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Introduction The LISA Technology Package on board LISA Pathfinder

On board LISA Pathfinder the interferometer data is calculated Onboard LISA Pathfinder the interferometer output signals are prepared for ) .
inside the Data Management Unit (DMU). the Drag-Free and Attitude Control System (DFACS), which calculates the ac- DMU
tuation signals for the spacecraft and the test masses. The phasemeter (PM) ) .
A lot of calculations are performed on the interferometer data input data is converted by the Data Management Unit (DMU) and sent to the PROCESSING
before the main science channels -- one longitudinal and two an- On-Board Computer (OBC), where the DFACS is situated. ¥ on
gular signals for each test mass -- are transferred to the on board S ) |
computer (OBC). Usually only these science channels are trans- fo . X112
ferred to ground. PM | . —JE mZ‘;"S OBC
Here the DMU internal data processing is introduced and an ex- AA-Filter PHASEMETER
perimental demonstration of interferometer performance is pre- The DMU calculates two angles and the longitudinal signal in the main axis | J
sented. In the data processing software important features are at a sampling rate of 100 Hz, but the DFACS gets the output data just at 10 100Hz
included, which were not needed in prior breadboard perfor- Hz. Due to technical reasons the data link between DMU and OBC is asyn-
mance tests. These new features are: averaging of redundant chronous.
photodiode channels, DMU internal error handling, down- INTERFEROMER
sampling of the output channels and simulations of the asyn- This data link was simulated in the real-time data processing software in our
chronous data transfer between DMU and OBC. Additionally a laboratory experiment using the Engineering Model optical bench. The DMU 10Hz
digital controller was implemented to control the piezo actuated output data was low-pass filtered in order to avoid aliasing. The data was
dummy mirrors, which are used instead of the real test masses written with a frequency f into memory by a DMU simulating software and ot _ OBC _ DFACS
for the performance tests. This way it was possible to simulate read by a OBC simulating software with a tenth of this frequency. This is synchronised TM CONTROL
the on-orbit test mass alignment. close to the actual implementation onboard LISA Pathfinder. ) ’ ) ’

Redundancy and Averaging For the implemgntation in LISA Pathfinder the seconFl option was Error handling

chosen, since it is more robust in terms of channel failures and in

, o any case all available information is used to calculate the DMU .
On the LISA Pathfinder optical bench each recombination beam- output data The DMU calculates its output data from 32 channels, where each

splitter has two output ports, where quadrant photodiodes are can have 13 different errors. An error handling scheme is imple-
placed. Each two carry redundant information on the length mea- mented in the DMU software, which reduces the number of poten-
surement. These signals are used in hot redundancy meaning as tial errors to a 2-bit data quality state for the longitudinal and the
long as both signals are available they are averaged. angular signal of each test mass in order to indicate the data valid-

The averaging and the asynchronous data link were implemented
in a real-time software in order to demonstrate the interferometer
performance needed for LISA Pathfinder.

In principle two options for the averaging process are possible. The ity for test mass and satellite control. This is implemented in two
first is to calculate the longitudinal phase and the angles for each stages. The first is a switch for each of the 13x32 error checks. The
QPD and average the result. The second option is to average the . second stage uses a logic to determine the data quality by taking
complex vector and DC signal of each quadrant and then handle B et —— g into account, which combination of quadrants in which interfer-
the result as if they were derived from a single QPD. - downsampled data - ometers were used to calculate the output data.
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On-orbit test mass alignment S S

pl*:ggg $1 - -1 -0.5 0 0.5 | 1.5
1 1 | | | T 1
The software simulator was also used to test the on-orbit test mass alignment procedure. This pro- i WS
cedure is necessary since after release of the test masses they are not well aligned to the interfer- SWITCH t0 DC
ometer. If no light impinges on the photodiodes the test mass is actuated such, that it spirals until 0.5 r 105
some light hits the photodiode. After that the DC signals are used as error signals for DFACS until = 8 = Fl
the contrast is above 12%. In the end the Differential Wavefront signals are used for test mass con- é 3 E . §
trol until the contrast is optimal and the interferometer has its highest sensitivity. S 8 5 s
Instead of the real test masses we used 3-axes PZT actuated dummy mirrors and closed the asyn- = A
chronous loop. As results the open loop gain for each angle is shown and the test mass movement 0.5 SWITCH to DWS 1-0.5
during the alignment procedure. Also shown is the contrast during the alignment procedure.
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