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=Abstract=A linear scanning digital radiographic system was developed using photodiode
array as a detector. Images are collected using this linear photodiode array sensor of 1024
pixels after X-ray photons are converted to light photons by the image intensifying screen.
Sensitive area of each photodiode cell of a linear array sensor is 0.63 mm by 1.3 mm. This
linear array sensor scans with 0.65 mm increments along the scanning axis using a DC servo
motor to form 1024 lines of image within 0.7 sec of scanning time.

A fore-slit, located between the X-ray tube and the patient, converts an area beam to a fan
beam and reduces the patient exposure and scattering effect. Also, this fore-slit scans syncro-
nously with the detector assembly. Detected electrical signals are integrated to enhance the
efficiency of X-ray exposure and multiplexed to four serial streams representing detected
values of linear array. Then, it is calibrated to compensate for X-ray fluctuation, uneven
sensitivity and bias of each pixel. Collected images are A/D converted with 12 bit resolution,
transferred to the computer and displayed on a high resolution monitor.

Images can be processed by the image processing algorithms and all parts of the system are
controlled by the computer. And, images are effectively compressed for storage and transmis-

sion via the local area network in the department of radiology and to clinical wards.
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INTRODUCTION

The degradation of a radiographic image by scat-
tered radiation is the well known problem of con-
ventional radiographic systems. Even though scat-
tered radiation is reduced greatly using grids, the
remaining scatter is still large. The degradation of
image quality due to this scatter is theoretically
analysed and measured in a quantitative manner
(Wagner 1980). Barnes, Sorenson and Niklason
have suggested a more empirical method tc esti-
mate the scattering effects(Barnes 1976; Sorenson
1976, 1982; Niklason 1981). The slit apparatus
they used was successful in significantly reudcing
the scattered radiation compared with grids.

In order to circumvent the dynamic range limita-
tion of the film, electrical sensors are widely being
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considered as a replacement for the film as an
image detector. There are several types of electronic
detectors which have their own advantages and
disadvantapes. Solid state electric detectors, image
intensifying tubes and selenium imaging plates are
among those used to yield clinically useful images.
A number of digital radiographic imaging systems
are being developed that are intended to eliminate
scattered radiation and yield improvements in
radiological images using slits and electrical detec-
tors.

Sashin et al. have used high resolution photo-
diode arrays and lens assemblies for the develop-
ment of a digital radiographic system(Sashin 1979,
1982). It requires optical lens assemblies which
limit the efficient use of X-ray exposure and has
poor resolution in the scanning axis because of
100:1 pixel ratio. Tesic et al. have developed the
experimental digital chest unit using solid state
linear arrays (Tesic 1983, 1984). It provides some
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Fig. 1. Block dagram of linear scanning digital radiogra-
phic system.

clinically acceptible images and suggests the effi-
ciency of the digital radiographic system. But it
takes 4.9 sec of scanning time and large X-ray
tube loding. To reduce the acqusition time with the
elimination of scattered radiation, Rudin et al. have
suggested mechanically rotating wheels with the
acquisition time of 0.1 sec (Rudin 1981). But it
takes pre-operation time to accelerate huge rotaing
wheels and consumes large quantities of power.

In this paper, we present a digital radiographic
system developed using slits and photodiode array
sensor which collects a image within 0.7 sec by
simple linear scanning.

MATERIALS AND METHODS

The overall block diagram of the linear scanning
digital radiographic system is illustrated in Fig. 1.

An X-ray beam generated in the X-ray tube is
converted to a fan beam by fore-slit located be-
tween the X-ray tube and the patient. A fore-slit
limits the beam to expose the narrowly selected
linear area to reduce scattered radiation and pa-
tient exposure. Transmitted radiations through the
patient are composed of primary radiation and
scattered radiation, and scattered radiation is
blocked by after-slit which is located between the
patient and the detector.

Primary radiation passed through a after-slit is
converted to light by an image intensifying screen
(enhanced version of 3M-12) and converted light
photons are collected by the linear electric detec-
tor. This linear electric detector coupled with an
image intensifying screen is composed of 1024 pix-
els of photodiode cell and each cell has a sensitive
area of 0.6 mm by 1.3 mm.

A fore-slit, a after-slit and a linear detector scan
linearly using the driving servo motor system to
form 1024 lines of image during 0.7 sec of scan-

Table 1. Specifications of developed linear scanning
digital radiographic system

Field size: 63 cm by 60 cm

Image size: 1024 by 1024 pixels

Detector: Photodiode array(S994-19, HAMAMATSU,
JAPAN)

Resolution: 0.8 line pairs/mm

Pixel size: 0.5 mm by 1.3 mm

Focal spot size: 0.7 mm by 1.4 mm

A/D converter: 12 bits

Display levels: 256 levels (8 bits)

Scanning time: 0.7 sec

Zooming factor: x4, x16

Parallelism: 4

Image magnification factor; 1.06-1.40

Source to detector distance: 112 cm

Fore slit width: 2 mm

After slit width: 1.3 mm

ning time.

Detected electrical signals are integrated to en-
hance the efficiency of X-ray exposure and multi-
plexed to four serial streams of signals respensent-
ing detected values of linear photodiode array.
These integrated streams of detected signals are
calibrated by hardware circuits to compensate for
X-ray ripple, uneven sensitivity and bias of each
pixel. A/D conversion is performed with 12 bit re-
solution and converted data are collected by a buf-
fer memory for high speed data acquisition.

Then, collected data are transmitted to display
memory in the main computer through a parallel
interface port. Images are displayed with 1024 by
1024 resoultion and focusing on the region of in-
terest may be performed with magnification factor
4 or 16. Images can be further processed for im-
age enhancement, image analysis, restoration, and
dual energy subtraction using developed image
processing algorithms. And images may be com-
pressed using compression algorithms for storage
and transmission via the local area network in the
department of radiology and to the clinical wards.

A servo motor system drives the linear detector
and slits by the command signal from the main
computer. The main computer also controls the
X-ray tube exposure, data acquisition unit and driv-
ing servo system. Details of the developed system
are given in Table 1.

RESULTS

Images of the normal adult obtained by the
linear scanning digital radiographic system are de-
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Fig. 2. Images obtained with the linear scanning digital radiography system. An original image without any processing
(a), a contrast inversed image (b), a histogram equalized image (c), an unsharp maksed image (d).
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monstrated in Fig. 2. Tube voltage was set at 80
KVp and tube current was set at 50 mA. An origi-
nally obtained image without any processing (a),
shows details of anatomy with increased contrast. A
contrast inversed image (b), by simple look-up
table manipulation offers increased detectability for
the low contrast region compared with the non-
inversed original image. Fig. 2. (c) shows a contrast
enhanced image by histogram equalization method
so that the image pixel values are uniformly aistri-
buted over the entire range and offer statistically
optimal contrast for the image. An unsharp masked
image (d) maskes unsharp components of the im-
age so that the sharp feature of the image can be
emphasized and is suitable for the detection of
edges and abnormalities.

Image data can be compressed to 1/20 of the
original data using a cosine transform, and this
data can be transmitted through the local area net-
work.

DISCUSSION

The developed system has several advantages
compared with the other types of digital radiog-
raphic systems. It needs no lens assemblies which
limits the efficient use of X-ray exposure, and uses
linear scanning mechanism which offers short
acqusition time and simple mechanical structure
instead of rotational motion. And parallel proces-
sing structure reduces the image acqusition time to
0.7 sec.

Image obtained with the developed system have
great dynamic range, so minute contrast difference
can be detected by several contrast enhancement
methods. This greatly improved image contrast is
due to the elimination of scattered radiation and
the use of a electronic detector. However spatial
resolution is still inferior to the conventional
radiography of 3-4 1ps/mm. Fooley et al. have in-
vestigated the effect of pixel size in the diagnosis of
pulmonary lung nodules, and found that even
though true positives are increased with the in-
crease of spatial resolution, there is no great differ-
ence among them when pixel size is 0.2 X0.2
mm, 0.4Xx0.4 mm or 0.6 X 0.6 mm (Fooley,
1981).

Image acquisition time is short compared with
other types of digital radiography systems (Tesic
1983). But it is still long compared with the con-
ventional radiography. Even the motion of patient,

during the image acquisition time such as pumping
motion of heart may distort the shapes in image,
image bluring hasn’t occurred because the image
of each line is obtained withing 1/250 sec. Relatively
long acquisition time also increases tube loading,
but patient exposure is small compared with the
conventional radiography because only a very small
part of the body is exposed each time during image
acquisition.

One of the factors that degrade the system per-
formance is the mismatch of sensitive wavelength
between the image intensifying screen and the
photodiode array sensor. The wavelength of light
emitted from image intensifying screen is 550 nm
and peak sensitive wavelength of photodiode array
is 880 nm. At 550 nm it produces only 60% of its
maximum output current. This mismatch is due to
the manufacturing technology of the screen and
solid state device and may be enhanced by further
researches on phosphors and solid state materials.

REFERENCES

Barnes GT. Reduction of scatter in dignostic radiology
by means of scaning multiple slit assembly. Radiology.
1976, 120:691-694

Fooley WD. The effect of varyng spatial resolution on
detectability of diffuse pulmonary nodules. Radiolo-
gy. 1984, 150:569-575

Niklason LT, Sorenson JA, Nelson JA. Scattered radia-
tion in chest radiography. Med Phys. 1981, 8:677-681

Rudin S. Conical rotating aperture geometries in digital
radiography. SPIE. 1981, 314:77-80

Sashin D. Computerized electronic radiography. [|EEE
Frontiers of Comp. in Med. 1979: 153-158

Sashin D. Recent experience with computerized radio-
graphy using linear diode arrays. IEEE Frontiers of
Comp. in Med. 1982: 10-15

Sorenson JA. Investigation of moving slit radiography.
Radiology. 1976, 120:705-711

Sorenson JA. Tantalum air interspace crossed grid:
design and performance characteristics. Radiology.
1982, 145:485-492.

Tesic MM. Digital radiography of the chest: design fea-
tures and considerations. Radiology. 1983, 148:
259-264

Tesic MM. Single slit digital radiography: some practical
considerations. AJR. 1984, 152:692-702

Wagner RF, Barnes GT, Askins BS. Effect of reduced
scatter on radiographic information content and patient
exposure: a quantitative demonstration. Med Phys.
1980, 7:13-18



—267—

E5 HAYS ST MY TS Y X-M I

Frfo] 0= Wl £atE 4402 FEs}
Bt ;}Oir,]» odxl—o odxoL =2 o

5] Frfo] @ = ujod £ =)ol 2|3l
Hrelol o= Al 43 o

d ot
0.6 mm X 1.3 mmojr}. A9 F33 X-A1 WA 7] 9} 22} 4bo)
ol dzjebed, ARRFB S Al AGEAL Shatel] of g X-419] :FoF

<
= A
E AE7I8 Flse] T8 ZLed oste] Ay oz ek AFH AL 129 B cix)E
Al 2 Hilslo] HFeo] o H=c}
AH e A8 Aol F4l, Mzl g A E AFS g dlolet hF el EFE T s,
e 429 RE Fpe Aefshes A5s Ttk



