| A,
.\..\/)

(37
{

PHASE TRANSFORM ALGORITHM FOR
RADIO OCCULTATION DATA PROCESSING

J.J. W. Wilson & J-P. Luntama
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GRAS INSTRUMENT HARDWARE
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GRAS INSTRUMENT ARCHITECTURE -’"L:;;s,
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AGGA ASIC ARCHITECTURE
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GRAS Measurements

£PS N\
L1 C/A Code Phase L2 P Code Phase
L1 P Code Phase .2 Carrier Phase
L1 Carrier Phase L2 Signal Amplitude

L1 Signal Amplitude

All time stamped with Instrument Measurement Time (IMT)

The regenerated carrier phase (on L1 or L2 channels) 1s obtained
by adding back the signals removed by fixed down conversions
and by the tracking loop or law-based final down conversion:

Howa (i), T (1) )i >N

(2 FUMETSAT ——

Slide 6



The Regenerated Phase
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The Correction of the Regenerated Phase | Voo N
L

? reG -0 (TE\;{(T ) =  Orec (TE\;I(T )
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The Correction of the Regenerated Phase Il VN

IMT |
(PREG-A(TRX) —
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A\
The Phase Transform Algorithm e~

IMT

RREG—B(TE\;[(T) = Exp l+1 (PREGB(TRX )J

f IR s (T ) Exp [ —i 0 (p o) Jael
0
v d
a(p) = —ﬂdp[Phase[ (p)]]
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Q\
The Reference Phase Function e~
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Derivation of Phase Transform Algorithm Il Voo N

ds = rcosec(y)do

J(dr P +12(doY

o,
w2
I

a = n (I‘) I SIn ( 1 ) The Formula of Bouguer
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Derivation of the Phase Transform Algorithm Il Voo N
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Derivation of Phase Transform Algorithm IV jj' ;;R
S
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Derivation of Phase Transform Algorithm V ;;Q,
NS
_ _ do _ dy  dO
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Derivation of Phase Transform Algorithm VI Voo N
N

2
por = W)

B 2T7T 1;‘: \/nz(r>r2_az d(h:l(rn))dr

(2 FUMETSAT ——

Slide 17



Derivation of Phase Transform Algorithm VII ;j@\/
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Derivation of Phase Transform Algorithm VII| Voo N
St

GPS LEO
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Derivation of Phase Transform Algorithm IX H},;R
L
a =1 - vy, - vy
2.2 2.2
a = ArccOS|: s :I — ArcTan 6~ — ArcTan noe
L a a
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Derivation of Phase Transform Algorithm X Voo N
St

Now consider the integral:

TIMT

u(p) = J- (D(Tg\)d(T )RREG—B(TE\;[(T)EXP[_i O(p,’cgf)]dtg\g

0
ulp ):TTT“’("%T JA gecn (0007 ) Exp [i @ (p.,7007) =i 0 (p, o) Jael
0
Since:
R rpgn (Tg;[(T): ARec.n (T{;hg(T)EXp l+ 0 (p ,’CE\;I(T)J

(2 FUMETSAT ——

Slide 21



Derivation of Phase Transform Algorithm Xl Voo N
St

Integrating by the method of Stationary Phase yields:

u(p) ( v 2m1 OJ(‘Cg(T_l )AREG-B<T{{1\;I(T-1)'EXp[i (P(p,ﬂ&ﬂ)—i e(p,rg\g{z)] )

d2(p B d?o
dt* dr°

TZTI
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Derivation of Phase Transform Algorithm XI| Voo N
St

The function 6 may be arbitrarily selected
and therefore may be chosen to be:

o(pt) = X Vi@ -0+ V@ -+ palpr) |

P p

a(p,r) = F(T) - ArcTan{\/ré(T)_p2 } — ArcTan{\/rf(T)_p2 }
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Derivation of Phase Transform Algorithm XII| Voo N
N

With this choice of 0 the phase of the function u becomes:

Phase[u(p)] = [@(P»Tl)_e(Pﬂl)]
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Derivation of Phase Transform Algorithm XIV Voo N
St

Now consider the derivative of the phase of u with respect to p:

a 4nd ——5 d(In(n(r)))
dp[Phase[u(p)]] " dp J; \/n r p ir dr
EEL P d(In(n(r))) ,
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