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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-II, 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)

Previously several packages available, each typically restricted to a small set
of detectors (Flea, Pilatus, marCCD, etc.)

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)



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

o 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 layer 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 1s what plug-ins callbacks receive from device drivers.

o 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 callbacks.
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areaDetector — Data structures

Look at NDArray.h
Look at NDAttribute.h

Look at an XML attribute file



areaDetector Organization
(R2-x and later)

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

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



Detector drivers

o 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.

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

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

e Firewire (IEEE-1396 DCAM) (ADFireWireWin,

firewireDCAM)

— Vendor-independent Firewire camera drivers for Linux and
Windows

* Roper driver (ADRoper)

— Princeton Instruments and Photometrics cameras controlled via
WinView



Detector drivers (continued)

 PVCAM driver (ADPvCam)

— Princeton Instruments and Photometrics cameras controlled via
PVCAM library

 Pilatus driver (ADPIlatus)
— Pilatus pixel-array detectors.

e marCCD driver (ADmarCCD)
— Rayonix (MAR-USA) CCD x-ray detectors

o ADSC driver (ADADSC)
— ADSC CCD detectors

e mar345 driver (ADmar345)
— marResearch mar345 online image plate

 Perkin-Elmer driver (ADPerkinElemer)
— Perkin-Elmer amorphous silicon flat-panel detectors



Detector drivers (continued)

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

o LightField driver (ADLightField)

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

o PSL driver (ADPSL)
— Photonic Sciences Limited detectors

» URL driver (ADURL)

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

« Andor driver (ADAnNdor)
— Driver for Andor CCD cameras

e Andor3 driver (ADANdor3)
— Driver for Andor sCMQOS cameras with V3 of their SDK



Detector drivers (continued)

 Point Grey driver (ADPointGrey)

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

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

e Generic GIgE driver (aravisGIgE)

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

e PVVAccess (EPICS V4) driver

— Receives NTNDArrays over PVAccess

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



ADBase.adl — Generic control screen

« 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 - 13SIM1:caml:

Setup

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

Shutter

Shutter mode
Status: Det. Closed | EPICS Closed
Open/Close Open | Close |
Delay: Open P.000 Close 0.000
EPICS shutter setup @

Hone JI

Connection Connect | Disconnect |
More |
Readout.
X Y
Sensor size B4 4820
1 1
Binning |1 L
(0 0
Region start I
40 481
Region size |40 [z0
o tlo
Reverse Mo | Mo ]
Image size G40 480
Image size (bytes) 30700
Gain [1.000 1. 000
Data type umnts | MInt8
Color mode Mo | Momo

Collect
Exposure time 0.010  (, (10
Acquire period 0.000  (, 000
# Images [io 10
# Images complete 703
# Exp./image I 1
Image mode = | Comtinucus
| Internal

Continuous

Internal

Trigger mode

Acquire Start |  Stop |

Detector state
Time remaining 0. 000

Image counter [0 703

Image rate 57,0

Array callbacks Enssi=  +| Enable

File
Driver file 170 @ |




Pilatus specific control screen

pilatusDetector.adl




MAR-345 specific control screen
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LightField driver
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LightField driver

Area Detector Control - 13LF1:caml:
Setup Shutter Spectrometer
asyn port LF] Shutter Type Hane 4| [860nm, 300] [1] [0]
EPICS name 13LFl:caml: LF Shutter Mode Hormal =l Grating £8eonn, 300111001 =
| Manufacturer Princeton Instrument || Status: Det. Closed  EPICS Center wavelength [50.000 750, 000
Model PTAIS: 100ER Open/Close Open | Close | Entrance width [00 100
Connected Delay: Open [p.000 Close [.000 Exit port _ Front | Front
Connection _Comnect | Discomrect|||EPICS shutter setup @ | Intensifior
Debugging = | Collect Int. Enable _ vissie | Disable
Plugins Exposure time 5000 Intensifier Gain [ 0
All | File |  ROI m | Acquire Period [.000 0, (00 Gating Mode _ Revetitive | Repetitive
Stats & | Other @ | # ficcumulations P 0 Trigger Frequency fle+001  le+0(l
# I 1 Synchaster Enshle | Enable
Readout E:p?i:;zz 1 SyncMaster? Delay [1.00e-00 1, (ile-004
: X ! # Exposures Complete 0 Rep. Gate Hidth [5.00e-00 5, 00e-002
sensor Size 18140 1?0 # Frames Complete 1535 Rep. Gate Delay .00e+00 0. 00=+000
Binning [i 0 # ficquisitions | 0 Seq. Start Midth [.00e+00 0, (0e+000
0 78 # Acquisitions Complete 0 Seq. Start Delay p.00e+00 0, 00e+000
Region Start [ i Image Mode Narmal - | Mormal Seq. End Width [.00e+00 0, 00e+000
1340 10 Trigger Mode nternal | Seq. End Delay [0.00e+00 [, (e+000
Region Size [ Lo Done Aux I/0 Width [£.00e-00 2, 00=-006
o o Acquire Start |  Stop | fux I/0 Delay [.002+00 0, D0=+(00
Rever.‘se ho | ho o] Detector State [llc Bt
Image Size 1340 10 Ready to Run f=ady ——
Image Size (bytes) 268.00 Image counter[f 1535 Experiment — 5_;9_2_013‘”; ° =
Gain _tew | Medim Image Rate (.0
Data type HInt16 Array Callbacks missie | Disable Attributes
Temperature [75.0000 =75, 000 File]|
Actual temperature =75, 000 File and Background |




URL Driver

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

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

¥ URLDriver.adl

¢ URLDriverSetup.adl

Area Detector Control - 13URL1:caml: URL Setup — 13URL1:caml:
Setup Shutter Description URL
asyn port URLL SRt b mode Hane 1| 1 BMC Hutch (Rxis) [ittoz//164.54, 160,141/ jog/1/hugesize. jog
EPICS name 13IRLI:caml: Status: Det. (loged EPICS 2 FHE Sample (Axis) http://iEil,54‘160‘1:11/jpg/2/hugesize‘,jpg
Manufacturer URL Driver Open/Close Open | Closs | 3 [The Sun! jimages/sun, jpg
Model Graphicsiagick Delay: Open B5.000  Close p.000 4 [varCCD |inages/marCCD, tif
Connected EPICS shutter setup B 5 [FultiTIFF [imagesMultiTIFF £iff
Connection Comect | Discornect| 6 [JRLE I
: Collect o |J
Debugging 2 | ficquire period P.100 (), 100 P
Plugins # Images/i 1 8 R J
File @ | ROI = | # Images complete 1096 i I
Statistics & | Other &= | Image mode  Continweus | Conmtinuous 1opRLi0 !

Readout Acquire Start | Stop |
. ?)[;4 4;’0 Detector state
Image size Image counter 1095
Image size (bytes) 1013760
e Image rate4.0
Data type o Array callbacks Enale | Enable
Color mode RGE1
Attributes
File |
URL

BHG Hutch (Axis)  ~|  Disetun | hbtp://164, 54, 160, 141/pg/1/lugesize, Jpg




- }& Andor.adl - - = - Elﬂlﬂ—hjw
Ando r D rlve r Andor Detector Control - 13ANDOR1:caml:

Setup Shutter
» Supports USB and PCI CCD asyn port EOR Shutter Type mtestor ot |
EPICS name 138NDORI:caml: fAndor Shutter Mode Auta a
ameras from Andor e
C ' Manufacturer &ndor External shutter High To open .||
° Runs on 32_b|t and 64_b|t Llnux Model DYQSi;Bizzted Status[:] De1;(.:l(jlosedD EPICCSl
. - - pen/Close Open | Close
and 32-bit and 64-bit Windows. Connection|_Gomect | piscomect|||| Delays Open p-100" | Eldbe o0
A : Debugging @ | EPICS shutter setu m
 Original version by Matt Pearson 88706 P
- - Plugins Collect
from Diamond Light Source. sl | Filew | RoTw || Exposure Time P30 0.300
Stats @ [ Other @ | Accumulate Period Exmo 0. 899
Readout ficquire Period f.100 [}, 899
eaced # Accums/Image 1 1
: 124 124 # Exposures Complete 34
Seneor Sl % % # Images/Acquis. [ &
Binning i i # Images Complete 34 .
0 0 Image Mode  continuous | Continuous
Region Start P o Trigger Mode _  tntemst -]
1024 1024
Region Size [107d flozs Acquire _start | Stop |
| o o Detector State /cauire
ReVerSe Mo _|| Mo _|| Detector StatUS Data acquisition in progress)
Image Size 1024 1024 Andor Meggage £
Image Size (bytes) 2097152 Time Remaining 0. 000
Gain b f Image Counter 3]
ADC Speed zstz | 2,5 IHz Image Rate 1.0
Data type _tmtts | [Intlé Array Callbacks Enale | Enable
Cooler Attributes
Cooler o On File[

Temperature [10.000 10, 000

Status Stakilized at set point
File
Driver File I/0 B

PAL File

Path [FREY.FAL




Perkin Elmer Flat Panel Driver

}Q{ PerkinElmer.adl -_ \ | = R x|

Perkin Elmer Control - 13PEl:caml:
Setup Corrections Shutter
asyn port PEDETI Corrections Directory Shutter mode Hone 4
EPICS name 13PEl:caml: [2\Perkin_Elner' Status: Det. Closed  EPICS
Manufacturer Perkin Elmer 0ffset Open/Close Open | Close |
Model ZRDOSZ0 # Offset Frames 0 10 Delay: Open P.000 Close [0.000
Connected Acouire Offset Correction |DOI‘16 EPICS shutter setup | |

Connection _Comect | Discommect|||| porrection bvailahle nable |

Collect
Debugging & | Exposure time [0.200 0, 200

Gain

|
I . Gai o, 25pF 0, 25pF
I Plugins # Gain Frames |E0 0 ; ;ln +-‘I 20 .
_ Al | Filem | ROI = | Acouire Gain Correction | 0T migeﬁ ; 2
| Stats & | Other @ [l i Dissble mages complete
! Readout Ior‘rec =0 Skip frames Dissie | [isable
1 e # Frames to skip [l 1
. X Y Load Gain File |  Save Gain File | : :
l S = 2048 2048 Imﬂge mode Continuous _|| COHthOUS
| ensor Stze 1 1 Bad Pixel File Trigger mode Internal .II Internal
. Binning Il |1 I_[lE#5149_1pF_P><lHaSk..hiS T - I
| Image size 2048 2048 Correction Huaj_lablle : EEEEN|
| Image size (bytes) 8388608 Loadl Bad Pixel File | Acquire Start | Stop |

Detector state ‘cquire

Setup

151
# Frame Buffers [10 10 Image counter P

Image rate 2.0
Image Number 31 Array callbacks _enskle | FEnable

Initialize | Attributes

File PerkinElnerAttributes.xnl

Frame buffer index 7




R2-0: Point Grey driver

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

* Firewire, GIgE and USB 3.0 Moo FIEIMP  US3
 High performance, low cost




Point Grey GigE Camera
BlackFly PGE-20E4C

- e2v EV/76C570 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

Cobor MP GIG=




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

voro  FIRIMP  US3

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

 No smear ¢ Distortion-free

* 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
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Point Grey Driver (Grasshopper3 camera)




Pink Beam, Mirror=2.0 mrad

Mirror angle=2.0 mrad (Beads_Pink_H)

2 mm Al absorber

8-bit data

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

~ Vertical slice

Horizontal slice




Plugins

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)

 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

e NDPluginROIStat

— Multiple ROIs with simple statistics in a single plugin

— More efficient when many ROIs 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.
 NDPluginOverlay

— Adds graphic overlays to an image.

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

o ffmpegServer

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



Plugins (continued)

e NDPluginAttribute

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

— Can collect time-series arrays of the attribute values

e NDPluginCircularBuff

— 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

 NDPluginTimeSeries

— 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.

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

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



commonPlugins.adl All plugins at a glance

r}({ commenPlugins.adl = | =] -Eh1
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 |
| (G2 NDPluginColorCorvert BTA — siewic - |DEGHEE * - 0 SN 00 9o
OVER1 NDPluginOverlay TN visabie | [EEEEIEE v | 0 B .0 GMore |
ROT1 NIP1uginROT EIMI  _enavle | [SEDIE No 0 BEEE 0.0 GMore |
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 EIML Enable | Mo 0 BEE .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 |




NDStdArrays plugin

NDStdArrays.adl =13

135IM1 :imagel:




ROI plugin

»< NDROI.adl

135IM1:ROIT:

asyn port

Plugin type

Array address
Enable

Min.
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

Array port [

time |0,

ROT1
NDP1uginROT
|5IM1 BIM1 Data
|0 () Enable sca

Enable | (RIS Scale div
0,000 (0, 000

e < | to Input Size

20 20
o 834794 Enable
48, 0
0 () Binning
2

1024 104 0 BRI
Ints
Mono ROI size
RGGE
834794
717905394, 395 [
i ROI Size

m |

Definition
Name |Upper left
type automstic «| Automatic
ling
isor |
X Y z
1024 1024 ()

Emable | Enable | Disable |
1 1 1
i i i
i i i
o o o
—— o |
DlZ DlZ 1
12 12 1
[l [l [l
Mo I Mo I Mo I
bl bl i




>¢ NDStats.adl

Statistics plugin

13SIM1 :Statsh:

asyn port
Plugin type
Array port
firray address
Enable

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

Data type

Color mode
Bayer pattern
Unique ID

Time stamp
Attributes file

asyn record

STATAS
MDP1luginStats

[SIHl oIM1

Enable | [YEIONES
[0.000 0, 000

1024
Ints
Mono
RGGE
4451
177826562, 801

1024

0

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

Minimum () Maximum &

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

Hean 0 Sigma (), ()
Time series plots o |

Min. Max .

Profiles
Compute profiles v 4| [EE
Size X 1024 Y 1024
Bee 256

Cursor X | —r—
56 206

Cursor Y | i

Plot |

Centroid
Compute centroid ve= .| JEE
Centroid threshold i 1
Centroid X200, 0 Y 1560, 1
Sigma X3,9 T&d
Sigma XY -0, 024
Time series plots o |

Histogram
Compute histogram? ve= | 55
56 258
o [Bd
P55 40

Entropy -13, 860
Plot =

Size
Minimum

Maximum

[
]

Time Series

Eraze/Start| Stop | Start | USBERESEGE

Number of points fods
Current point 82

Read rate 5 :=econd 4| Read |




Statistics plugin (continued)

- B

>¢ 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 ;
soo0-F ,’" 3 200 g
= : : 3 2 2 7 :
S goooH 3 S 150 = X
8 ; f : - S )
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Bin hurnber Fixel Fisel
Histogram CursorY AverageX

> NDTimeSeries.adl

*¢ NDTimeSeries.adl

135IM1 :Statsh: TsTotal 1351M1 : Statsh: ToCentroidY

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

il | i | il w” tr” Tml lw

gy A
i per |

e+ =I’ L .

e 7 - — e s e

Read rate 5 =ccond 4| Read | Read rate 5=ccond 4| Read |




Overlay plugin
3¢ NDOverlayod A ol

1351M1 : Overl :




Overlay plugin

NDOverlay8.adl
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Overlay plugin




Overlay plugin

. 13PS1:image1:

¢ NDOverlayN.adl

13]:)51 ; Uverl . 1 . 680x512 pixels,; B-bit; 340k
Use?  ve= Yes
Name [R0I1
Shape _ Rectangie | Rectangle
Draw mode Set -] bet
Red 0 f
Green (mono) 55 255
Bluep )
X
Position[50 150
J R

Position link IlSF‘Sl:RDIl:HinH_RB'-." CP Mz

Size [l00 100

J =1
Size link IlBF‘Sl:REIIi:SiZEK_RB'v' CP M5

Y
Position (50 200)

Position link IlEF‘Sl:REIIi:HinH"_RB'-." CP H3 D

| JE—
Size [00 100
I T
Size link IlSPSl:RDIl:SiZE‘r'_RBU CP M5

Centroid of laser pointer calculated by
statistics plugin

Cursor overlay X, Y position linked to
centroid



*¢ NDProcess.adl

Processing plugin

135IM1 : Procl :

asyn port
Plugin type
firray port
Airray address
Enable

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

Data type

Color mode
Bayer pattern
Unique ID

Time stamp
Attributes file

asyn record

PROCY
MDP1uginProcess

i SIMl

o 0
Enskle || nable

[0.000 0,000

Ho JI ]

20 20 |

o 11572

&7, 10

[o 0

2
1024

Ints

Mono

RGGR

12032

TLTSET09E, 8858

1024 {

I
[

Background subtraction
Save background Save | Inwalid
Enable background miss1: | [EEEEENE

Flat field normalization
Save flat field Save | Inwalid

Enable flat field miss- | IEEERNE
Scale flat field P55 285

Scale and 0ffset
Enable scale/off. Disaele 4|
Auto scalefoff. pAuto calc |

Scale value .10 432, 50
0ffset value [F.00 i, 00

Low/High Clipping

Enable low clip Dizanle
Low clip value [lo0
Enable high clip pisakle 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

oo 100
0

Recursivefve

Reset I

fes =f

=

Every array = |

00ffsetp.oo 0,00 0Scalefi.oo 1,00
OC1fico  1.00 0C2Ffi.00 -1.00
0C3p.oo 0. 00 0C4ft.o0 1,00

FUFFsetﬁﬁO i, 00 FScalehﬁo 1, 00
FCifioo — 1,00 FC2Fi00 -1, 00
FC3p.0o 0. 00 FC4ftoo 100

ROffsetp.oo 0, 00
RC1p.co — 0. 00 RC2[foo 1,00

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

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

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

(FCE+FCa/M) #1000

On filter reset:

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

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

0 = Dutput array passed to clients




Processing plugin

30 microsec exposure time
N=100 recursive average filter

L 13PS1:imagel: |Z|E|rg|
BE0x512 pixels, 8-hit, 340k

No filtering

L 13PS1:image1: |ZH‘§|[‘X|
BB0x512 pixels; 8-hit; 340K

| ] | ]
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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

= \

13SIM1: Trans1:

asyn port TRAN:]
Plugin type [DPluginTransform

Array port [WER1T  OVERL
Array address p 0

Enable  Ensble | [fERIE

Min. time .000 0,000
Callbacks block Ho - | o

Queue size/free 20 0]

Array counter P 18

Array rate (.0

Dropped arrays [ (

# dimensions 2
Array Size 512 blz 0
Data type UInts
Color mode lMono
Bayer pattern RGGE
Unique ID 18
Time stamp 77S273003, 649

Attributes file |

asyn record h |

Transform Type  Rotsotirrer |
None Mirror -
Rot90 T Rot90Mirror [T
Rot180 4 Rot180Mirror

Rot270 L Rot270Mirror U




Plugins: NDPluginFile

e Saves NDAurrays 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

 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

» R2-5 will support Single Writer Multiple Reader (SWMR). Only supported on
local file systems, GPFS, and Lustre (not NFS or SMB)



Plugins: NDPluginFile

 File formats currently supported

— NDFileNeXus

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

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

— NDFileMagick

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

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



File saving

e In addition to file saving

with driver

nlugins, many vendor

libraries also support saving files (e.g. marCCD,

mar345, Pilatus, etc.) anc
level.

* File saving plugin can be
to vendor file saving

this Is supported at the driver

used instead of or In addition

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



NDPluginFile display: TIFF

Ko o ———_ =~ Ge—
13SIM1:TIFF1: ,

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



NDPluginFile display: netCDF

>< NDFileNetCDF .adl

135IM1 :netCDE1 ;

asyn port FileletCDF] /hone fepics/scrateh/ Exists: Yes
Plugin type NDF1leletCDF File path [/hone/epics/scratch/
Array port [EIMI  SIMI abe
Array address | File name [abc
Enable Next file # is 15
Min. time [0.000 0,000 Auto increment ves .|Yes
Callbacks block Nal = | Mo ¥e¥s ¥d, no
Queue size/free 2 A (rilename format == _Zd.nc Example: %s%s_%3.3d.nc
Array counter 0 39 Last filename /home/epics/scratch/abc_14, nc
Array rate 47,0 Done
Dropped arrays [0 0 Save file Save | Read file FRead | Auto save n 4|l
# dimensions I Write mode strean | Stream # Capture froo 100 96
Array Size 1024 1024 f
Data type Int8 Capture Start | Stop | Delete driver file w  o|lo
Color mode Mono Write status lirite OK
Bayer pattern RGGE Write message

Unique ID 1148348
Time stamp 717912009, 113
Attributes file |

asyn record l;_*n |

Example: streaming 47 frames/second of 1024x1024 video to
netCDF files, no dropped frames.
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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> <l-- 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> <l-- end group NDAttribute (default) -->
<group name="‘performance'>
<dataset name="timestamp" source="ndattribute''></dataset>
</group> <I-- end group performance -->
</group> <l-- 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> <!l-- 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. Imagel 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



ImageJd Viewer

. ImageJ
File Edit Image Process Analyze Plugins Window Help

O|o| x| 44|~ | Ala|®| 2| ®|os|sw] g | 4] 2] |»

¥=610, y=421, value=86,92 349

Dew
-

Image J EPICS_AD_Viewer Plugin
PV Prefix MNX MY HZ Frames/s Capture to Stack

13PStimaget. 3 640 480 35.0 L] Snap Start Stop

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

L Profile of 13PS1:image1:
7 Hx455 pikels; B-bit, 301K

. 13PS1:imagel:
B40:480 pixels; RGE; 1.2MB
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Performance Example with Pilatus driver

SPEC used to collect 1000 points using trajectory scanning mode with the
Newport XPS motor controller. Hardware trigger of Pilatus from XPS.

Relative scan of the chi axis from -2 degrees to +2 degrees with 1000 points at
.02 seconds/point

Coordinated motion of the phi, kappa and omega axes.
Theoretical time 20.0 second, actual time 20.8 seconds

Includes time to save all 1000 images to disk (366 MB), Pilatus driver to read
each file, correct bad pixels and flat field, compute ROIs, and post the ROIs and
1000 images to EPICS. 2=l BEE

iroi: Peak at 12.044 is 6665. COM at 12.04.
Scan 90 FWHM 1is 0.23223 at 12.055.
iroi
7000

5600 |

4200 |

2800 [

1400 |

V] | L . . L L
chi 10.5 11 11.5 12 12.5 13




asynPortDriver

asynNDArrayDriver

Internals o e

i} —{T\ NDPluginAttri
Class hierarchy N
_ BISDetector NDPluginOverlay
e ———— LightField NDPIuginROI
—:I NDPluginStats
—-’W‘ NDPluginStdArrays

PerkinElmer NDPluginTransform

|

il

l———————  pilatusDetector
— pixiradLV

PSL

1 pvcam |
e URLDriver




ADCore R3-0

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.
Capture mode can be replaced:
— Make input queue large enough OR
— Use new NDPluginCircularBuffer

Will require modifying clients that are doing file saving,
hence a major release number



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



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 XIA xXMAP (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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