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Abstract

For satellite laser ranging, TV guiding is widely used to point the laser beam
on the satellite. The ISIT (Intensified Silicon-Intensifier Target) camera has been
applied in last years for its high sensitivity, which enabled to track all satellites
of interest. However, there is a strict limitation to use it for daylight observation.
The new type of CCD camera Electron Multiplying CCD (EMCCD) provides high
sensitivity for short integration time required for fast real time tracking while
maintaining the high ruggedness for daylight tracking. An additional internal gain
reaches a factor up to 200 in comparison with regular CCD. During our tests in Graz
and Shanghai, we did demonstrate the ability for satellite laser ranging during the
daylight and during the night time exploiting the higher sensitivity, as well. The test
results and a comparison with ISIT technology will be presented.

EMCCD Camera Performance Tests

+ EMCCD provides high sensitivity for short integration time required for
fast real time tracking

* In comparison with ISIT, EMCCD offers adjustability of exposure time
and EM gain and beside the Analog video output it has very fast native
Digital output allowing better image enhancement post-processing

* During our tests in Graz and Shanghai we did demonstrate the ability
for SLR during daylight and night operations

ISIT EMCCD

DL658 monochrome
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EMCCD Camera Performance Tests

EMCCD Images of GPS, Etalon 2, Glonass and Lageos 2
illuminated by Sun only

Digital output — no enhancement

(Images are captured with the same EMCCD settings and inverted)

Gps BllA-24, 0.2s, Gain 250
2006-08-25T20:07:39 UTC
Sun only, Altitude ~ 20,100 km

10x10pixels Object Backgr.
Standard

Deviation 350,37 243,86
Mean 939,13 818,49
Maximum 2603 2263

Total Counts 375652 327396

G87- Glonass, 0.2s, Gain 250
2006-08-25T22:53:02 UTC
Sun only, Altitude ~ 19,100 km

10x10pixels Object Backgr.
Standard

Deviation 1508,39 310,89
Mean 1870,07 869.,8
Maximum 10835 2235

Total Counts 748028 347920

Etalon2, 0.2s, Gain 250
2006-08-25T20:39:42 UTC
Sun only, Altitude ~ 19,100 km

10x10pixels Object Backagr.
Standard

Deviation 471,25 2741
Mean 1024,35 820,27
Maximum 4129 2119

Total Counts 375652 328106

Lageos2, 0.2s, Gain 250
2006-08-25T19:27:57 UTC

Sun only (Laser outside the object)
Altitude ~ 5625 km

10x10pixels Object Backgr.
St. Deviation 629,62 503,65
Mean 1713,28 1495,48
Maximum 4375 3389

Total Counts 685310 598194

EMCCD Camera Performance Tests

Analog video output enhancement

On-line video filter - Contrast enhancement

before

GPS 36

after

For more details see the following Poster.

On-line video filter - Pseudocolor mapping

before

after
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Andor Luca DL658 (monochrome)
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EMCCD Camera Tests

‘Shanghai Obsarvatony
Test conditions:

125
25
=20 optics Canan lens TV-16, 1:1.4, =50 mm, C-mount
14-bit i D = 22, addional ND filers 12 x each, 3 pieces
30 ull framesisec sgnal red LED, 7m distance, dark room
USE 2.0 only ANDOR Sclis for imaging, ver. 4.3.0.0

| €7500 UMAX Vision Book 632LX, Celeron D,
Scks (Nol Recommandad) 2.5GHz, 512 MB,USE2.0
$1500 / €1400

EMCCD gain vers sefings 100ms exp lime

Road Neise (o)
Min Operating Temp (*C)
Digttization

Max. Frame rate
PC Interface
Price

EMCCD and ISIT, Graz, 2006
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Gain register operation

ISIT u.ﬂfﬂiﬁgompaﬁson

EMCCD Gain experiment :

= green LED

« mddiionad 2 ND fillers inseried into optical path

* exposune time set fo 100 ms

« the "EMDAC sefting” sat to values in the range of 1 1o 255

Exposure time linearity:
= the gain setting =1 (no EM nwunul gm]

= one ND fiter inserted into

» the i m-pu intensity evaluated as a !\mm ofimaga
sure time (linear dependance expecied)

. Nmnmlniuﬂimwmmmqall ms

exposure
* the gain ncrease I: Enear only for exposure times
=25 ms |

EM ageing / anti-ageing
Pros.:

lawer sei

lower noise (EM gain on)

Sateliste objoct masAwckground level
3

Satelbiee object max background level
13

Lageas2, 0.2s, Gain 250
2006-08-25T19:27:57 UTC
S iy Lot i)

Gps BUA-24, 025, Gain 250
2006-08-25T20:07:38 UTC
Sun only, Alliude - 20,100 ken

Etalon 0.2s, Gain 250
2005-08-25T20:39. 42 UTC
Sun only, Altitude ~ 19,100 km

‘G8T- Glonass, 023, Gain 250
2006-08-25T22:53.02 UTC
Sun only, Alitude = 19,100 km

10x10piests  Object  Backgr.

Standard

Deviation 350,37 24388
Maan m 13 81840
Maximum 2263
Total Counts 3?”52 327396

Data Mining - HW
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Prelpest Amplification settings
- Intemal binning

- decreasing readout noises levels
[Low-nose intemal amplifcation of

amplfication}
= Increasing influence of SN

GPS BIIA-24 om-line filter
2006-08-25T22:09:38 UTC
Averaging - 25 frames
Selected alu conirast

enh

10xi0pels  Object  Backgr,

- Exposurs tima

Pastipre amplifications
signal before high-noise external oulpd  Filtration - interesied wave-lengths pass only

= background influence{level) sminaticn
Cooling - Decreasing thermal noises

Adjusted Cantrast
and brightness
in the selecied arma

10ri0pzols  Object Backgr.
Standard

Deviation 425 274
Mean 102435 62027
Maximum 4“2 M9
Total Counts 400740 328106

Standard
Devistion
Mean

150839
1870,07
Maximum 10835
Total Counts 748028

PC - Software methods

Methods for S/M increasing

SW binning — 30 (integration in time + 20 in space)
SW Exposure - summation of frames

Averaging (mean; time]

Flatfiald — Intensity levels calibration

Background Reduction

- Beg. Frame subtracton (frame without objsct)
- AVG Filler | Adtificial Background estimation
- Median Filter | #nd sublraction

Racagraund

gl age Edbrete backgrmurt Gatiatne
=

Visualization
Methods for batier visibility of objects in real time

Levels seloction - Image histogram
Adjusting of contrast and brighiness
Garma comection

Calor inverting

Pesudo-color mapping

Altitude ~

umo.mk oqm Backgr.
5t Deviation 62062 50165
Mean 171328 140548
Maximum 4375

Total Counts 635310 568104

Replacing dichroic mamor

ring tests in Graz and Shanghai we did demcnstrate the ability for sateflite laser ranging during the daylight and during the night time while exploiting the higher sensitivity
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