NMQC

Systém pro hodnoceni kvality obrazové informace
nejen v nuklearni mediciné



Motivace

e Radiacni ochrana v nuklearni mediciné - systém
kontrol detekcni a zobrazovaci techniky
e K dispozicir. 2019 jako pracovni dokument

e www.sujb.cz -
e Radiacni ochrana -
» Lékarské ozareni -
 Doporuéeni SUJB tykajici se nuklearni mediciny



http://www.sujb.cz/

Motivace

* Nastroje pro QC jako soucast pracovnich stanic
e Casto black box
* Mnohdy chybéjici zakladni funkce
e Optimalizované pro dany pristroj

* Nastroje nezavislé
* Imagel < IAEA plugin
e Uzivatelsky diskomfortni
* Chaba az nulova podpora, dokumentace ...



Cile

e Jednoduchy a maximalné univerzalni nastroj pro
hodnoceni kvality obrazu

e Uzivatel neni vazan na konkrétni pristroj, zpusob
akvizice a/nebo postupy v doporuceni

e Uzivatel ma cely proces plné pod kontrolou
e Software neni chytrejsi nez uzivatel
* Analyza na Urovni jednotlivych pixel( / voxeld

* Automatizace
e Davkové zpracovani, makra



Koncepce

e Zakladni modul pro
* Nacteni dat
* Pfedzpracovani (transformace, filtrace, Upravy hodnot)

* Hodnotici moduly
* Analyza ROI, VOI
* Homogenita
* Prostorové rozliseni



Zakladni modul — nacteni dat

4 nmac

HL: 261 WC: 130.50 ®» TRA
LL: 0 WW: 261 COR
Reset Change: coarse SAG

¥| Show navigation Invert colors

v| Show voxel value Hardened cross

Show annotations Interpolation

T: 0 C: 256 S: 256
VAL = 153

Edit voxel

sizes
1.00

1.10
1.10

mim

- a
Load Image Transform Filter
ImCalc Macro Image Info
Save Image Run App Exit

Image file path
tni nemocnice v Praze\Science\ Data\SPECTQC\Homog.dcm

Browse

Image format
s DICOM ASCII RAW binary

Number format

Image dimensions

Frames 1
Rows 512 ¥| Auto detect
Columns 512

Load Cancel

— View log




Zakladni modul - transformace

g NMOC

HL: 13049.
LL: 9929.3

[] Show navigation
Show voxel value
[| Show annotations

T:0C:145: 10
VAL = 10784

WC: 11489. w) TRA ALT+T Edit voxel

WW: 3119.6 (O COR  ALT+C sizes mm

Change: coarse ) SAG  ALT+S T 1.00
ALT+N [ ] Invert colors ALT+l ¢ =il
ALT+V [ ] Hardened cross ALT+D 5 8.80
ALT+A Interpolation ALT+P

pot

— a

‘ Load Image | ‘ Transform | ‘ Filter |
‘ ImCalc | ‘ Macro | ‘ Image Info |
‘ Save Image | ‘ Run App | ‘ Exit |
Orientation Shift

| Sup =-= Inf | ‘ | III | |

| Ant <-> Post | L IIl i

| Left <> Right | [| fast mode

| COR > TRA | Crop

| SAG -> TRA | A | 0 |[[ o |

| Rotate volume 90 | COR g ﬁ

| Rot |[ 00 | deg G | 3 || s0 |
Resolution ‘ Gionyalues |

w250 3D ) In @ Qut
| Subsample by 2 | Pad value 0.0

| Stack 3D->2D

[ | Average

Crop dimensions

Crop mode

Cancel

CTRL+R

OK

Undo (2)

25472048 M

View log




Zakladni modul - filtrace

pot

g NMOC — O
‘ Load Image | ‘ Transform | ‘ Filter |
‘ ImCalc | ‘ Macro | ‘ Image Info |
‘ Save Image | ‘ Run App | ‘ Exit |
Filter type
® 2D i3 2.5D 3D
Filter algorithm
® Gaussian (spatial) FWHM | 30.0 | mm
) Median (spatial) Matrix size pixels
) Butterworth (freq) Cutoff Nygist
® LowPass Order
{7 HighPass
Discrete convolution
i Standard I:D Base pixels
T:0C:21S8:29
VAL = 10917.
HL: 11152. WC: 10980. W TRA  ALT+T Edit voxel
LL: 10808. WW: 344,07 (O COR  ALT+C sizes _mm Filter Cancel
Change: coarse ) SAG  ALT+S T 1.00
[] Show navigation ALT+N [ ] Invert colors ALT+l ¢ =il Done
Show voxel value ALT+V [ ] Hardened cross ALT+D 5 8.80 —
[ ] Show annotations ALT+A Interpolation ALT+P Undo (4) = 2;1:'§E:SMM I View log




Zakladni modul — manipulace s daty

g NMOC
‘ Load Image | ‘ Transform | ‘ Filter
‘ ImCalc | ‘ Macro | ‘ Image Info
‘ Save Image | ‘ Run App | ‘ Exit
Apply threshold
Threshold Pad value Qlie sl
| 0.0 || 0.0 | | Apply |
Replace
What With
| 0.0 || 0.0 | | Replace |
Arithmetic
ladd | | 00 | | Calculate |
Decay correction
Time hours
| 0.0 ‘ |Tc-99m | hd | | Correct |
Special
T:0C:218:29 | Logarithmic | | Absolute |
VAL = 10917.
HL: 11152. WC: 10980. ® TRA  ALT:T | Edit voxel
LL: 10808. WW: 344,07 (O COR  ALT+C sizes _mm Cancel
Change: coarse ) SAG  ALT+S T 1.00
— C 8.80
[] Show navigation ALT+N [ ] Invert colors ALT+l Ready
Show voxel value ALT+V [ ] Hardened cross ALT+D 5 8.80

. . 447254 M .
[ ] Show annotations ALT+A Interpolation ALT+P Undo (4) = e I View log




Vyhodnocovaci moduly

g NMOC

HL: 11152. WC: 10980. " TRA
LL: 10808. WW: 34407 {2 COR
Change: coarse ) SAG

[] Show navigation ALT+N [ ] Invert colors
Show voxel value ALT+V [ ] Hardened cross
[ ] Show annotations ALT+A Interpolation

ALT+T
ALT+C
ALT+3

ALT+
ALT+D
ALT+P

T.0C:215:29
VAL = 10917.

Edit voxel
sizes mm

il 1.00
C 8.80
5 8.80

— O

pot

Load Image

‘ Transform |

Filter

ImCalc

‘ Macro |

‘ Image Info

Save Image

| ‘ Run App |

Exit

Built-in tools

2D ROl analysis

3D VOI analysis

Planar homogeneity

Center of rotation

Spatial resolution

Distance measurement

External plug-ins

Cancel

Ready

Undo (4)

| TR

B :5iz0aEm

View log




Homogenita pole (NM)

gy NMQC: Planar homogeneity

X:56Y:15
VAL = 10928.

Min
Max
Average

Planar homogeneity

Standard deviation
Coefficient of variation [%]
Integral homogeneity [%]
Diff. homogeneity X [%]
Diff. homogeneity Y [%]

10802.
11077.
10946.
43.283
0.4
1.3
0.5
0.6

Move ROI if necessary

Reload

Reset

All

Close




2D ROl analyza

&% NMQC: 2D ROl analysis

X: 176 Y: 102
VAL =7.7121

2D ROI analysis

Pixels 3061

Pixel size [mm)] 273 x2.73
Area [cmA2] 228.13

Min 12319.
Max 14865.
Sum 4.1283e+07
Average 13487.
Standard deviation 377.55
Coefficient of variation [%] 2.8
Homogeneity [%] 9.4

Move ROI if necessary

.} Freehand ) Rectangle ® Circle
Fill ROI |_| Fixed size
pixels
Reload ] Reset Close




Meéreni vzdalenosti

¥y NMQC: Distance measurement =

Distance measurement

Pixel size [mm] 273 x2.73
Distance [pixels] 72.201

Distance [mm)] 197.11

Click or drag to set the end point

Reload Reset Close

X:175Y: 139
VAL = 18.600




3D VOI analyza

g NMQC: 3D VOI analysis - O X

T:34 C: 147 S: 135 T:34 C: 147 S: 135 T:34 C: 147 S: 135
VAL = 17308. VAL = 17308. VAL = 17308.
COR 147 TRA 34 SAG 135
Radius 10.0 voxels Voxel value: 17308.

3D VOI analysis

Threshold 20.0 % Voxel size: 3.2T x2.73 x 2.73
TxCxS [mm]
® Image extent ) VOI max :
VOI statistics Use mask as a new image
Set origin v | 1870
e ] Show VOI
Volume [ml] 45.574
Min 3856.2 [] Show contours
Go to image max Max 19268.
Go to image min Sum 1.9823e+07
Average 10601.
Go to VOI max Std. dev. 47841
Cf. var. [%] 45.1
Go to VOI min Homog. [%] 66.6 Reload Close




Prostoroveé rozliseni

g NMOC — O
Load Image Transform Filter
ImCalc Macro Image Info
Save Image Run App Exit

Built-in tools

2D ROl analysis

3D VOI analysis

Planar homogeneity

Center of rotation

Spatial resolution

Distance measurement

External plug-ins

T-0C:78S:81 - Run
VAL = 263

HL: 298 WC: 149 = TRA Edit voxel

LL: 0 WW: 298 COR sizes mim Cancel
Reset Change: coarse SAG i 1.00

¥| Show navigation Invert colors . ==

v| Show voxel value ¥| Hardened cross 5 0.55

Show annotations Interpolation Undo (0) — View log

pot




Prostorové rozliseni

gy NMQC: Spatial resolution

Spatial resolution

i) Linear _ Parabolic ® Gauss

Crop profile extent

(J

Sum 9 adjacent planar profiles

[ LY g ]

Sum 1 adjacent tomo slices

vy .

Reload Status: OK

Scale sigma [0.5x - 2x]
1

! LA

Shift mue [0 - 2x]
! ﬁ ]
[ ] Preserve AUC
Reset

Scale to max value

Peak position [pixels] T8.777
Peak position [mm] 43.327
FWHM [pixels] 53.800
FWHM [mm] 29.590

Cancel




Sinogram — centrum rotace (NM)

g NMOC O bod
‘ Load Image | ‘ Transform | ‘ Filter |
‘ ImCalc | ‘ Macro | ‘ Image Info |
‘ Save Image | ‘ Run App | ‘ Exit |
Orientation Shift
| Sup =-= Inf | ‘ | III | |
| Ant <-> Post | L IIl R
| Left <-> Right | =t
| COR -> TRA | Crop
| SAG -> TRA | TRA | 0 |[ s |
| Rotate volume 90 | COR Jﬂ 425
| Rot || 00 | deg A6 | 0 || 2 |
Resolution ‘ Crop values |
w250 3D ) In @ Qut
| Subsample by 2 | Pad value 0.0
T:30C: 13§: 12 | RickaRadl | | Crop dimensions _ |
VAL =15 [ | Average [ | Crop mode CTRL+R
HL: 5192.2 WC: 1577.8 D TRA  ALT+T Edit voxel
LL: -2036.6 WW: 7228.7 ® COR  ALT:C sizes mm Cancel
Change: coarse ) SAG  ALTsS T 1.00
(] Show navigation ALT+N  []Invert colors ALT+ ¢ 4.42 o
Show voxel value ALT+V Hardened cross ALT+D 5 4.42
[ ] Show annotations ALT+A Interpolation ALT+P Undo (1) m—w View log




Sinogram — centrum rotace (NM)

&Py NMQC: COR analysis - O X

Center of rotation analysis - sinogram quality

N AAYY A e e S

N 7 N

Sinogram Linogram

Sinusoidal fit along X axis, dX = deviation from the fit Constant fit along Y axis, dY = deviation from the fit

Max |dX| [mm] 0.082344 Max [dY] [mm] 0.14159

Average |dX| [mm] 0.026482 Average |dY| [mm] 0.047150

RMSE (dX) [mm] 0.034818 RMSE (dY) [mm] 0.059801
Status: OK

Reload Close




Zakladni modul - export

g NMOC
Load Image Transform
ImCalc Macro
Save Image Run App

Image file path

Image format

Number format

intd int32 % float32
int16 intb4 floatbd

Integer handling

T: 0 C: 256 S: 256
VAL = 1114

HL: 1366.6 WC: 1086.0 ®» TRA Edit voxel
LL: 805.47 WW: 561.09 COR e Save
Reset Change: coarse SAG i 1.00
Show navigation Invert colors . =
v| Show voxel value ¥| Hardened cross 5 0.98

Show annotations Interpolation —

ASCII ® RAW binary

— O

Filter
Image Info

Exit

Browse

Cancel

View log




Makro

LOAD IMAGE_PATH <string path=>

LOAD IMAGE_FORMAT =DICOM | ASCII | RAW=

LOAD NUMBER_TYPE <INTS | UINT8 | INT16 | UINTA6 | INT32 | INT64 | FLOAT32 | FLOATG4=
LOAD ENDIANESS <LITTLE | BIG=>

LOAD AUTO_DIM <ON | OFF=

LOAD <FRAMES | ROWS | COLUMNS> <int dimension=

LOAD IMAGE NOW

SET VOXEL_SIZES <float size_tra> <float size cor> <float size_sag=>

SET INTERPOLATION <NEAREST | LINEAR | CUBIC=>

SET <REPAINT_METHOD | BUFFERED_DRAWING | HARDENED_CROSS | INVERT_COLORS=> <ON | OFF=
SET VIEW <TRA | COR | SAG=

SHOW <NAVIGATION | VOXEL_WALUE | ANNOTATIONS> <ON | OFF=

GOTO <int tra= <int cor> <int sag=
GOTO <IMAGE_MAX | IMAGE_MIN=

SAVE IMAGE_PATH =string path=

SAVE IMAGE_FORMAT <ASCII | RAW=

SAVE NUMBER_TYPE <INT8 | UINTS& | INT16 | UINT16 | INT32 | INT64 | FLOAT32 | FLOATG4=
SAVE ENDIANESS <LITTLE | BIG=

SAVE SCALE =ON | OFF=

SAVE IMAGE NOW

TRANSFORM FLIP <SI | LR | AP>

TRANSFORM SWITCH <CT | ST=

TRANSFORM ROTO9@

TRANSFORM ROTATE <float degrees=

TRANSFORM STACK

TRANSFORM AVERAGE <ON | OFF=

TRANSFORM SUBSAMPLE <2.5D | 3D=

TRANSFORM SHIFT <VERTICAL | HORIZONTAL= =int shift=
TRANSFORM CROP PAD <float pad=

TRANSFORM CROP MODE <IN | OUT=

TRANSFORM CROP <TRA_LOW | SAG_LOW | COR_LOW | TRA_HIGH | COR_HIGH | SAG_HIGH= =<int limit=
TRANSFORM CROP <VALUES | DIMENSIONS> NOW

FILTER TYPE <2D | 2.5D | 3D=

FILTER ALGORITHM <GAUSS | MEDIAN | BUTTERWORTH | CONV_STANDARD | CONV_CUSTOM=
FILTER GAUSS =float width=

FILTER MEDIAN <int size=>

FILTER BUTTERWORTH <LOWPASS | HIGHPASS=>
FILTER CUTOFF <float cutoff=

FILTER ORDER <float order=

FILTER CONV_TYPE <string type=

FILTER CONV_SIZE <float size=

FILTER CUST_KERNEL =<string path=

FILTER IMAGE NOW

IMCALC <THRESHOLD_ABOVE | THRESHOLD_BELOW= <float threshold= =float pad=
TMCAL 1 NG



Pluginy

package plugins;

=TAE

|

. @author arthur

public abstract class BasePlugln extends javax.swing.JFrame  {

protected double[][]1[] pixelData: S/ data volume - [frames] [rows] [columns ]
protected  int planeView; S/ actual view TEL COE SAG
protected int[] position; actual -po=sition: [frames: (tra), rows
protected fleoat[] dimensions; / pixel sizes in mm [frames  (tra),  rows

public abstract void autoBRun|():
public volid setPixelData (double[][][] pixelData) {

this.pixelData = pixelData;

public volid setPlaneView (int planeView)  {
this.planeView = planeView;

public void setPosition(int[] position)  {
this.position = position;

public void setDimensions (float[] dimensions)  {
thisz.dimensions = dimensions;

(cor),

(cox),

columns

columns

(sag) ]

(sag) ]



/aver

* NMQC je k dispozici ke stazeni na www.sujb.cz

* NMQC se prubézné vyviji
* Verze ke stazeni bude nejspis zastarala
* Je mozné se obratit primo na autora

* Jsou vitany
e Hlaseni objevenych chyb
* Napady na zlepseni a nové funkce
* Nabidky spoluprace na tvorbé dalSich modult


http://www.sujb.cz/

