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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
« 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.

« Other types of devices (Xspress3 and xXMAP x-ray spectrometers, quad
electrometers also use NDArrays and areaDetector plugins.

— 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.

« Can store motor positions, temperature, ring current, amplifier gains,
etc. with each frame.

« Written to disk files for TIFF, netCDF, and HDF5 file formats.

* 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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Detector Drivers

Currently 33 detector drivers covering a wide variety of detectors.
« Simulation driver

» GIgE cameras (Prosilica/AVT, Point Grey/FLIR, any GigEVision
camera via aravis library)

 Point Grey USB-3.x cameras
« Dectris Pilatus and Eiger pixel array detectors

e Princeton Instruments and Photometrics detectors and
spectrometers

« Andor CCD and CMOS cameras

 Perkin Elmer and Dexela flat panel detectors

* Web cameras and AXIs video servers

« Many more (Bruker, Pixirad, Photonic Sciences, etc.)




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 Similated detector
Model Basic simuilator

Shutter

Shutter mode
Status: Det. Closed  EPICS Closed
Open/Close Open | Close |
Delay: Open p.000 Close [.000
EPICS shutter setup o

Hone = I

Connected
Connection Correct | Disconnect|
More |
Readout
X Y
Sensor size B4 4820
1 1
Binning [ i
0 ]
Region start 0 ]
£410) 420
Region size [540 Hz0
Lo o
Reverse _ta o
Image size 640 430
Image size (bytes) 30700
Gain [.000 1, 000
Data type uite | [Int3
Color mode toro | Moo

Collect
Exposure time 0.010  (, (10
Acquire period [0.000  (, 000
# Images [io 10
# Images complete 03
# Exp./image [ 1
Image mode = | Continuous
+| Internal

Continuous

Internal

Trigger mode

Acquire Start | Stop |

Detector state
Time remaining (. 000

Image counter P 703

Image rate 57,0

Array callbacks Ense1= | Enable

File
Driver file I/0 Ch |




simDetector: Detector-specific screen

Example
1024x1024 pixels

16-bit integer images

485 frames/s
~1GB/s

# simDetector.adl@corvette.cars.aps.anl.gov

| See———)

Simulation Detector — 13SIM1:cam]l:

Setup
asyn port 511

SDK version Z.4.0
Driver version .41
ADCore version 3, 0.0

Connection

EPICS name 135IM1:caml:
Manufacturer Simulated detector
Model Basic simulator
Serial number lo serial mumber

Firmware version lo firmware

Connected

Connect | Dizconnect |

Debugging = |

Shutter
Shutter mode Haone =l
Status: Det. Clozed  EPICS
Open/Close Open | Close |

Delay: Open [b.000 Close D.000
EPICS shutter setup m |

Collect
Exposure time [0.001 (., 001
Acquire period [0.00Z 0,002
# Images [0 20
# Images complete e
Image mode _ Continuous | Continuous
Trigger mode tnternsl | Internal

Plugins
Al | File = | RUIL' Acquire Star“t| Stop |
Stats @ | mother #1 | @0ther #2 ||| Detector state Waiting
Readout Time remaining (., 000
¥ ¥ Image counter 0 8774
Sensor size 1024 1024 Image rate 480, (0
1 1 Array callbacks _Enwi=  <| Enable
Binning |1 n Attributes
Region start P 0 P 0 File [inDetectorfttributestacros =nl
1024 1024 Macros [AMERA=T35THL:cant :, ID=1D13us ¢
Region size [1024 [i0z4 Status &ttributes file 0K
Reverse NEJO o NEJO = Simulation setup m |
Inage size 1024 1024
Image size (bytes) 2097152
Gain [L00,000 100, 000
Data type _Intte | Int16
Color mode tere | Mono




simDetector Driver
3 simulation modes, LinearRamp, Peaks, Sine Waves.

Independent gains for X, Y, Overall, Red, Green, Blue

Linear ramp has X and Y linear ramp with array index, each
cycle just adds value to each pixel. Very fast.

Peak mode is array of Gaussian peaks plus noise. Slower.

Sine mode 1s 2 sine waves In each of Y and Y, summed or

multiplied. Slower.

}({ simDetectorSetup.ad| | (S
Simulation Detector Setup 135IM1 :caml:
Gains Peak mode Sine mode
X[Eo0  LO0 Start XP 0 X sine #1 Y sine #1
Yoo 1,00 Start YO 0 Amplitude [L.00 100 If.00 L. 00
Overall [f00.000 100, 000 Num X [fo00 2000 Frequency .00 2.00  [oo 400
Red [[.00 1,00 Num Y000 2000 Phase p0.00 90,00  f5.00 45,00
Green [L.00 1,00 Step X[z 128 X sine #2 Y sine #2
Blue [T.00  1,0f Step Y56 56 Amplitude oo 1,00 [Loo 1,00
Width Xfio 10 Frequency5.00 500 [o.oo 20, 00
Simulation mode Hidth YBo &0 Phase [0.00 (0, 00 .00 0, 00
Sine .II o
Yariation [0 i Operation Fidt - fidd <]
Reset Reset incgo | Noise | f 0ffset .00 4,00
Noise [0.00 0, 00




simDetector: Linear Ramp Mode

. 13S5IM1:image1:
640x480 pixels; RGE; 1.2M




simDetector Peaks mode with FFT




simDetector: Sine mode

¢ 13SIMiiimagel: (50%) P
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1024x1024 pixels; 32-hit; 4MB
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Pilatus specific control screen

# pilatusDetector.adl@corvette

[F=1 Eew

Pilatus Detector Control - 13PIL300K:caml:

Setup

asyn port PIL
EPICS name 13PIL300K:caml:
Manufacturer Dectris
Model Pilatus
Serial number Unknown
Firmware version Unknown
SDK

Driver

ADCore

version 7.9, 0

version 2.5, 0

version 3, 1,0
Connected

Connection Connect | Disconnectl

Debugging @ |

Collect
Exposure time[1.000 1, (00
Acquire period[1.001 1. 001
# Imagesfioc 10
Delay time [0.000000 (), 000000
# Exp./imagell 1

Shutter
Shutter mode EPICS PY
Status: Det. Closed  EPICS
Open/Close Open | Close |
Delay: Open p.000 Close [p.000
EPICS shutter setup @

Trigger‘ mode Internal =] I Internal

Attributes
Acquire Start | Stop | File [PAC_P3.unl
Armed Armed Macros |

Status Attributes file OK

Image counter D 3

Image rate 1,00

Array callbacks skl ~| Enable

Plugins

ALL File @& |

Stats @ |

ROI = |

Di0ther #1 | @0ther #2 |

Detector
Detector Size 1470 195
Threshold (ke¥) [i1.000 11,000

Energy (ke¥) fZ.000 22, 000
En./Thr. apply = =| feply |

Shaping time/Gain 7-3oKevFast/Lous .||
Pixel cutoff 10
Reset module power _Resst |

Reset power delayll 1
Read file timeout [0.000

Gap fill -+ | -1
Temperature 0.0 .5 b
Humidity 0.0 3.5 1.8
Status rate Passive =

File Jearsh/Data/dac_user/2018/I00-2018-1/Pilatus300E/ Exists: Yes
File path [Fcar“sﬁ/Data/dac_user“/ZO18/IDD—2018—1/Pilatus300K
prllatus300k
File name |pilatus300k
Next file # rg
Auto increment _ve= |Yes
¥ao¥s %4, 4d_, taf
Filename format [fs¥s_#d.4d_.tif File format _ tre | TIFF
Last filename /carsh/Data/dac_user/2018/I00-2018-1/Pilatus300K, pilatus300k_000

Ancillary information m |

Status
Status: Reading image file /carsS/Datasdac_user/2018/I0D-2018-1,
To camserver: Exposure Acarsh/Datasdac_user/2018/I00-2018-1/Pilatus300
From camserver: 15 0K Starting 1.0000000 second hackground: Z018-01-21T1

Data corrections
Bad pixel file: ﬂ’home/det/p?_det/cunfig/bad_pixel‘txt

# Bad pixels: 0
Flat field file:|
Flat field valid:

Mo

flat field:hOO

Min.




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 [RL1 Shutter mode Nane o 1 BHC Hutch (Rxis) [ittps/ 164,54, 160,141/ g/ L/hugesize. jog
EPICS name 13URL1:caml: Status: Det. Cloged EPICS 2 FHE Sanple (Axis) h'ttp://lEil,54‘160‘141/jpg/2/hugesize‘jpg
Manufacturer UEL Driver Open/Close 0pen | Close | 3 [The Sun! Jinages/sun. jrg
Model Graphicstagick Delay: Open W Close W 4 |narCCD jimages/marCCD, tif
Connected EPICS shutter setup m | 5 [FultiTIFF [imagesMultiTIFF £iff
Connection Connect | Disconnect| b I]JRLE I]
i Collect
Debugging & | ficquire period p.100 (1, 100 7 IR7 J
Plugins # Images[l 1 8 R J
File & | ROI @ | # Images complete 1096 PR I
Statistics & | Other @ | Image mode  ctentirueus | (Continuons 1opRi0 !

Readout Acquire Start| Stop |
. ?34 4;0 Detector state

Image size Image counterd 1095
Image size (bytes) 1013760

Deris o Tt Image rate 4,0

ata type 7 A llbacks _Ensie | Enable
Color mode  RGBI TR e

Attributes
File]
URL

BHC Hubch <xisy | Dsetun | hbtp://164, B4, 160, 141/ dpe/1/ugesize, Jpg




Point Grey drivers

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

» GIgE, USB 3.0, and 10 GigE camera
 High performance, low cost

« ADSpinnaker driver which uses their new Spinnaker SDK.
Required for their newest camera models like BlackFlyS and
Oryx 10-GBit Ethernet.

Model Interface Resolution |Price |Measured Measured
Speed Speed
(frames/s) | (MB/s)

BlackflyS 1-Gbit Ethernet  1280x1024  $325 83 frames/s 104 MB/s
BF3-PGE-13Y3M

Grasshopper 3 USB-3 1920x1200 $995 156 frames/s 343 MB/s
GS3-U3-23S6M

Oryx 10-Gbit Ethernet 2448x2048 $1,875 163 frames/s 779 MB/s

ORX-10G-51S5M-C



Point Grey GigkE 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 or mono
- 50 frames/s

- $525

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

Soncor LU MP GIG=

VISION



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

« 1920 x 1200 global shutter CMQOS
. Sony IMX174 1/1.2 [ Emp UsE
« 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 10-GDbit Ethernet Camera
Oryx ORX-10G-5155C-C

« 2448 x 2048 global shutter CMQOS
Sony IMX250 2/3”

Dynamic range of 72 dB

Peak QE of 62%

Read noise of 2.2e-

12-bit, 10-bit, or 8-bit data

Max frame rate of 162 fps
— 779 MB/S, >8X faster than GigE

« $1,875

Model Resolution |Price |Speed Speed (MB/s)
(frames/s)

ORX-10G-123S6M-C 4096x3000 $3,950 68 frames/s 797 MB/s
ORX-10G-123S6M-C 4096 x 2160 $3,650 93 frames/s 785 MB/s
ORX-10G-51S5M-C  2448x2048 $1,875 163 frames/s 779 MB/s



Point Grey Driver

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

(o] B

Setup

asyn port PGl
EPICS name 13PGl:caml:
Manufacturer Point Grey Regearch
Model Blackfly BFLY-PGE-20
Serial Number 13481955
Firmware Yers. 12730
Software Yers. 4.6.3

Debugging @ |

Shutter
Shutter mode Haone =]
Status: Det. Closed  EPICS
Open/Close Open | Close |
Delay: Open [.000 Close jp.000

EPICS shutter setup B

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

Collect
Exposure time p.0d0 0. 033

Aicquire 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 _Erskl=  —|Enable

Readout
X Y
Sensor size 1600 1200
] |
Region start [0 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 [UInt8

Color mode  [Momo

Video mode  Formatz o |Format?

0 (1800z12000
Format7 mode ¢ ceoemazon |
Properties m |
Frame rate  @More |lndefinedl
Pixel format _ @iore |Rawd
Convert raw _tee |llone
Timestamp _canera o |Camera

Status
Status rate 1 second |
Dropped frames()
Corrupt frames(
Driver droppedi
Transmit failed?]
Temperature 42,5

Attributes

File|

Trigger

Internal
Trigger mode Internal .||
Trigger source _crroo «|GPID_{)
Trigper polarity wisn |High
Trigger delay[f.000 0,000

Skip framesp 0

Software trigger Trigger |

Strobe

Strobe source crroi o |GPI0_L

Strobe enable Ersbl=  |Enable
Strobe polarity  Ltew  o|Low

Strobe delayl.0ot 0,001
Strobe duration0.020 (., 020

Buffers
Buffers max/used ] 1
Buffers alloc/free & 1
Memory max/used (MB) 0.0 27

Buffer & memory polling 1 second .l|

Bandwidth Control
Max packet size 9000

Packet size |1440 1440

Packet size 1440

GigE packet delay 00 400
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
— If executing in callback thread, no queuing, but slows 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 can be 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.



NDPluginDriver medm Screens

™ NDStdArrays.adl@corvette.cars.aps.anl.gov | = | = - | # NDPluginBaseFullad|@corvette.cars.aps.anl.gov [ESNEERT)
135IM1: imagel:

| 135IM] : imagel: P —
Plugin type MDPluginitdfrrays
asyn port Imagel
yn port Mg . ADCore version 26,0
Plugin type [DFluginstdirrays Pl sersian %6
ADCore version 2.6, 0 Array port SINL SIML
Plugin version 2.6, [ fArray address f U
Enable _ Enswle | BEDIE
Array port [Ifl 51l Min. time P.000 0,000
Array address | ] Callbacks block _ #  +|lo
Enable E— || A # threads [I 1
: ; Max # threads 5
Min. time [0.00 0. CICIG Queue size/free [0 N
Callbacks block Ne: = | Mo Sort mode _ unsorted | lnsorted
Sort time [0.100 0, 100
Array counter Reset to 0 | 22044
Y Sort size/free P [
HT‘T‘E'U rate zof, 00 # disordered Reset to 0 [0
Execution time 9,922 msec Array counter _Reset to 0 | 42764
Array rate 250,00
Dropped arrays Reset to 0 | 19513 J
PP. _ Y Execution time 2,942 msec
# dimensions I Dropped arrays _PReset to 0 | 33194
Array Size 1024 1024 ] Dropped outputs Reset to 0 | ()
dimensions 2
Data type Float3: *
yup Array Size 1024 1024 0
Color mode lono Data type Float3?
Unique ID 220575 Color mode lono
Time stamp 858383304, 571 Bayer pattern i
. . Unique ID 550283
Attributes file | Time stamp 858383388, 180
ﬁrrau callbacks Dizzble - | _ Attributes file |
Process plugin  Process | firreay @olll.beeky —Imsable Dcehlle |
Process plugin _ Process |
More %—I asyn record | |




Plugins (continued)

Currently 20 plugins that perform wide variety of operations
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.
NDPIluginPVA

— Converts NDArrays to EPICS V4 NTNDArrays

— Exports the NtNDArrays over PVVAccess with internal V4 server

— Can be used to send structured data to EPICS V4 clients

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

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.
* 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

* NDPIluginROIStat

— 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.

« 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.



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 WDPluginStdérrays [FIMI enaste | Mo 0 BEEE .0 GMore |
PROCI NDPluginProcess  BIMI Enable | able Mo 0 BE 0.0 Gitore |
TRAMS1 NDPluginTransform [FIMI pisseie | EEEEIEE ~ | 0 [ 20 ] 0.0 Gitore |
o1 WDPluginColorCorwert BIMT  nisabie | [NIEEEE v | 0 B .0 GMore |
! cee NDPluginColorConvert BT nissri - (ICEREE ~ -/ 0 EEEEE 00 %o
OVER1 NDPluginOverlay TN visabie | [EEEEIEE v | 0 B .0 GMore |
ROT1 NDP1uginROT EIMI Enaple o No 0 BEE .0 Gitore |
ROT2 NOP1uginkOT EIML  pisele | [JICEREE ~ - i B .0 Gitore |
ROT3 NOP1uginkOT EIML  pisele | [JICEREE ~ - i B .0 Gitore |
ROT4 NOP1uginkOT EIML  pisele | [JICEREE ~ - i B .0 Gitore |
STATH1 NDPluginStats — ROII pisae | NEEEDEE v~ o 0 B .0 Giore |
STATHE NDPluginStats — ROIZ pisae | NEEEDEE v~ o 0 B .0 Giore |
STATHS MDPluginitats ROI3  pisavie | [EEERNEE ~ 0 [ 20 ] (.0 Gitore |
STATHE MDPluginitats ROI4  pisavie | [EEERNEE v 0 [ 20 ] (.0 Gitore |
STATHh NDPluginStats  BIML ensote | [JPOTEE ve | 88D B L0 Gtore |
FileletCDF] MNDF11eNetCDF BIMI  eneote o | JPOERE Ho I [ 20 (.0 Gtore |
FileTTFF1 NDE11eTTFF BIM1  pisacie | [ECEREE @~ -~ 0 [ 20 ] (.0 Gtore |
FileJPEGL NDF11eJPEG BIM1  pisacie | [IEEERNEE @~ -~ 0 [ 20 | (.0 itfore |
Filelexusl WDPluginFile — [T enaote | [EEDE Mo 0 BEE .0 DHare |
FileMagickl NDFileMagick  BIMI  bpisaole || EEEEIEE v | 0 BEE .0 GMore |
FileHDF1  MNDFileHDFS verl,8,7 FIMI enabie | [JISEIRE Mo 0 BEE .0 Dore |




»< NDROI.adl

ROI plugin

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 «| Automatic

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 [
] ] ]
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

firray counter
firray rate
Dropped arrays

# dimensions :

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 @ |

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= .| JEE
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 | [EE
56 256
0
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

¥¢ NDPlot.adl

13PS1:Stats1: Histogram 13PS1:Stats]: CursorY 13PS1:Statsl: AverageX
12000 FA 300 10
: S . 3
1 uouu-:- / g‘_:."-ﬁ;&m 250 3 g ;
Bo00-- ¥ 3 200 : g
= : : 3 2 2 7 :
S BO00+ E S 150 = )
8 ; f : - S )
4000___ ; ‘* 100 ::
L $ - 5
2000+ J/ \‘ 50 ™ n
. 1 -
T T T T . . A ) .
] =] 100 150 200 250 300 o 200 400 GO0 800 100a 1200 ] 200 400 500 300 1000 1200 1400
Bin hurnber Fixel Fisel
Histogram CursorY AverageX

> NDTimeSeries.adl

»¢ NDTimeSeries.adl|

135IM1 :Statsh: TSCentroidY

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

135IM1 :Statsh: TSTotal

Erase/Start| Stop | Start |_
Number of points [20ds Current point 1374

. P i
i =l
L 5 e

Read rate 5 second

Read |

Read rate 5=ccond o

Read |




Overlay plugin

. 13PS1:image1:

< NDOverlayN.adl

131:)51 : Dverl . 1 . 6230x512 pixels; 8-bit; 340K
Use?  ve= 4 ¥
Name [R0I1
Shape _ Restansle | Rectangle
Draw mode Set. -] oet

Red 0 i
Green (mono) 55 255

Blueb )

X
Position[50 150
———

Position link |13F‘Sl:RDIl:r'1in>-{_RB'wl CP M3
Size [I00 100
| JR |
Size link IlSPSl:REIIl:SizeK_RBU CP M5

Y
Position (50 paall]

Position link IlSF‘Si:REIIi:HinY_RB'\.-' CP M5 D
| i

Size [100 100

I RS
Size link IlSPSl:RDIl:SizeH"_RB'-.-‘ CP M=

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
firray Size

Data type

Color mode
Bayer pattern

PROCI
MDPluginProcess

[E.If"ll— SIML
C—
Enzble AI Fnable
Foo 0,000
Ha AI ko
20

p— 115712
&, 0
—
2
1024
Ints
Mono
RGGR

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 misw- .| EEERIE
Scale flat field 55 255

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 Dizanle |
Low clip value [oo
Enable high clip pisasle 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

Auto reset Filter
Filter callbacks

Disakle | -
o 100
|

Recursivefve

Reset I

Yes =

=

Every array Jl

00ffsetp.oo 0,00 0Scaleft.oo 1,00
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

ROffsetfp.oo 0,00
RC1p.co— 0. 00 RC2[T.co 100

O[n] = O0ffset + OScale*((OC1+0C2/M)*F [n-1] +

(OC3+0C4/M) *1[n])

Fln] = FOffset + FScale* ((FCI+FC2/M) #F [n-1] +

(FCI+FCa/M) #1[n])

On filter reset:

F[0] = ROffset + RCI#F[n] + RC2Z*I[0]
I = Input artay in callback

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

0 = Qutput array passed to clients




Processing plugin

30 microsec exposure time
N=100 recursive average filter

No filterini
13PS1:image1: Q@@ 13PS1:image1: Q@@

680x512 pixels, 8-hit, 340K i i 680x512 pixels, 8-hit, 340K

| ] | ]
16000 10000H
- -
140001 LY
y

S0001—
12000 . - -
- LR}
- F] L]
10000 | -t
= = EIZIIIIIJ—_ . 1
S =000 s L . a8
[&] [ - . - -
G000 & .|.|:||:||:._-_ . .
| L L] & &
4000 L - - 4
2000 a1 2 1
2000 . N : v;
e e : : - W i —4...:.....:.. |
a 50 100 150 200 250 J00 u] 50 100 150 200 250 J00
Ein number Ein number
Hitshogram Hitshogram




Transform plugin




NDPluginPva (EPICS V4/7)

New plugin that converts NDArrays into the
EPICS v4 normative type NTNDArray

Embedded EPICSv4 server serves the new
NTNDArray structure as an EPICSv4 PV

High performance, ~3.2GB/s shown here

Can be received by any EPICS v4 client
— Java, Python, C++ versions of pvAccess
— CSS has a widget that can display NTNDArrays

— New ImageJ plugin

— Can include an NTNDArray receiver in another IOC

From Bruno Martins

# NDPva.adl@corvette.cars.aps.anl.gov | == ﬂh]

135IM]1 :Pval:

asyn port PVil
Plugin type NIPluginPva

ADCore version 2.6,

Plugin version 2.6.0

firray port BIMI  £INL
firray address b 0
Enable _ Enseie .| HERIE
Min. time P.000 0, 000
Callbacks block o = | Mo
Queue size/free F_
Airray counter © 326820

Array rate 784, (0

Execution time 0,142 msec

Dropped arrays P 0

# dimensions 2
firray Size 103 1024 0
Data type Float3d
Color mode lMono
Bayer pattern RGGE
Unique ID 326320
Time stamp 854903701, 126
Attributes file |
Array callbacks _ Enale . | [HFEWAIS
asyn record & |

EPICS ¥4 PY Name
¥4 PY Name 135IM1:Pval:Image




pvAccess Driver (EPICS V4)

Logical inverse of NDPluginPva

Receives NTNDArrays over the
network, converts to NDArrays
and calls plugins

Can be used to run areaDetector
|OC and plugins on another
machine or in another process

High performance:

— ~1.2 GB/s shown here with
interprocess communication

— Saturating 10 Gb Ethernet links has

been demonstrated

From Bruno Martins

Firmware version lo firmware
SDK versionb. (.10
Driver versionl. 1.0
ADCore version 26,0
Connected

Connection Connect | Disconnect|

Debugging = |

Status

Image counter [P 105801
Image rate 303,00

Array callbacks Ensie | Enable

Buffers
Buffers max/used 20 1
Buffers alloc/free B 5

Image size (bytes) 4194304
Data type Float32
Color mode  lono

Plugins
Hemory max/used (MB) 0.0 20
ALl | File = | ROI = |
Buffer & memor olling 1 secon d S
Stats @ | Other & | < g Lot o
Driver
Readout pva
¥ y Overrun counter [P 42308
. 135IM1 -Pval - Inage
| Sensm." 5%ze 1024 1024 PV Name [(35THL:Pval: Tnaes
B L L PY¥ Connection Up
|| Region start 0 0
|| Region size 1024 1024
Reverse tlo to
Image size 1024 1024

Attributes

||| File [

f # ADPvaDriver.adl@corvette.cars.aps.anl.gov | = | & -'53'-]1
Area Detector Control - 13PVAl:caml:
Setup Collect
asyn port PV # Images [100 100
EPICS name 13PVA1:caml: # Images complete 105801. '
HManufacturer PWiccess driver Image mode _ tentirveus - |Contimious
Model Bazic PViccess driver
Serial number o zerial number Acquire Start | Stop |
Detector state [dle




Demo

« ADSimDetector
* ImageJ viewer
* Plugins

— Transform

— ROI

— Proc
— Stats



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: NDPIluginFile

* 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 NDF1leTIFF

Airray port FMMI  SIMI
firray address b 0

Enable Enable _|| Enah

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/su:r"atc:h/HDFileTest
test_tiff
File name [test tiff
Next file # I358 358
Auto increment == |Yes
Bo¥s_d, taff
Filename format [¢s¥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 | Aluto save to -I|NO
# Capture ftooo 1000 157

Delete driver file n- -I|NO

Exists: Tes

Save file Sawe |
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 |
RO e R . BN > TR ===

1351M1:HDF1:

asyn port FileHlFl
Plugin type [DFileHDFS werl, 8.7

Array port ETML  SIML
Array address o 0
Enable Ensble | (RGN
Min. time P.000 0,000
Callbacks block Ha 4| Mo
Queue size/free Z0 o]
Array counter hfﬂl

Array rate 10.0

Dropped arrays b 0

# dimensions 2

Array Size 1024 1024 |
Data type [Ints
Color mode lono

Bayer pattern RGGEB
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 Sawe |
Hrite mode _stresn | Stream

Capture Start| Staop |

Write status Hrite 0K

Hrite message

Done

Read file Read | Auto save o -I|NO
# Capture |100 100 28

Delete driver file 1w |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 | Hone
# data bits[f 8
Data bits offsetp 0
SZip # pixels[le 16
Z1ib 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 speed80.7

Exists: Yes
hdth layout_demo, zml

XML 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>



Multiple Threads per Plugin

 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 plugins that now support multiple
threads.

« Maximum number of threads that can be used for the plugin is
set in constructor and in 10C startup script.

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

« Optional sorting of NDArrays by uniqueld to attempt to output
them in the correct order.

« Several new parameters to control this option

* Plugins needed minor modifications to be thread-safe for
multiple threads running in a single plugin object.

» Most compute-intensive plugins now support multiple threads.



Multiple Threads per Plugin

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

13SIM1:Statsh:

1 Thread

asyn port
Plugin type
ADCore wersion
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
fittributes file
firray callbacks

asyn record

STATSE
NDPlugindtats
26,0

26,0

Enable = | Al 1'5‘
[p.000 0. 000

Mo | No

Ca— |
Sorted - | Sorted
D T— 1)
Ca— |
Reset to 0 | 2501

Reset 1o O | 2323
120, 00

2,151 msec

Reset 1o O | 26491
Reset 1o 0 | ]
2

1024
Float32
Mono
RGGR
31925
808340043, 780

1024 0

# corvette (epics)
Terminal  Sessions  View  Xserver Tools Games Settings  Macros  Help
™ s corvette W 14, corvette W 5. corvette dh D Qy | Quick connect...

top - ©6:43:51 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, 1.4 sy, 0.0 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: 62500860 total, 61232724 free, 1268136 used. 61595632 avail Mem

TIME+ COMMAND

=8 EeR =)

¥

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 e 470608 17040 5812 R 3.9 0.8 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
8046 gpd_user 20 B 123392 5952 1832 S ©.7 ©8.8 355:03.32 motorPoller
3058 gpd_user 20 g 123592 5952 1632 § 6.7 0.0 305:43.29 164.54.160.56:5
17270 epics 20 0 3444656 4588 1124 5 6.7 0.0 27:32.98 164.54.160.1906:

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@
135IM1:5tatsh:

asyn port
Plugin type
ADCore wersion
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
fittributes file
firray callbacks
Process plugin

asyn record

STATSE
NDPlugindtats
26,0

26,0

Erable | Fnable
p.ooo 0,000
Mo - | [
I
5
o
sorted | Sorted
p.oso 0,050
B
Reset to 0 | 17814

Reset 1o O | 22578
354, 00

2,141 msec

Reset 1o O | 1139
Reset 1o 0 | ]
2

1024
Float3z
Mono
RGGE
383608
5083401776, 423
[ptatsfttributes xnl

Enable = | Enal
Process |
T

1024 0

3 Threads

# corvette (epics)

Terminal

ﬂ& !}B.cnweﬁe

Sessions

View

X server

! 14, corvetie

Tools

Games

Settin

qs

!ﬂs.coweﬁe

top - 86:58:14 up 56 days, 19:08, 15 users,
Threads: 2258 total,

%Cpuls): 18.4 us,
: 65693432 total,
K1B Swap: 62500860 total, 61232724 free,

K1E Mem

1.4

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

5Y.

Macros

Lt

0.0 wa,
3145276 used, 61119304 buff/cache
1268136 used. 61598204 avail Mem

Help

8.0 hi,

load average: 3.18, 2.16, 1.37
8 stopped,

Quick connect..

B zombie

e.1

51, 0.0 st

=N R (==

b

44353
44352
44354
93793
93993
93995
932380
89627
44315
70635
990
3057
30451
92347

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

NI

DD OO0 DO0DDODDO0DO00

6390364
6390364
6390364
6390364
470603
6590364
6390364
470603
66644
1046080
4368
123592
106224
5285724

1.261g
1.261g
1.261g
1.261g
17040
1.261g
1.261g
17040
4544
1964
236
5952
2028
6296

5876
5876
5876
5876
5812
5876
5876
5812
1564

708

212
1032
1332
1324

S %CPU %MEM

[ W oy g e v ¥y I g Ry Ry ]

=

OO~
OO O WO NG U NG -~ O

(o o o o B T oo T N O U e I U S S )

DD OO0 DO0DDODDO0DO00

=
ca
D0 DD

397:
438:
478:
465
336:

TI

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

ME+

COMMAND

STATS5 Plugin 2
STATS5 Plugin_1
STATSS_Plugin_3
SimDetTask

medm

CAS-event

chLow

medm

top

medm

rngd
¥PsauxpPoller
¥PsauxPoller
¥PsauxPoller

http://mobaxterm.mobatek.net

I~ Sessions




Multiple Threads per Plugin
5 Threads

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

13SIM1:Statsh: P corvette (epics) =
asyn port STATES Terminal ~ Sessions  View  Xserver Tools Games Settings  Macros  Help
Plugin type NDPluginstats ™ e corvette W 14 corvette 3. corvette G D Q | Quick connect...
ADCore version Z.6.0 top - B6:52:12 up 56 days, 19:18, 15 users, load average: 4.33, 2.98, 1.74 -
Plugin wersion &6, 10 Threads: 2253 total, 5 running, 2248 sleeping, O stopped, © zombie
%Cpuls): 24.8 us, 1.2 sy, 0.0 ni, 73.9 1d, 0.0 wa, 0.8 hi, 8.1 s1, 0.8 st
Array port M S KiB Mem : 65693432 total, 1423484 free, 3149844 used, 61120184 buff/cache
firray address W 0 K1B Swap: 62500860 total, 61232724 free, 1268136 used. 61593804 avail Mem 5
Enable _ Ensie .| HRERIE
Min. time P00 0,000 _ NI S %CPU %MEM TIME+ COMMAND _
. - : 44303 epics 20 0O 6898364 1.262g 5876 R 87.9 2.0 0:49.56 STATSS Plugin 5
Callbacks block be | Mo 44392 epics 20 0 6898364 1.262g 5876 R 86.9 2.0 0:49.90 STATS5 Plugin_ 4
# threads | 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 o 44391 epics 28 @ 6890364 1.262g 5876 R 86.2 2.0 0:49.56 STATS5_Plugin_3
Queue size/free [200 E 93793 epics 20 D 6890364 1.262g 5876 S 36.1 2.0 B8:12.23 SimDetTask
Sort mode _ sorted < |Sorted 93993 epics 20 0 470608 17048 5812 S 8.2 0.0 1:19.96 medm £
_ 93880 epics 20 O 6808364 1.262g 5876 S 6.2 2.0 1:45.38 cblLow "
Sort time [.050 0. 050 93995 epics 20 0O 6300364 1.262g 5876 S 6.2 2.0 1:09.41 CAS-event 2
Sort size/free 0 EENEG_GE 80627 epics 20 0 478608 17048 5812 S 5.9 0.0 189:432.61 medm e
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NDPluginScatter

« Used to distribute (scatter) the processing of NDArrays to
multiple downstream plugins

« Allows multiple instances of a plugin to process NDArrays in parallel,
utilizing multiple cores to increase throughput.

« Utilizes modified round-robin for choosing next output plugin

 More complex than multiple threads in a single plugin, but
allows the plugins running in parallel to have different
configurations or even be different plugins

NDPluginGather

* Merges NDArrays from multiple upstream pluglns mto a single
output stream. | — ——

* Designed to work with NDPluginScatter
« Optional sorting by uniqueld
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Distributed Processing with

NDPluginScatter + EPICS V4
Distribute HDF5 file writing to multiple 10Cs (4096 x 3078 8-bit)

ADSImDetector :88 z;
- [vorugnsare ] e
NDPIluginPva NDPIuvgiana NDPIluginPva
pvagriver pvagriver pvagriver
NDFiIzHDF5 NDFiIéHDFS NDFiIzHDFS

- 101.0 1.19
- 195.2 2.29
217.5 2.55




Demo

« Multi threaded plugins



Viewers

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

e Current viewers include:

— ImagelJ 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



Viewers - 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.

— pvAccess does not use EPICS CA_ MAX_ARRAY_BYTES and there is no
restriction on the size of the NTNDArrays.



Viewers

 ImageJ plugins for displaying Images from EPICS Channel Access
and pvAccess

* pvAccess plugin now supports decompressmn so compressed data
can be transmitted across the network e

File Edit Image Process Analyze Plugins Window Help

oolc|ofE £ +A AK€ 2|@[sfsw| 7] 40| 2] |>]

x=610, y=421, value=86,92 89

£ Image ) EPICS_AD Viewer Plugin — N W
9 49

PVPrefix NX NY NEZ Frames/s Capture to Stack

ASSiitimaget Y 1024 1024 1 439 O Snap Start Stop

Status: 111/2019 17.27:26.404: Mew images=88

[£) Image J EPICS_NTMDA_Viewer Plugin — O X
channelName NX NY NE Frames/s Capture to Stack
138IM1Pvatimage | Stop 1024 1024 1 88.3 O Snap
Status: 11-Jan-2019 17:24:38 294: Received 177 images in 2.01 sec




Viewers - advanced

 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 (NDPluginROI)
— 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)



Conclusions

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

Widely adopted

— APS, SLAC, NSLS-11, CHESS, DLS, PSI, ESS, Australian Synchrotron,
many others

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

— Used to implement other N-dimension detectors, e.g. the XIA xXMAP (16
detectors x 2048 channels x 512 scan points) and quadEM (electrometers
with 4 detectors x N time samples)

Collaborative effort
— Major contributions from Diamond, NSLS-II, SLAC, PSI, many others

Code available on Github: https://github.com/areaDetector
Thanks for your attention



