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DTS requirements:

DTS TOpICS — Higher data rates ( #channels++, resolution+, readout rate++)
(Ccocorensics | [ ot | ) — Requirement for preprocessing
’ Transmission and Detector Systems
and Interconnects Processing | | . | |
\ J L YA J — larger, multi-level-systems
( \ [ )
S Terabit/s Optical Data HGF-Cube L . .I: I H H d
Tansmson | S arge variety of application and sensors
\ y Compact Gaseous
- ~ — N Detectors > USCT (KIT)
ntelligen
3 Fast Photon and X-ray .
Rea""““'“""% Progammatle || N5 »  High power X-ray tomography (HZDR)
. . W X
(e M ) ‘(S”g";;“tgg?e“‘“ »  Dark matter (KIT)
Packagjfg and Parallel Processin \
Innovatj N?aterials ¢ ws?s T 4 X'ra.y camera (KIT, HZG)
\ )L ystems )
——————————%

» Medical imaging, beamline equipment, .....

Project situation
»  rising complexity, less manpower
» ambitious planning

k Intelligent Programmable ectronics i » whatever resource, you need more...
| Technical Situation:
il P »  Specific detectors & frontend electronics
-~ 3 Intelligent Programmable Electronics + computing:

5 Parallel Processing BB : extract information from raw data
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Technology in FPGA's & processing:
FPGA as DAQ-Interface (ADC / Asics) + preprocessing unit
Ethernet, PCle
Crate system: Nim, VME, Micro TCA, ...
GPU, CPU, DSP, uC
Linux
Software Development in VHDL; C/C++, Python; Open GL, CUDA,...

— Commodity equipment and common tools
— Subsystems with high performance (and complexity) on various levels

Easy start
\ Rugged & convenient use: Large gap

Experiment instrumentation (in many cases) requires the full set :

* Control and data streaming * HMI / GUI

* Start- & configuration scripts * Parameter Handling

* Security & Safety * Version handling

* History and Logging * configuration handling

* Diagnosis

‘ Modularity inside & across layers => platform
DTS-platform: component-based & cooperative
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. #) ULICH
|IR-Detector Front-End-Electronics <

Heinz Rongen, Mario Schldsser

W3-334-£9 ¥OI0'H [Z-1Z4

Stamp-9260 CPU-Module (taskit): ARM-9
32 bit Bus connection to Virtex-4 FPGA
Embedded Linux

4 PCB-,wings”, connected via Flex-PCB

ROIC
Detektor



- - A) JULICH
INODE - IntelligentNetworkOperatingDEvice

Heinz Rongen, Mario Schldsser

ACC, Compass, Gyro, 10 DoF,

{ EKG, EEG, Neuro
Barometer, Temperature...

Sensors ——— '

adaptive filters & amplifiers
up to 32 channels
up to 5 MS/s total

Signal conditioning — & {
power efficient pC
real-time OS
SELFX capabilities
signal processing

64 GB eMMC flash

Processing & Storage ——

wireless
bi-directional
networking on demand

_—

Communication

20 mm

functional prototype for Baroloop projekt implant

—

Neuronal Mechanisms of the Passive
Auditory Spatial Localization

Flow Control in Nature and Technology

Institut fir Biologie 11
RWTH Aachen

Marine Science Center
Universitat Rostock



Evaluation: 1 week for: ADC => FFT => DAC A [

characterize ADC's Bert Lange, Philipp Fodisch
T Root | Root | UDP
_:L\'i"nfrf‘h‘v}w'wp}ﬂ-‘ Vi b di . G U | A F FT Captu re
L ROOT e
Data Analysis Framework N P I D - U DP E
Control Socket
max(A(f))
Prozessor-AMC-Modul > DAC S -
4-Kern 2.1 GHz Intel Out :
Core i7
Ubuntu Linux N AT o
MCH
e AME Switch
> Backplane
ADC HZDR 1000BASE-KX
| 1GbE Je———
{= UDP '
H - DAC Core

U-~f L

HZDR: 3 x 100 MSPS ADC + DAC



UFO DAQ Framework: Andreas Kopmann Q(IT

Karlsruher institut for Technologie

» Integration of a 20MPixel Camera (36x24 mm?) up to 5000fps within 6 months
» improving phase-contrast-tomographie @ HZG & PETRAS

» Install base: KIT/ANKA, HZG, PETRA P0O5+P07
Phase contrast tomography PO7/PETRALIII

Storage Consumption in size (per BEeamling)

» UFO DAQ Framework is a modular approach, 25018
combining FPGA and GPU computing; 20078 |
particular focus on reconstruction u 15078 |
continuous improvement & extension E 1oome |

50TE |

» New: Web-based visualization

Jun Jul Aug Sep Oct M

» first prototype for x-ray & ultrasonic tomography 1 — o0 oo
L= p= on=
pl3  — p07  — pll
-] 3D Web-
source distance Gl V|Suallzat|0n
T T.50/70m
Ila):ar
@ A grating-detector distance 1| pixelsize suon
: 5-80cm "Hx24pum/
p 1.25 pum
:[10;jlm

H ~10 um /4.8 um
(Ni)




Camera Architecture 1 Geosthacht &‘(IT

Centre for Materials and Coastal Research Karlsruher Institut far Technalagie
Andreas Kopmann

FPGA Computing
PR /8 CPU/
FSM Master\ FIFO "‘_Cu?“jo— GPU
v o T o=
O~ control | So=
ewos g £ 5 o HHH e
—~ Image- ko 3= On-line parallel FIFO = & 2 g) 2 2 9
sensor = data processing r &S 248 2 L
il b o’ Q |\' 2 ° n 6 8
O =~ O 00 = —
) T | FreA |ID G B2 5
CMOS control X
Frame req. Control DDR3 interface TR O > memory I
EXt. exposure time Interleaving (KIT_IPCOfE) register 4/8 4
Chip FSM x
configuration - . 7 i o G >
DDR3 Memory PCle high throughput link (up to 200m)

J

] U F Oframework

Ultra-fast X-ray Imaging

Reconstruction
Executes on GPUs

Preprocessing
Execautes on CPUs

Radiogram Sinogram Storage
acquisition Flat-field Noise generation Filter#1 Filter#2 Filter#N

correction reduction



. DTS Platform : technical features

FPGA cPU Computing
Data siorage m?rfttr Command interpreter (C) BCle DMA { ':J BCle
s il i 10
Wishbone Wishbone [FPGA moduls Bus (AX]) — | 10 Data formats | Dm.m Visualization
Bridge codecs Lre=s
1T 10 10 JC JC 30 1J 17
sPl || uaRT "ok || convoter|| PR || DOR || SO TEE <:> Sihemet
Machine
ADC
Controller
Approach:
— Focus on FPGA's, aim at computing “(IT " JULICH
— component based, modular, scaleable
— allow cherry picking to avoid specificit o
_ y picking P d g A= ]
— Join competence & efforts across HGF-centers
- Merge and optimize existing technology Hii Hembonpzentum o= w= I
— Build an ecosystem (platform & contributors & users)
— Continuous & early deployment
— common methods, shared know-how

First focus topics

10 Gb/s Ethernet system modeling
PCle + DMA linux driver development
,small footprint“ Microcontrollers HGF-AMC board support package
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. DTS Platform example

- UTCA as crate system
- ruggedness
- diagnosis
- connectivity fabric

- AMC boards
- configuration
- FPGA-performance
- interfacing
- preprocessing
- communication

- Experiment level
- slow control integrated
- scaleability
- dynamic configuration

Slow control
sconfiguration
sconnectivity
*preprocessing

Experiment Level

Parallel Processing

‘ Storage

TCN Crat _l

TCNA Cvr 9 I
TOCNA atao

—" |UTCA Crate

UTCA Crate

> connectivity
> preprocessing

Slow control

AMC-Modules

AMC - FPGA

- Preprocessing
- Raw 10

Slow control H

- communication =)

3

-

FPGA

communication
fabric (PCle, Eth)

mm) Storage
{— Data stream

&=) Slow control
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Conclusion

- High-speed DAQ systems are a key component for future experiments
- These systems are highly complex and challenging
- DTS-Platform (technology, contributors, users) can be very helpful

- Goal: exchange of know-how, common methods and projects
- The initial nucleus is still fragile and has to be fostered

- There is a unigue chance to join efforts
- Support the DAQ-platform !

FPGA Computing

GPU
Datamrage| m?r:'srhcr Command interpreter (C) BCle DMA ( )
Axileg j ﬁ /I
"

| | 10 Data formats Data

Wishbone |FPGA module Bus (AXI) T B ing H \n"isuaizaﬁnn|

Bridge

Readout DAC CMOS
] [ ] ] =
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THANK YOU !

- There is a unigue chance to join efforts
- Support the DAQ-platform !

FPGA oU D

Bus Command interpreter (C) DMA ( )

Data storage monitor
| 10 Data formats

Axileg 3 ]:I ﬁ
Wishbone Wishbone | FPGA module Bus (AX1) — = ng H
Readout DAC CMOS
2l B |lomine] oo ][ 20]  [Covene ] () [ ]
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