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ABSTRACT

Our client, Dr. Charles Mistretta, is researching the use of dynamically
attenuated X-Ray beams during computed tomography (CT) scans.
Dynamic attenuation has been shown to increase signal to noise ratio
uniformity and decrease X-Ray scatter3l. This improves image quality
and reduces the necessary imaging dosel3l. Our client has developed a
prototype to test digital beam attenuation (DBA) and asked us to design
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with a constant acceleration and moves with 10173 psteps/mm. As the
motor is currently too wide to actuate multiple wedges, future designs
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Figure 5: Micro Linear Motor (A) and Micro Stepper Average Percent Error 9356 %

will require a smaller stepper motor. Motor (B) Stepper Motor 6-12 mm Trial Number
Both are available commercially from Micromo. The linear Diameter [11[2] Figure 10: Motor Positional Precision Average Movement 026 mm/Step
INTRO D UCTI O N motor produces linear motion and the stepper motor can be The motor can be precisely positioned using the Increment
used with a lead screw to generate linear motion. integrated controller and lead screw. Nine trials using
Photo Credit: [4], [5] 500,000 psteps/trial were completed.

Client: Dr. Charles Mistretta, UW-Madison

* Departments: Medical Physics, Radiology, Biomedical Engineering VELOCITY FORCE

* Research: MRI and X-Ray Computed Tomography (CT) Average Velocity vs. Time
* Project proposal: Mechanize a device used to test DBA
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Figure 6: Velocity Testing Results

_ , _ Figure 11: Wedge Free Body Diagram
The time required to travel a known distance was measured Figure 7: Wedge Velocity at Stroke Length

A free body diagram was used to estimate the friction forces experienced by the wedge during motion. It

Figure 1: DBA Prototype : and n = 1_0 trials were used to C%ICUIate 00 W VEI_OCity The average velocity at the stroke length of assumes an additional normal force caused by the motor torque and negligible interactions with neighboring
The prototype consists of ten hand-movable DTS 228 (G0 (BT SRS 7 eaeal Clistnee, UinG el advieyes & average veloeiyy e 4cm is 31.67 mm/s with a standard deviation wedges. Using us = 0.4 between the 275g steel wedge and the Plexiglas base, the calculated static friction

lp d b d | solid wed This scanner emits a fan-shaped array 36 mm/s at d = 70mm and the estimated acceleration, ,r> 15 mm /s. forceis F = 1.08N.
spel wetges () ane & steel selil weege (B of X-Ray beams (A) from the source using a the slope of a linear trendline, is 11.78 mm/s?.

The prototype is mounted to a sheet of
Plexiglas (C).

Photo Credit: Tim Szczykutowicz

(B) and collects the X-Rays at the
detector (C). It has a range of motion
of 220 degrees. Photo Credit: Katherine Lake

FINAL DESIGN FUTURE WORK

(A) Accomplished: Movgment Cbaracteristics Figure 12: Hydraulic » Actuate all wedges
=Used Mdrive 23 plus linear actuator{!/z2l = Initial Velocity 25 mm/s fg’ ll:rg:l;as el * I[ncrease number of wedges
sUtilized scalable actuation method " Satisfies 15mm/s requirement e sui‘z,ed for = Utilize smaller motors
*"Independently actuated one wedge to ] l.\/[agin.lu_rn stroke le“gt h 10 cm igﬂﬁt:grslfnfnp ;;;Zi motion " Sinusoidal wedge motion
desired specifications _ _atlSﬁeS dem requl.rement Photo Credit: [6] | " [nvestigate hydraulics
= Minimum movement increment

7.5E-5 mm

= Satisfies maximum 1mm requirement AC KN O WL E D G E M E N T S
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Figure 3: CT Phantom Scans (A),(1)

Without DBA and (B) ,(2) With DBA | * Professor Chris Brace * Professor Thomas Yen
The DBA simulation uses 1240 leaves and the Figure 4: Mounted DBA = Dr. Charles Mistretta » Joseph Zambelli

dose was 22% lower than the non-DBA Prototype _ , . .

simulation dose. (1) and (2) show The prototype is mounted between " Tim Szczykutowicz = Nicholas Bevins
reconstructiqn noise; .(2) shows .the the X-Ray source (A) and detector » Erick Oberstar = Amit Nimunkar
preferred uniform noise of DBA images. (B) to attenuate the X-Ray beams.

Photo Credit: Tim Szczykutowicz Photo Credit: Tim Szczykutowicz = Kevin Royalty = Siemens USA
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