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Why GDA and EPICS?
• Many sites get away with just one primary software 

framework.
GDA d i h SRS– GDA was used on its own at the SRS.

– EPICS is used on its own at many beamlines.
– There are other complete solutions (LabView, SPEC etc).

• So why do we need both?
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The Scientific Process
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System Development Essentials
• All systems we develop 

need some combination 
of these elements.

• However, this can also 
apply to:apply to: 
– Project deliverables
– Software frameworks
– Personal skills
– Personal outlooks...

• So the two developmentSo the two development 
teams are specialised
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So what does this mean?
• EPICS handles the Engineering requirements:

– Maps the physical world into software structures.
Al i h l ld i l h– Always on, since the real world is always there.

– Is fast and efficient if needed (synchronisation, detectors)
– Multiple servers, often one for each device.

• GDA handles the Science requirements:
– User interfaces are tailored to the branch of science.

Maps the science into engineering demands– Maps the science into engineering demands.
– Single server, preserving the scientific state of the beamline.
– Session based – running for the duration of an experiment.
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Why GDA in particular?
• Other Synchrotron science acquisition software was 

either:
T li i d (j d i i i i )– Too limited (just a data acquisition engine).

– Too narrow (primarily for a single type of beamline).
– Not invented at the time.

• GDA was:
– Developed and used at SRS, so familiar to our users

Targeted at all types of Synchrotron Experiment– Targeted at all types of Synchrotron Experiment
– Feature rich, and easily extensible
– Well supported, with the SRS developer base to draw on.
– Open Source
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Example: Scans
scan hkl [0 0 1] [0 0 1.1] [0 0 0.01] det1 0.1 peak2d

• This does the following:
– Scans from [h,k,l]=[0,0,1] to [0,0,1.1] in steps of [0,0,0.01].

At each step point exposes detector det1 for 0 1 seconds– At each step point exposes detector det1 for 0.1 seconds
– The detector output (a 2-d image) is analysed by the peak2d 

routine which calculates summary image parameters.
Th lt b t ti ll di l d– The result can be automatically displayed.

• At each point GDA calculates the correct positions in 
engineering units and triggers the detector when all g g gg
the moves complete.
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Example: Scans
trajscan hkl [0 0 1] [0 0 1.1] [0 0 0.01] det1 0.1 peak2d

S t ti ll thi i i il t th i• Syntactically, this is similar to the previous one 
except it is a trajscan, not a scan.

• GDA pre-calculates the entire move and sends it to p
the EPICS trajectory scan interface.

• The scan runs as a continuous move in [h,k,l] space 
with the detector being triggered for 0.1 secondwith the detector being triggered for 0.1 second 
exposures every step of l=0.01. 

• If you want to do a 2 d scan, with energy being the 
other coordinate just add an energy scannable:other coordinate, just add an energy scannable:

trajscan energy 11.1 11.13 0.0005 ...
...hkl [0 0 1] [0 0 1.1] [0 0 0.01] det1 0.1 peak2d[ ] [ ] [ ] p
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Example: Scans
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Scan Screen 1
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Scan Screen 3
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Data Formats
• EPICS and GDA both 

need to write the data file.
• We use HDF5 links to• We use HDF5 links to 

create one logical file 
from multiple real files.

Avoids file contention

GDA EPICS

– Avoids file contention 
issues.

– Allows detector files to be 
highly optimised for 

Header Data 
.nxs file

performance.
• The header data is written 

directly by GDA. Detector Data 

.nxs file

• The detector data is 
written using EPICS HDF5 
area detector plugin. Detector Data 

hdf5 file

.hdf5 file
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Example: Tomography
• Tomography scans are 

demanding:
D t t 500 MB/– Data rate ~ 500 MB/s.

– Data size > 100 GB.
– First operation is read 

data perpendicular todata perpendicular to 
write direction. 

• Classic matrix 
transpose problemtranspose problem

• Real challenge for 
typical cache design.

• Completely unsuited to 
running inside the GDA 
server.
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Example: Tomography
• Tomography scans are 

demanding:
D t t 500 MB/– Data rate ~ 500 MB/s.

– Data size > 100 GB.
– First operation is read 

data perpendicular to
Image FramesImage Frames

data perpendicular to 
write direction. 

• Classic matrix 
transpose problem

Sinogram
Framestranspose problem

• Real challenge for 
typical cache design.

Frames

• Completely unsuited to 
running inside the GDA 
server.
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Tomography data file format
• Data must be optimised 

for reading sinograms.
• All frames are written to a• All frames are written to a 

single file.
• File is arranged in chunks 

of a fixed number of rowsof a fixed number of rows 
and a fixed number of 
frames.

• The chunk size matches• The chunk size matches 
the Lustre stripe size so 
is written to a different 
Lustre server.Lustre server.

• Data is in cache until all 
frames in a chunk are 
written.written.
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Results
• Read performance is increased by up to 10 times –

can read in direction perpendicular to write direction 
t b t 900 MB/ 16 d 1 GBit l tat about 900 MB/sec on an 16 node 1 GBit cluster.

• File reader is unaware of the underlying format.
– Just uses HDF5 API to ask for data to be returned as framesJust uses HDF5 API to ask for data to be returned as frames 

in sinogram direction.
• Creation of sinogram is no longer a processing step 

it is handle entirely by the file system– it is handle entirely by the file system.
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Conclusions
• Using both GDA and EPICS together has enabled us 

to:
Provide a rich environment suitable for both technical and– Provide a rich environment suitable for both technical and 
scientific requirements.

– Develop the skills to cover this wide range of requirements.
– Enable us to confront and solve challenges that would beEnable us to confront and solve challenges that would be 

impossible for a single framework to do.
– Deliver science to the scientists in ways that were not 

possible with only one tool or the other.y
• Finally, none of this is my work, so I acknowledge 

the efforts of all the beamline controls and GDA team 
members, particularly:members, particularly:
– Ulrik Pedersen for the hdf5 plugin work
– Rob Walton for the work on diffcalc, the hkl scannable.
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