
1

Arvid Lundervold
COST B11 WG 3
Heidelberg, 2000

Results of measurements - SNR
Arvid Lundervold, University of Bergen, Norway

COST B11 - WG 3,  Heidelberg 19-21 October, 2000

D:\prj\Cost_b11\Heidelberg2000\PPT

513

513

256

256

Arvid Lundervold
COST B11 WG 3
Heidelberg, 2000

Data

D K F Z  Heidelberg

 MAGNETOM VISION 1.5 T

 12-JUL-2000   M 45Y 
 sequence = fl3d_6b195.wkc   TR/TE/FA = 20/6/30deg 
 Slice thickness: 1 mm ;     FoV 256*256 ; 32 slices  uses slice 4-29
                                                                     SP -34 : slice 11

Series 2 (336-2-4,...,336-2-35)    : TA  10:57  AC 4  2.00  256 *256o
Series 3 (336-3-36,...,336-3-67)   : TA  05:30  AC 2  1.41  256 *256o
Series 4 (336-4-68,...,336-4-99)   : TA  02:46  AC 1  1.00  256 *256o

Ser i es 6 (3 36- 6- 132,. . . , 336- 6-1 63)  : TA  02:46  AC 2  128 * 256o
Ser i es 7 (3 36- 7- 164,. . . , 336- 7-1 95)  : TA  06:11  AC 3  192 * 256o

SNR
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Making the ROI mask in MaZda
from  Tex05003.bmp    (SP  -34.0)

M = imread ('../ Tex05/Tex05003. bmp' );
imshow (M)

M        513x51 3x3     789507  uint8 array

R =  imresize (M, [ 256 256], 'bilinear');
imwrite (R,'../T ex05/Tex05003_256_ roi . bmp' , 'bmp ' );
S = rgb2gray(R) ;
S_us = uint16( f l iplr (S'));
fid  = fopen ('.. / Tex05/Tex05003_256_ roi .raw', 'w b' , 'n' );
fwrite ( fid , S_u s, 'uint16' );
fclose ( fid );

Make a  256x256  uint16  .raw  out of  Tex05003.bmp : 

then use MaZda to draw the ROIs 
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… or, making the ROI mask in PowerPoint
from  Tex05003.bmp

Insert  Tex05003_256_roi.bmp  (generated in Matlab)
            or any other MR image file which PowerPoint can read

as a picture into PowerPoint  with  Page Setup:

Width: 2.68 inches 

Hight:  2.68 inches

Then,  (i)  draw the masks (with specific RGB values),

          (ii)  delete the background .BMP image

         (iii)  save result as Portable Network Graphics (.PNG)

Finally, convert the .PNG file to .BMP  (e.g. using Matlab)

     The resulting .BMP file can then be loaded into MaZda

for a 256 x 256 image 

PowerPoint Matlab

MaZda

Tex05_3ROI_on_05003_ima_png.bmp   &   336-4-78.ima

Tex05_3ROI_on_05003_ima_png.png
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Matlab SNR analysis     10 ROIs

 MASK: ../Tex05/Tex05_10ROI_png.png
IMAGE: ../Lodz_ftp/12_jul_00/336-4-078.raw
PPT: ../Tex05/Tex05_10ROI_on_annot_05003_ima.ppt

 >> mshow(3* SNR_2_00 ./ max(max(SNR_2_00)) + ROI')
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32 x 32  ROIs  from 3D FLASH acquisitions with AC=1,2,4
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SNR
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32 x 32  ROIs  from 3D FLASH acquisitions with AC=1,2,4     cont.
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ROI-specific 3D FLASH signal intensity distributions  vs. SNR
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ROI-specific 3D FLASH signal intensity distributions  vs. SNR      cont.

SNR
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SNR 1.00
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SNR 1.41
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SNR 2.00
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Feature map     (SNR = 1.00)
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Feature map     (SNR = 1.00)
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Feature map     (SNR = 1.00)
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Feature map     (SNR = 1.00)

Arvid Lundervold
COST B11 WG 3
Heidelberg, 2000

Gradient   GrMean
1

2

3

6
4

5

Feature map     (SNR = 1.00)
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Feature map     (SNR = 1.00)
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Feature map     (SNR = 1.00)
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Histo-
gram
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AR SNR 1.00
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Conclusions

•  Generally, texture is sensitive to SNR

•  Some texture features are more robust to noise,
      than others  (ROI dependence)

• “Robust”         Ex.  COM  Horzl  S(0,1)SumEntrp
                                            AR  Sigma

• “Sensitive”      Ex.  COM  Horzl  S(0,1)Correlat
                                         RLM   Vertl   GLevNonU

Other experiments and observations will be reported 

in WG 1  (“Feature maps”)
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Histogram

MaZda User's Manual  1999−2000 by Andrzej Materka

Definitions of texture parameters computed by MaZda  :
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Gradient

MaZda User's Manual  1999−2000 by Andrzej Materka
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RLM MaZda User's Manual  1999−2000 by Andrzej Materka
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COM

MaZda User's Manual  1999−2000 by Andrzej Materka
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AR

MaZda User's Manual  1999−2000 by Andrzej Materka
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Mosaic  (10 ROIs  x 3 SNR)
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Series 4 (336-4-78)  TA 02:46  AC 1  SNR: 1.00
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SNR: 1.00
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Series 3 (336-3-46)  TA 05:30  AC 2  SNR: 1.41
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SNR: 1.41
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Series 2 (336-2-14)  TA 10:57  AC 4  SNR: 2.00
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SNR: 2.00
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                              1(red) 2(green) 3(blue) 4(cyan) 5(mag.)  6(yellow)
                   Area =    154 361 361 361 361 361

SNR 1.00   Mean      = 35.662 133.97 143.16 41.377 130.69 130.21
SNR 1.41   Mean      = 32.779 135.97 150.59 40.404 139.73 138.27
SNR 2.00   Mean      = 29.76 134.49 149.23 38.97 138.86 138.42

Mean  
              MaZda  vs.   Matlab

                                  red             green             blue            cyan              mag            yellow
                                 CSF            WM             Empty         Coarse          2.0-3.2         Middle
SNR 1.00 Mean = 35.662338  133.969529  143.163435  41.376731  130.686981  130.207756
SNR 1.41 Mean = 32.779221  135.972299  150.587258  40.404432  139.725762  138.274238
SNR 2.00 Mean = 29.759740  134.490305  149.227147  38.969529  138.858726  138.418283
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                              1(red) 2(green) 3(blue) 4(cyan) 5(mag.)  6(yellow)
                   Area =    154 361 361 361 361 361

SNR 1.00   Variance  = 173.98 179.22 224.71 461.1 196.57 214.66
SNR 1.41   Variance  = 110.02 111.91 105.64 389.04 123.14 127.61
SNR 2.00   Variance  =   63.91   62.555   59.3 397.38   76.049   67.983

Variance  
              MaZda  vs.   Matlab

                               red                green             blue             cyan               mag            yellow
                              CSF               WM             Empty         Coarse           2.0-3.2         Middle
SNR 1.00 Var = 173.976893  179.215138  224.712901  461.104611  196.569609  214.663209
SNR 1.41 Var = 110.016192  111.910590  105.638508  389.038651  123.135320  127.606234
SNR 2.00 Var =   63.909808    62.554615    59.300205  397.381343    76.049294    67.982934
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SNR  and  CNR

 Haacke et al., (1999)  p.340

BAAB SSC −≡

BA
BAAB

AB
SSC

SNRSNRCNR
00

−=−=≡
σσ

Contrast-to-noise ratio:

Contrast between tissue A and tissue B:

A

B

background

The noise standard deviation      of the signal in any voxel due 

to                  Gaussian noise added to the k-space data

is independent of position in the image.

0σ
),0(

2
mN σ

A good way to measure         is to measure the mean value of a ROI outside

the object where there is no signal.   The voxel signal here is Rayleigh

distributed in the magnitude image with mean                 and standard deviation

In a homogeneous region of a tissue of interest in the image,

the average voxel signal over that region is a good estimate

of the tissue voxel signal S.

0σ

0253.1 σ 0665.0 σ

0/SNR σS≡
Signal-to-noise ratio:

  Gudbjartsson & Patz  (1995)
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Normalization of the data to the signal of the foam-empty tube
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SNR 1.41

SNR 2.00
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Experiment - II

D K F Z  Heidelberg

 MAGNETOM VISION 1.5 T

 20-SEP-2000   M 45Y 
 sequence = fl3d_6b195.wkc
 Slice thickness: 1 mm ; FoV 256*256

 SP: -54.0 
TEX06001.ima : TA  08:14   AC  2  256 *256o  30/06/30deg 
TEX06002.ima : TA  08:14   AC  2  256 *256o  30/16/30deg 
TEX06003.ima : TA  08:14   AC  2  256 *256o  30/06/15deg 
TEX06004.ima : TA  10:57   AC  2  256 *256o  40/06/30deg 
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Experiment  II  cont.

E2_1 = al_read_raw_img('../Tex06/TEX06001_us.raw',256,256,'uint16',1);
imagesc(E2_1, [0 300]), colormap(gray), axis image, axis off;

30/06/30o

TEX06001. im a

30/16/30o

30/06/15o

40/06/30o

TEX06002. im a

TEX06003. im a

TEX06004. im a


