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3.4 ELECTRONIC COMPONENTS

Magnetic Resonance Imaging (MRI) machines are highly advanced devices that rely on a
variety of electronic components for their operation. These components are carefully selected
to function in the strong magnetic fields of the MRI system. Below are the primary electronic
components used in MRI machines:

1. RF (Radiofrequency) Coils
. Purpose: Transmit and receive radiofrequency signals.
. Components:
« Capacitors (tuning and matching).
« Inductors (to form resonant circuits).

 Pre-amplifiers (to boost received signals).

2. Gradient Coil Electronics

. Purpose: Generate rapidly changing magnetic fields to spatially encode the MRI
signals.

. Components:
» Power amplifiers (high current and precision control).
+ Gradient controllers (to manage switching and synchronization).

« Protection circuits (to handle induced voltages).

3. Magnet System Electronics
. Purpose: Maintain the large, stable magnetic field required for imaging.
. Components:
« Power supplies (to energize the superconducting magnets, if applicable).
 Cryogenic monitoring systems (for cooling superconducting magnets).

* Quench detection circuits (for safety during emergencies).

4. RF Shielding and Filtering Components

. Purpose: Protect sensitive electronics from external RF noise and reduce
electromagnetic interference (EMI).

. Components:

« Shielding materials (like copper or aluminum enclosures).
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« EMI filters.

5. Signal Processing Electronics
. Purpose: Convert raw MRI data into interpretable images.
. Components:
» Analog-to-Digital Converters (ADCs).
« Digital Signal Processors (DSPs).
 Field-programmable gate arrays (FPGAS).

6. Control and Monitoring Systems
. Purpose: Ensure precise operation of all MRI components.
. Components:
» Microcontrollers and microprocessors.
» Temperature, pressure, and magnetic field sensors.

« Communication interfaces (like fiber optics for noise immunity).

7. Patient Monitoring Systems
. Purpose: Ensure patient safety and comfort during scans.
. Components:
» ECG electrodes.
» Optical and infrared sensors (for pulse and oxygen monitoring).

+ Alarm and feedback systems.

8. Power Supply Units
. Purpose: Deliver stable and clean power to the MRI system.
. Components:
* Voltage regulators.
 Transformers.

* Uninterruptible Power Supplies (UPS).
Challenges in MRI Electronics

Due to the strong magnetic field (up to 3 Tesla or higher) and RF environment, conventional
ferromagnetic components cannot be used in certain areas. MRI electronics must be:

. Non-magnetic or minimally magnetic.

. Shielded to avoid interference with imaging signals.
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. Designed to operate under high-frequency noise and switching environments.

These electronic components work in concert to generate, detect, and process the signals that
form MRI images while maintaining safety and precision.

3.4.1 Functional magnetic resonance imaging (fMRI)

Functional magnetic resonance imaging (fMRI) is a non-invasive imaging technigque used to
measure and map brain activity. It leverages the blood-oxygen-level-dependent (BOLD)
signal, which reflects changes in blood flow and oxygenation levels associated with neural
activity.

How it Works:

1. BOLD Signal: When a brain region becomes active, it consumes more oxygen. To
compensate, blood flow to that region increases, resulting in a detectable change in the
ratio of oxygenated to deoxygenated hemoglobin.

2. Magnetic Resonance: The fMRI scanner detects these changes using magnetic fields
and radio waves, producing detailed images of the brain over time.

3. Temporal Resolution: fMRI captures changes in activity typically on the order of
seconds, making it suitable for studying dynamic brain processes.

Applications:

. Neuroscience Research: Understanding brain functions like memory, emotion,
decision-making, and sensory processing.

. Clinical Use: Identifying regions of the brain affected by stroke, tumors, epilepsy, or
other disorders.

. Brain Mapping: Locating functional areas (e.g., motor or language centers) before
surgery.

. Psychology and Psychiatry: Studying mental health conditions such as depression,
anxiety, and schizophrenia.

Advantages:
. Non-invasive and safe (no radiation involved).

. High spatial resolution for detailed brain mapping.

Limitations:
. Limited temporal resolution compared to techniques like EEG.
«  Susceptible to noise from head movement or physiological factors.

. Does not directly measure neuronal activity but rather its correlates.
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