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Problem Statement

Tissue phantoms used for the testing and calibration of quantitative magnetic resonance Stell\r/lmzt;;se Pieﬁe'tectric\ g Result Implications
imaging (gMRI) are typically s.tatic replica.s of the hurT\an body. However, thgse stgtic models - e Expected displacement is not consistent == 5
fall short in accurately capturing the continuous motion due to natural physiological Gearbg". - . : : :
. L. e o riveshatt oinion AR | with experimental displacement
processes, such as respiration and digestion. To address this limitation, a specialized Adaptor - Rail  Phantom — % - o
MRI-compatible device capable of positioning a phantom and replicating physiological _. - g e Wave lags expected position as weight is
movements will be developed to enhance the accuracy of gMRI evaluations. orStand o added
- . ; Bl v hace Adaptor e RPM is slower in reality than code expects
MOtlvatlon a nd BaCk Mot Figure 3. Motor Stand Assembly N Sources of Error
otor € earbox inear .
gMRI Technology . . . . . BO—F7 Bearlngs Eften;ons - e RPM to Voltage conversion
. N | Piezoelectric motor is fed sinusoidal waves -

e Used to detect tissue composition, diagnose anc by a microcontroller outside of the MRI Gearbox Figure 4. Gearbox and Platform Assembly e Kinovea tracking software

monitor disease, and determine drug efficiency [1][2] room. Motor is placed 5ft from MRI bore Rack and pinion takes rotational motion from the motor and e Motor Acceleration
e Allows for earlier and noninvasive detection of diseases, and i:s held by a copper shegt. It tr.ansfers converts it to linear motion efficiently for the phantom bed to ® Friction between rails and sliders

such as steatosis [3] rotational motion t.O a pvc pipe driveshaft. oscillate to. To be MR compatible and to not affect image e Play between gears Figure 7. Kinovea tracking
e Phantoms are required to calibrate encoded techniques _ ® Motor and microcontroller were quality, the gearbox assembly contains no metal.

and test the accuracy and precision of imaging methods Figure 1. gMRI of Diseased vs provided by the client ® Gearbox, Extensions, Bevel Gears, and the Rack and Pinion

[4] Healthy Liver [7] e Copper face and motor to drive shaft were 3D printed in the Makerspace

Current Solution — Breath Holds adaptor were fabricated in the TEAM Lab e Driveshaft Adaptor, Crosspin, and the Phantom bed were ® Incorporate required changes

e Required because respiratory motion produces image ® Motor stand bottom was 3D printed in fabricated in the TEAM lab o Improve RPM to Voltage conversion in code

artifacts [5] the Makerspace e Linear Rail, Slides, and bearings were provided by the client o Create feedback loop using absolute position reading from encoder

® Implications:

. o Improve design to reduce friction and optimize gear interactions
Testl ng a nd Resu lts o Assemble with non-magnetic screws

® MRI Testing

o Short data acquisition time, typically 10 to 30s [5]

o Children, severely ill, or sedated patients are unable

Position vs Time: Platform Only

to perform [6] Sinusoidal Motion Test : o Repeat sinusoidal motion test in MRI setting
Motor Calculations Motor Control: V = Axsin(2Trxfxt) v A B A B B A a 3 o Imaging test with known phantom
e Position = 3 cm x sin(27Tx(8/60)xt) ¢ A=10RPM=2.705cm/s a N N ' o Compare performance with competing design
e Velocity = 3 cm x (1T1x8/30) % cos(1r%(8/30)xt) * f=8/ ?O cycles/s E 1 | c AVANAN e Potential directions
Expected Displacement: D = A/(21Txfxt)xcos(21rxfxt) £ TRE 13V o More advanced sinusoidal motion

e Acceleration =3 cm X (1TTx8/30)? x sin(1Tx(8/30)xt)

Kinovea Software
o Max Acceleration = 2.1 cm/s?

o Additional degrees of freedom

e Track displacement of point on platform o Full construction manual

. _ _ 2 : 3
® Required Torque =rxmxa=21.64cm x4 kg x 2.1 cm/s e Export tracking data to Excel —r

_ 3 Figure 2. MRI with breath hold . : : : :
o Calculated =1.82x10° N m . : _ Figure 5. Platform movement during sinusoidal motion
N . (top) and without (bottom) [6] Time between Peaks (T =7.50 S) 8 & ACkn OWled
o Motor SpeCIflcatlon =1.2Nm . 0 Position vs. Time: Platform + 4kg
® Okg:7.50+0.4s ]| 3.87% error : : : .
; | | _ The team would like to thank our advisor, Dr. James Trevathan, our client, Mr. Jiayi Tang, and
Design Crite ria o +4kg:7.50+0.7s | 7.30% error s p A8 R R A A the rest of the BME design staff for their guidance and support throughout the project.
Peak to Peak Amplitude (A, = 5.41 cm/s)
Criteria Specification £
P ® 0Okg:4.619+0.07 cm | 14.63% error s - £
Accuracy Sine wave of 8 cycles per min with an amplitude of 3 cm [8] o +4kg: 4.685 +0.05 cm | 13.39% error s 0 70 o calculated Re erences
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