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ical formula are also shown.
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Analysis of Quantization Noise in Magnetic
Resonance Imaging Systems

C.B. Ahn

'Department of Electrical Engineering, Kwangwoon University

Purpose : The quantization noise in magnetic resonance imaging {MRI]} systems is analyzed. The signal-to-
quantization noise ratio (SQNR] in the reconstructed image is derived from the level of quantization in the
signal in spatial frequency domain. Based on the derived formula, the SQNRs in various main magnetic
fields with different receiver systems are evaluated. From the evaluation, the quantization noise could be
a major noise source determining overall system signal-to-noise ratio {SNR} in high field MRI system. A
few methods to reduce the quantization noise are suggested.

Materials and methods : In Fourier imaging methods, spin density distribution is encoded by phase and
frequency encoding gradients in such a way that it becomes a distribution in the spatial frequency do-
main. Thus the quantization noise in the spatial frequency domain is expressed in terms of the SONR in
the reconstructed image. The validity of the derived formula is confirmed by experiments and computer
simulation.

Results : Using the derived formula, the SONRs in various main magnetic fields with various receiver sys-
tems are evaluated. Since the quantization noise is proportional to the signal amplitude, yet it cannot be
reduced by simple signal averaging, it could be a serious problem in high field imaging. In many receiver
systems employing analog-to-digital converters (ADC) of 16 bits/sample, the quantization noise could be a
major noise source limiting overall system SNR, especially in a high field imaging.

Conclusion : The field strength of MRI system keeps going higher for functional imaging and spec-
troscopy. In high field MRI system, signal amplitude becomes larger with more susceptibility effect and
wider spectral separation. Since the quantization noise is proportional to the signal amplitude, if the con-
version bits of the ADCs in the receiver system are not large enough, the increase of signal amplitude
may not be fully utilized for the SNR enhancement due to the increase of the quantization noise.
Evaluation of the SQNR for various systems using the formula shows that the quantization noise could be
a major noise source limiting overall system SNR, especially in three dimensional imaging in a high field
imaging. Oversampling and off-center sampling would be an alternative solution to reduce the quantiza-
tion noise without replacement of the receiver system.

Index words : Quantization noise
Signal-to-quantization noise ratio (SQNR])
High field imaging
Oversampling
Off-center sampling
Analog-to-digital converter (ADC)

Address reprint requests to : Chang Beom Ahn, Ph.D., Department of Electrical Engineering, Kwangwoon University,
447-1 Wolgye-dong, Nowon-gu, Seoul 139-701, Korea.
Tel. 82-2-940-5148 Fax. 82-2-909-3159 E-mail: cbahn@daisy.kw.ac.kr

— 49 -




