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The Evaluation of Three Dimensional Image
Distortion of Helical Scanning CT

Shin-ichi Wada, Tsutomu Katada
and Kadzuo Maeda

We developed a computer algorithm to simulate distortion in
the three-dimensional (3D)displays obtained by helical scanning,
The algorithm constitutes calculation of the image profile in the
longitudinal direction, which is assumed to be a convolution of
the object function with the slice sensitivity profile (SSP)of he-
lical scanning. Experiments were performed to examine the al-
gorithm for its validity with the use of a K:HPOs phantom. Simu-
lated results and measurements was in a good agreement. The
distortion was investigated by the computer simulation. The model
simulated was a high density object (O:)surrounded by low den-
sity tissue (Os). The helical interpolation used was 360-degree
linear interpolation. Two parameters were defined: AL., which
is the difference in length between the 3D image and the actual
object Oi in the longitudinal direction, and the cut level index
(CLI), which is defined as CLI = (Cut Level CT Number-CT
Number of Os)/(CT Number of Or - CT Number of Os).

We found that | AL: | increased depending on the table feed
distance per 360-degree scan (D). When O1 was twice as long
as Dy, ALz directly depended on CLI, but was independent of Oy
length. When O length was longer than Dy, AL: was shown to
be 0 at CLI =0.5 at every Di. When O1 was shorter than Dy, AL,
decreased remarkably depending on the length of Oi in higher
CLI. The simulations, with the use of a newly developed algo-
rithm, were demonstrated to be useful for evaluating the amount
of distortion and for better understanding the characteristics of
3D displays of helical scanning.
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‘ measured SSP data of conventional

Iscan;S (z) ‘

motion function f (Z)

__{calculaﬁon of the table

Htable feed distance dataj

calculation of SSP of helical scan

Sh (2)= IS(z'} - flz-z')dz'

—oo

Y
normalization of helical SSP

S'n (2)=Sn (2)/ [ 180 (2) Idz

. i
calculation of image profile

| object function O(z) |

| (z):jO(z‘) + 8% (z-2')dz'

*_"” cut level CT number
J for 3D display ; Let

[ieng!h of object image in 3D display

Fig.1 Flow of simulation program for longitudinal image distor-
tion of helical scanning 3D CT.
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Fig.2 K:HPOs phantom. The phantom is composed of three differ-
ent concentration of Kz2HPQa4 solutions in plastic syringes which are
embedded in a Mix-DP block.
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Table 1 Sizes and CT numbers of respective components of KzHPQs phantom. These data were used in the
computer simulations as the object function O (z). CT numbers were measured on the CT image obtained

by conventional scan.

1

col nt

anglgizr;e CT number (H.U.)

KzHPOu4 solutions

(8.8mm@) 303.7 (SD 13.8), 706.3 (SD 16.1), 932.3 (SD 15.2)

wall of plastic syringe

(8.8~10.8mm@) -142.3 (SD 10.1)

Mix-DP block

(10.8mm@~) 23.9 (SD 13.0)

rel. value

10 -5 0 5 10 -0 -5 0 5 10 -0 -5 0 5

Z-position (mm) Z-position (mm) Z-position (mm)

—
~— canventional
— halical
— ideal 34P T n
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1400 ———————— 800 400
700 ]
1200 h
600 1
1000
500 o
800 {1
400 E i
600 300 ]
400 200 4 i
200 - 100 4 ! \ 1 /i \
AR IR AN
0 - sasanzaasss ] 0
10

Fig.3 Conventional SSP (measured), helical SSP (calculated)
with 360° linear interpolation and ideal SSP of respective beam
thickness. In helical scan the table feed distance per 360° scan
was equal to beam thickness.
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Fig.4 3D displays of syringical KzHPQs solution of KeHPOs phan-
tom (@ = 8.8 mm). The image shows remarkable distortion to-
wards the longitudinal (Z)direction especially in 5mm beam
thickness (table feed distance per 360°scan).
Remarkable elongation and shrinking in 5mm beam thickness
were observed in 932H.U. and 304H.U. solution respectively.
The cut level CT number in all these cisplays were 238H.U..
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Table 2 Comparisons of measured and calculated length of 3D displays of K2HPOs phantom in the longitudinal direction. Measurements and
calculations are in a good agreement with less than 0.5 mm error.

—

\\q‘“‘“‘& beam
CT number ——— ificiness 1mm 2mm 5mm
of K2HPQa length {mm)
932 measured 9.6 10.2 12.5
(HU) (calculated) (9.6) (10.3) (12.7)
o dL 0.0 0.1 02
measured 9.2 9.6 11.0
E"HOGU ; (calculated) (9.2) (9.6) (11.2)
- dL 0.0 0.0 -0.2
measured 8.1 7.0 4.1
?ﬁ“u | (calculated) 7.7) (6.7) (3.7)
o Y 0.3 0.4

dL=measured length  —calculated length

+ actual length of the phantom : 8.8mm
+ error in measurement : 0.2mm

+ cut level CT number : 238 H.U.

+ S.D. of dL : 0.25mm

14 [beam thickness ] I
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Fig. 5 Comparison of calculated (-)and measured (@)length on
3D displays of the phantom (932H.U. : KzHPOs solution,@ =
8.8mm : actual length). Decrease of the length on the phantom
image as the function of cut level CT number was showed in re-
spective beam thickness. Simulations and measurements were
found to be in a good agreement.

R8T H25H

Fig.6 Relationships between CLI and AL: in respective beam
thickness. Quantity of image distortion was able to be evaluated
from the values of CLI and beam thickness (table feed distance
per 360° scan). The relationships were not affected by the differ-
ence between CT number of Ci and Os.
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