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Measurements of Characteristic Curves in 1.1./TV Digital Imaging Systems

Hiroshi Funta* and Kunio Dor*#

* Department of Electrical Engineering, Gifu National College of Technology,
Motosu-gun, Gifu-ken, 501-04 Japan
#% Kurt Rossmann Laboratories for Radiologic Image Research, Department of Radiology, The University of Chicago,
5841 S. Maryland Ave., Chicago, Illinois, 60637 U. S. A.
(Received March 3, 1987)

How to measure the “‘characteristic curve” of image intensifier (I.1.)/TV digital imaging systems
is illustrated based upon our recent research. The curve represents the relationship between the input
in terms of relative x-ray intensity and the output in terms of the pixel value. The method used to
determine the characteristic curve involves exposing an aluminum stepwedge with a beam that was
narrowly collimated in order to reduce the contribution of veiling glare. The relative x-ray intensities
transmitted through each step of the stepwedge were determined by using a 100-mm camera, which
was attached to the LI. output, as well as screen/film systems selected. The gradient curve of the sys-
tem was derived from the slope of the characteristic curve. Results obtained with a Siemens Digitron 2
DSA system showed that its characteristic and gradient curves depended upon the matrix size used
only at an initial stage, and did not change with the L1. field size, iris size, and x-ray beam quality
(different kVs). It was found, for accurate measurement of the curve, that it was necessary to colli-
mate the x-ray beams to a narrow width, approximately 0.6 cm X 10 ¢m, so that the effect of veiling
glare from the thinner to the thicker parts of the stepwedge was eliminated. The validity of the charac-
teristic curve was demonstrated by measurement of iodine attenuation curves obtained with the I.L/

TV digital system at different exposure levels. The application of the characteristic curve (or the

Vol. 4 Na 2 (1987) -31-



gradient) to image analysis was discussed. The characteristic curve is useful for quantitative analysis

(linearization of the system response) and also for monitoring of the system performance for quality

assurance.
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Fig. 1 Attenuation curves for aluminum, measured
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Fig. 2 Calculated attenuation curves for aluminum
with three different screens and with Csl
phosphor (100mg/cm?) at 60 and 70 kV
with a 0.81-mm copper filter16). Screens
used were Lanex Regular (Gd,02S; 130
mg/cm?), Quanta I (BaFCl; 85mg/cm?),
and Quanta W (LaOBr; 108 mg/cm?).

LT, LidDEGEICIED W TEIR L 7o BT
DFENYER, LIFIORTRRICRSSHBO 2 Y E o
—F e vialb—VYaYIRE-THHTEEN
T& 5%, BBREGIC & B X SOOI & FOEK
FTOK - XEOHRNAF@ITHNT, 60kV

CEMERG : 2.30 mmAD XU T0kV CEAME :
265 mmAl) @ SO AGtA~2 Fvicwt LT,
FHO=->OMEM E Cs I HAEKICDWTT v
=9 Lo EE L, Csl kKD
RAHEIL 100 mg / em?® EOE U fzo MRS %
Fig. 2 iTRd, Cs I dURADORGSHIF L, Quanta
I 550 Quanta Il MEOTh o LR —H
LT aDhbhs, ZoERIF, Csl DKK
I8k (Cs: 36.0keV; 1 : 33.2keV) %5, 26

|00 T T T T T

501 -
> o0l J
20
7]
=z
o
z 10 X 1
)_
= LANEX REGULAR/OG
] 5k X E
>
g N
= N,
< QUANTA T/XL S
o 2t / o .
@

\\
QUANTA II/XL ‘}\\
I+ \\\' .
N
N
1 1 1 1 1
2% 10 20 30 40 50 60

ALUMINUM THICKNESS (MM)
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63 kV and 0.81-mm-thick copper filter!6).
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Fig. 4 Characteristic curves relating the pixel
value to the relative x-ray intensity inci-
dent on an L.I/TV digital imaging (DSA)
system, for two matrix sizes!®). A loga-
rithmic amplifier was employed before
the A/D converter.
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Fig. 5 Characteristic curves for the 256 X 256
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amplifier16).
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Fig. 6 Characteristic curve of our DSA system,
obtained at 65(®) and 90 kV (A) with
512 X 512 matrix size. The solid curve
has been smoothed by eye for the data
points, and it demonstrates that the char-
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Effects of X-Ray Tube-Voltage Ripple-Rates on Spectra

and Exposure Attenuation Curves
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In x-ray diagnosis, the photon fluence rates on the recording system vary in a range of six to
seven order of magnitudes, even if the tube voltage is fixed at 70 kV. The reasons are mainly due to
the wide range of tube currents from less than 1 mA (fluoroscopy) to 1 A (radiography) and the wide
range of attenuation rates in objects. These reasons result in the difficulty of measuring diagnostic
x-ray spectra using semiconductor detector systems. We have solved the difficulties by the two follow-
ing methods: (1) Low-capacity high-voltage cables were developed, in order to reduce photon fluence
rates by decreasing tube currents and keeping radiographic tube-voltage waveforms. (2) Collimators
having various diameters from 0.13 to 7 mm (the effective diameter of a Ge detector) were prepared.

We carried out the measurement of photon spectra for various tube-voltage ripple-rates (which
correspond to various type of generators and tube currents) at 70 kV using objects of various thick-
nesses made of aluminium and acrylic resin. Photon spectra were transformed to energy spectra and
exposure spectra, and then exposure attenuation curves were obtained. The effects of tube-voltage

ripple-rates on the spectra and the attenuation curves were quantitatively clarified.
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Fig. 1 Tube-voltage waveforms at 70 kV.
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Effects of X-Ray Tube-Voltage Ripple-Rates on mAs Values
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By using the radiographic sensitivity spectra of five screen-film systems and x-ray energy spectra,

their radiographic sensitivity attenuation relations were introduced. From these radiographic sensitivity

attenuation and exposure attenuation relations, mAs values and patient doses for obtaining the same

radiographic density levels were compared for various tube-voltage ripple-rates. The blurring sizes in

the radiographs due to object velocities were discussed. The results show quantitatively that the smaller

ripple-rate yields less mAs values, hence there is less blurring in size due to object motion, as well as

being able to use a lower patient dose. The advantages of three-phase units compared with single-phase

units were quantitatively demonstrated.
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(b) Lanthanoid screens

Fig. 3 Relative mAs values for five screens combined with RP/S or RX film as a function of tube-

voltage ripple-rate (object: Al 30mm).
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Fig. 4 Relative mAs values for five screens combined with RP/S or RX film as a function of tube-
voltage ripple-rate (object: acrylic resin 25 cm).
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Several type of CT, such as X-RAY CT, MRI, and positron CT, are used for diagnosis of brain

diseases. These CTs are complements each of the other, and complementary data analysis of various

CTs will make a large contribution to the establishment of a new diagnostic system for brain diseases.

As the first step of this, we previously proposed an image processing algorithm for automatic brain-

structure-identification by using a series of MRI images. However, this algorithm cannot be applied to

a quite metamorphosed brain. Thus this paper develops an interactive structure-analysis-system for

identification and volume estimation of brain anatomies by incorporating interactive interfaces.
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