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Introduction

LCLS users need in flexible interactive tool to look at data in
XTC and HDF5 formats.

| will discuss HDF5, Ingrid — XTC.

Available external packages for HDF format:
» HDFView (Java) does not work with LCLS images,
» ViTables does not have any graphics (except GUI)
Re-implementation assumes deep intervention in
quite specific code.

We decided to create our own package on Python, using libs:
» h5py — for access to hdf5 data,
» matplotlib — for graphics,
> PyQt4 — for GUI.
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HDF5 Explorer package

®* Package name: HDF5EXxplorer

® Documentation:
https://confluence.slac.stanford.edu/display/PCDS/HDF5+Explorer

® To run this program use command on psana

[for now one need to create release and add package]
» hdfSexplorer

® Control GUI is split for three windows:
» HDF5 Explorer or Main GUI
» HDF5 Tree and ltem Selection GUI

» What and how to display GUI
dSub-GUIs for parameter settings.
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Main GUI has step-by-
step order of buttons

Color of button is
changed when the step
IS passed

Button 4
expands/collapses the
Main GUI for long/short
version

Long version contains
“player” buttuns for
Immediate drawing.

Mal

1. Select file: | | freg/d/psdm/CXI/cxiB0410/hdfS/cxi80410-r0430 h5

2. Check datasets in HDFS tree |

3. Set what and how to display |

| . . L
4. Plot data in SEVEFE@ Save | |
r— =

1. Select file: | | freq/d/psdm/CXIl/cxi80410/hdf5/cxiB0410-r0430.h5

2. Check datasets in HDF5 treel

3. 5et what and how to display |

4. Plot data in several modes Save | | Exit
Apply selection

Current event: |1 Increment: |1 | Reset

Draw: Previous Current | MNext |

Slide show: Start | Stop

Multi-events: | Average ]cwer 100 | events Correlations
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HDF5 Tree and Item Selec’uon GUI

1. Select file: | | freg/d/psdm/CXI/cxiB0410/hdf5/cxi80410-r0430.h5

——
2. Check datasets in HDF5 tree
q[[2.cn ee] >

3. Set what and how to display |

| 4. Plot data in several mﬂdesl | Save , | Exit |

®* HDF5 Tree and Item Selection GUI

» Presents entire HDF5 file structure in
form of “tree”

» Provides navigation over tree items
» Prints content for each of clicked items

> Allows to check subset of datasets for
graphical presentation

. _HDF>5 tree, select items

Actions View

a v 9 e 3@ 0

1

[77 Configure:0000
+ [ Camera::FrameFexConfigVl
+ [E] ControlData::Configvl
+ [F] CsPad::Calibvl
+ [F] CsPad::Configv2
+ [ EvrData::ConfigVs
+ [E] Ipimb::Configvl
+ [ Lusi::lpmFexConfigvl
+ [ Lusi::PimimageConfigvl
+ [F] Pulnix:: TM6740ConfigV2
- [F7 Run:0000
- [£r CalibCycle:0000
- [F7 Camera::FrameVl
- [Fr CxiDg4.0:Tm6740.0
& data
¥ =] image
=l time
- 7 CxiSc1.0:Tm6740.0
£ data
v [E image
£ time
+ [F] ControlData::Configvl
- [F7 CsPad::Elementv2
- [F7 CxiDs1.0:Cspad.0
El common_mode

= element
£ time
+ [ EvrData::Configvs
+ [ EvrData::DataVv3
+ [E] Ipimb::Datavl
+ [ Lusi::lpmFexvl

2011/05/20 Mikhail Dubrovin ~ Joint PCDS/SRD Meeting



1. Select file: | | freg/d/psdm/CXI/cxi80410/hdf5/cxi80410-r0430.h5 CSPEd

| 2. Check datasets in HDFS tree Images: 8 of 2x1 | | Quad v Detector
(| 3. set what and how to display . > Spectra: B of 2x1 16 ASICs

Image & Spectrum: v 1 of 2x1

4. Plot data in several modes | | save || Exit |
Projections: X Y R P
. Image
¢ What and hOW to dlsplay GU' Image Spectrum ¥ Image and Spectrum
is a dynamic-content window: X Y R °
» Top — check box section CSped | Image | Waveform | Proj | Corr.

> Bottom _ Sub_GUI WindOW, S Number of windows: lv|

controlled by two toolbars R |
» Save and Quit buttons pataset Al
Image plot ¥ A min/max: |0 1100
Spectrum A minfmax: - N bins: -

@ Bin width: |1

Configuration | Selection '
Save | Quit |
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Check box sections

® Top check box sections depend on selected datasets
®* May have up to three check box sections:

2011/05/20

CSpad
Images: 8 of 2x1
Spectra: 8 of 2x1

Image & Spectrum: | 1 of 2x1

Projections: X
Image
Image Spectrum
X Y
Other

¥ Waveform

Mikhail Dubrovin

Quad v Detector
16 ASICs
Y R P

¥ Image and Spectrum

R P

Correlations
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CSpad parameters sub-GUI

® CSpad sub-GUI is activated by checkbox or tabbar
® Allows to set parameters for CSpad plots

CSpad | Image | Wawveform | Proj. | Corr. | |

Nurmber of C5pad images: Quad: Fair: | Ov

Image plot Amin: O Amax: |1000

Spectrum Amin: O Amax: 1000 N bins: -
@ Bin width: 10

Slider range: 0 - |2000 §EHE

Configuration Selection
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CSpad plots (1

® Spectra of 2x1 sensors
® Images of 2x1 sensors

Event 32 Quad 1l
| ASIC 2, 3

: Asic 0,1 Event 202 Quad 2 Asic 2,3
ASIC 0, 1 —— =i

2000 -

100 &

150 §

50 200 250

ASIC 6, 7

.
ASIC 4, 5

50 50

100 100

150 150

100 150 200 250 0 100 150 200 50 300

050 16
! : ASIC 8,9 ASIC 10, 11
Asic fo, 11 0 0
5332 -
2666
950 16 82 148 199;;50 16 82 148 100 150 200 250 300 100 150 200 250 300 350
ASICgD, 13 ' | ASIC 14, 15 ' | 5 ASIC 12,13 ; ASIC 14, 15
3000 + B 1332+ . 50
1500} | 666 | 100 &
150 [
0

=50 16 82 148

100 150 200 250 ] 0 100 150 200 250 300 350
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CSpad plots (2

® Spectra of ASICS - position-vise numeration for quad
®* Image of quad

asicaEvent 32sRQuad 1 asic 10

ASIC 6

Event 32 Quad 1

4 9332} 4 9332}
100
{ 4666 { 4666
L 100 L o 100 200 §
ASIC 9 ASIC 8
9999 . ‘
1 6666} 1{ 6000 | 3008
{ 3333} { 3000}
400
So0 o 100 8060 100 Loo 0 100 D60 100
ASIC O ASIC 1 ASIC 14 ASIC 12 |
T T 6999 T T 4998 T T T 500 f
4000 |- { 4666 { 3332} { 8000 |
600 |
2000 2333 { 1666 4000
S50 100 8560 100 Do o 100 S50 100 700k
ASIC 2 ASIC 3 ASIC 15 ASIC 13
6999 . . 6999 ‘ . - . 9999 ‘ ‘
4666 |- { 4666 | { 3000} 800 |
2333} { 2333} { 1500} 0
S50 o 100 S50 100 4 200 250
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CSpad plots (3)

® Image of the CSpad detector
¢ Averaged image over 100 events

Event 100 Event 334

500 e . s s 500

1000 1000

1500 1500

0 500 1000 1500
T T

1 L L
1200 1600 2000 2400 2800 3200 3600
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CSpad plots (4)

®* Combined image and spectrum of 2x1
® Zoomed-in image of the CSpad with selection boxes

Event 32Quad 3 Pair0 ASICO,1

EventB -

50 [
500 “'.‘
10 f

15

600 (R
0 50

1 1 1 1
-50 0 50 100 150 200 250 300 350 400
10000

700 |

8000 -

6000

800

4000 |

2000

—050

50 100 150 200 250 300 350 400 0 50 100 150

2011/05/20 Mikhail Dubrovin  Joint PCDS/SRD Meeting 13



Camera image sub-GUI

o Image Sub_GUI iS C5pad Image | Waveform l Proj. ] Corr. ]

activated by

Number of windows:

Dataset:

checkbox or tabbar

® Allows to set
parameters for
camera image

Win:

1 |

|

All

Image plot | A min/max: D

Selection |

p I Ots Configuration

Event 123

100 200 300 400 500 600
T T T

1 1 | 1
0 10 20 30 40 50 60 70 80 90 100

35000

30000 |
25000
20000
15000
10000 -

5000 -

% 20 40 60 80

Specrum, event 123
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More plots for camera image

® Combined camera image and spectrum
® Zoomed-in camera image

0 e

100
200
300F

400

0 100 200 300 400 500 600

35000
30000
25000
20000
15000
10000 |

5000 -

%
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If dataset is not checked...

® Program advices to check it in HDF5 three:

CSpad Image | Waveform | Proj. | corr. | |

For Image

check relevant dataset(s) from | HDFS tree

Configuration Selection
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Waveform sub-GUI

28000
27000

26000

ADC units

24000 -

23000 -

22000

25000 r

CSpad ] Image Waveform ‘ Proj. ] Corr. I

One dataset per WIndOW Number of windows:

4 waveforms of different

wWin: 1 |

COIOrS per WindOW Dataset: l&cqiris::DataDechlmmuETOF.D:Acqiris.D!waveforms]

WF: Black [ 0 | Red| 1 |Green Blue

AUtO/manua| Ilmlts ¥ Use A units (V) ¥ A min, max: 1000.0||29000

On/Off units

Use T units (ns) T rmin, max: - -

Configuration Selection

Waveform, event 48
T T 0.164

0.162

0.160

Amplitude (V)
o
=
(9,
=)

0 2000 2000 6000 3000 0.150

Waveform, event 48

0.158

Ll " ‘Wh”’l' ‘l\ ‘I '\ lu‘H' l"#” ’w:--g".

0.154

0.152

il

160 180 200 220 240
Time (ns)
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“Correlation” sub-GUI

C5Spad ] Image l Wawveform ] Proj. Corr. |
Mumber of correlation plots:
Potl | Plot:2 | Pot3 | Pot4 | Plots |
Y-par: :DataV1/CxiDg4.0:lpimb.0/datal | channell |
Versus: Index Time X-par @ Y-histo.
X-par: [ |s-not-used | [ MNone |
¥ Ylims: 105 505 Y Mbins: 20 9 lin Z

Configuration ‘ Selection

200 Plot 1: Y-parameter histogram
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X-projection sub-GUI and plot

® Histograms in X

Event 234
800
® ForslicesinY
850
CSpad l Image l Waweform Proj. | Corr. l ] > 900
S5et parameters for projections: Center X and Y - - 950
X | Y R | pPhi |
1000
600 800 1000 1200 1400
X
X min, max: |0 2000 600000
@ Bin width: 20 B
500000 H
Y min, max: 0 2000 400000 -
200000 | i
Configuration Selection 100000 L D:[_
0 Il Il I :‘Eﬂ:' — |_|_' |
600 800 1000 1200 1400
X
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Y-projection sub-GUI and plot

Event 234

1000

® Histograms in Y
® For slices in X < 00

CSpad ] Image ] Wawveform | Proj. | Corr. ] \ 850
Set parameters for projections: Center X and ¥: - - 80
gOO 300 400 500 600 700 800 900 100
X Y | R | P | Y
3000000
M bins: -
Y min, max: 0 2000

@ Bin width: | 20 2500000 -

2000000 |

X min, max: |0 2000 1500000 L

& Slice width: 200
1000000

Configuration | Selection 500000

EOO 300 400 500 600 700 800 900 1001
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R-projection sub-GUI and plot

® Histograms in R
® For sectors in Phi
® Needs in center coord.

C5pad Image Wawveform Proj. Corr.

Set parameters for projections: Center X and ¥ |850.0 | [850.0

X h R Phi

M bins: -
R min, max: |0 100
@ Bin width: 10
M sectors: -
Phi rmin, max: |0 a0

@ Sector width: |45

Configuration Selection

Phi
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Rhi - projection sub-GUI and plot

Event 234

450

® Histograms in Phi
® Forrings in R

S00 B e Bl

o 550
® Needs | t d
eeds In center coord.  _.
CSpad ] Image ] Wawveform Proj. | Corr. ] ]
bl —-150 -100 =50 0 50 100 150
Set parameters for projections: Center X and ¥: |850.0 | |B50.0 Phi
X | Y R Phi | 300
; - 250
M bins:
Phi min, max: |0 640
® Bin width: 100 200
; : - 150
N rings:
R min, max: 0 900
@ Ring width: |10 100 |
50 |
Configuration Selection | 0 d 24 %Y
—-150 -100
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Projections for camera image

Event 11 Event 11

100

150 S

® Use the same GUI =
* X, Y, R, Phi "
projections of the

. 9000 : : : : 4000 , . : . .
camera image s R L
7000} 1 3000 for e e e s
6000; 1 2500}
5000 | ] |
Event 11 4000 | ) 500l
3000 | ]
i | 1000
1000 | 500
Qo0 200 300 300 500 00 %950 100 150 200 250 300 350 400 45C

100 §
200 f

300

N 15}
1o}
1r 1 05}
. ; ; ; j ol ; ‘ . ; ; .
20 40 60 80 100 07150 -100 -s0 0 50 100 150
R Phi
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Selection and Configuration sub-GUIs

* Selection GUI —setthe ° Configuration GUI -
manipulates with

image-window(s) configuration parameters
parameters for for HDF5 Explorer
threshold selection

CSpad ] Image ] Waveform ] Proj. ] Corr. C5pad l Image l Wawveform l Proj. l Corr.
Mumber of regions for selection:
Region:1 | Region:2 ]
Dataset: [ MNone File with configuration parameters:
@ maximal /hdrSexpconfig
Threshold on intensity 111
integral

Xmin, Xmax: 11 1111 Operations on configuration parameters:

AL e 1 111 l Read H Save H Reset default H Print current l
Configuration | Selection ] Configuration | Selection I I
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HDF5 Explorer allows to look at data saved in HDF5 files.

Summary

Program control is performed through the GUI.

Interface is quite intuitive, instruction available in confluence.

Graphics is specially designed for LCLS tools.

» Program allows to explore HDF5 tree and print info about its items’

structure, data types etc.
» Graphic plots are implemented for camera images, CSpad images,

image projections, Acqiris waveforms, correlation plots for time-

matched scalar-arrays etc.

Feedback is appreciated
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