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APS-U Project Scope
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42 pm-rad

On-axis “swap-out” injection

ICALEPCS 2019, October 5-11, 2019



APS-U – High Brightness Storage Ring

Hybrid 7BA lattice with longitudinal gradient, transverse gradient and reverse bend dipoles
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ND = # dipoles/sector
NS = # sectors

APS double bend lattice 

APS-U 7-bend achromat lattice

3000 pm-rad
emittance

42 pm-rad
emittance
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MBA Accelerator Controls Scope
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Gray items are 
supported/enhanced by 

“Operations”

DAQ



§ Embedded IOC

§ Local IOC

§ Ethernet-based 
instrumentation / 
controllers

§ ”Soft” IOCs (no 
hardware coupling with 
technical system)
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MBA Technical Subsystems – Data Rates
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Subsystem Sample Rate
[kHz]

Data Rate 
[MB/s]

Number of 
Nodes

SRRF BPM 271 99.7 20
SRXR BPM 10 0.5 20
FBC 22.6 25.8 20
BiPS 22.6 13.2 20
UniPS 22.6 32.7 20
SRRF 271 67.2 1
InjPS 0.2 1.3 1
BunCM 10 26.0 1
BunLS 2440 458.7 1

§ Total double sector data output (with essential TBT signals only): 172 MB/s
§ Cumulative data rate for the entire DAQ system: 4 GB/s
§ Generated TBT data may include up to 8 additional signals per BPM (240 per 

double sector) =>  this would result in up to 260 MB/s of additional data per 
double sector, or up to 5.2 GB/s of additional data for the entire system 

BPM TBT Data include 
timestamp, x/y position 
and sum



DAQ software represents framework and tools that 
enable fast data collection for controls, statistics 
and diagnostics of the embedded controllers 
utilized by the APSU MBA.

DAQ: Time-correlated Data Acquisition System
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DAQ IOC

§ Existing IOCs: 
ü RTFB
ü PS
ü TBT
ü FBC
ü SRRF
ü PAR (Fund/Harm)

§ Existing DAQ/DM Services: 
ü Data Collector
ü Data Distributor (P2P GW)
ü SDDS To Data Object Service
ü AD Image Service
ü DM Services (Processing Service, 

Metadata Catalog,…)

§ Existing Tools: 
ü SDDS PVA Logger
ü C2 Data Viewer
ü DAQ Apps
ü MEDM Screens
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DAQ System Architecture

DAQ IOCs use Area 
Detector framework

DAQ Tools



DAQ Features
§ Capability to acquire time-correlated data from multiple subsystems at different 

sample rates
§ Support for continuous data acquisition 
§ Ability to route data to any number of applications
§ Multiple signals (waveforms) can be acquired within a single DAQ IOC
§ Assigns timestamp to each acquired sample as close as possible to the acquisition 

point (usually within an FPGA)
– Turn-by-turn is the fastest requirement so far, bunch-to-bunch data would need to be 

handled differently

§ Initial real-time processing may occur within the IOC using area-detector plugins
§ Signal and timestamp arrays from a DAQ IOC are passed over the network within 

a single object to ensure data correlation integrity
§ DAQ Objects may include: 

– ”Fast Data”: signals sampled at the common rate for this IOC
– “Slow Data”: data that does not need to be sampled at the acquisition rate but may change 

and is helpful to include
– “Parameters”: static values one wants to record

§ Continuously running DAQ services receive/process/save acquisition sets and also 
provide throttled and condensed data to users/experimenters
– Saved acquisitions from different technical systems can be immediately plotted on the 

same graph using the Timestamp arrays
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Available BPM 
signals for TBT DAQ

RTFB DAQ has ~2050 
channels @ 1.6kHz



Diagnostics with DAQ (L. Emery)
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§ Suppression of 147Hz vibration source in the ring 
using the DAQ system + post-processing with FFT

§ Vacuum chamber was vibrating and introduced a Bx
field

§ Identification of the nearest quadrupoles required 
400 channels, 20 seconds of continuous DAQ data 
to get 0.5Hz precision

§ This allowed separating line frequencies of 20 
pumps

§ Shims were inserted between poles and vacuum 
chamber (S37AQ3, S37AQ2)

Before Shimming

After Shimming



DAQ/Data Management Integration
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§ Manage storage areas: 
− Handle data movement from local 

(short-term) storage to a more 
permanent location (medium/long-
term storage)

§ Enable users and applications to easily 
find and access data:

− Metadata Catalog

− Integration with CDB

§ Facilitate data processing and analysis:

− Real-time (or near real-time) 
processing of DAQ data using 
automated workflows

− User-initiated processing and 
analysis of data: e.g., request a 
dataset that satisfies certain criteria, 
and submit processing job for a user-
specified workflow or analysis script

Goals

APS Data Management 
Software



Summary 

§ Adding missing features
– Support for event-driven acquisition

§ New IOC Development
– Injection Kicker IOC
– Bunch Lengthening System IOCs

§ Existing IOC Enhancements
– FBC DSP Apps
– TBT IOC
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§ Acquires data from multiple systems at different sample rates
§ Supports continuous data acquisition
§ Multiple signals (waveforms) can be acquired within a single 

DAQ IOC
§ Deployed services and IOCs for several technical subsystems 

during R&D phase
§ System has been used extensively for machine studies, 

diagnostics and troubleshooting

DAQ: Time-correlated Data Acquisition System 

Plans
§ New services

– Data Correlation and Alignment Service
– Orbit Service

§ New tools, applications
§ Production deployment (Conda/Sumo)




