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. middie sequence = fl3d_6b195.wkc TR/ TE/ FA = 20/ 6/ 30deg

A \\O empty

Slice thickness: 1 nm; 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 *2560
Series 3 (336-3-36,...,336-3-67) : TA 05:30 AC 2 |1.41| 256 *2560
Series 4 (336-4-68,...,336-4-99) . TA 02:46 AC 1 |1.00] 256 *2560

Series6 (336-6-132, ..,336-6-163) :TA 02:46 AC2 128* 2560
Series7 (336-7-164, ..,336-7-195) :TA 06:11 AC3 192* 2560
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Making the ROl mask in MaZda ... or, making the ROl mask in PowerPoint

from Tex05003.bmp (sp -34.0) from Tex05003.bmp

PowerPoint Matlab

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

npmazes
wpg

@
L]
7

Make a 256x256 uint16 .raw outof Tex05003.bmp :
as a picture into PowerPoint with Page Setup:

(0

M= imread (./ Tex05/Tex05003. bmp);
how (M)
imshow (M) Width: 2.68 mches?r for 2256 x 256 image

Hight: 2.68 inches

M 513x51  3x3 789507 uint8 array

R= imresize (M, [ 256 256, ‘bilinear); TexC5_3RO|_on 06008 ima_pngpmg
imwite (R'./T  ex05/Tex05003_256_ roi .bmp', 'bmp"); R
S=igb2gray(R)
S_us=uintl6(  fliphr (S));
fid = fopen (.. /Tex05/Tex05003_256_ roi raw, wb','n' );
fwrite  (fid ,S_u s, uintl6 )

fclose (fid );

Then, (i) draw the masks (with specific RGB values),
(i) delete the background .BMP image
(iii) save result as Portable Network Graphics (.PNG)

Mazda

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

then use MaZda to draw the ROIs The resulting .BMP file can then be loaded into Mazda —»

[width: 256
Height: 258
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32x32 ROIs from 3D FLASH acquisitions with AC=1,2,4

. SNR om osF ay idde
Matlab SNR analysis  10RoIs = i :
(AC=1)

MASK: . Tex05/Tex05_10ROI_png png N . R

MAGE. TLods 1o [l 00336 4 078 raw mshow(3* SNR_2_00 / max(max(SNR_2_00)) + ROI)
Ao Lnerels PPT. /Tex05/Tex05_10ROI_on_annoi_05003_ima ppt A ndencls
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32x32 ROIs from 3D FLASH acquisitions with AC=

1018

2,4 cont.

ROI-specific 3D FLASH signal intensity distributions vs. SNR
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ROI-specific 3D FLASH signal intensity distributions

vs. SNR

cont.
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RLM Vertl GLevNonuU
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COM Horzl s(0,1)SumAverg

COM Horzl S(0,1)SumEntrp

Feature map
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Gradient GrMean

Histogram Mean
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Feature map  (sNR=1.00)
PViow - Mean (=[]
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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
inWG 1 (“Feature maps”)

Definitions of texture parameters computed by MazZda :
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The avtoregressive (AR) model assumes a local interaction between image pixels i that pixel
intensity is a weighted sum of neighbouring pixel intensities. Assuring image fis a zero-mean
random field, an AR causal model can be defined as A R

Js= Zafite
r=N, Autoregressive model parameters
‘where f, s image intensity at site 5, e, denotes an independent and identically distributed (i1d)
noise, ], is a neighbourhood of s, and 8 is a vector of model parameters. The local MaZda User's Manual 0 1999-2000 by Andizei Mateska
i for AR ted by 4 parameters, is shown in
Fig 7.1, Shaded area in Fig 7.1 indicates region where valid causal half-plane AR model
neighbourhood may be located, in generl.

Using the AR model for image segmentation consists i identifing the model parameters for a
gven image region and then using the obiained parameter values for texture discrimination. Tn
the case of simple pixel neighbourhiood shown in Fig 7.1, that corprises 4 inmediate pivel
neighbours, there are 5 unknovn model parameters — the standard deviation o of the driving

O O O O O O noise e, and the model parameter vector 0=[6,5,,6,,64]. The parameters can be estimated by
® g é% O& ® ® minimizing the sum of sqared error
o & [CACHeNs )

O O O O O O

Fig. 7.1. Local neighbourhood of image element 7,

‘ehich leads to the Following inear eqations:
-1
o]
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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

N
b
Ix!

Image File: 336476 ima -
RO Fie: Tex05_3A0]_on_05003_ima_png bmp
Image size: 256 25

Min . 1

Mo, lum. 896

Bits vt 10

Histooram anslysis = Yes

Nomalisation = 3 sigma
[Gradient analysis = Vs, Ma pirel value = 16

64 %64 Distances =12345

R model analysi =

Histonram data = Yes
Thed) gieen) el dyar)  S(magens) Bpelow)

Jarea = 154 1 ] Edl 31 31

amesz 13397 316 4LIT 13083 13021

1738 17422 2471 4611 657 21466
0178 040771 OO%E2 0071342

Mean

00015344 42
Kuntosis 04289 0042547 00SS144 042778 01339 0033439
ere. g 103 108 5 a9 3
Perc. 10% 13 117 125 15 112 112
Perc. 0% * 134 142 40 130 130
[Perc. 0% 51 150 163 7l 148 149
Perc.33% = 65 164 180 a4 185 165
LJ )
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EMFView - Histogiam diawing

SNR: 1.00

Image: 336-4-78.ima
ROI: Tex05_3ROI_on_05003 _ima_png.bmp

Min. lum:
Max. lum.

1024

Area: 361
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Series 3 (336-3-46) TA 05:30 AC 2 SNR 1.41

¥
b
n

Image Fie: 3363-46.ma Py
RO Fil: Tex03_3R0I_on_05003_ima_pra brnp

Image size: 256 % 255

i - 1

e lum - 853

Bitspinel: 10

Histogram analysis = Yes

Momalsation = 3 sigma
="Ves, Maw pisel valuz = 16

&
Histogram data = Y=

Tfred) Ageen)  3ble]  dopan)  Smagenia) Blyelow]
[wict: 256 |avea = 154 1 361 361 31 Edl
Heioht 255
b lum 1 - 27 1B/ 15 0404 1:\T3 13827
M lum.: 363 [Variance 1100 1181 10560 36304 12314 12761
Bits/pivel 10 Skewness 016089 018555 Q0063 0225 02344 DOI7EGS
Kuitosis 0050793 01698 040312 076512 02829 DA4I0d
erc. 1% 3 13 127 6 1
Perc 102 19 12t 136 1 126 124
[Perc 50% £ 136 151 ] 140 136
Perc.0% - % 151 164 =] 153 153
Perc.93% = 5 61 173 & 165 168
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EMFView - Histogiam diawing

SNR: 1.41

Image: 336-3-46.ima
ROL: Tex05_3ROI_on_05003_ima_png.bmp

Area: 361
Area: 361

Min. lum.: 108
Max. lum.: 168

Area: 361

1024

Area: 361

Area: 361
a M

lum.: 177 .

Min.
Max.
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Series 2 (336-2-14) TA 10:57 AC 4 SNR 2.00

I3 =10ix]
Image Fie: 336218 ma B
FIDI Fie: Tex05_3AD|_on_05003_ima_png bmp
Image size: 256 % 256 _
M um - 523
Bitspixcl 10

Histogram anasis ='7es

s, M pisel value =16
Dinension = 64

C0 matis analpsis - Ves, Dimensions = 6484, Distances =123 45
AR model anabeis =

Histogram data = Y5

1lred) Ageen)  Jbkel  dlcpan)  Simagerta) Giyellon]
154 £l 31 £l el 31

2876 1349 14923 ;| 108 14
6331 62555 3 738 76043 67983
023476 0053995 000542 02649  0I0EBE  D40EDS
028347 047463 005267 063612 QOSER4S  OEGEST
7 114 130 4 17 118

¢l
Bis pisel: 10

13 125 13 1 128 128
n 35 150 E 13 13
a0 145 15 66 150 148
4 182 187 3 153 156
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EMPYiew - Histogiam drawing N [=] EY

Area: 361
Min. lum.: 1
Max. lum.: 100

: 361
- lum.: 110
ax. lum.; 162

1024 1024

Area: 361
Min. lum.: 124
Max, lum.: 169
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Max. lum.: 161
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MaZda vs. Matlab

Lred)  2(green) 3(blue) 4(cyan) S(meg.) 6(yellow)
Area= 154 361 361 361 361 361

SNR1.00 Mean = 35662 13397 14316 41377 13069 13021
SNR141 Mean = 32779 13597 15059 40404 13973 13827
SNR2.00 Mean = 2976 13449 14923 3897 13886 13842
red green blue cyan mag yellow
CSF wM Empty Coarse 2032 Midde

SNR 1.00Mean = 35.662338 13369629 143163435 41376731 130686981 130207756
SNR 1.41Mean = 32.779221 1397299 150587258 40404432 139725762 138274238
SNR2.00 Mean = 29.759740 13490805 149227147 38969529 138858726 138418283
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Variance
MaZda vs. Matlab

1(red) 2(green) 3(blue) 4(cyan) 5(mag.) 6(yellow)
Area= 154 361 361 361 361 361

SNR1.00 Variance
SNR 141 Vaiance
SNR2.00 Variance

17398 17922 22471 4611 19657 21466
11002 11191 10564 38904 12314 12761
6391 62555 593 39738 76049 67.983

red green blue cyan mag yellow

CSF wM Empty Coarse 20-32 Midde
SNR 1.00 Var = 173976893 179215138 224712901 461104611 196.569609 214.663209
SNR1.41Var=110016192 111910590 105638508 389038651 123.135320 127.606234
SNR2.00Var= 63909808 62554615 59300205 397381343 76.049294 67.982%B4
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SNR and CNR

The noise standard deviation _ of the signal in any voxel due

to 2 Gaussian noise added to the k-space data

[T -

is independent of position in the image.

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. Signal-to-noise ratio:

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

the object where there is no signal. The voxel signal here is Rayleigh Gudtjartson& Patz (1999

distributed in the magnitude image with mean and standard deviation
PR, neee .
Haackeet ., (1999 p.340

enmn_ ol A

Contrast between tissue A and tissue B:

Contrast-to-noise ratio:

pr— CNR#as = =SNRa -SNRs

Hedelberg, 2000

Cm S-S5

Normalization of the data to the signal of the foam-empty tube

SNR 1.00
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Experiment - |l

D KF Z Heidelberg
MAGNETOM VISION 1.5 T

20- SEP- 2000 M 45Y
sequence = fl3d_6b195. wkc

Slice thickness: 1 nm; FoV 256*256

SP. -54.0
TEX06001.ima : TA 08:14 AC
TEX06002.ima : TA 08:14 AC
TEX06003.ima : TA 08:14 AC
TEX06004.ima : TA 10:57 AC

[SENENEN

256
256
256
256

*2560
*2560
*2560
*2560

30/ 06/ 30deg
30/ 16/ 30deg
30/ 06/ 15deg
40/ 06/ 30deg

Experiment Il con

30/ 06/ 30°

E2.1=al read_raw_img(/Tex08/TEX06001 us.raw 256,256, uint1' 1),
imagesc(E2_1, 0 300], colormap(gray). axis image, axis of;

30/ 16/ 30°

30/ 06/ 15°

40/ 06/ 30°

TEX06001. ima

TEX06002. ima

TEX06003. ima
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TEX06004. ima




