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areaDetector Talk Outline
« Motivation & goals for areaDetector
module
e Overview of architecture
 Drivers for detectors & cameras
 Plugins for real-time processing
* Viewers and other clients
 Demo with simDetector



areaDetector - Goals

Drivers for many detectors popular at synchrotron beamlines
— Handle detectors ranging from >500 frames/second to <1 frame/second

Basic parameters for all detectors
— E.g. exposure time, start acquisition, etc.
— Allows generic clients to be used for many applications

Easy to implement new detector
— Single device-driver C++ file to write. EPICS independent.

Easy to implement detector-specific features
— Driver understands additional parameters beyond those in the basic set

EPICS-independent at lower layers.

Middle-level plug-ins to add capability like regions-of-interest
calculation, file saving, etc.

— Device independent, work with all drivers

— Below the EPICS layer for highest performance



areaDetector — Data structures

 NDATrray

— N-Dimensional array.

« Everything is done in N-dimensions (up to 10), rather than 2. This is
needed even for 2-D detectors to support color.

— This is what plug-ins callbacks receive from device drivers.

 NDATttribute

— Each NDArray has a list of associated attributes (metadata) that
travel with the array through the processing pileline. Attributes can
come from driver parameters, any EPICS PV, or any user-written
function.

* e.Qg. can store motor positions, temperature, ring current, etc. with each
frame.

* NDArrayPool

— Allocates NDArray objects from a freelist
— Plugins access in readonly mode, increment reference count
— Eliminates need to copy data when sending it to callbacks.
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areaDetector — Data structures

Look at NDArray.h
Look at NDAttribute.h

Look at an XML attribute file



areaDetector Organization

areaDetector

Top-level module
RELEASE and CONFIG_SITE files, documentation,
Makefile

ADCore ADSupport | | ADSimDetector || ADPilatus

Core module Support libraries for Slmula(';lc_)n detector Pilatus driver
Base classes, plugins, HDF5, xml2, NeXus, river
documentation JPEG, TIFF, etc.

— Each box above is a separate git repository

— Can be released independently

— Hosted at http://github.com/areaDetector project

— Each repository is a submodule under areaDetector/areaDetector



Source Code Organization on github

* https://github.com/areaDetector Is top-level project

» Contains configure/ directory where paths and
versions of supporting software are defined

» Contain .gitmodules to define submodules that will
be cloned with git clone —recursive

 Contains documentation directory that builds and
Installs documentation

 Contains a top-level Makefile to build all or selected
submodules



Detector drivers (32 in Github project)

« ADDriver (in ADCore)

— Base C++ class from which detector drivers derive. Handles details
of EPICS interfaces, and other common functions.

« Simulation driver

« AVT (Prosilica) GigE cameras

« aravisGIgE: any GigE camera using the Genicam interface
* Pilatus, Eiger pixel-arrays detectors

 Pixirad CdTe pixel array detectors

« marCCD, mar345 detectors

 Princeton Instruments cameras (3 drivers)

« Andor CCD and sCMQOS cameras

 Perkin Elmer flat panel detectors

 Point Grey GigE, USB-3 and Firewire cameras
 Many more ...



Detector drivers

« ADDriver (in ADCore)

— Base C++ class from which detector drivers derive. Handles details
of EPICS interfaces, and other common functions.

« Simulation driver (in ADSimDetector)

— Produces calculated images up to very high rates. Implements nearly
all basic parameters, including color. Useful as a model for real
detector drivers, and to test plugins and clients.

* Prosilica driver (ADProsilica)
— Gigabit Ethernet cameras, mono and color

— High resolution, high speed, e.g. 1360x1024 at 30 frames/second =
40MB/second.

 Firewire (IEEE-1396 DCAM) (ADFireWireWin,

firewireDCAM)

— Vendor-independent Firewire camera drivers for Linux and
Windows

 Roper driver (ADRoper)

— Princeton Instruments and Photometrics cameras controlled via
WinView



Detector drivers (continued)

 Bruker driver (ADBruker)
— Bruker detectors controlled via their Bruker Instrument Server (BIS)

o LightField driver (ADLIightField)

— Princeton Instruments detectors controlled via their LightField
application using the Microsoft Common Language Runtime to
automate it

« PSL driver (ADPSL)
— Photonic Sciences Limited detectors

- URL driver (ADURL)

— Driver to display images from any URL. Works with Web cameras,
AXis video servers, static images, etc.

 Andor driver (ADAnNdor)
— Driver for Andor CCD cameras

» Andor3 driver (ADAnNdor3)
— Driver for Andor sCMOS cameras with V3 of their SDK



Detector drivers (continued)

 Point Grey driver (ADPointGrey)

— Driver for GigE, USB-3.0, USB-2.0, and Firewire cameras from
Point Grey Research

« Pixirad driver (ADPixirad)
— Driver for CdTe pixel-array detectors from Pixirad

» Generic GIgE driver (aravisGIigE)

— Should work with any GigEVision compliant camera. From Tom
Cobb at Diamond. Uses Aravis reverse-engineered GigEVision
library

« PVVAccess (EPICS V4) driver

— Receives NTNDArrays over PVAccess

— Allows plugins to run on other processes or machines from the
areaDetector driver



ADBase.adl — Generic control screen

 WWorks with any
detector

* Normally write custom
control for each
detector type to hide
unimplemented
features and expose
driver-specific features

< ADBase.adl

Area Detector Control - 13S5IM1:caml:

Setup

asyn port =IML
EPICS name 133IM1:caml:
Manufacturer Simulated detector
Model Basic simuilator

Shutter

Shutter mode
Status: Det. Closed  EPICS Closed

Open/Close Open | Close |

Delay: Open [.000 Close [.000
EPICS shutter setup o

Hone = I

Connected
Connection Connect | Disconnect |
More |
Readout
X Y
Sensor size G540 480
1 1
Binning [ i
0 0
Repion start [ ]
6410 480
Region size |40 50
bl s
Reverse _ Mo | o |
Image size G40 430
Image size (bytes) 307200
Gain [1.000 1. 000
Data type uits | Int8
Color mode tere | Moo

Collect
Exposure time 0.010  (, (10
Acquire period 0.000 (), 000
# Images [i0 10
# Images complete T3
# Exp./image I 1
Image mode - | Continuous
4| Internal

Continuous

Internal

Trigger mode

Acquire Start | Stop |

Detector state
Time remaining (. (000

Image counter [ 703

Image rate 7.0

Array callbacks Ense1= | Enable

File
Driver file I/0 B |




Pilatus specific control screen

> pilatusDetector.adl

Pilatus Detector Control - 13PIL1:caml:

Setup

asyn port PIL
EPICS name 13PIL1:caml:
Manufacturer Dectris

Shutter

Shutter mode  Wne
Status: Det. Closed  EPICS

Open/Close Open | Close |

Status
Status: Waiting for acguire command
To camserver: Exposure /corvette/homesepics/temps/pilatus_test_A_081.ti
From camserver: 7 OK /corvetteshome/epics/temp/pilatus_test_A_081.tif

Delay: Open [0.000 Close [0.000
EPICS shutter setup m |

Model Pilatus
Connected
Connection Comnect | Disconnect|
Debugging = |
Plugins
All | File m |  ROI & |
Stats @ | Other @ |
Detector

Detector Size 487 195
Threshold (ke¥) [10.000 10, 000

Threshold apply e -l| Frply |
Shaping time/Gain 5-18Kev Hed Heds .||

Pixel cutoff 1071635
Read file timeout [Z0.000
Gap fill .. o
Temperature 0.0 -35,0 0.0
Humidity 0.0 930 0,0
T¥X version Unknown

Collect
Exposure time[1.000 1,000
Acquire period[0.150  {, 150
# Images|tT 1
Delay time [0.00000C (), 000000
# Exp./image[l 1
Trigger mode Internal | Infernal

Done

Acquire Startl Stop |

firmed Unarmed

Image counter 0 1

Image rate (0

firray callbacks skl o| Enable

Data corrections

Bad pixel file:|

# Bad pixels: ]
Flat field file: |
Flat field valid: Mo Min. flat Field:|_100
File Jcorvette/hone/epics,/ tenp,/ Exists: Yes

File path I/CDr‘vette/the/epics/’temp
pilatus_test 4

File name |pilatus_test A

Next file # WSZ
Auto increment _ve= |Yes
¥e¥a 2 3d, tif
Filename format [2s®s 23.3d.tif File format _ 1irr | TIFF
Last filename /fcorvette/home/epics/temp,/pilatus_test 4 (081, tif

Ancillary information &

Attributes
File [pilatusAttributes xnl




LightField driver

[

i -

¥ | Experime htFie " 3
= [ Expeniment | Data @ | ]L W 5 Eperiment2 ® 32 Run | © Acquire B fps 7547 -

Devices View

Find:
) | mmf= || s Esass]

Experiment Settings Setting Dock
1" ‘ W Live Data (1024 x252)

':j‘; ) Commen Acquisition Settings
- Cursor: {0, 0) Intensity: 8265

12345
8265
1

J—

|";:| Online Corrections

V:l Region of Interest
V:I Sensor

'._‘_':' Trigger

| (~) SuperSYNCHRO Timing

Show: Intensifier Settings Trigger Settings Phosphor Decay Delay Number of Frames  On-CCD Accumulations

i Gating Mode: " Repetitive ~
Trigger In

SyncMASTER: " OFF | ON

Gate Delay: 252

Gate Width: 1

AUX Output Delay:

AUX Output Width:

11.58 ps

Graph Resolution: 1 ps per box

} -20C locked | [2]




LightField driver
Pl s W

Area Detector Control - 13LF1:caml:
Setup Shutter Spectrometer
asyn port LF] Shutter Type Hane 4| [860nm, 300] [1] [0]
EPICS name 13LFl:caml: LF Shutter Mode Hormal - Grating £8eonn, 300111001 =
Manufacturer Princeton Instrument ||Status: Det. Closed  EPICS Center wavelength 50.000 750, (00
Model PTAIS: 100ER Open/Close Open | Close | Entrance width [00 100
Connected Delay: Open [5.000 Close [p.000 Exit port _ Frent | Front
Connection _Comnect | Discomrect|||EPICS shutter setup @ | Intensifior
Debugging & | Collect Int. Enable Disskle | [imable
Plugins Exposure time f &, 000 Intensifier Gain | 0
All | File |  ROI m | Acquire Period [P.000 0, 000 Gating Mode _ Revetitive | Repetitive
Stats @ | Other m | # ficcumulations [ 0 Trigger Frequency fle+001  le+0(l
# Exposures I 1 SyncMaster Enshle - | Enable
Readout # Frames [ 1 SyncMaster2 Delay [[.00e-00 1, (0e-()(4
: X ! # Exposures Complete 0 Rep. Gate Width [5.00e-00 5, (0e-002
sensor Size 18140 1?0 # Frames Complete 1535 Rep. Gate Delay .00e+00 0. 00=+000
Binning [i 0 # ficquisitions | 0 Seq. Start Midth [.00e+00 0, (0e+000
0 78 # Acquisitions Complete 0 Seq. Start Delay p.00e+00 0, 00e+000
Region Start [ fio Image Hode Normal | Wormal Seq. End Midth [.00+00 0, 00e+000
1340 10 Trigger Mode nternal | Seq. End Delay [0.00e+00 [, (e+000
Region Size [ {10 Done Aux I/0 Width [2.00e-00 2, 00=-(06
s o Acquire Start |  Stop | fux I/0 Delay [.002+00 0, D0=+(00
Rever.‘se ho | ho ] Detector State '7lc S
Image Size 1340 10 Ready to Run f=ady ——
1 ; _ A y LTS
Image Slz.e (bytes) 268.00 Image counter [} 1535 Experiment SIX1S 5 29 2019, 1Fe =
Gain _tew | Medim Image Rate (.0
Data type UIntlé Array Callbacks Dissbi= | Dizable Attributes
Temperature [75.000 =75, 000 File|
Actual temperature =75, (00 File and Background |




URL Driver

 Driver that can read images from any URL.
e Can be used with Web cameras and Axis video servers.

« Uses GraphicsMagick to read the images, and can thus handle a large number
of image formats (JPEG, TIFF, PNG, etc.).

¢ URLDriver.adl

>¢ URLDriverSetup.adl

Area Detector Control - 13URL1:caml: URL Setup - 13URL1:caml:
Setup Shutter Description URL
asyn port URLL Siter mede Hone o 1 BHC Hutch (Axis) [ittps//164.54, 160,141/ jpg/ L/hugesize. jog
EPICS name 13URLI1:caml: Status: Det. Cloged EPICS 2 FHE Sample (Axis) h'ttp://164,54‘160‘1:11/jpg/2/hugesize‘jpg
Manufacturer URL Driver Open/Close _Open | Close | 3 |The Sun! |inages/sun. jng
Model Graphicsiasick Delay: Open B.000  Close p.000 4 [rarCCD |inages/narCCD, tif
Connected EPICS shutter setup m 5 [FultiTIFF [inages/MultiTIFF £iff
Connection Conrect | Disc:onnectl b I]JRLE I]
: Collect i w |J
Debugging & | ficquire period 0,100  (, 100 P
Plugins # Images[l 1 8 R J
File & | ROI @ | # Images complete 1096 IR I
Statistics & | Other @ | Image mode  contirueus | (Continuous 1opRi0 !

Readout Acquire Start | Stop |
. ?34 4;0 Detector state
Image size Image counter 1096
Image size (bytes) 1013760
- Image rate4.0
Data type 1l Airray callbacks _Enaie | Enable
Color mode RGR1
Attributes
File |
URL

BHC Hutoh (Axis) |  msetun | http://164, B4, 160, 141/ Jpe/1/Mugesize, Jpg




Perkin Elmer Flat Panel Driver

Hodel ARDOSZ0

Connected

Connection

Connect | Discunnectl

Debugging |

# Offset Frames [10 10

Acguire Offset Correction |DODB
Correction tvallable Ensble |

EPICS shutter setup m |

¢ Perkintimeradl SRR 5
Perkin Elmer Control - 13PE1:caml:
Setup Corrections Shutter
asyn port PEDETL Corrections Directory Shutter mode Hane =
EPICS name 13PEl:caml: :\Perkin Elnert, Status: Det. Closed  EPICS
Manufacturer Perkin Elmer 0ffset Open/Close Open | Close |

Delay: Open [.000 Close [3.000

Plugins

All | File @ |

ROI = |

Stats @ | Other = |

Gain

# Gain Frames [0 f

Acquire Gain Correction |

Dizable = |

Correction

# Images complete 3l

Readout
X Y
Sensor size 2048 2048
1 1
Binning [ il
Image size (M3 2048
Image size (bytes) 5383608

I

Load Gain File |  Save Gain File |

Bad Pixel File

Trigger mode

[[6¥5148_1pF_P=1Mask .his

Correction fvallable Ensble |
Load Bad Pixel File

Setup

# Frame Buffers hU

Frame buffer index 7

Image Number 31

Initialize |

10

Collect
Exposure time [0.200 0, 200

Gain _ o.2sF | (1, 25pF
# Images [0 20

Skip frames _Dissie | [isable
# Frames to skip [ 1

Image mode - | Continuous
- | Internal

Soft Trigger |

Continuous

Internal

Acquire Start | Stop |

Detector state ‘cquire

Image counter P 161

Image rate 2.0

Array callbacks _Ensle |

Enable

Attributes
File PerkinElnerAttributes.xnl




Point Grey driver

 Driver for all cameras from Point Grey using their FlyCap2
SDK.

- Firewire, GigE and USB3.0  [gtee  EEMP US3

Sensor

 High performance, low cost




Point Grey GigE Camera
BlackFly PGE-20E4C

- e2v EV/6C570 CMQOS sensor

- Global shutter

- 29 x 29 x 30 mm

- Power Over Ethernet

- 4.5 micron pixels

- 1600 x 1200 pixels, color (mono)
- 47 frames/s

- $595

- 5X cheaper than comparable Prosilica cameras we bought in the past

e, EIMP GiG=

VISION



Point Grey USB-3.0 Camera
Grasshopper3 GS3-U3-23S6M

Moo MP US3

YVISION

. 1920 x 1200 global shutter CMOS 5=
« Sony IMX174 1/1.2

« Dynamic range of 73 dB
» Peak QE of 76%

« Read noise of 7e-
 12-bit or 8-bit data

« Max frame rate of 162 fps
— ~356 MB/S, >3X faster than GigE

 USB 3.0 interface

« Now used for tomography at 3 APS beamlines, replaced Andor
Neo and PCO Edge

« $995




Point Grey Driver

Koo
Point Grey Area Detector Control - 13PG1:caml:

o] @ [t

Setup

asyn port PGl
EPICS name 13PGl:caml:
Manufacturer Point Grey Regearch
Model Blackfly BFLY-PGE-20
Serial Number 13431955
Firmware Yers. 12730
Software Yers. 46,3

Debugging @ |

Shutter
Shutter mode Hane |
Status: Det. Closed  EPICS
Open/Close Open | Close |
Delay: Open [p.000 Close jp.000

EPICS shutter setup B

Plugins
ALl | File = | ROI = |
Stats @ | Other & |

Collect
Exposure time p.0d0 0, 033

Acquire period 0.750 [, 033
Frame rate 43,716 30. 000

# Images [1000 1000

# Images complete 189
# Exp./image [I 1
Image mode Hultiple | Multiple

Acquire Start |  Stop |
Detector statelaiting

Status

Image counter [P 189

Image rate 30.0
Array callbacks _Enskl=  |Enable

Readout
X Y
Sensor size 1600 1200
i} ]
Region start [ 4
1600 1200
Region size [1600 [1z00

GigE binning 1 | 1zl

Image size 1600 1200

Image size (bytes) 1920000
Gain p.000 0, 000

Data type [Int8

Color mode  !Momo

Video mode  Formatz | Formaty

0 (160021200
Format7 mode ¢ ceoonizer: |
Properties m |
Frame rate  @More |lndsfinedl
Pixel format _ Giore |Rawd
Convert raw _ Hone  oi|Hone
Timestamp _Gamera = |Camera

Status
Status rate t second |
Dropped frames(
Corrupt frames(
Driver dropped(
Transmit failed()
Temperature 42,8

Attributes

File|

Trigger

Internal
Trigger mode Internal .||
Trigger source _crroe | GPI0_{)
Trigger polarity wisw —|High
Trigger delay[.000 0, 000

Skip framesp 0

Software trigger Trigger |

Strobe

Strobe source crror | GPI0_L
Strobe enable Eraie |Enable
Strobe polarity Ltew o|Low
Strobe delay[p.00t (. 001
Strobe duration[0.020 (., 020

Buffers
Buffers max/used i 1
Buffers alloc/free & 1
Memory max/used (MB) 0.0 &7

Buffer & memory polling 1 =econd .||

Bandwidth Control
Max packet size 9000

Packet size |1440 14410

Packet size 1440

GigE packet delay o0 400
Bandwidth (MB/s) 54.9




Point Grey Driver (Grasshopper3 camera)




Pink Beam Tomography

Mirror angle=2.0 mrad (Beads_Pink_H)

2 mm Al absorber

8-bit data

1 ms exposure time, 124 frames/s, 900 projections, 7.3 seconds total
Rotation axis orientation corrected for mirror angle

Vertical slice

Horizontal slice




Plugins

Perform real-time processing of data, running in the EPICS IOC (not over
EPICS Channel Access)

Receive NDArray data over callbacks from drivers or other plugins
Plug-ins can execute in their own threads (non-blocking) or in callback
thread (blocking)

— If non-blocking then NDArray data is queued
« Can drop images if queue is full

— If executing in callback thread, no queuing, but slows device driver

Allows
— Enabling/disabling
— Throttling rate (no more than 0.5 seconds, etc)
— Changing data source for NDArray callbacks to another driver or plugin

Plugins are also sources of NDArray callbacks, as well as consumers.

— Allows creating a data processing pipeline running at very high speed, each
in a different thread, and hence in multiple cores on modern CPUs.

— ADCore R3-0 allows each plugin itself to run in multiple threads. More
later.



Plugins (continued)

« NDPlugInStdArrays

— Receives arrays (images) from device drivers, converts to standard arrays, e.qg.
waveform records.

— This plugin is what EPICS channel access viewers normally talk to.

* NDPIluginROI
— Performs region-of-interest calculations
— Select a subregion. Optionally bin, reverse in either direction, convert data type.
— Divide the array by a scale factor, which is useful for avoiding overflow when
binning.
« NDPIluginColorConvert

— Convert from one color model to another (Mono, RGB1 (pixel), RGB2 (row) or
RGB3 (planar) interleave)

— Bayer conversion removed from this plugin, now part of Prosilica and Point Grey
drivers.

* NDPluginTransform
— Performs geometric operations (rotate, mirror in X or Y, etc.)



Plugins (continued)

« NDPluginStats

— Calculates basic statistics on an array (min, max, sigma)
— Optionally computes centroid centroid position, width and tilt.

— Optionally Computes X and Y profiles, including average profiles,
profiles at the centroid position, and profiles at a user-defined cursor
position.

— Optionally computes the image histogram and entropy

* NDPIuginROIStat

— Multiple ROIs with simple statistics in a single plugin

— More efficient when many ROIls are needed, e.g. for peaks ina 1-D
energy spectrum

— Min, max, total, net, mean
— Time-series of each of these statistics



Plugins (continued)

« NDPluginProcess

— Does arithmetic processing on arrays

— Background subtraction.

— Flat field normalization.

— Offset and scale.

— Low and high clipping.

— Recursive filtering in the time domain.

— Conversion to a different output data type.
* NDPIluginOverlay

— Adds graphic overlays to an image.

— Can be used to display ROIls, multiple cursors, user-defined boxes,
text, etc.

« ffmpegServer

— MJPEG server that allows viewing images in a Web browser. From
DLS.



Plugins (continued)

« NDPluginAttribute

— Extracts NDAttributes from NDArrays and publishes their values as
ai records

— Can collect time-series arrays of the attribute values

* NDPIluginCircularBuff

— Buffers NDArrays in a circular buffer
— Computes a trigger expression using up to 2 NDAttribute values
— When trigger condition is met then outputs NDArrays
— User-specified number of pre-trigger and post-trigger arrays to
output
« NDPIluginTimeSeries

— Accepts 1-D NDArrays[NumSignals] or 2-D
[NumSignals,NewTimePoints] and appends to time-series buffer

— Operates in fixed length (stop when full) or circular buffer modes
— Optional time-averaging of input data



Plugins (continued)

« NDPluginFFT
— Computes FFT of 1-D or 2-D NDArrays

— Exports NDArrays containing the absolute value (power spectrum)
of the FFT

— Exports 1-D arrays of the FFT real, imaginary, absolute values, and
time and frequency data.

 NDPluginPVA
— Converts NDArrays to EPICS V4 NTNDArrays
— Exports the NtNDArrays over PVAccess with internal V4 server
— Can be used to send structured data to EPICS V4 clients

— When used with the PV Access driver then areaDetector plugins can
be run on different machine from the detector driver



commonPlugins.adl All plugins at a glance

r}({ commenPlugins.adl | = | =] ﬁr
135IM1: Common Plugins

Plugin name Plugin type Port Enable Blocking Dropped Free Rate
Tmagel NDPluginStdirrays FIMI  Enaele | 0 BEEE .0 GMore |
PROC NDPlugirProcess [FIE  _enesie | [EERIE 0 D 9.0 %o
TRANS1 NDPluginTransform [FIMI pisseie | [EEEEEE | 0 B .0 BHare |
o1 WDPluginColorCorwert BIMI nisabie | [IEEEREE =l 0 B .0 GMore |
o2 WDPluginColorCorwert BIMI nisabie | [IEEEREE =l 0 B .0 GMore |
OVER1 NDPluginOverlay — [FIMI  missble ..|_ =l 0 B .0 GMore |
ROTI NDPlugirROI BT enabie o < 0  DEEEEEE 9.0 oo |
ROTZ NDPluginkROT EIML  Disskle -|_ Ho o i B .0 BHare |
ROT3 NDP 1uginROT BIML  pisacie | [ECERIEE ~ - 0 [ 20 ] (.0 Giore |
ROT4 NDP 1uginROT BIML  pisacie | [ECERIEE ~ - 0 [ 20 ] (.0 Giore |
nTATH1 MDPluginitats RO pisavie | [ECERNEE v o 0 [ 20 ] (.0 Gitore |
STATHE MDPluginitats ROIZ  pisabie | [EEERNEE v o 0 [ 20 ] (.0 Gitore |
STATS3 NDPluginftats  ROI3  pissele | [PEEEREN A i B .0 @Hore |
STATS4 NDPluginStats  ROI4  nissele | [PEEEDER | i B .0 @Hore |
STATSH MDPlugirStats — FIL enete | TR o D 20 oo |
FileNetCDFl  NDFileNetCDF BT erabte o 0 EEE 00 wrore |
F11eTIFF1 NDFileTIFF EIML  Disakle -|_ | 0 B .0 DHare |
FileJPEGL NDFileJPEG BIMI  pisale | SRR A 0 B .0 DHare |
Filelexusl NDPluginFile — ML enaote | [EEIE He 0 BEE .0 DHare |
FileMagickl NDFileMagick — EIMI pisae | [HEEEEIEN A 0 BEE .0 DHare |
FileHDF1  MNDFileHDFS verl,8,7 FIMI enaoie | [JIERE Mo 0 BEE .0 DMors |




NDStdArrays plugin

NDStdArrays.adl =13

135IM1 :imagel:




ROI plugin

»< NDROI.adl

135IM1:ROIT:

asyn port
Plugin type
Array port
Array address
Enable

Min. time
Callbacks block
Queue size/free
Array counter
Array rate
Dropped arrays
# dimensions
Array Size

Data type

Color mode
Bayer pattern
Unique ID

Time stamp
Attributes file

asyn record

ROT1

NDP1uginROT

|3IM1 BIM1

|0 ]
Ensble = | [BSE0S

0,000 0, 000

Ho = | to
20 0
o 834794
45, 0
o (

1024 1024 ]
Ints
Mono
RGGE
B34 794
717905394, 890

Definition

Name |Upper left

Data type automstic «| Hutomatic

Enable scaling _ Enakle i
Scale divisor P

Enable

I_l

h I

X Y
Input Size 1024 1024

Enable Enable —| Enable | Disable |

1 1 1
Binning |1 [1 [l
] ] ]
ROI start [0 |0 |0
I— I— I o |
Bl12 Bl12 1
ROI size [512 512 [1
| I | I | S
o o o
Reverse _to | No | o |
ROI Size 512 hlz ]




»< NDStats.adl

Statistics plugin

135IM1 :Statsh:

STATSS
MDPluginStats

ML SNl

0
Enable Enshle | [RYEIIS

Min. time [0.000 0,000

Callbacks block Mo

Queue size/free 2l

asyn port
Plugin type
Airray port

firray address

Airray counter
Airray rate
Dropped arrays
# dimensions i
1024
Int8
Mono
RGGE
4451
Time stamp 7T1788586%, 801

Array Size 1024
Data type
Color mode
Bayer pattern

Unique ID

0

Statistics
Compute statistics e | [iEE
Background width |[1 1

Minimum () Maximum &

X0 X 200
Min. YO Max. Y148
Total 622 Net 522

Hean [ Sigmai), ()
Time series plots m |

Min. Max .

Profiles
Compute profiles v | [EE
Size X 1024 Y 1024
Bse 56

Cursor X |

=
56 256

Cursor Y | i

Plot & |

Centroid
Compute centroid ve= .| JiEE
Centroid threshold i 1
Centroid X200, 0 Y 150, 1
Sigma X3,9 Y 39
Sigma XY -0, (024
Time series plots m |

Histogram
Compute histogram? e | [5G
56 256
"
55 25

Entropy -13, 860
Plot B |

Size
Minimum

Maximum

Attributes file |

asyn record = |

Time Series
Er“ase/Star“tl Stop | Start '5'J|::‘.-:_[1_1_'|_T_":I_I'L%,'

Number of points foda
Current point 82

Read rate 5 =econd 4| Read |




Statistics plugin (continued)

¥¢ NDPlot.adl

¢ NDPlot.adl

13PS1:Statsl: CursorY

12000 300 10
L o
10000+ / - 250 : g 3
F . Y 8
gooo-L ¥ 1 200
L 3 1
= L . 1 2 a 7 A
= ful
S eooo-f o i 2 150 2 “
O L 4 : o o B
L 4 L -
4000 5 , 100 . s
L F ‘\I
2000+ ) 50 - 4
g2 : A\,
i o P AP I PP, PR ] . L ' . ' | e T
] =] 100 150 200 250 300 200 400 GO0 800 100a 1200 ] 200 400 500 300 1000 1200 1400
Bini Nurnber Pixel Fisel
Histogram CursorY AverageX

¥¢ NDPlot.adl

13P51:Statsl: AverageX

> NDTimeSeries.adl

*»¢ NDTimeSeries.adl|

135IM1 :Statsh: TsTotal 1351M1 : Statsh: TsCentroidY

Erase/Start| Stop | Start |_ Erase/Start| Stop | Start |_
Number of points 045 Current point 1374 Number of points [fods Current point 1374

.- il | | | i nfw” tr” u“ “ﬂ

, 1 I : i e I
] pet |

i 5 — =3 i = 1
Read rate s =econd =| Read | Read rate s =econda =| Read |




Overlay plugin

. 13PS1:image1:

¢ NDOverlayN.adl

13]:)51 ; Uverl . 1 . 6230x512 pixels; 8-bit; 340K
Use? ves i
Name [R0I1
Shape Rectangle | Rectangle
Draw mode Set -] bet

Red 0 f
Green (mono) 55 255

Bluep )

X
Position[50 150
J R

Position link IlSPSl:RUIl:HinK_RB'\." CP M3
Size[l0O 100
o
Size link Il3PSl:RUIl:SiZEK_RB"." CP M5

Y
Position (50 280

Position link Il3F‘Si:REIIi:Hin‘r’_RB'-." CP M5 D
| i

Size [100 100

I RS
Size link IlSPSl:RDIl:Size‘r'_RB'\.-' CP M=

Centroid of laser pointer calculated by
statistics plugin

Cursor overlay X, Y position linked to
centroid



*¢ NDProcess.adl

Processing plugin

13SIM] :Procl:

asyn port
Plugin type
firray port
Array address
Enable

Min. time
Callbacks block
Queue size/free
firray counter
firray rate
Dropped arrays
# dimensions
firray Size

Data type

Color mode
Bayer pattern

PROCL
MDPluginProcess

[E.Ir"ll— SIML
—
Enzble AI Fnable
GO 0.000
b = | to
20

o 11572
&, 0
—
2
1024
Ints
Mono
RGGE

1024

12032
Time stamp T1788709Z, 553

Unique ID

f

Attributes file |

asyn record & |

Background subtraction
Save background Save | Inwalid
Enable background missi: | [EEEEENIE

Flat field normalization
Save flat field Save | Inwalid

Enable flat field missel= | EEEERNE]
Scale flat field [Ps= &5

Scale and 0ffset
Enable scale/off. Disaie

Auto scalefoff. rAuto calc |
Scale value p.10 42,50
0ffset value p.co  (L00
Low/High Clipping

Enable low clip Disakie
Low clip value [0
Enable high clip bDisakle 4|
High clip value fi50

Output data type

Enable

Enable

Enable

285

Data tgpe Automatic .|| Automatic

Recursive filter

Enable filter

N filter

N filtered

Filter type

Reset filter

fiuto reset filter
Filter callbacks

Disakle | -
o 100
|

Recursivefve

Reset I

es =

=

Every array = |

UUFFsetﬁﬁO 3, 0 UScalehﬁo 1, 0
0C1fico — 1.00 0C2[Fi.00 -1, 00
0C3p.o0 0. 00 0C4[t.00 1,00

FUFFsetﬁﬁO 3, 0 FScalehﬁo 1, 0
FCiffoo — 1.00 FC2Fi00 -1, 00
FC3p.oo 0. 00 FC4ft.o0 1,00

ROffsetfo.00 0,00
RC1p.oo 0,00 RC2[io0 1,00

O[n] = OOffset + OScale*{(OC1+0C2/M)*F[n-1] +

(DC+OC4 NI *I[N])

F[n] = FOffset + FScale*((FCL+FC2/N)#F[n-1] +

(FCHHFCAMI*I[N])

On filter reset:

FL0] = ROffset + RC1*F[n] + RC2*I[C]
I = Input artay in callback

F = Stored filter (double precision)
N = walue of HumFiltered

0 = Output array passed to clients




Processing plugin

30 microsec exposure time

N=100 recursive average filter
13PS1:image1: Q@@

680x512 pixels, 8-hit, 340K

No filtering

13PS1:image1:
680x512 pixels; 8-hit; 340K

| ] | ]
16000 10000
- I -
140001 r LY
S000-— -
12000 . 3 .
- LR}
10000 C d :
- &
"E "E EEIIZIII!—_ . 1
= 5000 = L . g U
a i - . -
G000 - +|:||:||:'—_— . .
L aa - :
4000 L - : .
2000 -1 1
2000 . N : v;
L ‘: : : i ot 11| D_ —4...:..“.:.. |
i} 50 100 150 200 250 s00 a 50 100 150 200 250 s00
Ein number Ein numbier
Histogram Histogram




Transform plugin




NDPluginPva

# NDPva.adl@corvette.cars.aps.anl.gov | = | [=] —Ehl

« New plugin that converts NDArrays into the LA

asyn port PVAl

EPICSv4 normative type NTNDArray Pt e e

ADCore version 4.6, 0

Plugin version Z6.0

« An embedded EPICSv4 server serves the new rray pore p
NTNDArray structure as an EPICSv4 PV | Encble _tou. .| 0D
« High performance, ~3.2GB/s shown here P —

. . Array counter 0 326320
« Can be received by any EPICSv4 client frray rate T 0

Execution time (0, 14Z msec

— Java, Python, C++ versions of pvAccess el :

Array Size 10 1024 0

— CSS has a widget that can display NTNDArrays Data type Float3?

Color mode lono
— caQtDM has a new camera widget to display Boyer pattern R
nique

NTNDATrrays Time stamp 854908701 126

Attributes file |

— New version of the Java areaDetector ImageJ plugin||array cellbacks _ex | FENC
- - asyn recor & |
based on pvAccess; talks to this plugin s v Py N

— Can include an NTNDArray receiver in another |QC L2 fene FHERE T




Plugins: NDPluginFile

« Saves NDArrays to disk

« 3 modes:
— Single array per disk file

— Capture N arrays in memory, write to disk either multiple files or
as a single large file (for file formats that support this.)

— Stream arrays to a single large disk file

* For file formats that support it, stores not just NDArray
data but also NDAttributes



Plugins: NDPluginFile

* File formats currently supported

— NDFileTIFF

« Supports any NDArray data type
« Stores NDAttributes as ASCII user tags

— NDFileJPEG
 With compression control

— NDFileNetCDF
 Popular self-describing binary format, supported by Unidata at UCAR

— NDFileHDF5

« Writes HDF5 files with the native HDF5 API, unlike the NeXus plugin which uses
the NeXus API. Supports 3 types of compression.

 Supports using an XML file to define the layout and placement of NDArrays and
NDAttributes in the HDF5 file

 Support Single Writer Multiple Reader (SWMR). Only supported on local file
systems, GPFS, and Lustre (not NFS or SMB)



Plugins: NDPluginFile

 File formats currently supported

— NDFileNeXus

« Standard file format for neutron and x-ray communities, based on HDF5, which is
another popular self-describing binary format; richer than netCDF

« May be deprecated in a future release since NeXus files can now be produced with
the NDFileHDF5 plugin using an appropriate XML layout file

— NDFileMagick

« Uses GraphicsMagick to write files, and can write in dozens of file formats,
including JPEG, TIFF, PNG, PDF, etc.

— NDFileNull
« Used only to delete original driver files when no other file plugin is running



File saving with driver

* [n addition to file saving plugins, many vendor
libraries also support saving files (e.g. marCCD,
mar345, Pilatus, etc.) and this is supported at the driver
level.

* File saving plugin can be used instead of or in addition
to vendor file saving

— Can add additional metadata vendor does not support
— Could write JPEGS for Web display every minute, etc.



NDPluginFile display: TIFF

3¢ NDFileTIFF.ad|

(= B ) |

135IM1 :TIFFT:

asyn port F1leTIFF1
Plugin type NDF1leTTFF

Airray port FMMI  SIMI
firray address b 0
Enable Enasble o | [HEGNIS
Min. time P.000 (1,000
Callbacks block o = | No

Queue size/free 2l

firray counter P 307

Array rate 820

Dropped arrays P 83

# dimensions 2
Array Size 1024 1024
Data type Inté
Color mode Mono
Bayer pattern RGGE
Unique ID 438270

Time stamp 717964044,637

0

Joorvette/home/eplcs/scratceh/80F 11eTest /
File path |/c:0r'vette/home/epin:s/scr*atch/ﬂDFileTest
test_tiff
File name [test tiff
Next file # I358 358
Auto increment == |Yes
Bo¥s_d, taff
Filename format [Es¥s Zd.tiff Example: #s¥%s_¥3.3d.tif
Last filename /corvette/home/epics/scratch/80F11eTest/test tiff 357, tiff

Done I
Read file Read | fluto save Mo -I|NO
# Capture ftooo 1000 157

Delete driver file n- -I|NO

Exists: Tes

Save file Save |
Mrite mode stream .| Stream

Capture Start |  Stop |

Write status MHrite 0K

Write message

Attributes file |

asyn record o |

Example: saving 82 frames/second of 1024x1024 video to
TIFF files, a few dropped frames.



NDFileHDF5

i |
R e R . RN R e TR ==

1351M1:HDF1:

asyn port FileHlFl
Plugin type NDFileHDFS verl, 8.7

Array port EML  SIML
Array address o 0
Enable Ensble | [RSENH
Min. time D000 (.000
Callbacks block Ho | Mo
Queue sizeffree 20 o]
Airray counter hfﬁll

Array rate 10.0

Dropped arrays [ 0

# dimensions 2

Array Size 1024 1024 0
Data type UInts
Color mode lono

Bayer pattern RGGE
Unique ID 3461

Time stamp 779563295, (68

Shone/eplcs/scratch/ Exists: Yes

File path lfho me/epics zoratch,
test_mono

File name [test_nono

Next file # iZZO 220

Auto increment ve= |Yes
¥s¥s ¥3.3d. 15
Filename format [s¥s 23.3d.h5 Example: %s%s_%3.3d.h5
Last filename /home/epics/scratch/test mono_ 219, hb

Lazy open _ve= |Yas

Save file GSawe |
Hrite mode _stresn | Stream

Capture Start| Staop |

Write status Hrite 0K

Hrite message

Done

Read file Read | Auto save o -llNO
# Capture |100 100 28

Delete driver file 1w o|lo

Attributes file |

asyn record & |

per chunk 1024 1024
per chunk [1024 1024
per chunk I 1
alignment I 1

Boundary threshold |1 1
Flush on N'th Framefj i

Rows
Columns
Frames cached

Boundary

Extra dimensions
# (0-2) P_U
Size Nll 1

N frams number n

x|1 1

Compression tere | lone
# data bits[f 8
Data bits offsetp 0
SZip # pixels[ls 16
Zlib levelf 6

Name
Size

Store performance t  |Yes Name X scan dimension X
Store attributes t  |Yes Size Y[ 1

Y scan dimension ¥

Run time 9, 913 Name

I/0 speedSB0.7

Exists: Yes
hdth_ layout_demo, zml

¥ML File name Hﬂdfﬁ_laguut_demo,xml




NDFileHDF5
XML file to define file layout

<attribute name="NX class" source="constant" value="NXentry" type="string"></attribute>
<group name="instrument'">
<attribute name="NX class" source="constant" value="NXinstrument" type="string"></attribute>
<group name="detector">
<attribute name="NX class" source="constant" value="NXdetector" type="string"></attribute>
<dataset name="data" source="detector" det default="true">
<attribute name="NX class" source="constant" value="SDS" type="string"></attribute>
<attribute name="signal" source="constant" value="1" type="int"></attribute>
<attribute name="target" source="constant" value="/entry/instrument/detector/data"
type="string"></attribute>
</dataset>
<group name="NDAttributes">
<attribute name="NX class" source="constant" value="NXcollection" type="string"></attribute>
<dataset name="ColorMode" source="ndattribute" ndattribute="ColorMode">

</dataset>
</group> <!-- end group NDAttribute -->
</group> <!-- end group detector -->

<group name="NDAttributes" ndattr default="true">
<attribute name="NX class" source="constant" value="NXcollection" type="string"></attribute>
</group> <!-- end group NDAttribute (default) -->
<group name="performance">
<dataset name="timestamp" source="ndattribute"></dataset>
</group> <!-- end group performance -->
</group> <!-- end group instrument -->
<group name="data">
<attribute name="NX class" source="constant" value="NXdata" type="string"></attribute>
<hardlink name="data" target="/entry/instrument/detector/data"></hardlink>

<!-- The "target" attribute in /entry/instrument/detector/data is used to
tell Nexus utilities that this is a hardlink -->
</group> <!-- end group data -->
</group> <!-- end group entry -->

</xml>



NDPluginDriver (R3-0)
Multiple Threads per Plugin

 Added support for multiple threads running the
processCallbacks() function in a single plugin.

 Can improve the performance of the plugin by a large
factor. Linear scaling with up to 5 threads (the largest

value tested) observed for most of the
now support multiple threads.

 Maximum number of threads that can

plugins that

he used for the

plugin is set in constructor and in 1OC startup script.

* Actual number of threads to use controlled via an
EPICS PV at run time, up to the maximum value

passed to the constructor.

* Note that plugins need to be modified to be thread-
safe for multiple threads running in a single plugin

object.



Multiple Threads per Plugin
Sorting of Output NDArrays

* When plugin uses multiple threads likely that the NDArray
output will be slightly out of order, i.e. NDArray::uniqueld
fields will not be monotonically increasing.

* This is because the threads are running asynchronously and
at slightly different speeds.

A downstream file plugin plugin would write NDArrays to the
file in the "wrong" order.

* Plugins have an option to sort the NDArrays by uniqueld to
attempt to output them in the correct order. Sorting enabled by
setting SortMode=Sorted



NDPluginDriver medm Screens

-

™ NDStdArrays.adl@corvette.cars.aps.anl.gov

EE—™

™ NDPluginBaseFull.adl@corvette.cars.aps.anl.gov | =HAC i:hl

135IM1 : imagel :

asyn port
Plugin type
ADCore version
Plugin version
Array port
Array address
Enable

Min. time
Callbacks block
Array counter
Array rate
Execution time
Dropped arrays
# dimensions
Array Size

Data type

Color mode
Unique ID

Time stamp
Attributes file
Array callbacks
Process plugin

More

Imagel
NDPluginStdirrays
2,6, 10
2,6.0

EIH1 eaiuil
ﬁ i
Enable | Fnable
0.000 0, 000
Mo = | NO

Reset to 0 | 2andd
200, 00

9,922 msec
RFezet to O | 19513
2

1024 1024
Floatsz
Mono
DalgTo
808363304, b1

[

Process |
a2 |

1535IM1: imagel:
asyn port Imagsl
Plugin type MPluginitdfrrays

ADCore wversion 2.6, 10

Plugin version 6.0
firray port FIM eIML

Array address 0
Enable _ Ensie | HFERIE
Min. time p.000 (0,000
Callbacks block Ho | bo
# threads T 1
Max # threads b
Queue size/free 00 [INNEGN
Sort mode  unsorted | lnsorted
Sort time P.100  (,100
Sort size/free P [
# disordered Reset to o0 [0
Array counter Reset to 0 | 42764

Array rate 250, 0l
Execution time Z,34Z msec

Dropped arrays _Reset to 0 | 33194
Dropped outputs Reset to 0 [0

# dimensions 2
Array Size 1024 1024 0
Data type Float3z
Color mode lono
Bayer pattern RGGE
Unique ID 560283
Time stamp 858383338, 180
Attributes file |

Array callbacks _ pissie | [NEETENNNN
Process plugin _ Process |
asyn record & |




Multiple Threads per Plugin

# NDPluginBaseFull.adl@corvette.cars.aps.anl.gov EI@

13SIM1 :Statsh:

1 Thread

asyn port
Plugin type
ADCore wversion
Plugin version
firray port
firray address
Enable

Min. time
Callbacks block
# threads

Max # threads
Queue size/free
Sort mode

Sort time

Sort size/free
# disordered
firray counter
firray rate
Execution time
Dropped arrays
Dropped outputs
# dimensions
firray Size

Data type

Color mode
Bayer pattern
Unique ID

Time stamp
Attributes file
firray callbacks

asyn record

STATSE
NDPIuginStats
2,6.10

2,6.10

Enable = | Al 1'5‘
[p.000 0. 000

Mo | Mo

Cam—
Sorted - | Sorted
I T— 1)
Cam—
Reset to 0 | 2501

Rezet 1o 0 | 2323
120,00

3,151 msec

Rezet 1o 0 | 26491
Rezet to 0 | i}
2

1024
Float3z
Mono
RGGR
31925
808340043, 780

1024 0

P corvette (epics)
Terminal  Sessions  View  Xserver Tools Games Settings  Macros  Help
@ W comvette ¥ 14 corvetic ¥ 5 corvette o ] < | Quick connect...

top - @6:48:51 up 56 days, 19:07, 15 users, load average: 1.76, 1.75, 1.18

Threads: 2251 total, 5 running, 2246 sleeping, @ stopped, @ zombie
%Cpu(s): 8.9 us, 1.4sy, 0.8 ni, 89.6 1d, 0.0 wa, 8.0 hi, @.1 s1, 0.8 st
K1BE Mem : 65693432 total, 1427156 free, 3147908 used, 61118368 buff/cache

K1BE Swap: 625002860 total, 61232724 free, 1268136 used. 61595632 avail Mem

=N Bl

b

TIME+ COMMAND

PID USER NI

S %CPU %MEM

44219 epics 20 0 6890364 1.2609g 5876 R 99.9 2.0 6:53.98 STATSS_Plugin_1
93793 epics 20 0 6890364 1.2609g 5876 R 57.7 2.0 6:33.77 SimDetTask
93993 epics 20 g 476688 17040 5812 R 8.9 0.0 1:04.03 medm
93995 epics 20 0 6890364 1.2609g 5876 5 6.9 2.0 0:55.83 CAS-event
89627 epics 20 8 470608 170480 5812 5§ 6.6 0.0 189:21.91 medm
93880 epics 20 0 68390364 1.2609g 5876 5 5.2 2.8 1:32.56 chlLow
3254 epics 20 8 447296 3520 324 5 2.0 0.0 626:21.20 medm
44315 epics 20 €] 66644 4544 1564 R 1.6 0.0 0:00.52 top
111915 epics 20 B 379296 1B280 5432 § 1.0 8.0 10:12.91 medm
112333 epics 20 8 378916 2808 704 S 1.0 9.0 526:57.51 medm
147095 epics 20 B 379176 1oo44 5392 S 1.0 B.0 44:50.34 medm
3046 gpd_user 20 g 123592 5952 1832 S ©.7 0.8 355:03.32 motorPoller
2058 gpd_user 20 0 123592 5952 1632 § 0.7 0.0 305:43.29 164.54.160.56:5
17270 epics 20 B 3444656 4588 1124 5 6.7 0.0 87:32.98 164.54.1606.196:

UNREGISTERED VERSION - Flease support Mobakterm by subscribing to the professional edition here: http://mobaxterm.mobatek.net

L~ Sessions

[Statsfttributes xnl

Enable = |I nable

Process plugin _ Process |

_ &




Multiple Threads per Plugin

# NDPluginBaseFull.adl@corvette.cars.aps.anl.gov EI@
135IM1:Statsh:

asyn port
Plugin type
ADCore wversion
Plugin version
firray port
firray address
Enable

Min. time
Callbacks block
# threads

Hax # threads
Queue size/free
Sort mode

Sort time

Sort size/free
# disordered
firray counter
firray rate
Execution time
Dropped arrays
Dropped outputs
# dimensions
firray Size

Data type

Color mode
Bayer pattern
Unique ID

Time stamp
Attributes file
firray callbacks
Process plugin

asyn record

STATSE
NDPIuginStats
2,6.10

2,6.10

Enable | Fnab le
p.ooo 0,000
Mo = | [
I
b
o
sorted | Borted
p.oso 0,050
B
Reset to 0 | 17814

Rezet 1o 0 | 22578
384, 00

3,141 msec

Rezet 1o 0 | 1139
Rezet to 0 | i}
2

1024
Float3z
Mono
RGGE
383608
508340176, 423
[Ftatsfttributes xnl

Enable r | Enal
Process |
T

1024 0

3 Threads

P corvette (epics)

Terminal

™ s corvette

Sessions

View

X server

W 14, corvetie

Tools

Games

Settin

gs

B 5. corvette

top - @6:50:14 up 56 days, 19:08, 15 users,
Threads: 2256 total,

%Cpuls): 18.4 us,
K1E Mem

1.4

L : 65693432 total,
K1B Swap: 62500860 total, 61232724 free,

5 running, 2245 sleeping,
8.0 n1, 80.0 id,
1428852 free,

5Y.

Macros

Lt

0.0 wa,
3145276 used, 61119304 buff/cache
1268136 used. 615982084 avail Mem

Help

8.0 h1,

load average: 3.18, 2.16, 1.37
0 stopped,

Quick connect..

8 zombie

e.1

51, 0.0 st

=N R (=)

b

44353
44352
44354
93793
93993
93995
93380
89627
44315
70635
990
3057
30451
92347

epics
epics
epics
epics
epics
epics
epics
eplcs
eplcs
eplcs
root
gpd_user
epilcs
epics

NI

DD OO0 D00 D000 DOD0

6390364
6390364
6390364
6390364
470608
6390364
65390364
470603
66644
1046080
4368
123592
106224
5285724

1.261g
1.261g
1.261g
1.261g
17048
1.261g
1.261g
17040
4544
1964
236
5952
2928
6206

5876
5876
5876
5876
5812
5876
5876
5812
1564

708

212
1032
1332
1324

S %CPU %MEM

[ Wy g e e B ¥y T g R R ]

=

o O oo~
COD DW= -0

oD D@D DD kR DR R R R

DD OO0 D00 D000 DOD0

]
2]
D0 D DD

397:
438:
478:
465:
336:

TI

UNREGISTERED VERSION - Flease support Mobakterm by subscribing to the professional edition here:

ME+

COMMAND

STATS5 Plugin 2
STATSS_Plugin_1
STATSS _Plugin_3
SimDetTask

medm

CAS-event

chLow

medm

top

medm

rngd
¥PsauxpPoller
¥PsauxPoller
¥PsauxPoller

http://mobaxterm.mobatek.net

L~ Sessions




Multiple Threads per Plugin
5 Threads

# NDPluginBaseFull.adl@corvette.cars.aps.anl.gov EI@

135IM1:Statsh: P corvette (epics) =
asyn port STATES Terminal  Sessions  View  Kserver Tools Games Settings Macros  Help
Plugin type NDPluginstats ™ s corvette W 14 corvetie B 5. corvette op D R | Quick connect...
ADCore version Z.6.1) top - B6:52:12 up 56 days, 19:18, 15 users, load average: 4.33, 2.98, 1.74 -
Plugin version 2,6.1 Threads: 2253 total, 5 running, 2248 sleeping, @ stopped, © zombie
firray port %Cpu(s): 24.8 us, 1.2 sy, 0.8 ni, 73.9 1d, 0.0 wa, 8.0 hi, ©.1 s1, 0.8 st
K1B Mem : 65693432 total, 1423484 free, 3149844 used, 611201084 buff/cache
firray address K1BE Swap: 625003860 total, 61232724 free, 1268136 used. 61593804 avail Mem 5
Enable Ensble | [OF9EL)
Min. time P00 0,000 _ NI S %CPU %MEM TIME+ COMMAND _
. : 44393 epics 20 0O 6898364 1.262g 5876 R 87.9 2.0 0:49.56 STATSS Plugin 5
Callbacks block e | Mo 44392 epics 20 0 6898364 1.262g 5876 R 86.9 2.0 0:49.90 STATS5 Plugin_4
# threads 5 5 44389 epics 20 0 6898364 1.262g 5876 R 86.2 2.0 0:49.73 STATSS Plugin_1
44390 epics 20 0 6898364 1.262g 5876 S 86.2 2.0 0:49.84 STATSS Plugin 2
Max # threads 5 44391 epics 28 © AB9M3A4 1.262g 5876 R 86.2 2.0 0:49.56 STATS5_Plugin_3
Queue size/free [200 2og 93793 epics 20 D 6290364 1.262g 5876 S 26.1 2.0 8:12.23 SimDetTask
Sort mode _ sortes  |Sorted 93993 epics 20 0 478608 17040 5812 S 5.2 0.0 1:19.96 medm £
X 93880 epics 20 0 6898364 1.262g 5876 S 6.2 2.0 1:45.38 chLow ;
Sort time [.050 0. 060 93995 epics 20 0 6300364 1.262g 5876 S 6.2 2.0 1:09.41 CAS-event 2
Sort size/free [0 EEEEGG_G 80627 epics 20 0 478608 17048 5812 S 5.9 0.0 189:43.61 medm e
# disordered Reset to 0 [0 44315 epics 20 O 66644 4544 1564 R 1.3 0.0 0:83.17 top
_Reset 0 0 | 93985 epics 20 0 6898364 1.262g 5876 S 1.3 2.0 0:85.43 CAC-event
Airray counter _FReset to 0 | 2712 3254 epics 20 0 447296 3520 8245 1.0 0.0 626:22.91 medm I
firray rate 482 00 8052 gpd user 20 O 123592 5952 1832 § 1.0 0.0 459:24.68 motorPoller -

Execution time
Dropped arrays
Dropped outputs
# dimensions
firray Size

Data type

Color mode
Bayer pattern
Unique ID

Time stamp
fittributes file
firray callbacks
Process plugin

asyn record

7,644 msec
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Multiple Threads per Plugin

Plugin

NDPIluginColorConvert
NDPluginFFT
NDPIluginOverlay
NDPluginROI
NDPIluginROIStat

NDPluginStats

NDPIluginStdArrays

NDPIluginTransform

Supports

multiple
threads

Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes

Comments

Multiple threads supported and tested
Multiple threads supported and tested
Multiple threads supported and tested
Multiple threads supported and tested

Multiple threads supported and tested
NOTE: time series needs ordering

Multiple threads supported and tested
NOTE: time series needs ordering

Multiple threads supported and tested
NOTE: waveform callbacks will be out
of order

Multiple threads supported and tested



Multiple Threads per Plugin

Plugin

NDPluginFile
NDPIluginTimeSeries
NDPIluginAttribute

NDPIluginCircularBuff
NDPIluginGather
NDPIluginScatter
NDPosPlugin
NDPIluginProcess

NDPluginPva

Supports

multiple
threads

No

No

No

No
No
No
No
No

No

Comments

File plugins are nearly always limited
by the file 1/0O, not CPU

Plugin does not do much computation,
no gain from multiple threads

Plugin does not do any computation, no
gain from multiple threads

Same
Same
Same
Same

Recursive filter stores results in the
object itself, hard to make thread safe

Plugin is very fast, probably not much
gain from multiple threads



Viewers

« areaDetector allows generic viewers to be written
that receive images as EPICS waveform records
over Channel Access

e Current viewers include:

— Imageld plugin EPICS_AD_Display. Imagel is a very
popular image analysis program, written in Java, derived
from NIH Image.

— EPICS_NTNDA Viewer. Same as above but uses
pvAccess rather than Channel Access.

— ffmpegServer allows image display in any Web browser

— ffmpegViewer high-performance Qt-based viewer for
MJPEG stream



EPICS NTNDA Viewer ImageJ plugin

* New ImageJ plugin written by Tim Madden and Marty Kraimer

« Essentially identical to EPICS_AD_ Viewer.java except that it
displays NTNDArrays from the NDPluginPva plugin, I.e. using

pvAccess to transport the images rather than

NDPIluginStdArrays which uses Channel Access.

| £ Image J EPICS_NTMNDA_Viewer Plugin

PVPrefix X NY HZ Frames/s Capture to Stack

ASSMTRSTEIIIIY 1024 1024 1 55.7 O

Status: 23472017 20:28:16.334: Mew images=112

Snap

£ 13SIML:Pval: (50%)
1024x1024 pixels; 16-bit, 2MB




NDPluginPva Advantages

NTNDArray data transmitted "atomically"” over the network

— Channel Access requires separate PVs for the image data and the metadata
(image dimensions, color mode, etc.)

With Channel Access data type of waveform record is fixed at

locInit, cannot be changed at runtime.

— |If the user wants to view both 8-bit images, 16-bit images, and 64-bit double FFT
Images then waveform record needs to be 64-bit double, adding a factor of 8
network overhead when viewing 8-bit images.

— pVvAccess changes the data type of the NTNDArrays dynamically at run-time,
removing this restriction.

Channel Access requires setting EPICS_CA MAX_ARRAY_BYTES

— Source of considerable confusion and frustration for users.

— pVvAccess does not use EPICS CA_ MAX_ ARRAY _BYTES and there is no
restriction on the size of the NTNDArrays.



Viewers

 EPICS _AD_Controller. Allows using the ImageJ
ROI tools (rectangle and oval) to graphically
define the following:
— The readout region of the detector/camera
— The position and size of an ROl (NDPIluginROIl)
— The position and size of an overlay (NDPluginOverlay)

— The plugin chain can include an NDPluginTransform
plugin which changes the image orientation and an
NDPIuginROI plugin that changes the binning, size,
and X/Y axes directions. The plugin corrects for these
transformations when defining the target object.

— Chris Roehrig wrote an earlier version of this plugin.



Other Drivers that use ADCore

« NDArrays are not limited to 2-D detectors
— File, ROI, and statistics plugs are useful for other types of
detectors
» Used for spectra arrays [NumMCAChannels,
NumbDetectors, NumPixels] for:
— Xspress3 from Quantum Detectors
— XMAP, Mercury and new FalconX from XIA

« Used for time-series data [NumTimePoints, NumInputs]
for the quadEM quad electrometer software
— AH401, AH501, TetrAMM from CaenEls

— Two types of electrometers from BNL Instrumentation group
(Peter Siddons)



Internals
Class hierarchy

asynPorDriver

asyniDArrayDriver

ADDriver

adsc
andord
AndorCCD
ElSDetectar
FirewireWinDCARM
LightField
mari4s
marCCD
PerkinElmer
pilatusDetectar
pixirad
pixiradly
pointGrey

prosilica

%]

pvCam

raper

simDetector

URLDriver

JHIHTHTHITE

MDPluginDriver

MOPluginAttribute
MDFluginCalarConvert
MHDPluginFile
MOPluginOwverlay
MDOPluginP rocess
HOPluginROl
MODFluginStats

MDPluginStdarrays

MDPluginTransform

i



Conclusions

Architecture works well, easily extended to new detector
drivers, new plugins and new clients

Base classes, asynPortDriver, asynNDArrayDriver,
asynPluginDriver actually are generic, nothing “areaDetector”
specific about them.

They can be used to implement any N-dimension detector, e.g.
the XI1A XMAP (16 detectors x 2048 channels x 512 points in a
scan line)

Can get documentation and pre-built binaries (Linux,
Windows) from our Web site:
— http://cars.uchicago.edu/software/epics/areaDetector

Can get code from github
— https://github.com/areaDetector



