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Abstract

Increasing use is being made of X-ray systemsspédntion and process control
applications. Sens-Tech Ltd has developed aflexietection system architecture
which enables systems to be customised for spditiiscan and CT imaging
applications. This paper describes the systengawed examples of its use in wood
mills, particle board manufacture and steel thicksnmeasurement.
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Introduction

Sens-Tech Ltd (STL) is a UK company specialisinghm supply of X-ray detection
and data acquisition systems which are designeidoistrial and security
applications. Detectors are linear arrays fagdoan and CT systems and include
multi-row detector configurations. They providatstof-the-art performance in terms
of signal-to-noise and scan rate.

The Sens-Tech XDAS solution provides a very flexi@approach for building
customised detectors. In this paper, the bastesyarchitecture and performance are
described, as well as a number of different apfpboa.

System Architecture

The building blocks of the XDAS system are the dietehead boards, each with 128
detector channels, and signal processing boards.

Fig 1 Cetector Head Board and Signal Processing E



The detector head boards are linked together atigetsignal processing board to
provide an XDAS system. Connection is via 50-wiipon cables which carry data
and power through the system. One signal proag$siard can control up to 24
detector head boards. Up to 7 signal processaagds can be used in a system.
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Fig 2 XDAS System showing detector head boardssagrhl processing boards
connected to the processor via a USB2 interface

System Operation

In operation, each detector head board acquiresi28nels of data, using a charge
integrating ASIC and sends it via a local datatoufie signal processing board. The
signal processing board converts the data intoitl#tmat. On-board processing
enables up to 4 data samples to be taken and aolgedduce a 16-bit output. This is
transmitted via a data interface board to the pastessor via USB2, data 1/O,
ethernet or frame-grabber card. The signal pracg$mard also provides the control
signals to the ASIC. Systems can have more th@A®6hannels and scan time can
be from 100us to 100ms, depending on the numbehnainels.

A system with 20-bit data is also available foryiigh precision thickness
measurement. Itincludes Peltier cooled detedtwrkigh stability. This system also
has greater charge capacity providing a higher miyniaange.

Detectors are normally supplied in an aluminiumsgiog which includes a collimator
and lead shielding to protect the electronic congmds from radiation damage and
provide electrical screening. Typical designstarkave the detectors arranged on an
arc or complete ring, on a flat bed or as an ‘L&zt



Fig 3 LINX Linear X- ray detector

Detector Head Board

This board normally has 128 X-ray detector channéltere are a number of
detector options:

Detector pitch, which may be 0.4mm, 0.8mm, 1.6mri.6mm

Dual energy using 2 detectors of different absocbawertically stacked so as
to provide information allowing discrimination bexen materials of different
atomic number

Multiple rows of detectors using 2 or more detetteads plugged into a
mother-board
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Fig 5 Multi-row detector head bog,
with 256 channels



X-ray detectors

The detectors consist of silicon photodiode areays scintillator, except for
applications below 20keV where direct conversiothimsilicon photodiode is much
more efficient.

Photodiodes

The design of the silicon photodiode is optimisegrovide low capacitance, in order
to minimise noise from the data acquisition circlatv dark current to minimise
offset and high sensitivity at the wavelength ghtiemitted by the scintillation
material. Array design needs to maximise actieaavhilst achieving low cross-talk
between adjacent elements.

Scintillators

Scintillator selection is an important part of gstdesign. Parameters are stopping power,
light output and signal decay time. Fast decay isrgarticularly important in CT systems.
An overview of typical scintillation materials withe main parameters is presented below.
The thicknesses shown in Figure 6 are for stan8atdproduct but materials of different
thicknesses can be made to special order.

Material Thickness Energy | Signal output | Signal decay time Comment
range per unit energy| constant
Silicon 300 m 5-25keV | Highest, direc | 1 microsecond fo Photodiode detec
conversion unbiased diode directly, no extra cost
of scintillator
Gadox (Th) | 140gm/cm2| 20— Similar to Csl | 2 - 3 milliseconds Phosphor strip, n
100keV pixellation required to
prevent cross-talk
Csl (TI) 4.5mmn 40— Best ligh 2 components of deca | Arrays are pixellated t
160keV output slow decay of reduce cross talk
secondary component
(seconds)
Cdwo4 2.5mm — 150keV — | Lowest, 25% | 20 microseconds Arrays are pixellated o
30mm 9MeV of Csl reduce cross talk,
highest cost material

Fig 6 Summary of scintillator types

Signal Processing Board

This has an ADC and firmware for system controtadaimmation and
communication interfaces using an FPGA. The FP&a fused link device to avoid
any damage from radiation.



Summary System Specification
Energy range

Detector pitch

Scan time

Data
Signal-to-noise

Maximum Number of channels

Applications

20keV to 400keV

0.4mm to 2.5mm (5mm for 20-lgtem)

100s to 100ms dependent on number of
channels

16 bit and 20 bit options

Up to 30000:1for a 16-bit syste@QCO0:1 for
a 20 bit system

greater than 20000

Areas of industrial application include wood insfi@t, control of particle board
manufacture, steel thickness measurement, tyredatigm, scrap sorting and food
inspection. In this paper, three applicationsdm®cribed, wood inspection, particle
board manufacture and steel thickness measureaieot which use distinct

measurement systems.

Wood X-ray for the grading of logs and timber (Coutesy of Bintec)

This is an example of a tomographic system anéssyded to ensure the most

efficient use of wood.
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Figure 7 4D Wood-X system with 4 X-ray sources datéctors



Parameters measured are volume and quality of kpesence of foreign objects,
density, presence of rot, ring width and streng#ddong parameters.

This provides an interface to grading and mill eys$ giving much more effective
control of the production process and increasddieficy of lumber usage.
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Figure 8 Log cross-section showing features ofrése

Particle Board X-ray System (Courtesy of Grecon)

This system has two main functions, detection afairend non-metal objects to
prevent damage to the presses, monitoring of aesghivand distribution of fibre,
chip and OSB material. Information is providedhe operator so that the forming
process can be optimised and product quality imgatpwhilst use of material and
energy is minimised.

Fig. 9 Grecon Dieffensor system



Fig 10 Variation in area weight and density andge of mat

System for Steel Thickness Measurement (Courtesy dhermoFisher Scientific)

Figure 11 Schematic of RM312 system, showing ®uedy sources and detector
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The detector array in this system uses cooled, pitech detectors referred to above,
and has a 20-bit output and signal-to-noise of 8080 Dual X-ray sources are used
to provide two views and a stereoscopic image. siséem provides instantaneous
measurement of the thickness profile of the strif.11% with spatial resolution across
the strip of better than 5mm. This enables oe-tiantrol of the rolling process.

The benefits are improved product quality in teohsontrol of the transverse profile
of the steel strip, with measurement and controhefcentre line thickness, crown
and wedge difference, edge drop, width and flataéssg the strip, as shown in Fig
11.

15911/8197-xx EM Phantom Profile Plate

Gauge Measurement

Fig 12 Image of phantom plate showing measuremied® micron ridge and 10
micron groove in a 2.5mm plate

Conclusion

Sens-Tech X-ray detection systems enable many tyfgespection and process
control systems to be designed, providing substhiéinefits in terms of both product
quality and efficiency of material usage.



