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GPS BlackJack Receiver on SAC-C ~ p L  
GPS flight receiver was built and tested by JPL 

Purpose: demonstrate and achieve new 
capabilities for tracking, navigation, and science 
remote sensing 
- Navigationhracking is just one benefit 
- The BlackJack differs from conventional GPS receivers in that it 

was designed from the start to be multifunctional and software 
driven, with precision and performance as distinguishing qualities 

- SAC-C has been an extremely valuable platform to mature GPS 
technologies, related to both precise orbit and remote sensing 

November 17,2003 Tracking Systems and Applications Section 2 
Jet Propulsion Laboratory 



BlackJack GPS Receiver on SAC-C: Topics JPL 
Atmospheric and Ionospheric Remote Sensing 

Precision orbit determination 
- Post processed 
- Real time 

Surface Reflect ions 

Some “firsts” 
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Current Missions with BlackJack Receivers JpL 
precise orbit 
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Overview of GPS Remote Sensing 
Applications on SACK JPL 

Each occultation provides a high resolution (-100m) profile 
of atmospheric density, temperature, pressure and 
geopotential height in the stratosphere and upper 
troposphere, and temperature or water vapor in the 
troposphere, electron density and irregularities in the 
ionosphere. Upward measurements provide 2D tomographic 
images of electron density in the plasmasphere. Surface 
reflection data gives ice topography, and possibly ocean 
height, wind and roughness. 

One week coverage from SAC-C and CHAMP (-500 occultations/day) 
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JPL Examples OF Temperature Profiles 
from SACK and CHAMP 

- 
- 

Relies on precise measurements of,time 
delay between transmitter and recelver 
No long term drift-ideal for global warming 

Global coverage 
All-weather remote sensing system 

-Radiosonde - Measures water vapor profiles in the 
- -ECMWF troposphere, with accuracy of 0 2 glkg 

Provides profiles of electron density in the 
ionosphere with c l  km resolutions 
0.5K accuracy for individual profiles 
0.1K accuracy for averaged ensemble 
-1 00-m vertical resolution 

- 
- 

La1 .83.4 
Lon = -162.7 

Orlentation: 

CHAMP = -87.9 Climate trend detection 
Assesdcalibrate other observations and 

- Improve analyses and weather prediction . Study of atmospheric mass, balanced wind 
and slab temperatures - Study of atmospheric moisture . Study of internal boundaries: Tropopause 
and Boundary Layer 

SAC.C = 48.7 
c- r SAC-C Oce  ID - 2001-00-24-00:25.~CC_pp.ZS 

CHAUP Oss ID = 2001-00-24-00:44champ_gp~lS 

-. . . 1.-.- . . . . .  A... - Characterize the diurnal cycle 
Date: 2001-07-11 
UT: 23:OS 
Lat =60N 
Lon = 162W and dissipation 

5 - Contribute to knowledge of cloud top & 
base and conditions of formation, evolution 

I .  . I Reveal features diagnostic of underlying 
physical processes 

210 220 230 240 250 260 270 
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JPL Potential for Climate Trend Detection 

- 

GPS occultations offer 
independent, very precise 
measurements for the 

Statistics based on -200 SACK and CHAMP occultations that are <1/2hr and 4 0 0  
km apart show consistent mean T to c 0.1K (below-left). By contrast mean 
temperature of analysis (NCEP) shows differences of -0.5K to SACK or CHAMP 
(below-right). After Hajj et al., 2003. 

The bias of the 200hPa-300Hpa layer average temperature 
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detection of weak climate 
trends - 0.1 Wdecade - as well 
as a standard against which 
other instruments can be 
calibrated. 
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Ionospheric Sensing by GPS Occultation JPL 
* w v l  Example of 

Capabilities: 

Electron density profiles at c1 km vertical 6 0 0 .  
resolution 

E Detailed 2D global maps of vertical TEC and Y 

Global 3D images of electron density as a : 
g 400. ionospheric response to magnetic storms - 

function of time 
Maps of ionospheric scintillations and 
irregularity statistics 

MO 

l.0 
Potentially inferring ionospheric drivers such 0 as electric field, neutral wind, neutral densities 0 0.2 0.4 0.6 0-8 

and temperatures, solar EUV radiation O m l t y ,  10L12 CtlmA3 

electron 
density 
profile 
obtained 
with GPS 
occultations 
on SAC-C. 

2 

Veltial E C  at (1T oom 
Applications: Example of global 

Improve navigation maps obtained by 
9 Mitigate effects on communications 80 the Global 

Assimilative 
Improve understanding of ionospheric Ionospheric 
response to storms 40 Model (GAIM) by 
Improve understanding of ionosphere- 20 use of SAC-C 
magnetosphere coupling and CHAMP 

atmosphere coupling 

vertical TEC 100 

Improve geo-location 60 

data. 
Improve understanding of ionosphere-lower 0 
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JPL Precise Orbit Determination (POD) on 
SAC-C: post processing 

Orbit Overlap Difference RMS for SAC-C in Year 2001 
10 I I " '  1 " '  I " '  I , "  

8 L --t Overlap_RhlS (ctn) 

? 

n 8 " 
7/15 817 8/30 9/22 10115 1117 

Date 
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Real-time on-board POD: conventional 

Limits to 
conventional GPS 

. 

receiver measurements 

modeling of 
measurements 

GPS satellite orbits and 
clocks 

3 several-meter 
re a I- tim e 

positioning 
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Real-time on-board POD: what ~ e ’ v e  done 
on SAC-C ... 
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..to overcome limits to 
conventional G PS 

receiver measurements: 
use geodetic quality 
Black Jac k hardware 

modeling of measurements: 
port derivative of award- 
winning GIPSY software 
to BlackJack 

GPS satellite orbits and 
clocks: broadcast 
ephemerides still limiting 

3 - 2 -meter real- 
t im e position in g 
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... Real-time on-board POD: 

* * .  limits to 
conventional GPS 

ll 

receiver measurements: 
use geodetic quality 
BlackJack hardware 

. 

. 

modeling of measurements: 
use derivative of award- 
winning GIPSY 

GPS satellite orbits and 

~~ 
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GPS Surface Reflections on SAC-C 

I GPS incident 
cinn3l - I 1 P I A  "'y' IUI L I - V I A  - 
is tracked through 
9-dB occultation 
antenna 

Nadir (6-db) and 
occultation 
antennas 
simultaneously 
gather reflection 
data 

0 bs e rva t i G n s 
scheduled based 
on latitude and 
time of day for 
reflection angles 
c o  L- A I - 0  

. .  

Delay and Delay-rate models of 
reflected signal - in terms of 

~ 

offset from incident signal - are 
re-computed for every 10-s 
observation period 
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Surface Ref I ect i o ns 

. Illlode! of 
reflected 
signai is 
adjusted by 
3 m every 
20 msec . Model and 
measured 
signals are 
correlated in 
two 
cor relat ors . Shown is 
example of 
detected 
reflection 
with high 
SNR 
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Surface Reflections 

. 24-hr 
period on 
December 
10,2002 . Locations 
of detected 
reflections 
with SNR 
> 20 . Reflections 
from both 
oceans 
and ice 
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Interferometric phase observation of 
GPS ice reflection 

GPS refiections have been 
detected as “horns” 

grazing occultation signals 
extending from surface 

and analyzed from SAC-C 
and CHAMP at JPL 

for the first time used 

\20 
\ 

- \  
-\ 

Estel Cardellach (JPL) has h 

infer simple (decimeter) F 

0 a) 
v) v in t e rfe ro m e t r i c tech n i q u es to UJ 40 
2 

altimetry measurements 
These data are measuring 
ice altimetry near the 60 

-20 -1 0 0 10 20 
Fourier transform frequency (Hz) 
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Upcoming Missions with BlackJack Receivers 
~ 

ionospheric 

~ 

remote sensing 

. precise orbit 

OCEANSURFACE TOPOGRAPHY MISSION 05TM - , i  43 '* \") :-a 

. . 
I precise orbit 

atmospheric remote sensing 

ionospheric remote sensing 
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GPS Receiver on SAC- some “firsts” JPL 
Atmospheric occultations 

9 the first “fly-wheeling” software allowed tracking of ov 
1 the first open-loop software being implemented on S 

occultations to the surface 
1 A new capability for rising occultations is presently be 

1 3.6 cm precision & accuracy demonstrated in post processing -- prob 
spacecraft 

1 Precise orbit determination (real-time, onboard): 1 - 
through simulations for a future mission scenario 

low 1 km altitude 
onsistent tracking of all 

AC-C for the first time ever 
Precise orbit determination 

rd.result for a 705-km altitude 

pability for 20-cm shown 

Although SAC-C was launched several months a 
improvements were implemented first on SAC-C 

First GPS ocean reflections from a GPS receiver in a lo 
CHAMP and SAC-C 

AMP, many GPS flight software 
en on CHAMP 

ere detected on 

CHAMP and SAC-C were the critical pathfinde/.mf&ohs 
upcoming COSMIC constellation mission 

se s&ces$^led to the 
. - .  . 

technologies, related to both precis 




