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Inverse filtering for time, delay and integration X-ray imaging
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Abstract. In food industry, most finished products are this effect, object edges get washed out, the sharpness of the
scanned by X-ray for contaminations. These X-ray machinesmage is reduced in general. Because of the imaging process,
continuously scan the product passing through. To mini-it is not possible to distinguish between a flat, dense object
mize the required X-ray power, a Time, Delay and Integra-and a high, less dense object — e.g. metallic washer ring ver-
tion (TDI) CCD sensor is used to capture the image. Whilesus macaroni noodle. Figuteshows a schematic drawing of
the product moves across the sensor area, the angle of theich an X-ray scanner.
X-rays changes during the pass. This can be compensated Currently, it is necessary to use laminographic technigues
for by adjusting the sensor shift speed to focus on a singl§Gondrom 1999 Rooks 1995 in conjunction with the
plane of the product. If the product has a significant thick- Radon TransformRopularikas 1996 if depth information
ness, the image will show artifacts due to the laminographicis needed. This requires two X-ray sources and two sensor
effect. In this contribution we demonstrate that by the use ofassemblies which deliver images of the product under differ-
inverse filtering images which are focused on planes of dif-ent angles. This is not only expensive, in addition the second
ferent height can be generated out of a single X-ray image. X-ray tube also needs cooling and better shielding against
X-rays leaving the machine is required. In this paper, we
propose the use inverse filtering of the single X-ray sensor
1 Introduction image to calculate images focussed on arbitrary planes of the
product. The paper is organized as follows: first, we give an
In food industry, there is a need to prevent contaminatedshort introduction into the X-ray imaging process. After that,
products from leaving the production site. Metal detectorsthe inverse filtering is discussed, followed by the description
are widely used for this task, but they fail for non-metallic of the test setup and the results.
objects. Glass splinters and ceramic objects such as broken
ceramic knife blades or ceramic ball bearing balls can not be
detected. 2 Imaging process

Continous X-ray imaging allows to detect all these objects h . h h th
and the machine can simply be fitted in the production pro-T e product is transported through the X-ray scanner on a

cess. The product passes the X-ray machine continously on $2MVEYOr belt. Above the belt, an X-ray source is located,
belt with an overhead X-ray source. After passing the prod—the imaging equipment can be f°“”0_' below the pelt. Because
uct, the X-rays are converted to visible light by a szintillating large CCD SENSOrS are very expensive gnd subject to damage
foil. The light emitted by this foil is projected on a line- by X-ray radiation, a szintillation foil which converts X-rays
accumulating CCD sensor. A typical sensor has 128 linednto Vvisible light is located below the conveyor belt. The light

which are shifted synchronously to the transport belt and thdS focussed by optic lenses and digitalised by a CCD sensor.

charges are moved from line to line over the sensor accu S CCD sensor has a typical resolution of 32ED24 pixel.

mulating more and more X-ray light. Each image leaving The electrical charge generated by photons hitting the sensor

the sensor is exposed 128 times. This allows for a high effiis shifted from line to line and read out after it reaches the

ciency and low noise, however the angle of the X-ray beamIaSt line (in this case line 128). Each line which enters the
passing through the product changes slightly from shift toanalsy5|s system has been exposed 128 times, which can be

shift. This produces a so-called laminographic effect. By MPdeled as a superposition of 128 complete images. Figure
shows a schematical drawing of such an apparatus.

The angle under which the X-rays enter the product

Correspondence tdvl. Rosenbaum changes as the belt moves the product across the sensor.
m (rosenbaum@eit.uni-kl.de) Therefor the image gets blurred in movement direction. This
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Fig. 1. Schematic drawing of the X-ray scanner. Fig. 2. Calculated impulse response.
. . . Noise |7
effec_t.makeg it d|ff|_cult to reliably detect edges. For one Imaging Reconstruction
specifice height, this can be compensated by an offset be(r,, 1, A, f))
tween belt- and sensor-shift-speed. If two sharp planes ar&=——>| (/./)) H S ] ) [l

needed, two scans have to be performed. Also, there is no
depth information in the resulting image and no differencesrig. 3. Block diagram.
between flat and non-flat objects are visible.
Because of the width of the optical active area, the object
is X-rayed at different angles. The charge shift can be modpoint-spread-function of the imaging system corrupted with
eled as the superposition of 128 separate images taken undgpiser.
different angles. How large this angle is depends on the spe-
cific scanner setup, but in general an angle below 5 degreess(x’y) —a(x,y)-h(x,y)+n @)
is used. This superposition of images under different angles

leads to blurring, the so-called laminographic effect. The inverse filtering takes advantage of the frequency do-
This effect can be modeled as a convolution of the rea'main. A pure inversion of the transfer functid#( fy. ;)

imagea(x,y) Wi'Fh the poin_t spread function of the imaging requires to take the reciprocal of it yieldingi(fc. fy) =
systemh(x, y), yielding an image (x, y). H™Y(fx, fy), but this poses new problems because of spec-
tral zeros and noise contained in the X-ray image will be am-
s(x,y)=a(x,y)-hx,y) (@) piified. To deal with this, Wiener filtering\adisetti 1998
can be used. EquatioB)(shows the parametric form of the
Wiener filter. K accounts for noise influence, ideally it is
choosen as the spectral power density of the white noise con-
@ined in the X-ray image.

In general, this function is two-dimensional, but in our case
there is a significant contribution only in direction of the belt
movement, which can be modeled as a one-dimensional im
pulse response. This impulse response is height variant, sof
is only valid for a given height of the object above the sen-

i i i H*(fx, fy)
sor plane. This means that only flat objects can be dlplayecyw(fx’fy) _ X 2y 3)
sharp. If the object is non-flat, only one slice would be [H (fx, ip°+ K
diplayed sharp, and the parts of the object out of focus pro-
duce blurring. Figure3 shows the imaging and reconstruction process, pro-

Figure2 depicts the calculated impulse response for a dis-ducing an estimatd of the unknown original imag.
tance of 8 cm between object and sensor plane. This impulse In the reconstruction process, an impulse response is only
response can be calculated from the X-ray image of a wellalid for a single focal plane in the X-ray image. The charac-
known object. teristics of the imaging process allow to calculate an impulse
response for every focal plan out of one known impulse re-
sponse by using algorithms also known in image processing
3 Inverse filtering as bilinear or bicubic scalingkeys, 1981). To generate a
depth map of the objects, overlapping focal planes need to be
This blurring caused by the laminographic effect can becalculated and tested if an object is sharp in one focal plane.
effectively addressed by inverse filtering since it can belf this is the case, the object is flat and its height is known. If
regarded as a convolution of the real image with thethe objectis non-flat, it is not sharp in any focal plane.
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Fig. 4. Simulation setup. v
Fig. 6. Focus on lower ring.

Fig. 5. Simulated X-ray image.

4 Simulation setup

To demonstrate the proposed strategy, test images were gen-
erated using a ray-tracing software. The test setup contains
two thin rings at different distances to the screen and a long
tube with the same diameter as the rings. 128 images were
rendered and overlayed to produce the final image. This im-
age was used to test the inverse filtering strategy. Figure Fig. 7. Focus on upper ring.
shows schematically the setup used for the simulations. The
impulse response was estimated by geometrical calculations,
K in Eq. (3) was choosen to 1¢. 5

Figure 5 depicts a blurred image of the 3 objects which
results after adding up all 128 rendered images.

Results

The generated source image was inversely filtered with an es-
timated impulse response as shown in RigThe firstimage
(Fig. 6) shows the result if focussed to the lower ring. The
upper ring and the cylinder are distorted by a lot of artifacts.
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the conveyor belt. This technique is easy to implement as

it works with already existing sensors and machinery, only

the analysis software needs to be modified. This allows the

subsequent classification algorithms a more reliable decision

whether an object belongs to the product or is a contamina-

tion.

6 Conclusions

Adv. Radio Sci., 9, 135138 2011 www.adv-radio-sci.net/9/135/2011/



