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Abstract Medical imaging is a complicated procedure and acquired images are with intrinsic characteristics.
As a tool to quantify the image quality, signal-to-noise ratio (SNR) is widely accepted by physicians in clinical
situations. It is defined as the quotient of the mean signal intensity in a tissue region of interest and the standard
deviation of the signal intensity in a region outside the anatomy of the object imaged. However, insufficient
knowledge on its consistency with respect to different observers and tissue regions is known. In this paper, the
consistency is studied with 324 simulated MR images of human brain. The consistency of SNR is validated
between two observers and between tissues of white matter and cerebral spinal fluid. For the same type of
tissues in each modality, Wilcoxon rank sum test suggests no significant difference between two observers
(P>0.70) . For the same modality and observer, SNR between tissues correlates well (Pearson correlation
coefficient 7,>0.71(P<< 10°), and Spearman’s rank correlation coefficient ,>0.97(P<<10"). This study
indicates that SNR is consistent and robust regarding to different observers and tissues in objective quality
assessment of magnetic resonance images. Further research will be carried on clinical images for objective

assessment.

Keywords medical image quality assessment; signal-to-noise ratio; magnetic resonance imaging; consistency
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Table 1 Simulated human brain MR images

PRI ZH
BAGHES PD, T1, T2
YIEE Sy HEE (mm) 1,3,5
BN (%) 0,1,3,5,7,9
IRPEARI IR (%) 0,20, 40

PD: proton density, /& % &
22 {EREEEENX

P 4% 5 3 43 Sl ik ST b ) 0 R A% R
i (Cerebral Spinal Fluid, CSF) [X 3815
J5i (White Matter, WM) X35 DL Kz A 25 [X 35k
(AIR) o H5 2H 23 X 3 1) J40 8 F0 25 /< DX 3R P s o 22
53 3R H IR FL U AE A PPN S B R B ) — AN e
bR, 5E XN SNR, HAJRiLkA:

SNRmi:ﬁ (1)
(o)

Horr, SNR,, f&48 ) H B X 35 (Region of
Interest, ROI) ISR AL, A2 B R X 35 1) 35
B O s IR AR ZE o

N T IE W Bl 5B 5 %% 2 /) 1) X3 AN [R]



44 £ HOOR

2017 4

DL K R IR AEAE XS EEBE I 22 5, IR 3RARAE AR
& VAN J7 TR B A — Bk, JRATR R R b
< 2% (Pearson Correlation Coefficient, rp) ,
W7 % 7R 2 M 9% 2220 (Spearman’s Rank Correlation
Coefficient, 7,) PL& Wilcoxon FkAIK L6 %5 7 V3%t
SNR Hidg 4T g it 70 #r .
2.2.1 BT

H5E, K MRI AR ) i 1) W i F Dy
TR R SR JE KA 20 (2) % AR I K A8 12
ITH— AL, ﬁ‘/ﬁ%):ﬁ’]ﬁﬁﬂﬁﬁﬂﬁﬁﬁ/\?ﬁf
0~255. ffa, A E 5 2R A Py gk
X 35 (CSF 1 WM) B R A2 S X3

J'=255X% 11_4 (2)

max min

Horp, 1A RAT AR 17 N5 R
Bes L 1 L 73918 T 1R S0 /ME AN B3 K AR o

Kl 1R T 3 5kkE ST BuE&ERAR.
WM. CSF M S I Al v i, it
Mg n X, EE 1 F, 2ERESONE
A X RIG R, BN Hermit th UG 45
Ro B, WEEWE K WM Hl CSF &M%
X3k, SRR A (AIR, A1 AIR,) ,

BﬁFﬁLz\iﬁ(l)ﬁﬁiﬁ SNR,,, Fil SNR.,, 7 4h
Guit s PR X IR AR R SN
(a)PD (b)) T1

1 {5E MRI #E (S
Fig. 1 Three examples of simulated MRI from S1
2.2.2 BRHME R R
B 7R b A IR 2R B — AP A P A AR B TR AR
KIEFEWTE, M or, #om (G03) o H covixy)
NI x My BT %2 o Nbr#EZE. r, BUE

P11z, Hr, 1 R IR
K, 0RRTLER, —1 RREEMHRK,
cov(x, y)

R 3)

0,0,
2.2.3 Hi R MR AL
Hr Bz IR 2 A D¢ FR s W 1) 2 T AR e (]
BRI EVIRE, BUEAE—1 B+1 0|, B
SLAESE QIR B, r RO PR A
TNHIR:
_6y.d’
n(n*—1)
Horp, d, S x fy TS i SRR ZEE: n
) 4R
2.2.4 Wilcoxon FRFIAE 56
Wilcoxon FRANEE 6 FH > 2 P N FF A 2
73k E A R B S5 ek, 2 2 TR AR H i
MR R 3 T7 Vo 1% TTIER SR PIFEARE e
B—EA, RIEH/DBIRHRSI G — k. W
BB PN SRS FE AR B AH A SR B, R4
PR¥G KA 5] 93 ARAE A FEA T, e 22 W] 73 A1
A5

(4)

3 8 R

31 [EXEREESGT
LR =g AN AT I PR s A
REE LA AT E 2 Fros. Hrp s AT
1T AR A A RS . K 2 KU WEEE
JIv /) 1) P A 2R DI 3R s B 2 A R A
—H, FHAEHKERAREEE R, RS
THERE S, AT ERIEREHL IR ZE 5/
32 NEEHEWESFMST
F 2 R4 S i) i (R [R] X I8 TS
FI|) SNR &5 134T Wilcoxon FAAIEGSS, DARELSAS
A EEE SRR R R g =R . BR 2 7
H, SERRPTAS P AT 070, EPFE 0.05 BEME



231

(VAE

ey
=¥

WM

o T UG RE SR B 1 A5 M LA B2 2 AR T R R A N — S AT 45
600
R 400 T‘
\ 200 %
\ \

CSF

(a) PD(WZEH A)

WM
(&> PD(Wi%EE B)
VE: B (Cerebral Spinal Fluid, CSF) X3 i ()5 (White Matter, WM) [X38; 75X 4k (AIR)

2 HEAEXERERS5T

Fig. 2 Distribution of voxel numbers in delineated regions by different observers

CSF

AIR

WM

200

2

*2 YREBEPERMSH
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