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Agenda

� Test Bed DAQ – Purpose 
and Requirements

� 5 Selection Criteria for Test 
Bed DAQ

� Questions and Answers
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Test Bed DAQ – Purpose and Requirements 

� DAQ for measurement 
purposes (temperatures, 
pressures, … from the UUT)

� DAQ for dyno and UUT 
control purposes

� DAQ for test bed control 
purposes (limit monitoring, 
conditioning systems, 
exhaust system, ventilation, 
pallet system, …)
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Test Bed DAQ – Purpose and Requirements

PUMA Open Test Cell Computer

PUMA Open Real-time Environment

RT SimulationControl & Monitoring
Automation & Data Acquisition

Closed Loop

Dyno-Interface

Actuators

n/T Sensors

Control signals

M.-Channels

M.-Devices

ECU / TCU

Test Cell peripherals 
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Requirements for Test Bed DAQ

IOIO--Module Requirements:Module Requirements:

� Accuracy / resolution of 
module in the lab

� On-board channel 
synchronization

� Simple module 
parameterization

� Signal conditioning 
parameterize-able

� Data throughput of module 

Integration Requirements:Integration Requirements:

� How accurate is the whole measurement chain 
under test bed conditions?

� Are all IO channels synchronized and processed in 
real-time?

� Is the parameterization integrated and centralized to 
allow minimum configuration efforts?

� How flexible does the IO behave throughout the test 
facility?

� Is the total data throughput of the system sufficient?

DAQ Modules

DAQ within the
test bed system
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5 Selection Criteria for Test Bed DAQ

Accuracy of complete 
measurement chain

Real-time capabilities and 
Synchronization

Parameterization and 
Firmware

Flexibility of IO

Total data throughput
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5 Selection Criteria for Test Bed DAQ
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Real-time capabilities and 
Synchronization

Parameterization and 
Firmware

Flexibility of IO

Total data throughput



Automotive Testing Expo 2006 5/11/2006  |  Page 8

Accuracy of complete measurement chain
Why is that especially important on the test bed?

Accuracy of complete 
measurement chain

Test Bed DAQ Requirements:

� To identify improvements during development of 
the unit under test reproducible measurements 
are prerequisites

� Engine optimization at the technical limits 
requires highest accuracy measurement

� Data acquisition module accuracy needs to be 
approx. 4 times better than that of the sensor

� Rugged operating conditions on the test bed 
(temperature drift, signal lines exposed, ….)
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Accuracy of complete measurement chain
What is the challenge?

Accuracy of complete 
measurement chain

Sensor
Signal 
conditioning

IO Module IO Bus Automation

�� Typically specifiedTypically specified

� Resolution of ADC

� Accuracy of the I/O channel specified at
20 deg C

� Accuracy of the sensor

Additionally importantAdditionally important

� Combination of errors (non-linearity, 
temperature drift, signal-noise-ratio, …) -
TEB

� Temperature drift over whole operating 
temperature

� Methodology and quality of anti-aliasing 
filtering

� Cross-talk between different channels

� Specification of measurement methodology 
(e.g. speed measurement)
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Accuracy of complete measurement chain
Superior Solution

Accuracy of complete 
measurement chain

� On-board sensor supply – voltage drifts compensated on-board

� Accuracy specified over the whole temperature range

� Application specific, complex measurement methodologies

� e.g. speed measurement with combustion cycle oriented averaging

� e.g. combination of frequency and period time measurement for 
accurate speed measurement

� Shielding and grounding concept to avoid electro-magnetic interference 
within rough test bed environments 

� Separate ADC for each channel to avoid cross-talk

� Minimized aliasing by high over-sampling and combined digital and 
analog filters
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Accuracy of complete measurement chain
Superior Solution

Accuracy of complete 
measurement chain

Reproducible measurements due to 
high accuracy of the entire 
measurement chain specified over the 
whole operating temperature range

Sensor
Signal 
conditioning

IO Module IO Bus Automation



Automotive Testing Expo 2006 5/11/2006  |  Page 12

5 Selection Criteria for Test Bed DAQ

Accuracy of complete 
measurement chain

Real-time capabilities and 
Synchronization

Parameterization and 
Firmware

Flexibility of IO

Total data throughput
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Real-time Capabilities and Synchronization:
Why is that especially important on the test bed?

Test Bed DAQ Requirements:

� Alignment of signals from 
various sources

� measurement / dyno & 
engine control / ECU / ….

� Acquired channels should 
allow to be used as control 
variables

� e.g. manifold pressure, …

Real-time capabilities and 
Synchronization
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Real-time Capabilities and Synchronization: 
What is the challenge?

Real-time Capabilities and 
Synchronization

Typically specifiedTypically specified

� Sampling frequency

� On-board synchronization of channels of 
an IO module

� Data throughput rate on the field bus

Additionally importantAdditionally important

� Minimum jitter on sampling clock

� System wide synchronization of all 
channels of the test bed

� Real-time behavior (specified times to 
submit the current value of each channel 
of the test bed and for system reaction)

� Closed loop time for control
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Real-time Capabilities and Synchronization: 
What is the challenge?

Real-time Capabilities and 
Synchronization

0

5

10

0 100 200dt

dU

ADC resolution: 
16 Bit

Sampling rate:
1 kHz

Signal:
Sine wave 55Hz
+/- 10V

+/- 10V = 100% ADC input range

Jitter
on sampling
clock: 
+/- 10%
(= +/- 100µs)

Error:
More than 10 Bit !
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Real-time Capabilities and Synchronization: 
Superior Solution

� HW-synchronization via PLL circuits on each data 
acquisition module for clock deviation less than 1µs 
(IEEE 1394 bus with 8 kHz clock sync)

� Data transfer is done in “hard real-time” (each 
channel in the Automation platform PUMA Open is 
updated every ms)

� Control and simulation system
EMCON/ISAC provides shortest
closed loop times

Real-time Capabilities and 
Synchronization

Hard real-time and synchronization via 
IEEE 1394 bus allow high accuracy and 
short reaction and control loop times
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5 Selection Criteria for Test Bed DAQ

Accuracy of complete 
measurement chain

Real-time capabilities and 
Synchronization

Parameterization and 
Firmware

Flexibility of IO

Total data throughput
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Parameterization and Firmware
Why is that especially important on the test bed?

Test Bed DAQ Requirements:

� Module or sensor change - parameterization 
in shortest possible time

� Parameterization software easy to use

� Handling of test bed stationary and mobile 
IO modules (e.g. on engine pallet)

� Efficient methods for module firmware 
updates

Parameterization and 
Firmware
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Parameterization and Firmware
What is the challenge?

Parameterization and 
Firmware

Typically specifiedTypically specified

� Easy-to-use parameterization and 
calibration software
(on notebook)

� Parameters stored in the module

� Firmware upgradeable (via notebook)

� On-board calculations and signal 
processing

Additionally importantAdditionally important

� Parameterization look-and-feel like test 
bed parameterization

� Calibration supported by automation 
platform (semi-automatic calibration)

� Centralized parameterization

� Firmware upgradeable via the automation 
platform

� Parameter assignment to modules, test 
beds or mobile entities (e.g. engine 
pallet)
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Parameterization and Firmware
- Superior Solution

� AVL FEM are deeply integrated into the automation 
platform PUMA Open (common parameterization)

� Functional extensions via firmware upgrade

� Automatic firmware upgrade via the automation syste m

� Concept for test field wide IO 
parameter management 
(sensors / modules /
pallets / test beds / … )

Parameterization and 
Firmware

Centralized and convenient 
parameterization (effort for set-up of 
16 channels is less than 10 min)
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5 Selection Criteria for Test Bed DAQ

Accuracy of complete 
measurement chain

Real-time capabilities and 
Synchronization

Parameterization and 
Firmware

Flexibility of IO

Total data throughput
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Flexibility of IO
Why is that especially important on the test bed?

Test Bed DAQ Requirements:

� Big variety of sensors to be connected

� RTD (Pt100, Pt1000)

� Thermocouples (J-type, K-type, …)

� Current and Voltage Signals

� Strain Gauge

� Speed pick-up, etc.

� IO configuration adaptable to changing 
measurement requirements

Flexibility of IO
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Flexibility of IO
What is the challenge?

Flexibility of IO

Typically specifiedTypically specified

� Specialized modules for each signal type

� I/O configuration to be defined with special 
programs (e.g. on notebook)

Additionally importantAdditionally important

� Sensor and signal parameter changes 
“on the fly”

� Application specific signal conditioning 
(e.g. various speed signals)

� Handling of engine pallets with varying IO 
configurations

� Customer specific sensor connectors
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Flexibility of IO
Superior Solution

� One measurement module for all types of analog sign als

� One measurement module for all speed/frequency/time  
signals (support of up to 3 tracks per speed sensor )

� IO parameters changeable by parameterization, witho ut re-
booting the system

� Centralized management of
IO configurations

Flexibility of IO

Online parameter change, specialized 
signal conditioning for various signal 
types, pallet handling, …
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5 Selection Criteria for Test Bed DAQ

Accuracy of complete 
measurement chain

Real-time capabilities and 
Synchronization

Parameterization and 
Firmware

Flexibility of IO

Total data throughput
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Total Data Throughput
Why is that especially important on the test bed?

Test Bed DAQ Requirements:

� Full test bed IO signal band width 
available to processing within the test 
bed automation platform

� Headroom for high-end acquisition needs 
such as in race engine, powertrain and 
transmission testing

Total data throughput



Automotive Testing Expo 2006 5/11/2006  |  Page 27

Total Data Throughput
What is the challenge?

Total data throughput

Typically specifiedTypically specified

� Data throughput per module

� Total data throughput limited by the used 
field bus system (e.g. 1 Mbaud with CAN 
bus) and applied protocol

Additionally importantAdditionally important

� Overall data throughput of the system

� Minimum cycle times of data 
transmission via the IO to allow for fast 
reactions and high performance control 
cycles

� Data throughput headroom of IO bus for 
future requirements
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Total Data Throughput
- Superior Solution

Total data throughput

� Data throughput rates of up to 130.000 samples/sec. over the data 
acquisition network (400 MBaud transfer rate)

� Data of channels sampled with up to 5kHz can be conveyed from 
the DAQ to the automation system in real-time (without any losses 
like with e.g. data compression)

� AVL F-FEM allow for shortest reaction times and shortest control 
cycle times

Many channels with highest sampling 
rates can be processed in real-time
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5 Selection Criteria for Test Bed DAQ:
Advantages with AVL F-FEM

Accuracy of complete 
measurement chain

Real-time capabilities 
and Synchronization

Parameterization and 
Firmware

Flexibility of IO

Total data throughput

Reproducible measurements (over the 
whole operating temperature range)

Hard real-time and synchronization via 
IEEE 1394 bus allow high accuracy and 
short reaction and control loop times

Central and convenient 
parameterization (effort for set-up of 
16 channels is less than 10 min)

Online parameter change, specialized 
signal conditioning for various signal 
types, pallet handling, …

IEEE 1394 bus with 400 Mbaud
(currently used for up to 130.000 values 
per second)
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AVL is number one in test bed data acquisition

� Over 30 years experience in test 
bed data acquisition development

� Several hundred thousands of 
AVL I/O channels installed 

� Superior technology

Because of the technological superiority of AVL‘s test bed DAQ, 
most formula one engines are developed on AVL test beds!
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� Test Bed DAQ – Purpose 
and Requirements

� 5 Selection Criteria for Test 
Bed DAQ

� Questions and Answers


