
Motor Key Features
● Microcontroller programmed to control 

velocity with adjustable sine wave
● Interrupts to control period using sampling 

rate
● Microcontroller → Motor Controller → 

Motor
● Fabricated in TeamLab & Makerspace

qMRI Technology

● Used to detect tissue composition, diagnose and 

monitor disease (steatosis), and determine drug 

efficiency [1][2][3]

● Phantoms are required to calibrate encoded techniques 

and test the accuracy/precision of imaging methods [4]

● Current Solution – Breath Holds 

○ Respiratory motion produces image artifacts [5]

○ Reduced data acquisition time, typically 10 to 30s [5]

○ Unsuitable for children, severely ill, or sedated patients [6]

Competing Designs

● Vital Biomedical Technologies [7] and Quasar [8]

● Pros: user-defined trajectories, compact design

● Cons: small phantom size, $30,000+

Previous Semester

● Developed sinusoid program to control the motor

● Built preliminary prototype

● Testing showed expected displacement was not 

consistent with experimental displacement

● Identified Errors:

○ Faulty RPM to Voltage conversion, inaccurate clock

○ Play between gears, friction between rails and sliders

● Design Changes

○ Implement proportional control for position feedback using built in encoder
○ Optimize gear interactions and reduce friction
○ Add additional slides to reduce torque from phantom
○ Flexible coupling
○ Flip ball bearing insertion points to within gearbox

● Testing

○ Reliability testing to insure consistent waveform for 10-15 minutes 
○ Compare performance with competing design

● Potential directions 

○ Introduce a Low Pass Filter
○ Develop UI to change desired sinusoid
○ Retrofit design to replicate high frequency cardiac motion
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Tissue phantoms used for the testing and calibration of quantitative magnetic resonance 
imaging (qMRI) are typically static replicas of the human body. However, these static models 
fall short in accurately capturing the continuous motion due to natural physiological 
processes, such as respiration and digestion. To address this limitation, a specialized 
MRI-compatible device capable of positioning a phantom and replicating physiological 
movements was developed to enhance the accuracy of qMRI evaluations.

Criteria Specification 

Accuracy Sine wave of 4-20 cycles per min with an amplitude of 1-6 cm [9]

Reliability Sinusoidal motion within 5% deviation [10]

Accessibility Non-complex fabrication techniques using commercially available parts

Weight Platform to support 0-4 kg of additional weight [11]

Size Platform larger than 25 cm by 35 cm [11]

Cost Within budget ($1000)

Safety MRI compatible
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Figure 1. Motion Stage (top) [7] 
and Programmable Phantom 

(bottom) [8] Testing and Results

Figure 7. Extremes of Sinusoidal Motion

Figure 3. Motor Stand Assembly 

Figure 4. Gearbox and Platform Assembly 

Figure 2. Non-motion robust MRI 
(top) and motion robust MRI 

(bottom) 

Result Implications

● Low period error

● Acceptable amplitude error

● No observable relationship with weight

● Calibration improved percent error in 

period and amplitude

● Amplitude extremes are not within tolerance

Sources of Error

● Operating at small input range to motor driver 

● Kinovea tracking software and testing setup

● Imperfect RPM to Voltage conversion

● Play between gears and driveshaft dislodgement 

Motivation and Background

Discussion

Future Work
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Figure 8. Kinovea tracking

Gearbox Key Features
● Gear Ratio: 1.5:1 
● Linear platform on carbon fiber rails & sliders
● Completely nonmagnetic
● Fabricated in TeamLab & Makerspace

RPM to Voltage Conversion Calibration

Time between Peaks  (T = 7.50 s)

●  0kg: 7.50 ± 0.6 s | 0.06% error

● +1.5kg: 7.50 ± 0.4 s | 0.02% error

Peak to Peak Amplitude (A
P-P

 = 3.67 cm) 

● 0kg: 3.78 ± 0.05 cm | 3.12% error

● +1.5kg: 3.67 ± 0.2 cm | 0.10% error

Sinusoidal Motion with Different Loads 

Time between Peaks (T = 7.50 s)

●  0kg: 7.47 ± 0.5 s | 0.44% error

● +1.5kg: 7.60 ± 0.6 s | 1.38% error

● +3.5kg: 7.55 ± 0.5 s | 0.71% error

Peak to Peak Amplitude (A
P-P

 = 3.67 cm)

● 0kg: 3.79 ± 0.08 cm | 3.48% error

● +1.5kg: 3.57 ± 0.06 cm | 2.51% error

● +3.5kg: 3.41 ± 0.2 cm | 7.03% error

Frequency Bounds 

● 4/60Hz: 15.1 ± 0.7 s | 0.45% error

● 20/60Hz: 3.02 ± 0.2 s | 0.51% error

Amplitude Bounds 

● 1cm: 0.736 ± 0.04 cm | 27.63% error

○ Note: 2/3 trials failed

● 6cm: 6.48 ± 0.2 cm | 6.16% error

Figure 5. Uncalibrated Platform movement Figure 6. Calibrated Platform movement 


