GEOSCIENCE LASER ALTIMETER SYSTEM - (GLAS)

REQUIREMENTS FLOW-DOWN
	SCIENCE REQUIREMENTS
	FUNCTIONAL REQUIREMENTS
	DESIGN REQUIREMENTS



	1.  Obtain day & night, long-term (decadal) spaceborne measurements of ice sheet topography with sufficient spatial and temporal resolution to detect regional elevation changes.  Optimize for near simultaneous measurements with MODIS (AM or PM).
	Instrument lifetime of 3 years (5yr. goal)

Orbit: - ~600 km altitude (same as EOS AM or PM), 94_ (retrograde) inclination (_ 4_ hole at Antarctic provides coverage for  critical discharge streams), with orbital repeat period of ~180 days (~30 sub-cycle).  Laser ground track repeat of _ 1km (over ice).


	Instrument design lifetime is 3 years; Best efforts within resources with selected redundancy – goal 5yr life.

Thermal & radiation design considerations

For _ 1 km Laser spot gnd seper. & repeat (1_)


S/C Orbit track repeat:
_ 900m (800m allocation)


S/C Attitude Control:
_ 0.1mr (_ 71m)

Laser shot-to-shot jitter
_ 10_r (_ 7m)



	2a.  Obtain global profiles of land, vegetative canopy, ocean surface topography and selected polar ice sheets.


	Pulsed Lasers
- _ (1064 nm) - topography



(100% duty cycle)
	Diode Pumped Nd:YAG – Osc., pre-amplifier and power amplifier configuration

	2b  deleted

	
	

	3.  Sample along-track ice-sheet surface elevation wavelengths of _ 500m.
	Laser along-track footprint spacing _ 175m

Laser footprint = 70m ±10m with approximately gaussian characteristics.


(to avoid roughness bias)


	Laser PRF _ 40Hz (orbit vel. = 7km/s)

Laser div. ∫ Beam is collimated such that a 110_r circular aperture encloses 86.5% of the beam energy  (1/e2 - far-field).



	4.  Measure surface elevation profiles with instantaneous along-track elevation changes of  3km.


	+/- 3km min. tracking capture
	Digitize entire transient record

Programmable digital filter for return pulse analysis

Return 200 sample return pulse window over oceans and 500 samples everywhere else (1ns per sample).  Average if ground return waveform is >400 samples and record averaging scalar.  (return 400 samples/shot)



	5a.  Measure ice sheet elevation with single measurement accuracy of 20cm for <2_ surface slopes or equivalent roughness of the sensor footprint.  (With respect to the geocenter.)

Note:  Atmospheric delay correction parameters will be 

provided by Science Team.  Altimeter will have sufficient link margin to successfully range to the surface through optically ‘thin’ clouds but with degraded ranging accuracy. The surface ranging performance will degrade will increasing cloud optical thickness. 
	Measure instrument range-to-surface to 10cm accuracy.

Maintain range bias error (orbit _) <3cm.  Average range bias error <1cm over the mission life (3-5 yr).

Measure  radial orbit component of the instrument _ ref. pt. from the geocenter to 5cm RMS accuracy (1_).

Determine along track and cross track orbit position of the instrument _ ref. pt. from geocenter to 20cm RMS accuracy

Determine laser pointing direction with respect to the position vector of the instrument _ ref. pt. to £1.5 arcsec accuracy (1_ - post processing) to determine slope induced range errors.  

Maintain laser pointing direction to the Earth local vertical (elipsoid model) to _ 0.1mr for repeat data regions (±60º lat.)

Establish a data set time correlation method to integrate GPS, star camera, laser pulse range timing electronics, laser ground tracking, S/C attitude knowledge, etc.


	Range time-of-flight timing resolution £1ns.


_1 - Laser Tx pulse width _ 4 - 6ns ; (TEM00) 
Receiver BW ≥120MHz 


Digitize Tx & Rx pulses ≥1.0GHz 


Pulse centroiding technique


Time walk correction to _ 5cm

Monitor Osc. drift (orbit _) due to temp, aging; etc. via GPS time correlation with internal event timer registers to an accuracy of  £40PPB (post processing).

GPS (primary), SLR (backup)

Measure inst. _ ref. pt. to GPS _ ref. to _ 5mm

        “      “        “      “  SLR cube    “     “

Measure inst. _ ref. pt. to S/C CG to _ 5mm

and CG location as the fuel is expended, etc.  -  S/C goal to monitor on-station CG - (on-board accelerometers)

Acquire _1 laser-to-star camera pointing ref. data;

S/C attitude slew rates  £2∞/sec. (Gyro limit - HRG)

See 1.  for initial allocation breakdown.

Use on-board 1∞ ¥ 1∞ DEM (memory), accurate to 0.5 km

Also note: Sun avoidance ±30∞ to optical axis.

(launch tip-off, S/C safe modes, etc.)

GPS time to <75_s accuracy .

GPS time ref. Distributed to all sub-system data time tags: Wide pulse at 200 shots, UTC or MET tag  in MEU



	5b.  Sample distribution of surface elevation within individual sensor footprints to 10cm accuracy or 10% of footprint surface elevation variability.


Surface

Equiv. Roughness

ice/snow
|      0-3 m


* sea-ice
|      0-3 m


* land/veg.
|      0 - 10 m

 
land/veg.
|     10-100m


	Measure laser return pulse (_1) waveform structure.


Timing Accuracy (1 _)



10 cm



10 cm



10 cm



1 m
	Waveform digitizer ≥1GHz - Reduce to 200/500 ‘words’/shot

5cm precision for ice sheets at >60_ lat.

50cm precision for land topography <60_ lat.



	5c.  Measure annual changes ice sheet surface elevations over 104 km2 regional topographies with <1∞ surface slopes or equivalent roughness suitable to generate a 1km grid square topographic map after 5 years to 1cm vertical accuracy.

(Science Team post-processing of  "5a." data to achieve the 1cm desired accuracy).
	Prob. of Meas.
   DAY
   NITE   
ice/snow (0-3m)
| ≥0.90
| ≥0.90
|

* sea-ice(1.5m)
| ≥0.90
| ≥0.90
|

* land/veg.
| ≥0.90
| ≥0.90
|

* oceans

|    -
|    -
|

*will be accessed - ice/snow requirement will be the driver.

Each crossover point within the 104 km2 regional grid will require ≥400 valid measurements to RSS 20cm single shot measurements to 1cm. (See 5a.)
	Link Margin (day)   Rs
 PDR
 LAUNCH


ice/snow (0-3m)
|   0.6
|>9db
| >3db
|

sea-ice(1.5m)
|   0.6
| ≥ 9db
| >3db
|

land/veg.
|   0.2
| ≥ 5db
| >3db
|

oceans

|    -
|    -
|     -
|

Tx Energy _1 _ 75 mJ ; Rx BPF (_1) £ 1.0nm

Receiver Dia. = 1.0m ; telescope FOV(l1) _ 0.375mr or 0.475 mr (carry both through engineering model testing) 

Det. Q.E. (_1) = 0.35 ; System Transmission ≥ 0.5

Target reflectivity (diffuse lambertian) _ 0.2 to 0.8

Ground viewing eyesafe issues >20cm tele. Apertures

On-board digital filtering of Rx pulse

0.5db contamination loss – system total thru post launch 

0.5db misalignment loss – system total thru post launch

                    

	6.  Measure height of land surface topography to 1m vertical accuracy at 10∞ surface slopes, and 50cm on 

3_ slope with 1m surface roughness


	Measure laser pulse two-way range to 1m accuracy on surface slopes or equiv. roughness of 10_ & 50cm on 3_ surface slopes with up to 1m roughness.
	Time walk corrections to _50cm

S/C attitude control _ 1mr (1_), 

S/C attitude knowledge _ 20 arcsec (3_)



	7.  Measure apparent surface reflectivity over snow                                                                                                                                             to 5% accuracy (l1 only).  Land 10% accuracy.

Note:  Atmospheric correction provided by Science Team


	Measure l1 Tx and Rx pulse energies
	Digitize l1 Tx & Rx pulses at ≥1GHz/8-Bit

Monitor l2 Tx pulse energy - 8-Bit resolution (Laser H&W only)

	8a.  Sample individual pulse cloud top and/or aerosol layer heights when upper boundary is sharp (<100m) with 75m (1_) vertical resolution.  This layer may appear from 0 to 20km altitude.


	Measure analog backscatter return with 500ns resolution within a 20km region.
Vert. (Horiz.)Res. Rel. Accuracy
Backscatter X-section
    75m (200m)
|       10%
|> 10-3m-1sr-1
    75m (200m)
|       10%
|> 10-4m-1sr-1
  300m(20km)
|       10%
|> 10-6  m-1sr-1
 300m(100km)
|       20%
|> 10-7m-1sr-1
20 km laser backscatter profile  (analog signal)
	500ns resol. ﬁ digitizer clock _ 2MHz ﬁ 75m/bin

Signal-to-noise


10

            10
10


10


 5

Tx Energy  50 mJ ; Rx BPF ª 2.0nm

Receiver Dia. = 1.0m ; Telescope FOV _ 0.375mr 

SiAPD det. QE = 0.35 ; System Transmission ≥ 0.5

Start of 20km profile above surface is keyed to the on-board 1∞ ¥ 1∞ digital elevation model.  The Lat. & Lon. Info retrieved from the GPS data stream (once per second) will serve as input coordinates to the digital elevation model.

at pre-atmosphere conditions (80km) -  Retrieve background reading of ~250 samples – no avg’ng

20km to 10km Clouds (8 shot averages)


ﬁ 56km alongtrack resolution


ﬁ 132  vertical bins 


ﬁ 255 counts x 8 shots ﬁ ª 11 bit range/bin

10km to –1km - Clouds (every shot - no averaging)


ﬁ 175m alongtrack resolution


ﬁ 148 vertical bins


ﬁ 8 bit range/bin

at -5km (post surface return) – Retrieve background reading of 16 bins – no avg’ng



	8b.  Sample individual pulse vertical cloud and aerosol structure (photon counting) from surface to 40km with 75m verticle resolution  - l2 only. 


	Vert.(Horiz.) res. Rel. Accuracy
Backscatter X-section
75m (200m)
|       10%
|> 10-4m-1sr-1
300m(20km)
|       10%
|> 10-6  m-1sr-1
300m(100km)
|       20%
|> 10-7m-1sr-1
_2 - 40 km laser backscatter profile  (photon counting)


	Signal-to-noise


10


10


 5

Tx Energy _2 _ 35 mJ ; Rx BPF (_2) ª 25pm

Receiver Dia. = 1.0m ; Telescope FOV(l1) _ 0.16mr 

SPCM det. QE (_2) ª 0.5 ; System Transmission ≥ 0.3

2-axis active boresight control t ª orbital rates

temperature tuned etalon t ª orbital rates

Max. Signal input Count rate ª 160Mcnts/sec. 


ﬁ Counting eff. at near sat ~ 2:1


ﬁ 10cnts/75m bin/det./shot (¥ 8) 

Start of 40km profile above surface is keyed to the real time GPS Lat., Lon. and distance solutions with on-board 1∞ ¥ 1∞ digital elevation model.  The Lat. & Lon. Info retrieved from the GPS data stream (once per second) will serve as input coordinates to the digital elevation model.  The actual predicted altitude will be derived from the difference between the digital elevation model and the GPS distance solution.

At pre-atmosphere and post ground return conditions  retrieve background counts summed over 0.25ms 

40km to 20km - Aerosols (267 bins - 40 shot average)


ﬁ 280km alongtrack resolution


ﬁ 5 ¥ 8 ¥ 40  ﬁ ª11 bit range/bin

20km to 10km - Aerosols (132 bins - 8 shot average)


ﬁ 56km alongtrack resolution


ﬁ 5 ¥ 8 ¥ 8 ﬁ ª 9 bit range

10km to –1km - Aerosols (148 bins - no averaging)


ﬁ 175m alongtrack resolution


ﬁ 5 ¥ 8 ﬁ ª 6 bit range

at pre-atmosphere conditions -  Retrieve background counts summed over 0.25ms – no avg’ng

at -5km (post surface return) - Background reading of 16 bins – no averaging.


Additional Requirements

	Mass
	<300 kg

	Power 
	26V to 34V

	
	<330W orbital average

	
	<400W peak

	Data interface
	1553

	
	Up to 6 RT addresses
RT #1 at <430k bps

RT #2-6 < 8192 bps total

	
	


