Further investigation of degradation 
in axial resolution due to down-sampling is needed. 
 
References 
1. E. J. Cand`es and M. B. Wakin: IEEE Signal 

Processing Magazine 25 no.2 (2008) 21. 
2. M. F. Schiffner and G. Schmitz: Proc. IEEE IUS 

(2011) 668. 
3. R. Tibshirani: J. R. Statist. Soc. B 58 (1996) 267. 
 

 0

 50

 100

 150

 200

 250

 6.6  6.8  7  7.2  7.4

Br
ig

ht
ne

ss
 v

al
ue

Axial [mm]

Deci1
Deci100

 0

 50

 100

 150

 200

 250

 6.6  6.8  7  7.2  7.4

Br
ig

ht
ne

ss
 v

al
ue

Axial [mm]

Deci1
Deci100

 0

 50

 100

 150

 200

 250

 6.6  6.8  7  7.2  7.4

Br
ig

ht
ne

ss
 v

al
ue

Axial [mm]

Deci1
Deci100

 0

 50

 100

 150

 200

 250

 6.6  6.8  7  7.2  7.4

Br
ig

ht
ne

ss
 v

al
ue

Axial [mm]

Deci1
Deci100

 0

 50

 100

 150

 200

 250

 12  13  14  15  16  17  18

Br
ig

ht
ne

ss
 v

al
ue

Lateral [mm]

Deci 1
Deci 100

 0

 50

 100

 150

 200

 250

 12  13  14  15  16  17  18

Br
ig

ht
ne

ss
 v

al
ue

Lateral [mm]

Deci 1
Deci 100

 0

 50

 100

 150

 200

 250

 12  13  14  15  16  17  18

Br
ig

ht
ne

ss
 v

al
ue

Lateral [mm]

Deci 1
Dci 100

 0

 50

 100

 150

 200

 250

 12  13  14  15  16  17  18

Br
ig

ht
ne

ss
 v

al
ue

Lateral [mm]

Deci 1
Deci 100

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Proceedings of Symposium on Ultrasonic Electronics, Vol. 38 (2017)
25-28 October, 2017


