
  

 

Abstract— Accurate measurement of lumen diameter is 
essential for correct estimation of arterial compliance. We have 
been developing a new non-invasive arterial compliance 
measurement tool using a single element ultrasound 
transceiver. In this paper we propose a new method for 
measurement of lumen diameter from single line of Radio-
Frequency Signal (RF) obtained from the common carotid 
artery (CCA). The method is free from fixed thresholds and 
uses shape fitting to get objective measurement. The accuracy 
of the algorithm was found to be better than 5 % for software 
simulated and phantom arteries and better than 10 % in case of 
data obtained from CCA of human volunteers. 

I. INTRODUCTION 

Stiffness of CCA is well known indicator of 
cardiovascular disease [1-2].  Equation (1) gives the 
compliance coefficient (CC) of artery [3]. 

CC	 ൌ
∆D	x	dୢ
2 ∗ ∆P

																																																																								ሺ1ሻ 

 
dୱ ൌ 	Systolic	lumen	diameter	 
dୢ 	ൌ 	Diastolic	lumen	diameter	
∆D	 ൌ 	dୱ 	െ	dୢ	
∆P	 ൌ 	Systolic	pressure	 െ 	Diastolic	pressure 
 

It can be clearly seen from (1) that, measurement of 
lumen diameter of the artery is an important step in 
calculating arterial compliance. The first step of compliance 
measurement is identification of Region of Interest (ROI) 
either manually [4], or automatically [5].  We are in the 
process of developing a portable arterial compliance 
measurement tool employing a single element ultrasound 
transducer [6]. We call this system ARTSENS. We had in the 
past demonstrated a method for automatic identification of 
approximate location of proximal wall (PW) and distal wall 
(DW) of the CCA [5] in ARTSENS. In this paper we propose 
a method for measurement of lumen diameter of the artery 
accurately and objectively when approximate locations of 
PW and DW are known. CCA is a layered structure with 
three layers - adventia, media and intima – generally having 
different levels of echogenicity [3]. The lumen diameter is 
the distance between the trailing edge of intima of PW and 
leading edge of intima of DW. Measurement of correct 
diastolic diameter ݀ௗ is necessary for accurate compliance 
measurement. We had earlier used a method in ARTSENS 
for diastolic diameter [6] that basically involved thresholding 
the double derivative of points corresponding to the intima. 

Very few other works have tried to find the lumen 
diameter of the artery in past from A-Mode data [7-8]. As far 

as we have explored almost all other methods reported in 
literature work, exclusively with B-Mode images. The 
previous method of diameter estimation in our system 
sometimes ran into problems because the threshold level for 
the rate of rise of amplitude for intima cannot be objectively 
determined. In this paper we propose a new method of 
diameter estimation by using dynamic peak detection and 
shape fitting which is less prone to errors and more objective. 
The performance of the new algorithm was verified by 
simulation and phantom studies and measurements conducted 
on a 16 human volunteers. 

II. DATA ACQUISITION 

The data is acquired using ARTSENS system which 
consists of a single element ultrasound transceiver operating 
at 5 MHz [6]. The transceiver is operated in pulse-echo 
modality. The pulse rate is 50 pulses per second. The 
received echoes were digitized at a rate of 100 Mega-samples 
per second (Msps). After each pulse, received signals are 
digitized for about 52 µs so that the depth of vision is about 
40 mm taking the average speed of sound in tissue to be 1540 
m/s. Each millimeter is about 130 points (PPMM) and thus 
each frame consists of about 5200 points. A typical frame 
from CCA is shown in Fig. 1. 

III. DIAMETER MEASUREMENT ALGORITHM 

The first step in measurement of compliance is to locate 
approximate positions of PW and DW which was done using 
the method discussed in [5]. This step gives us two 
approximate sample numbers corresponding to proximal wall 
(pw) and distal wall (dw) on frames containing the CCA. 

A.  Extraction of Arterial Well 

We extract the samples corresponding to the lumen of the 
artery from any frame (F) and call it as arterial well (AW). 

AW ൌ F൬
pw െ 1.5 ൈ PPMM, pw െ 1.5 ൈ PPMM 1	,

	… , dw  1.5 ൈ PPMM	
൰	ሺ2ሻ 

AW is represented by the data enclosed in the dotted 
rectangle in Fig. 1.  

B. Extraction of Arterial Halves and Alignment 

The initial estimate for the mid-point (MPI) of AW is  

MPI	 ൌ
dw  pw  3 ൈ PPMM

2
																																												ሺ3ሻ 

AW is cut into two halves left half (LHI) and right half (RHI) 
as indicated in (4) and (5). 

LHI ൌ 	AWሺ1,2, … ,MPIሻ																																																							ሺ4ሻ 
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