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Schematic view of EarthCARE CPR observation

Satellite velocity

Satellite altitude about 400km
7200m/s

~ PRF 6100-7500 Hz

Beamwidth 0.095deg

l Vertical resolution 500m

—::::::ﬁ Sampling 100m

N
Ll

IS o Footprint size 650-720m
ground Minimum integration
length 500m




Doppler velocity error with non-uniform reflectivity

0: angle from nadir
L Vsat V(x)=Vsat*sin@ =Vsat*x/H

Ex. 0 =beamwidth/ 2
Vbw=Vsat * sin(beamwidth/2)
=5.97 m/s

Doppler measured by CPR is

reflectivity weighted velocity
l.e.
&V(X) [V () + W) - F (0 2(x)dx
Vepr =
> - j f (x)z(x)dx
X z(x): reflectivity w(x):vertical wind

f(x): beam pattern




Doppler velocity error with non-uniform reflectivity

If non-uniform reflectivity

Ve # j w(x)(z(x)/ 2)dx
V. =V, - j w(x)(z(x)/ 2)dx

error

Vsat

Doppler measured by CPR is
reflectivity weighted velocity
l.e.

V) +w(x)- F(x)z(x)dx

VCPR -
j f (x)z(x)dx

z(x): reflectivity w(x):vertical wind
f(x): beam pattern




Topics

1. Reflectivity distribution & Doppler
error after horizontal integration

2. Doppler folding consideration

3. Simulation of Doppler error using
reflectivity data



"1. Reflectivity distribution

& Doppler error after
horizontal integration




Doppler error formula after horizontal integration

Verror(X,,): one pulse Doppler error

X,: beam center location at n th pulse
Iv(x —Xn) f (X = Xn)z(X)dXx

Verror (Xn) = I f (X—Xn)z(X)dXx

Verror(Xy,): Pulse-integrated Doppler error

Xqo-Center of integration
N/2 N/2

Verror X00) = V (Xn)Z (Xn Z (Xn
(Xo0) _%:2 (Xn)Z (Xn) _%:2 ( )Z(Xn):jf(X—Xn)Z(X)dX
N/2 N/2
— Zj'v(x—xn)f(x—xn)z(x)dx PACD
“N/2 -N/2

N: Pulse number with horizontal integration



Doppler error integration within footprint

z(x)//\

Z(X)*(X) /

V(X)

E—

v(X)*f(x)*z(x) X=0




Horizontal integration with satellite moving

dﬁ///////////////f’/”””’—__\\\\\\\

2(x)*1() ’//////j:;>/:;>/ﬁ\\\\\\\\\\\\_

V(X)

V(X)*f(x)*z(x) X2 X3
center Ce center



Doppler error formula after horizontal integration

Verror(X,,): one pulse Doppler error

V. (%) = V(X — Xn) f (X = Xn)Z(X)dX

j f (X — xn)z(X)dX

Verror(Xy,): Pulse-integrated Doppler error

N/2 N/2
V X — V (Xn)Z (Xn Z (Xn
- Svomen Sow
N/2 N/2

= Zj'v(x —Xn) f (X = Xn)Z(X)dX / D Z (xn)

—N/2 —N/2




Change order of multiplic

ation for Doppler error

® T~

X

f(x)

V(X)

—

f(x)*v(x)

n

A

-~



f(x) *v(x) pattern shift with satellite moving

° X

P

f(X_)*V(X_,)

X

f *V(X,1)




f(x) *v(Xx) pattern after 500m & 1km integration

Satellite speed contamination and its 500m integration

3dB footprint
after integration
-2000 -1500 -1000 -5D0 0 500 1000 1500 2
Satellite speed contamination and its Tkm integrati

-2000 -1500 -1000 -5bO 0 500 1000 1500 2000

Red line: f(x)*v(x) after horizontal integration



f(x) & f(x)*v(x) pattern after 1km integration

Gauss beam pattern and its Tkm integration

XN

-2000 -1500 -1000 -5po 0 510 1000 1500 2000

Satellite speed congamination and jts Tkm integration

-2000 -1500 -1000 -5DO 0 500 1000 1500 2000




Footprint & f(x)*v(X) pattern in horizontal view

First footprint l

0 0 ¢
Center of

integration  /
1km

Epd footprint




2. Doppler folding
consideration

Iy




Doppler folding

ﬂ, y PRF PRF: Pulse Repetition Frequency

V max =
4 Vmax: Maximum velocity folding
V max =Vsat*x. . /H
A-PRF H
Xfold = °
4 Vsat
_ 332.3m(PRF 7500Hz)
_ 270.2m(PRF 6100Hz)

X¢,1q- DOppler folding position from center



Change order of multiplication for Doppler error

_Xfold xfoId

f(x)

—

Folded v(x)

Folded f(x)*v(x)

v
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Doppler processing using Pulse-pair (1)

E Satellite link
lch| ADC Pulse-pair & |
|Q Detector Qch 500m- !
ADC Integration !
] _ *
Wk = Ik + 1Qx R(T) = Wic™ Wi + 1

l«: 1 ch time series

Qk . Q ch time series

K: pulse number

T: pulse interval

_ Ground
processing

i Doppler
' | Velocity

—ReR(T)+iImR(T)
ReR(T) = Z(|k|k+1 "‘Qka+1)
Im R(T) — Z(lekﬂ o Ika+1)

R(T): Complex cross correlation PP



Im

Doppler processing using Pulse-pair (2)

R(T)

R (T)

9=z 2V
A
V —Ltan Im ?(__)
ArT ReR(T)

0: Phase change between pulses
V: Doppler velocity

A: radio wave length

T: pulse interval

Re R(T)



Formula of Doppler velocity error using PP

c(X),q(x): Real & imaginary part of R(T) function at x

c(x) =ReR(T) =cos(x/X,., - 7)

q(x) =

ImR(T) =sin(x/ x

max

from beam center
. 72-)

C(x),Q(X): Real & imaginary part of R(T) function at xn

C(Xn) =

Q(x) =|

Z(Xn) =

:c(x— xn) f (X = Xn)

7(x)dx /Z(xn)

[ (X = Xn) T (X = Xn)

7(x)dXx /Z(xn)

[ (X — Xn)Z(X)dX

V(X,,): Pulse-integrated Doppler error

Verror (XOO) —

A-PRF W2

T _N/2

Xmax: DOPpler folding position

arctan(ZQ(xn)“Z(xn) / %C(xn)

Z (Xn))




f(x) *c(X) & f(x)*q(x) pattern with 500m integration

Real{R(t)} and its 500m integration

3dB footprint
fter integration

Q)

-2000 -1500 -1000 -5D0 0 500 1000 1500
Imaginary{R(t)} and its 500m integration
-2000 -1500 -1000 -500 0 500 1000 1500

2000



f(x) *c(X) & f(x)*q(x) pattern with 1km integration

Real{R(t)} and its Tkm integration

3dB footprint
fter integration

Q)

-2000 -1500 -1000 -500 0 500 1000 1500
Imaginary{R(t)} and its Tkm integration

-2000 -1500 -1000 -500 0 500 1000 1500 2000
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3. Simulation of Doppler
error using real observation

~

J

SFIDER reflectivity factor (dBS)

i

Lat 370 6.0

Lon 1294 1297
JST 1203 13.20

2ol 472007



dBZ



Z(X) & f(x)*v(x) pattern

In dB

Satellite speed contamination and its Tkm integration
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Z(X) & f(x)*v(x) pattern in dB

Vsat comtam in dB 1Tkm integration
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Z(X) & Q(X) pattern in dB

Imaginary{R(t)} and its Tkm integration

S~—
2000 -1500 -1000 -500 0 500 1000 1500 2000
z in dB observed by SPIDER 30
LAT37.10 LON139.41

L 20
L 10
__,.i"-"'--.-wn....-u.n._ |:: 'D
o .""-'-_-.._ =3 arr _,..ﬂ-.:"ﬁ- 16

LT h‘h'."vﬁf'ﬂh"':;"ﬂ""-f"l, £ F""'-.r,..l-."’l"ﬁr
LA .:"5.-. Ar i —EU
30

-2000 -1500 -1000 -500 0 500 1000

1500 2000




Z(X) & Q(X) pattern in dB

Im{R(t)} in dB 1Tkm integration
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Z(X) & C(x) pattern in dB

Real{R(t)} and its Tkm integration
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Z(X) & C(x) pattern in dB

Real{R(t)} in dB 1km integration
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Pulse-pair to Doppler error

ﬂ,' N/2 N/2

Vo (xo0) = ZRF arctan( >’ Q(x)Z (xr) | 3 C(%,)Z (xn))

—N/2 -N/2

3.19E > ¢ 7500 4( 8.08
= tan
A 20.75

=0.70



Summary

1. Doppler error can be estimated from
reflectivity referring first and end footprint

2. Integrated real and imaginary part of R(t)
Is useful to considering Doppler error with
folding

3. Doppler error value is demonstrated
using SPIDER observation
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