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UPGRADING AND PERFORMANCE
OF THE SAO
LASER RANGING SYSTEM IN MATERA

J. Maddox, M. Pearlman,
J. Thorp, and J. Wohn

Through the most recent upgrading program, the performance of the SAO
lasers has been improved considerably in terms of accuracy, range noise,
data yield, and reliability. With the narrower laser pulse (2.5-3.0 mnsec)
and a new analog pulse processing system, the systematic range errors have
been reduced to 3~5 cm and range nvise has been reduced to 5-15 cm on low
satelliterr and 10-18 cm on Lageos. Pulse repetition rate has been
increased to J0 ppm and considerable improvement has been made in
signal-to-noise ratio by wusing a 3 Angstrom interference filter and by

reducing the range gate window down to 200-400 nsec.

The first upgraded system was installed in Arequipa, Peru in the
spring of 1982. The second upgraded system is now in operativu in Matera

Italy. The third system is expected to be insualled in Israel du “ag 1984.




1. HARDWARE STAIUS

The SAO laser systems, prior to the last upgrading are described in
detail in Pearlman et. al., 1978 and 198l1A. The upgrading is described
fully in Pearlman et. al., 1982. Briefly, the upgrading involves:

i. Restructuring the blumlein to decrease the laser pulse width from

6 to 3 nanoseconds.

2, Using a pin photodiode detector to sample the laser pulse.,

3. Increasing the meximum laser repetition rate from 8 to 30 ppm.

4, Replacement of a digital cross correlation detector with an analog

detector.

5. Replacement of the photomultiplier tube and base combination for

better .ime response.

6. The addition of a shutter and a 0.3 nanometer interference filter

in front of the PMT teo improve the signal to noise ratio.
7. Narrowing of the minimum window in the range gate to allow the
gystem to operate further into daylight conditions on Lageos.

The new laser pulse output is shown in Figure 1, and Figure 2 provides

a summary of the system characteristics,
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Wavelength (Nanometers)
Energy/Pulse (J)
Pulge Width (nsec)
Rep. Rate (per min)
Divergency (MR)
Quantum Efficiency (%)
System Efficiency (%)
Receiver Diameter (m)
System Range Error (cm)
Range Noise (cm)

Lageos

Low Orbiting Satellites

Figure 2

694.3

3 - .5
2.5 - 3,0
30 (Max)
7.6 (Min)
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2. ASBESGMENT OF PERFORMANCE

The ranging performance capability of the lasers has been asnsessnd Ly
examination of both eystematic errors and range noise. Thesz refer ce
pexformance of the ranging machine iteelf, leaving aside issues such as
atmospheric correction, spacecreft center of mass correction, avd epoch

timing for discussion elsewhere.

DATA YIELD

In the first 74 days of operation the laser in Matera tracked 131
patellite passes, of vhich 50 were Lageos. Lageos passes averaged a few
hundrved points with some going as high as 400-600 points, During a "good"
pass, the rate of return was typically 20%-50% depending upon sky
conditions and satellite altitude., In some of ‘-« passes the satellite was
acquired at altitudes as low as 10 degrees, wud tracked through zenith back

down to 10 degrees,

In the lower orbiting satellites, (Starlette and BE-C), data yield per
pass varied from 50-100 points with occacional yields as high as 150
points., Here the rate of return was in the range of 20%-80% with intervals
as high as 100%. The 1low altitude acquisition experience with these

satellites was similar to that of Lageos.
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RANGE ACCURACY

The systematic errors of the laser system have been divided into three
categoriesn: spatial, temporal, and signal-strength variations (sece
Pearlman 198l1A). Spatial variations refer to differences in time of flight
depending on the position of the target within the loser beam. Temporal
variations relrte 2o system drift between prepass calibration and postpass
calibration., Variations in range due to changes in signal strength from

pulse to pulse are a function of receiver characterietics.

Spatial Variatjons

Spatial variations, or the wavefront error, which arise from the
multimode operation of the ruby lasrvs, have oeen measured at Matera using
a distant target retroreflector to probe the beam. Figure 3 shows the
results for two tests, The wavefront measurements show an r.m.8. variation
across the wavefront of 1.0 cm and peak-to-peak variations of 2.9 and 3.2
cm. It appearse however that a large component of this veriation is the
temporal stability or measurement reproducibility as evidenced by the
averaging of measurements at the beam center, where the r.m.s. variations
were 0.9 and 1.3 while the peak to peak differences were 2.3 and 2.6 cm.
This indicates that the wavefront measurements are probably giving an

overestimation of wavefront distortion.

£




(A8 o't
6°¢ 0°1
(RD)

HOISHEAOXE (WD)
HMAIIVH SHE

NOIX¥0ISIO IROWIIAVM

€ 231y
suorlrsod Ljusmz jo goes 3e sasind L3314 o
9°Z €1 13 119 970 SIH ¢ T 3%
1 A 6°9 11 0¢ rA MY SIH ] o¢ dag
(HD)
NOIS3noxd (WD) Is1nd 934
HIRIXWH SHY AIAT IR (NIR 2¥V)
SROBLOATHOIOB SINIOZ
JIINZS HVILS IV &0 IITON (RIR ¥23I) NIIMIEGQ
ALTTIGVIS 'TVIOINRI >HOVIRAY ddd ONIOV4S HHIX qIVa

ISV VEIIVH
INIRAANSVIR INDYITAVA

Nt e e e e,



Temporal Variatioms

The temporal variations or system drift are estimated through

electronic and range calibrations.

Electrovic calibrations using & 3 nsec pulse through a fixed delay
line to start and stop the ranging system have been used at Matera to
estimate the stability of the electronics. An example of the results are
ghown in Figure 4. The r.m.s8. variation of the means is less than 1 cm

with peak~to-peak values slightly more than 1 cm.

Temporal stability of the full system was measured with the billboard
target, ranging over a period commensurate with a Lageos pass. The results
are shown in Figure 5. The r.m.s8. variation of the set means is 1.0 cm
while the peak~to-peak variation is 3.8 em, which is consistent with

electronics tests,

Temporal stability is also estimated by the difference between
pre-pass and post-pass calibrations to the billboard target. These
measurements are taken at about 5 photoelectrons with 50~100 points in each
calibration. The results of the first few months of ranging is shown in
Figure 6, As this data shows the system has been plagued with a number of
difficulties. These problems and their solutions are discussed in detail
in section 3 of this report, The problems were corrected for the period
October 25 through November 7th. During this time the pre-post differences
had a r.m.s. variation of 0.18 nsec (2.7 cm). This value is consistent
with the billboard target temporal tests and with the Arequipa system
tests, We will adopt this value (2.7 cm) as the nominal temporal stability
of the Matera system when the gystem is working properly.
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8ignal ftyxength

The S8A0 lasers operate at the single photoelectron ievel on Lageos and
in the range of 1-50 photoelectrons on low orbiting satellites., Variations
in apparent range with signal strength have been examined with extended
target calibrations over the dynamic range of the laser instrument (See
Figure 7 and B8). The mean calibration over the operating range of 1-50
photoelectrons is typically flat to +.15 nsec (2.2 cm) with maximum
peak-to-peak excursion of 0.3 neec (4.5 cm). We believe that the lowering
trend at lower signal strengths is due to non-optimization of the matched
filter. The matched filter was optimized for a nearly symmatrical laser
output pulse, whereas the single photoelectron pulses tend to be somewhat

asymaetric,

A summary of the range error components are tabulated in Figure 9.
Assuming that these errors are independent, the root-gum square (rss) error
due to the r.m.s. systematic sources is about 4 cm. We use this value to
characterize the systematic errors that can be expected for data averaged

over a pasu uuring proper operation,
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8A0 LASER NETWORK

SYSTEMATIC ERROR SUMMARY

Est.

Error

Source (RMS)
Wavefront (Spatial) 1.0 em
System Drift (Temporal) 2.7 cm

Calibration (Signal Strength) 2.2 cm

R.S.S. 3.6 Cm

Figure 9
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SYSIEM NOISE

The noise performance of the system has been measured by examining
range noise (1 sigma) verses signal strength in calibration runs on the
billboard target. This has the advantage of highlighting system jitter by
averaging out effects of wavefront distortion. The results of several
calibration sequences are shown in Figure 10, along with the theoretical
results for a 3 nsec gaussian pulse for reference. At low and interpediate
signal strengths, the range noise follows closely the anticipated n- %
dependence and is consistent ~.ith a pulse of about 3 nsec width. At high
signal strengths, the system noise levels off at about .2-.3 mnsec (3~4.5

c¢m) which is probably dominated by the jitter in the PMT,

The distribution of range residuals (1 sigma) on a per pass bagis for
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ays of operation in Matera
are shown in Figuree li, 12 and 13. Range noise on Lageos varies typically
from 10-18 cm 48 would be anticipated for 1-2 photoelectron events with a
3.0 nsec wide pulse. There is probably some corruption due to the jitter
in the electronics and the PMT. Also some of the data has been degraded by

malfunctions as detailed in Section 3 (Problems and Solutions).

On the lower satellites, returns signal strength are typically 2-20
photoelectrons, Short arc fits to quick-look data give r.m.s. values of
5-18 cm. At the higher signal strengths, the range jitter in the PMI and
the electronics becomes significant and tends to degrade the n~’% noise

dependence.

16



Tommemem o om s EA o BERESEER AL & TSR T O T s EETT TR L SRR G DI R ST R D TS T T Y e e

(Suoijoajeojoyd) HIONIYLS TTYNSIS

ORIGINAL PAGE 5
OF POOR QUALITY,

00¢ 6]0]] oe ol ¢ I
I | I 1 I I
1
SHH VI €72/6 L¥ NNY e |
SYH L 02/6 1V NNY X
SYHPI 20/6 LV N O {2
SHHEI 0g/8 1V NNY O _ W
d¢ W
m
1t
5 = g
] )] E|
{o @ i
1 a =
48 m\
10l
14l
¢86l d3S-9Nv
43SV VH3ILVIA . ¢l
HL1ON3YLS TTUYNSIS 'sA YIN9IS doz
NOILVYEITVD L394VL G3AN3LX3
1 i { | | i




(©) SvNAIS3Y 3INVY
02 < AN 9
{ i i

ORIGINAL PAGE ¥
OF POOR QUALITY

€861 AON LO - 9NV 92
J1137T48VIS
Viva 3007 MoINd
SIvNAIS3Y 3IONVY 40 NOILNgIyLsSid

Figure 11
18

S3ASSVd 40 H3IGWNN




(1) STvNAis3y 3I9NVY
0g< 8 9o w 2 o 8 9

|||r||_ !

£861 AON 20 - 9NV 9¢
J-39
Viva MO0 #21ND
SVNAIS3d 3J9NVY 40 NOILN8IY1SId

0]

Sl

0¢

S3SSVd 40 J3FNNN

Figure 12

19



Oﬂ_mA

8¢
|

(©1) SVNAIS3IY 39NVH

92 vz 22 02 8 9 v 2
| { | ] 1 |

€861 100 42-9NV 92
SO39v1

viva MOO07 MOINd
SIVNAIS3y 39NVYH 40 NOILNGIY1SId

S3ASSVd 40 H3IFNNN

Figure 13

20



LRI AR e e T

o

3. PEROBLEMS AND SQLUTIONS

B8ince installation of the hardware in Matera, the station has been
plagued by a series of hardware malfunctions, The most persistent problem
has beer leakage of a fraction of the laser oscillator pulse thru the pulse
chopper. As a result of this leakage, the transmitted laser pulse is the

desired 3 nsec waveform riding on a 20 nsec base.

The effect of this excessive energy outside the chop pulse is to
introduce spurious stops outside the chopped pulse in the pre and post
calibrations and occasionally in satellite data. When the 20 nsec base 1is
of sufficient amplitude there is sufficient noise in the calibration to

give false system delay and excessive pre-minus post calibration values.

blem was found after ipnitial set up. The same technique that
was successfully used in Arequipa to minimize the leakage was tried in
Matera. This technique involves reducing the width of the oscillator pulse
from 20-25 nsec FWHA to 18 nsec FWHA, This then reduces the underlying
pedestal. To narrow the oscillator pulse, we inserted a scratched plate
into the oscillator cavity. This reduces the Q of the cavity which then
suppresses some of the longitudinal laser modes and reduces the oscillator

pulse width,

Unfortunately, this technique involved a great deal of trial and
error. With this technique, leakage was reduced tc an acceptable level
most of the time, but full reliable performance was elusive and

occasionally the leakage became a problem.
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The laser was operated in this mode until October 23rd while the rest

of the system was checked out. Knowing that the problem still remained to
be solved, but not wanting to bias the data, the thresholds were raised to
further minimize the leakage effect. During thitv time an ongoing series of

tests were performed to localize the cause of thu intermittent problem.

To verify that the problem was pulse shape related and not in the
electronics, the PMT was replaced with the spare »in photodiode transmitter
detector. This detector, which sampled & portion of the outgoing beam
directly at the output of the transmitting te.escope, was connected to the
PMT cable and the rest of the detection system. The photndiode detector
provided a semooth reproducible pulse (with 2 minimvm of statistical
effects) which could then be monitored and used as a reference. The
results of these tests are shown in Figure l4. The system response was
extremely flat with very low r.m.s. values for each signal strength range,
indicating clearly that the system satart and stop electronics were

functioning properly.

The laser detector output pulse is shown in Figure 15 along with a
theoretical pulse shape. The data from October 19 showed evidence of
reflections in the system which were traced to a burned center pin in the
coaxial adapter (which connects the 50 ohm load to the chop Pockels cell).
In addition, the Rryton that drives the Blumlein was replaced to further
reduce the small after pulse effect, Pulse shapes taken subsequently

(October 26) show a marked improvement,

22
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The system performed well to October 29, when a major failure caused
by a water leak occurred. As a result, the pulse chopper and Pockels cell
crystal was damaged and had to be replaced, Shortly thereafter, the
replacement cell developed a problem with electrical contacts to the
Pockels” cell crystal. This problem was repaired and the laser now appears

to be operating well.
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