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areaDetector Talk Outline

Motivation & goals for areaDetector module
Overview of architecture

Drivers for detectors & cameras

Plugins for real-time processing

Viewers and other clients

Emphasis on what is new and plans for future
Today: Morning lecture, afternoon demonstration

Tomorrow: Hands-on practice with simulation or real
detectors

Next week: Writing software for a new detector or a
new plugin



areaDetector - Motivation

» 2-D detectors are essential components of synchrotron
beamlines
— Sample viewing cameras, x-ray diffraction and scattering detectors, x-
ray imaging, optical spectroscopy, etc.
* EPICS is a very commonly used control system on beamlines,
(APS, DLS, SLS, SLAC, NSLS-I11, Shanghal, etc.)

* Need to control the detectors from EPICS (useful even on non-
EPICS beamlines, since other control systems like SPEC etc.
can talk to EPICS)

 Clear advantages to an architecture that can be used on any
detector, re-using many software components

 Providing EPICS control allows any higher-level client to
control the detector and access the data (CSS, SPEC, medm,
Python scripts, IDL programs, etc)

— The client needs only to know how to talk to EPICS, not the details of the
detector



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

e 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.

o Middle-level plug-ins to add capability like regions-of-interest
calculation, file saving, etc.
— Device independent, work with all drivers

— Below the EPICS database and Channel Access layers for highest
performance



areaDetector — Data structures

 NDArray

— 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.¢. 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 plugins.
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areaDetector — Data structures

Look at NDArray.h
Look at NDAttribute.h

Look at an XML attribute file



areaDetector R2-0 Release

« areaDetector was getting too big.
— New releases being held up waiting for testing on one
detector types, etc.
 Hard to collaborate with other sites using APS
Subversion repository

— git and github provide much better tools for multi-site
collaborations



R2-0 Organization

areaDetector

Top-level module
RELEASE files, documentation, Makefile

ADCore ADBInaries ADProsilica || ADPilatus
Core module Binary libraries for Prosilica driver Pilatus driver
Base classes, plugins, Windows (HDF5,
simDetector, documentation GraphicsMagick)

— 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

e 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

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




Types of Detector Drivers

e Vendor C/C++ library
 Vendor socket protocol
 Vendor application program with automation mechanism



Detector drivers (23 total)

e ADDriver (in ADCore)

— Base C++ class from which detector drivers derive. Handles details
of EPICS interfaces, and other common functions.
« Simulation driver (in ADCore)

— 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.

— Controlled via calls to vendor PvAPI C library

e Firewire (IEEE-1396 DCAM) (ADFireWireWin,
firewireDCAM)

— Vendor-independent Firewire camera drivers for Linux and
Windows

— Controlled via open-source libraries on Windows and Linux



Detector drivers

* Roper driver (ADRoper)

— Princeton Instruments and Photometrics cameras controlled via
Microsoft COM control of WinView applications

 PVCAM driver (ADPvCam)
— Princeton Instruments and Photometrics cameras
— Controlled via PVCAM C library

e Pilatus driver (ADPIlatus)

— Pilatus pixel-array detectors.
— Controlled via sockets to vendor camserver application

 marCCD driver (ADmarCCD)
— Rayonix (MAR-USA) CCD x-ray detectors
— Controlled by socket communication to marCCD remote control

o ADSC driver (ADADSC)
— ADSC CCD detectors
— Controlled by C calls to vendor library



Detector drivers (continued)

e mar345 driver (ADmar345)

— marResearch mar345 online image plate
— Controlled by socket communication to mar345dtb socket server

 Perkin-Elmer driver (ADPerkinElemer)

— Perkin-Elmer amorphous silicon flat-panel detectors
— Controlled by C calls to vendor library

 Bruker driver (ADBruker)
— Bruker CCD detectors
— Controlled via their Bruker Instrument Server (BIS) socket server

o LightField driver (ADLIightField)

— Princeton Instruments detectors, including all recent models

— Controlled via their LightField application using the Microsoft
Common Language Runtime to automate it



Detector drivers (continued)
 PICAM driver (ADPiCam)

— Princeton Instruments cameras, including recent models
— Controlled via PICAM C library
— Currently under development by John Hammonds

o PSL driver (ADPSL)

— Photonic Sciences Limited detectors
— Controlled via socket connection to their Python PSLViewer server

« URL driver (ADURL)

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

— Controlled by calls to GraphicsMagick library



Detector drivers (continued)

« Andor driver (ADAnNdor)

— Driver for Andor CCD cameras
— Controlled by calls to V2 of their C SDK

e Andor3 driver (ADAnNdor3)

— Driver for Andor sCMQOS cameras
— Controlled by calls to V3 of their SDK

 Point Grey driver (ADPointGrey)

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

— Controlled by calls to their C SDK

e Pixirad driver (ADPixirad)

— Driver for CdTe pixel-array detectors from Pixirad
— Controlled by TCP and UDP communication with their detector



Detector drivers (continued)

» Generic GIgE driver (aravisGigE)

— Should work with any GigEVision compliant camera. From Tom
Cobb at Diamond.

— Controlled using the Aravis reverse-engineered GigEVision library
e Qlmaging driver (ADQImaging)
— Qlmaging cameras.

— Controlled using Qimaging SDK
— Written by Arthur Glowacki

 ADPVAcCcess
— Driver that receives NDArrays over EPICS V4

— Allows plugins to run in an EPICS 10C on a different machine than
the detector

— Written by David Hickin from Diamond.



ADBase.adl — Generic control screen

« Works 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 - 135IM1:caml:

Setup

asyn port 5IlM
EPICS name 135IM1:caml:
Manufacturer Similated detector
Model Basic simulator

Shutter
Shutter mode Hone |
Status: Det. Closed  EPICS Closed
Open/Close Open | Close |
Delay: Open [3.000 Close 0.000

EPICS shutter setup B

Connected
Connection Comnect | Discormect|
More & |
Readout.
X Y
Sensor size G40 430
1 1
Binning [ L
0 f
Region start © 1]
g4 480
Region size [340 30
o o
Reverse _to | o |
Image size 640 430
Image size (bytes) 307200
Gain [1.000 1, (00
Data type umts | UInts
Color mode toro | Momo

Collect
Exposure time p.010 (. (10
Acquire period [0.000 (., 000
# Images [0 10
# Images complete 103
# Exp./image [ 1
Image mode - | Contimuous
| Internal

Continuous

Internal

Trigoer mode

Acquire Start | Stop |

Detector state
Time remaining 0. 000

Image counter [0 03

Image rate 57,0

Array callbacks Erski= | Enable

File
Driver file I/0 h |




Pilatus specific control screen

< pilatusDetector. adl

Pilatus Detector Control - 13PIL1:caml:

Setup

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

Shutter

Shutter mode Hone af
Status: Det. Cloged  EPICS

Open/Close Open | Close

Status
Status: Waiting for acguire command
To camserver: Exposure /corvetteshomesepics/temp/pilatus_test_A_0D81.ti
From camserver: 7 0K /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 = | ROI m |
Stats & | Other @ |
Detector

Detector Size 437 195
Threshold (ke¥) [10.000 10, 000

Threshold apply e -l| Apply |

Shaping time/Gain 5-18Kev Hed Heds .||
Pixel cutoff 1071635

Read file timeout [Z0.000
Gap fill .. o
Temperature (.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 (0, 000000
# Exp./image[l 1
Trigger mode tnternsl | Internal

Done

ficquire Stahtl Stop |

firmed Unarmed

Image counter 0 1

Image rate (),

firray callbacks Ensbie=  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 [/CDPvette/the/epics/’temp
pllatus_test 4

File name |pilatus_test A

Next file # I82 82
fluto increment _ve= |Yes
Ye¥a %3, 3d, tif
Filename format [2s®=_23.3d.tif File format _ 1irr | TIFF
Last filename /corvette/home/epics/temp/pilatus_test 4 (081, tif

fincillary information @

Attributes
File [pilatusAttributes =nl




MAR-345 specific control screen
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ightField driver

o B - &l

P - Data (2) L B '8 bperiment B[22 Rn | © Acquire
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TR
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LightField driver
B e . 2w

Area Detector Control - 13LF1:caml:
Setup Shutter Spectrometer
asyn port LF1 Shutter Type Hane 5 [860nm, 300] [1] [0]
EPICS name 13LF1:caml: LF Shutter Mode _ wermst | Grating 2t S iEey  F|
Manufacturer Princeton Instrument ||Status: Det. (los=d  EPICS Center wavelength 50,000 750, 000
Model PIXIS: 100BR Open/Close Open | Close | Entrance width [00 100
Connected Delay: Open [p.000 Close [p.000 Exit port _ Fromt | Front
Connection _Comnect | Disconnect ||| EPICS shutter setup @ | T st Pl
Debugging @ | Colloct Int. Enable _ »issie | Disable
Plugins Exposure timed 5 000 Intensifier Gainp 0
ALl | File | ROI = | Acquire Period [P.000 (. 000 Gating Mode _ Repctitive | Repetitive
Stats @ | Other @ | # Accumulations b 0 Trigger Frequency[le+001  1e+(01
# Exposures I 1 Synchaster Enshle | Enable
Readout # Frames [ 1 SyncMaster? Delay [1.00e-00 1, (jfle-004
. 18); lY # Exposures Complete 0 Rep. Gate Hidth [5.00e-00 5, 00002
vensor Size 10 ?U # Frames Complete 1530 Rep. Gate Delay [2.00e+00 0. 00e+000
Binning [i i # ficquisitions | 0 Seq. Start Midth [.00e+00 0, (0e+000
fl 7% # Acquisitions Complete ( Seq. Start Delay [.00e+00 0. 00et+000
Region Start ] filo Image Mode Hormal | Mormal Seq. End Width [.00e+00 0, 00=+000
1340 10 Tripger Mode  internal | Seq. End Delay [p.00e+00 0, (0=+000
Region Size |L 110 Done Aux I/0 Width [.00e-00 2, (0=-(06
Mo Llo Acquire Start |  Stop | fux I/0 Delay [.002+00 (), D0=+000
R Ho o He o
ever.‘se I I Detector State [dl= Experiment
Image Size 1340 10 Ready to Run [=ady TR . 0, 26,5
. : - i b [
Image Sﬁzie; (bLgtes) MZ’eGdSiUu?n Ima‘Ige coulr;ter Ioﬁo 1635 Experiment bIX1S 5 25 2015, 1f0 =
e mage Rate (.
DEItEI tgpe MInt16 ﬂrrag Callbacks Dizakle .II Dlsable ﬁttr‘ibutes
Temperature [75.000 =5, 000 File|
Actual temperature =T, 000 File and Background |




URL Driver

 Driver that can read images from any URL.
e Can be used with Web cameras and AXxis 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 [RL1 Shutter mode Hane o 1 BMC Hutch (Reis) [rttpz// 164,54, 160,141/ jog/1/hugesize. jog
EPICS name 13URL1:caml: Status: Det. Closed EPICS 2 FHE Sanple (A=is) http://lEil.54‘160Jﬂl/jpg/?/hugesize”jpg
Manufacturer URL Driver Open/Close _0Open | Close | 3 [The Sun! jinages/sun, jpg
Model Graphicsiagick Delay: Open B.000  Close p.000 4 |rarcCo |inages/marCCD, tif
Connected EPICS shutter setup m 5 FuItiTIFF [inages/MUltiTIFF  tiff
Connection Comnect | Disconnect| B |IRLE I
: Collect e |J
Debugging & | ficquire period p.100 (i, 100 P
Plugins # Images[l 1 8 r.s ]
File @ | ROI @ | # Images complete 1096 9IJrL9 I
Statistics @ | Other = | Image mode  continuous | Continuous =0 | L I

Readout

fcquire Star*t| Stop |
. ?)[;4 4;0 Detector state
Image size Image counter 1096
Image size (bytes) 1013760
Tt Image rate 4.0
Data type . Array callbacks Enskie 4| Enable
Color mode RGE1
Attributes
File|
URL

BHMC Hutch cexisy | sstup | hbttp://164, 54, 160, 141/ Jpe/1/Mugesize, Jog




Andor Driver
« Supports USB and PCI CCD

cameras from Andor.

* Runs on 32-bit and 64-bit Linux
and 32-bit and 64-bit Windows.

 Original version by Matt Pearson
from Diamond Light Source.

}g{ Andor.adl

-]

Andor Detectar Control - 13ANDOR1:caml:

Setup
asyn port ANDOR
EPICS name 13&NDORI:caml:
Manufacturer &ndor
Model D¥934 ER, DD
Connected

Connection Cormect | Disconnect|

Debugging &= |

Shutter

Shutter Type BDeteotor output .||
findor Shutter Mode AUt S
External shutter _Hish Te open o
Status: Det. Clozed  EPICS
Open/Close Open | Close |
Delay: Open p.100  Close p.050
EPICS shutter setup m

Plugins
All | File ® | ROI @ |
Stats @ | Other @ |
Readout
X Y
Sensor Size 1024 1024
1 1
Binning [l [
] 0
Region Start D ]
1024 1024
Region Size [1024 [Lo24
s s
Reverse e o o

Image Size 1024 1024
Image Size (bytes) 2097152

Gain P 0
ADC Speed =zs5m= | 2,5 MHz
Data type _umtis | [Intls

Collect
Exposure Time £.300 (1,300
Accumulate Period [0.000  (.8399
ficquire Period .00 01,899
# Accums/Image I 1

# Exposures Complete 34

# Images/Acquis. 2 2
# Images Complete 34
Image Mode  contiruous | Continuous
Trigger Mode Internal .||

ficquire ﬂl Stop |

Detector State ‘cduire
Detector Status Dat= scquisition in progress.
findor Message *
Time Remaining 0. 000
Image Counter p 56

Image Rate 1.0
Array Callbacks Enasle o Enable

Cooler
Cooler on On

Temperature [10.000 10, 000

Stabilized at set point
Status P

Attributes

File[

File
Driver File I/0 m |

PAL File

Path [FREY.FAL




Perkin Elmer Flat Panel Driver

>:< PerkinElmer.ad| '—

l =RRE X

Perkin Elmer Control - 13PE1:caml:

Setup
asyn port PEDET]

EPICS name 13PEl:caml:
Manufacturer Perkin Elmer

Model XRDOSZ0

Connected

Connection

Connect | Discunnectl

Debugging @ |

Corrections

Corrections Directory

w:\Perkin_Elmer\

Status: Det. Closed

0ffset
# Offset Frames [i0 10
Boouire Offset Cortection |DODB
Correction tvailable  Ensble |

EPICS shutter setup m

Shutter
Shutter mode

Hore = I

EPICS
Open/Close Open | Close |

Delay: Open [5.000 Close [0.000

Plugins

ALl | File @ |

ROI = |

Stats & | Other & |

Gain

# Gain Frames [0 i

Aoouire Gain Correction |

Dizable = I

Correction

# Images complete 2l

o ow  woeaae = e

Load Gain File |  Save Gain File |

Bad Pixel File

Trigoer mode

mE#EldB_lpF_leHaSk.his

Correction Svailahle Ensble |
Load Bad Pixel File |

Readout
X Y
Sensor size 2048 2048
1 1
Binning |1 il
Image size 2048 2048
Image size (bytes)  G385608
Setup
# Frame Buffers [0 10

Frame buffer index 7

Image Number 21

Initialize |

Collect
Exposure time [0.200 0, 200

Gain _ e.2seF | (), 25pF
# Images 0 20

Skip frames _pissie | [lsable
# Frames to skip [L 1

~| Contimous
- | Internal

Soft Trigger |

Continuous

Image mode

Internal

Acquire Start | Stop |

Detector state Loduire

Image counter P 151

Image rate 5.0

Array callbacks  Enssle |

Enable

Attributes
File FEPkiﬂElmEPﬂttPibutES.Hml




R2-0: Point Grey driver

* New driver for all cameras from Point Grey using their
FlyCap2 SDK.

* Firewire, Gigk and USB 3.0 oo EEIMP  US3
« High performance, low cost




Point Grey GigE Camera
BlackFly PGE-20E4C

- e2v EV/6C570 CMOS sensor

- Global shutter

- 29 x29 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

Sver (Y MP - GIG=




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

Moo ERMP US3

e 1920 x 1200 global shutter CMOS
e Sony IMX174 1/1.2

 No smear ¢ Distortion-free

e Dynamic range of 73 dB

e Peak QE of 76%

* Read noise of 7e-

 12-bit or 8-bit data

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

 USB 3.0 interface
e $1,295




Point Grey Driver

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

[= ] @ [t

Setup

asyn port PGl
EPICS name 13PGl:caml:
Manufacturer Point Grey Regearch
Model Blackfly BFLY-PGE-20
Serial Number 13481955
Firmware Yers. 1,27.3,0
Software Yers. 26,3

Debugging @ |

Shutter
Shutter mode Hane |
Status: Det. Clossd  EPICS
Open/Close Open | Close |
Delay: Open .000 Close [p.000
EPICS shutter setup =

Plugins
All | File & |  ROI m |
Stats @ | Other = |

Collect
Exposure time 0.040 (1033
ficquire period [0.Z80 (033
Frame rate [2.716  30. 000
# Images [l000 1000
# Images complete 189
# Exp./imagefi 1
Image mode Hultiple | Multiple

Acquire Start |  Stop |
Detector statellaiting

Status

Image counter [P 15839

Image rate 30.0
Array callbacks Erskl=  —|Enable

Readout
X Y
Sensor size 1600 1200
] |
Region start D o
1600 1200
Region size [1600 [iz00

GigE binning 14 | 1zl

Image size 1600 1200

Image size (bytes) 1920000
Gain P.000 0. 000

Data type [Int8

Color mode lomo

Video mode _ Formatz | Format?y

0 (1800=12000
Format7 mode ¢ cieooxizo .||
Properties m |
Frame rate  @More |lndefinedl
Pixel format _ @tore |Rawd
Convert raw _ Hene  oi|lone
Timestamp _Gamera = |Camera

Status
Status rate 1 second |
Dropped frames(
Corrupt frames(
Driver dropped(
Transmit failed(
Temperature 42,8

Attributes

File|

Trigger

Internal
Trigger mode Internal .||
Trigger source _crroo | GPI0_{)
Trigger polarity wisn —|High
Trigger delayp.000 (. 000

Skip framesp 0

Software trigger Trigger |

Strobe
Strobe source crror o |GPI0_L
Strobe enable Erasie |Enable
Strobe polarity Ltow  —|Low

Strobe delay[p.001 0. 001
Strobe duration [.020 0, 020

Buffers
Buffers max/used ] 1
Buffers alloc/free & 1
Memory max/used (MB) 0.0 3.1

Buffer & memory polling 1 =econd .||

Bandwidth Control
Max packet size 9000

Packet size |1440 14410

Packet size 1440

GigE packet delay H00 400
Bandwidth (MB/s) 54.9




Point Grey Driver (Grasshopper3 camera)




Plugins

Designed to 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
Some 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.



Plugins (continued)

* NDPIluginStdArrays

— Receives arrays (images) from device drivers, converts to standard arrays, e.g.
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.

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



Plugins (continued)

* NDPIuginStats
— 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

* NDPIluginProcess
— 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 ROIs, multiple cursors, user-defined boxes, text, etc.



Plugins (recent additions)

e NDPluginCircularBuffer

— Buffers NDArrays in a circular buffer.

— Outputs the arrays on receipt of a trigger, either as PV or NDArray
attribute.

— Supports pre-trigger and post-trigger samples
— Written by Alan Greer at Observatory Sciences

e NDPluginAttribute

— Extracts an attribute from an NDArray and publishes as a scalar and
an array

— Written by Matt Pearson at ORNL

« ADPluginEdge
— Does edge detection using the OpenCV Canny function
— Written by Keith Brister at LS-CAT



Plugins (recent additions)

 NDPIluginROIStat

— Computes simple statistics on multiple ROls.

— More efficient than chaining an NDPluginROI and NDPluginStats
when there are many ROIs

— Written by Matt Pearson at ORNL

o ffmpegServer

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

— Puts compressed images on the network, greatly reducing
bandwidth compared to uncompressed channel access arrays.

 ADPVAcCcess
— Plugin that sends NDArrays over EPICS V4

— Allows plugins to run in an EPICS 10C on a different machine than
the detector

— Written by David Hickin from Diamond.



commonPlugins.adl All plugins at a glance

r% commonPlugins.adl | o | = &1
13SIM1: Common Plugins

Plugin name Plugin type Port Enable Blocking Dropped Free Rate
Imagel NDPluginStddrrays [FIMI enakle | f B 0 GHare |
PROCI NDPlugirProcess [T enseie | [EERE 0 EEEE 9.0 o
TRANS1 NDPluginTransform [FIML  nissele | [JIEEEIEE | () BEE .0 GHare |
CCl NDPluginColorCorwert BIML  pisseie | [IEEERIEE 4 i BEE .0 tore |
CC2 NDPluginColorCorwert BIML  pisseie | [IEEERIEE 4 i BE .0 tore |
OVERL NDPlugindverlay  [FIMI  Disskle .||_ A i BEE 0, 0 Gitore |
ROT1 NDPIugirROI BT enakle | o o 0 DEEEEEE 550  %rore |
ROT2 NDPIugirROI  BTAL  bissbte .-|_ o < 0 EEEE 00 e
ROT3 NDP1uginROT BIML pissble | [JIEEOEE v | i BEE 0, 0 Gitore |
ROT4 NDP1uginROT BIML pissble | [JIEEOEE v | i BEE 0, 0 Gitore |
STATS] NDPluginStats — ROI1 pisssle | ECEREE v | i BEE 0, 0 Gitore |
STATRZ NDPluginStats  ROIZ pissele | ECEREE v o i BEE 0, 0 Gitore |
STATSS NDPlugindtats  ROI3  pisssle | EEEREN =l f BEE .0 DHore |
STATA4 NDPlugindtats — ROI4 pisssle | [EEEREN | f BEE .0 DHore |
STATSE WDPlugindtats  BIML  Ensele | SEEIRE s 1l .0 DHore |
FileNetCDFl  IDFilelletCDF  BTL  enabie | 0 DEEEE 0.0 %o
FileTTFF1 NDFileTIFF ~ ETL  pissbte _.|_ | ) DEEEE 0.0 o |
FileJPAGL NDFileJPEG  [TL  pisaoie - | [NEEEDEN S 0 EEEE 0.0 %o
FileNexusl NDPluginFile  [IML  Ensbie - | [OTERE Mo i BEE 0.0 DHore |
FileMagickl NDFileMagick — BIMI  pissele | EEEDEN =l (0 BEE .0 DHore |
FileHDF1  NDFileHDFD werl.8, 7 BIML Ensble - | [OTERIE o 0 BEE .0 Ditore |




NDStdArrays plugin

NDStdArrays. adl M(=1E3

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

NDP 1uginROT

[SIM1 SIML

g 0
Ensble | [N

0,000 0, 000

Ho - | Mo
20 20
[ 834794
48, ()
|0 i

1024 1024 I
Int8
Mono
RGGE
834794
717905394, 835

Definition

Name |Upper left

Data type automstic u| Hutomatic
Enable scaling  Ensie |
Scale divisor P

[,1

@ |

X Y z
Input Size 1024 1024 (

Enable Enskle o| Ensble | Dizable o

1 1 1
Binning |1 i [1
(1 (1 (1
ROI start [0 |0 |0
—— —— |
bl2 bl2 1
ROI size 512 512 i
P = e |
s s s
Reverse _to | Ho | Mo |
ROI Size 512 bl (1




>¢ NDStats.adl

Statistics plugin

13SIM1 :Statsh:

asyn port
Plugin type
firray port
firray address
Enable

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

Data type

Color mode
Bayer pattern
Unique ID

Time stamp
Attributes file

asyn record

STATES
MDPluginStats

[SIHl— a1l
—
Enskle | Fnable
Fom 0,000
Ho - | Mo

20 2

[o 4006
20, ()

R—-
2

1024
Int&
Momo
RGGE
ddh1
1177886862, 801

1024

0

Statistics
Compute statistics _ve= | [EE
Background width [1 1

Minimum 0 Maximum &

X0 X200
Min. Y0 Max. Y 148
Total 622 Net 622

Mean ( Sigma (), ()
Time series plots m |

Min. Max.

Profiles
Compute profiles _ve= | [EE
Size X 1024 Y 1024
Bee 286

Cursor X |

JR |
56 206

Cursor Y | i

Plot = |

Centroid
Compute centroid e | JEE
Centroid threshold i 1
Centroid X200, Y 150.1
Sigma X3,9 Y 3.9
Sigma XY -0, 024
Time series plots o |

Histogram
Compute histogram? ve= | [EE
[256 256
0
[F5 255

Entropy -13, 860
Plot @

Size
Minimum

Maximum

I
-

Time Series
Er*ase,"Star“tl Stop | Start '5'4123'111_111']1'1.%'

Number of points 048
Current point 82

Read rate & =ecord u| Read |




Statistics plugin (continued)

»¢ NDPlot.adl

FEX
13PS1:5tats1: Histogram

»¢ NDPlot.adl

13PS1:Stats1: CursorY

13PS1:Statsl: AverageX

12000 2 300 "
F A
L 1
g o, oA : . :
100004 Ly 250+ a 3
; S : 3 g
r F -
ao00-- " ‘i 200 * g %
F . s [
& [ . 1 £ E & 7 +
£ eooof v 3 2 150 2 -
(] L ! A ] N - [t
4000 H w 100-f . -
L # ‘\. o S
[ _- -
2000-F J/‘ ] sof & 4
[ 4 a o
G-...I....I.....I....I....hln....I D#LI ; ’ Mg 1| S i |
] 50 100 150 200 250 300 o 200 400 600 = 1000 1200 ] 200 400 B00 300 1000 1200 1400
Bin Murnber Fixel Fizel
Histogram CursorY AverageX

>< NDTimeSeries.adl

1351M1:5tatsh:TSCentroidY
Erase/Start| Stop | Start |_ Erase/Start| Stop | Start |_
Number of points fo4s Current point 1374 Number of points fods Current point 1374
ot o A lr” M
i pol |
T e
Read rate 5 second | Read | Read rate 5=ccond 4| Read |




Overlay plugin




Overlay plugin

>¢ NDDverlay8.adl

Name

ROT1

ROIZ

ROT3

ROT4

Yeo Cursorl

b ves 4 Fuvsnr*l
[ lo ] Curgor?

b Ho .nlpurﬂsnrﬂ

Boxl

7 ves | l3|:|><1

1o | Box2

8 M o I FDHQ

13P51:Overl:
Green X Y
Shape Draw mode Red {mono) Blue Pos. Size Pos. Size
Rectangle set { pAsla) ) 150 100 280 100
Rectangle i | Set 4| 255 [150 {100 250 100
P | |
Rectangle ¥OR 0 205 0 (0 100 (0 100
Rectangle | HOR =113 1255 0 {200 0 1100
I—— L —— F——
Rectangle Set ( ) i 0 ( i\ f
Rectangle i | Set [P 255 0 0 0 0
| R | =¥ | =l | J—|
Rectangle Set f 255 i ( 0 ( )
Rectangle i | Set | P 1255 0 D 0 0
I—— I—— —— I——
Cross Set 0 205 0 420 ai) 196 o)
Cross | Set |p 1255 M20 50 [196 a0
| [ e [
Cross A0R 0 205 0 227 199 171 128
Cross | HOR. | p PEE PQ? |199 11?1 1128
I [ | l [ | I [ | I [ |
Rectangle ROR 0 206 0 400 Bl 400 Bl
Rectangle i | HOR |p 1255 H00 50 400 a0
| SNSRI | R | I |
Rectangle #OR 0 205 0 142 268 107 128
Rectangle | HOR =113 1255 {142 1568 [L07 [128

More

More

More

More

More

More

More

f Rk EEEE

More




Overlay plugin




Overlay plugin

>¢ NDOverlayN.adl

L 13PS1:image1:
13]:)51 :Uverl : 1 680x5612 pixels; 8-bit, 340k
Use? ve= i
Name [R0I1
Shape _ Rectangle | Rectangls
Draw mode Set = bet
Red P i
Green (mono) 255 255
Bluep 0
X
Position [l50 150
J JE

Position link l13PSl:RDIl:HinK_RB'-." CP M=

Size [100 100

J JR
Size link I13F‘Sl:RDI1:SiZEK_RB'\.-' CP M=z

Y
Position (50 250

Position link |13F‘Sl:RDI1:HinY_RB'-." CP M5 |:|
| JE

Size [l00 100

| =l
Size link l13F‘Sl:RDI1:SizeV_RB'\.-' CP M3

Centroid of laser pointer calculated by
statistics plugin

Cursor overlay X, Y position linked to
centroid



*¢ NDProcess.ad|

Processing plugin

135IM1 : Procl :

asyn port
Plugin type
firray port
Array address
Enable

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

Data type

Color mode
Bayer pattern
Unique ID

Time stamp
Attributes file

asyn record

PROC1
MDPluginProcess

[S.IP'Il— s

C—
Enzble AI Fnable

pow 0,000

Ma | fo

1024
Int3
Mono
RGGR
12032
T1778877092, 883

1024

0

I
@ |

Background subtraction
Save background Save | Invalid
Enable background miss1- | [IEEEENE]

Flat field normalization
Save flat field save | Invalid

Enable flat field missi- | [IEEEENE
Scale flat field 55 285

Scale and 0ffset
Enable scalefoff. Dizane o
Auto scalefoff. rAuto calc |

Scale value fp.10 42,50
0ffset value [B.00 i, 00

Low/High Clipping

Enable low clip Dizanle |
Low clip value [roo
Enable high clip pisasie 4|
High clip value [i50

Output data type

Enable

Enable

Enable

205

Data tgpe Automatic .|| Automatic

Recursive filter

Enable filter

N filter

N filtered

Filter type

Reset filter

Auto reset filter

Filter callbacks
00ffsetp.oo 0,00
0C1ftoo 1,00
0C3p.o0 0,00
FOffsetfp.oo 0,00
FCifroo — 1,00
FC3p.oo 0,00
ROffsetfp.oo 0,00

RC1p.oo 0,00

Disakle | -
o 100
f

Recursivefve

Reszet I

Yes =

=

Every array =

0Scalefi.oo 100
0C2fFt.00 -1, 00
0C4[roo 1,00

FScaleft.oo 100
FC2Ft.o0 -1, 00

FC4ftoo 1,00
RC2[roo 1,00

0[n] = O0ffset + OScale*{{(OC1+0C2/N)#F[n-1] +

(OC3+0C4 My *I[n] >

F[n] = FOffset + FScale*((FC1+FCZ/M)*F [n-1] +

On filter reset:

(FC3+FC4/ My *I[n] >

F[0O] = ROffset + RC1#F[n] + RCZ*I[w]

I-=
F =
N = value of HumFiltered

Input artau in callback
Stored filter (double precision)

0 = Qutput array passed to clients




. 13PS1:imagel:
BE0x513 piXE\, 8-hit, 340k

No filtering

Processing plugin
30 microsec exposure time

(=163

. 13P51:imagel:
B80x512 pixels,; 8-hit; 340K

N=100 recursive average filter

=1ES)

L
:| 16000
14000

12000
10000

G000

Counts

E0on

000

2000

&

T
50 100 150

Ein number

—
200

250

300

L
:| 10000

i -
[ L
G000 )
L 4
L LR}
L r 4
. -
= EIIIIZID—_ - 1
S | 4 4
=) - 4+ A
&) - . .
40001 . .
B i - &
B a9 4
2000 . ‘.'v; 1
B L
D"J"'I"”'I" |
1] Lo 100 150 200 250
Ein number

300




Processing plugin

Pre-defined recursive filters

e RecursiveAve

* Recursive average.

e Computes running average with 1/N contribution from

new frame

e Average

e True average, averages next N frames
e SUM

e Sum of the next N frames
e Difference

e Difference of frame N and N-1
e RecursiveAveDiff

 Difference of recursive average and frame N
o CopyToFilter

* Make the last stored frame be the next frame



Transform plugin

R2-1 changes

* Greatly simplified: just
8 operations including
null operation

o 13-85 times faster than
previous releases
depending on data type,
color mode

M e

135IM] : Trans]:

asyn port TRANS]
Plugin type NIPluginTransform

Array port [WER1T  OVERL
Array address p
Enable  Ensbie | [HENIE
Min. time D.000  (, 000
Callbacks block Ho 4 | bo
Queue size/free 2l 0
Array counter 18

Array rate (.10

Dropped arrays [ {

# dimensions Z
Array Size 50li bla ]
Data type UInts
Color mode [Mono
Bayer pattern RGGE
Unique ID 15
Time stamp 778273003, 643
Attributes file |

asyn record G |

Transform Type  RotoHirrar =

None Mirror
Rot90 "Ti Rot90Mirror [T
Rot180 4 Rot180Mirror
Rot270 L Rot270Mirror U




Plugins: NDPluginFile

« Saves NDArrays to disk

e 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

e 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 (R2-1)
* One array per file

— NDFileJPEG

« With compression control
* One array per file

— NDFileNetCDF

» Popular self-describing binary format, supported by Unidata at UCAR
o Multiple arrays per file



Plugins: NDPluginFile

— NDFileHDF5

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

» R2-1 supports using an XML file to define the layout and placement of NDArrays
and NDAttributes in the HDF5 file

— 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 NDFileHDFS5 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



NDPluginFile Recent Features

* New record, DeleteDriverFile. Allows file writing plugins to
delete the "original™ file that the driver created for that array if
the following are all true:

— The DeleteDriverFile record is "Yes".

— The file plugin has successfully written a new file.

— The array contains an attribute called "DriverFileName" that contains the full file
name of the original file. The driver attributes XML file should contain a line like
the following:

<Attribute name="DriverFileName" type="PARAM" source="FULL_FILE_NAME"
datatype="string" description="Driver file name"/>

 Support for getting the file name and file number from array
attributes rather than from the normal EPICS PVs. Allows the
driver to control which plugin saves a particular array. (Ulrik
Pedersen)

2 new records, WriteStatus and WriteMessage to display status
of file writing operations.



NDPluginFile Recent Features

e “Lazy-open” (R2-1)
— Normally files in stream mode are opened when Capture PV is setto 1

— This requires that there have already been an NDArray received by that
plugin with the correct dimensions and attributes

— “Lazy-open” is selected the file is not opened until the first NDArray
callback happens after Capture is set to 1.

— Simpler for users, but poorer performance, can lead to dropped arrays
* File plugins can now create directories (R2-2)

* File plugins can write files with a temporary suffix and then
rename the file after writing is complete. (R2-2)

— Allows rsync, etc. to be used to copy files, with guarantee that they are
complete



File saving with driver

e [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.

e 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

5 NDFileTIFF.adl

=E=<)

135IM1 : TIFFT:

asyn port
Plugin type
firray port
Array address
Enable

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

Data type

Color mode
Bayer pattern
Unique ID

Time stamp
Attributes file

asyn record

F11eTTFF1
NDF11eTTFF

|E1r11 S1Ml

w i
Enzhble .l| | I'1.EL]:]:|_E:

5,000 0, 000

1024
Ints
Mono
RGGR
438270
F17964 044, 637

1024

f

Jeorvette/hone,/epics/scrateh/80F 1 1sTest /
File path |,»‘C:Dr*vette/hame/epic:s/su:r*atc:h,"HDFileTest
test_tiff
File name [test _tiff
Next file # ESS 358
Auto increment ves |Y¥es
boks ¥, tiff
Filename format [fsZs Zd.tiff Example: ¥s¥s_%3.3d.tif
Last filename /fcorvette/home/epics/scrateh/8DFileTast test tiff 357, tiff

Done

Read file Read | Auto save Mo |Ho
# Capture fLooo 1000 167

Delete driver file Mo |0

Exists: Yes

Save file Sawe |
Hrite mode stream 4|Shﬁam

Capture Start |
Write status MHrite 0K

HWrite message

Stop |

l
2

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




NDPluginFile display: netCDF

’< NDFileNetCDF .adl

13STM1 : netCDF1 :

FileNetCDE1
INDF 11t CDF

[SIHI— SIM1

C—
Ensble | Frable

B 0,000

asyn port
Plugin type
Array port
Array address
Enable
Min. time
Callbacks block
Queue size/free 20
Array counter
firray rate
Dropped arrays
# dimensions
1024
Int3
Mono
RGGE
1143948
Time stamp 717912009, 115

Array Size 1024
Data type
Color mode
Bayer pattern

Unique ID

0

Shone/epics/scrateh/

Exists: Yes

File path |/hone/epics/scratch/
abe

File name |abc
Next file # FE
Auto increment ves .|Yes
¥s¥s ¥d, nc

Filename format [2s®s_d.nc

Example: %s¥s_%3.3d.nc

Last filename /home/epics/scratch/abe 14, no

Save file =ave |
Mrite mode _stresn | 3tream

Start |
Write OK

Capture Stop

Write status

Hrite message

Done

Read file Read | Auto save Ho 4|NO

# Capture froo 100 96

Delete driver file n |Ho

Attributes file |

asyn record & |

Example: streaming 47 frames/second of 1024x1024 video to
netCDF files, no dropped frames.




NDFileHDF5

F b |
o e e . IR R e TR | ===

135IM1:HDF1:

asyn port FileHIF1
Plugin type NDFileHDFD wverl. 8,7

Array port FIMI  S5IMI
Array address o 0
Enable Ensble | [O9%N
Min. time P.000 (0. 000
Callbacks block Ha | Mo
Queue sizeffree 20 o]
Array counter hfﬂll

Array rate 10.0

Dropped arrays ] 0

# dimensions 2

Array Size 1024
Data type UInts
Color mode lono
Bayer pattern RGGB
Unique ID 3461
Time stamp 779563235, (68

1024 f

JShone/epics/ scratch) Exists: Yes

File path thmefepics/scr“atch/
test_mono

File name [test_nono

Next file # IZZO 220
Auto increment Y= |Yes
Maba_ %3, 3d. Hb
Filename format [$ss_3.3d.h5 Example: #s%s_%3.3d.h5
Last filename /home/epicsa/scratch/test mono_ 219, hb

Lazy open _te= |Yes

Save file GSawe |
Mrite mode _stresn | Stream

Capture Start | Stop |

HWrite status krite OK
HWrite message

Done

Read file FRead | Auto save te  —|lo
# Capture |100 100 28

Delete driver file 1w |l

Attributes file |

asyn record i |

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

Boundary threshold |1 1
Flush on N'th framep |

Rows
Columns
Frames cached

Boundary

Extra dimensions
# -2 0
Size N[l 1

N frams number n

x|1 1

Compression tere - |Hone
# data bitsf 8
Data bits offset])  (
SZip # pixels[ie 16
Zlib levelf 6

Name
Size

Store performance o |Yes Name X scan dimension X
Store attributes no  o|Yes Size Y[ 1

Run time 9, 913 ¥ zcan dimension Y

I/0 speed30.7

Name

Exists: Yes
hdfh_lavout_demo, zml

XML File name fdf5_lagout_demo.xnl




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> <I-- end group NDAttribute -->
</group> <I-- end group detector -->

<group name="NDAttributes" ndattr_default="true">
<attribute name="NX_class" source="'constant" value="NXcollection" type="'string"></attribute>
</group> <I-- end group NDAttribute (default) -->
<group name="‘performance'>
<dataset name="timestamp' source="ndattribute'></dataset>
</group> <I-- end group performance -->
</group> <I-- 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>
<I-- The "target" attribute in /entry/instrument/detector/data is used to
tell Nexus utilities that this is a hardlink -->
</group> <I-- end group data -->
</group> <I-- end group entry -->
</xml>



Viewers

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

e Current viewers include:

— ImageJ plugin EPICS_AD Display. ImagelJ is a very
popular image analysis program, written in Java, derived
from NIH Image.

— IDL EPICS_AD_Display.
— ffmpegServer allows image display in any Web browser

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



ImageJ Viewer

EoX

. ImageJ
File Edit Image Process Analyze Plugins Window Help

O|Q|z|of8 4]+ Ala | 2|@[vufsw| 0|4 8] #]_|»

¥=610, y=421, value=86 92 39

Dev
=

S=1ES

Image J EPICS_AD_Viewer Plugin
PVPrefix X NY MHZ Framesis Capture to 5tack

13PStimaget: 3 640 480 35.0 [ Snap Start Stop

Status: 4/8/09 9:36:47.814: Mew images=70

L Profile of 13PS1:image1:

L 13PS1:image1:

40:480 pixels, RGE, 1.2MB 67 8x455 pivels, §-bif, 301K
250
200
150
a
=
©
=3
100
a0
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Internals
Class hierarchy

asynPorDriver

asyniDArrayDriver

ADDriver

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

prosilica

o
%]

pvCam

raper

simDetector

URLDriver

JHIHTHTHITE

MDPluginDriver

MOPluginAttribute
MDFluginCalarConvert
MHDPluginFile
MOPluginOwverlay
MDOPluginP rocess
HOPluginROl
MODFluginStats

MDPluginStdarrays

MDPluginTransform

i



Recent Changes (R2-0)

Added EPICS timestamp field to NDArray

EPICS records can get the timestamp when the image was
collected by setting TSE=-2.

Added NDAttributeFunct, allows user-written function to
set the value of an attribute



Recent Changes (R2-1)

NDPIluginTransform
— Greatly simplified and performance improved

NDPIluginFile
— Added support for “lazy-open”

NDFileHDF5
— Support for defining the layout of the HDF5 file via an XML file

NDFileTIFF
— NDAttributes are written to user ASCII TIFF tags (up to 490)

NDPIluginOverlay
— Support for text overlays
— Support for defining the line width in rectangle and cross overlays



Recent Changes (R2-2, not released)

 NDPIluginFile
— Added support for creating directories
— Added support for using a temporary suffix and renaming on close

 NDPIluginROIStat

— New plugin to do simple statistics on multiple ROIs

e simDetectorNolOC

— Example standalone C++ application that instantiates a
simDetector without running an EPICS I0C

— Shows that areaDetector drivers and plugins only depend on
libCom and asyn libraries. Can be used from other control

systems.



Future ldeas (R2-3?)

« Make trigger modes in ADBase be Free Run, Fixed Rate,
External. Now it is Internal, External.

o AcquirePeriod would only apply in fixed rate, not in Free
Run. This is easier for users.



Future ldeas (R3-07?)

o Simplify NDPluginFile base class and way file saving
works

— Remove the Single/Stream/Capture mode.

 Two parameters
— # NDArrays to save (already present)
— # NDArrays per file (new)
— This allows saving only 1 array per HDF5 file, which is not
possible now in Stream mode.
o Capture mode can be replaced:
— Make input queue large enough OR
— Use new NDPIluginCircularBuffer



Future ldeas

e Put more functionality into ADDriver base class
— Currently it does not do much, all code is in each driver for:
» Doing callbacks to plugins
» Processing new exposure time with writeFloat64 function

— writeFloat64 in ADDriver base class would call setExposure() in
derived class

— Derived class would call ADDriver::doPluginCallbacks(), which

would handle setting attributes, getting timestamp, calling plugins,
etc.

e This Is the way the Model 3 motor driver, which also uses
asynPortDriver, Is written
o Demultiplexor/multiplexor plugin

— Allow multiple plugins to work on the same data stream when it
saturates a single core



Future ldeas

o Extend areaDetector concepts to other types of detectors:
— ADCs
— Electrometers
— Waveform digitizers
— Oscilloscopes?

e They all produce 1-D (or 2-D for multi-channel inputs)
arrays that could benefit from plugins for file saving,
FFTs, ROI extraction, digital filtering, etc.



Future ldeas

Export NDArrays via EPICS V4

David Hickin (DLS) has demonstrated:

— A plugin that exports NDArrays as V4 objects over Channel
Access

— An ADDiriver that receives the V4 objects on another machine and
has its own set of plugins
Allows using multiple machines, and multiple processes,
not just multiple cores in a single 10OC for plugin
processing



areaDetector Collaboration

The move to GitHub has really helped areaDetector
become a collaborative effort

Many more people are contributing via additions and bug
fixes.

Make changes in their fork on github and then issue a “pull
request”.

Collaboration meeting ~monthly on Google Hangout (U.
Pedersen, M. Rivers, A. Glowacki, M. Pearson, M.
Kraimer, N. Rees, D. Hickin, T. Cobb)

In-person meetings ~2 times/year.
Developed a road-map, following it pretty well.



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, Cygwin) from our Web site:
— http://cars.uchicago.edu/software/epics/areaDetector

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