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Abstract

paraneters but also the third and the fourth Stokes parameter of ocean surface radiation Thus it opens a new field of

Polarin etric m icrow ave radiometer a new type of ranote sensor canmeasure notonly the first wo Stokes

m icrow ave ramote sensing on wind vectors There is wind direction anbiguity in actually retrieved oceanic w ind field
using fully polarinetric radiom eter data because w ind direction signals in T, and T, are very snall comparing w ith other
geophysical parameters while T; and T, are basically wo order snaller than those of horizontal and vertical polarization

and m eanw hile there are calibration errors in each Stokes paraneters In this paper we dedicate to inprove the calibration
accuracy by designing a fully onboard calibrator and reasonably allocating tme for calibration and observation during one
scan cycle The theory of polarin etric m icrow ave radiom eter calibration is given and the actual considerations of the on-
board fully polarin etric calibration standard are dem onstrated An original idea of calibrating polarim etric radiom eter on
satellite is presented The relation between scan mode and wind direction retrieval error is analyzed A new scanning
geom etry to rem ove these w ind direction am biguous solutions is devised and modeled Smulation results show this kind
of scanning geometry can remove wind direction anbiguity effectively The accuracy of w ind direction retrieval can be
inproved 1o 15" On the otherhand due to the lin ited space on satellite the swath of a single side scan can reach above
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1 INTRODUCTION

Since Skylab and Seasat Satellite launched in 1970’
m icrow ave 1adiom eter has become amain sensor to measure
wind speed As the sensitivity and calbmation accumcy of
m icrow ave radiometer are inproved it has detected that sea
surface brighiness tan pemture is variable between (O 5K and
9K with different relative w ind direction (W ents 1992).
The followed research show that there were w ind direction
signals in both T, and T}, » which can be used to retrieve the
cosine of relative wind direction (Yuen 1997% M eissner
2002). However amorte accumte wind direction retrieval
needs the aids of other data from scatter or global weather
forecast data

Polarinetric microwave radiometer a new type of
rmole senso¥ can measure not only the target’s mdiation
but also its polarizability The correlation signals of the
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polarinetric m icrowave radianeter ocean w ind direction anbiguity onboard calbration scanning geametry

thid and fourth siokes pammeter in the ocean surface
an issions vary periodly with relative wind direction Thus
they can be used to measure wind field more accurately
Polarietric radiom eter realizes utilization of all nfom ation
about electrom agnetic wave incliding frequency phase
anpliide and polarization Therefore n ocean mmote
sensing it can measure many pammeters such as air
cloud liquid water sea surface temperature wind vector
and so on

In January 2003 the W indSat/Coriolism ission deployed
the first spacebome fully polarinetric passive m icrowave
radiom eter The puipose of the mission is to demonstrate
the capacity to obtain near-surface winds over the global
oceans from passive m icrowave measurements (Gaiser
2004). Tis practicability has been tested by a lot of satellite
data (Bettenhausen 2006 Yueh 2006). Due to some
inproper configurtions of W indsat’'s scanning geam etry
wind direction accuracy can not fully satisfy the measuring

requirem ent of 20" (Laws 2006 Wents 2005). A new

)s received PH- D in Aug 2005 in polarinetric m icowave mmote sensing of oceanic

w ind vectorprinciple systan design and application Hismajor nterest is in m icrow ave radiom eter rem ote sensing of oceanic geophysical paran eters

especially m its calbration and validation retrieval algoritm development

surface em ission and scattering models and other related application
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scan geometry of tice obsewvation can mmove wind
direction anbiguity effectively and mprove the accuracy
of wind direction retrieval up to 15~ (Y in 2008).

Calbration method and design scheme of polarinetric
radiometer on satellite are presented Time and space for
calbration and obsewation during one scan cycle are
reasonably allocated A new scanning geometry to ramove
upw ind/down wind direction erors due to ambiguous
solutions is devised

2  DESIGN ON ON-ORBIT CALIBBRATOR OF
FULLY POLARMETRIC M ICROW AVE RA -
D IOMETER

Due to the crwoss-talk between polarinetric m icrow ave
channels unbalance exists Two-
pont method can only calbrate every channel sepamtely

and can not reduce the unbalance eror i the ortho-
channel which will weaken the calibmation precision in the

. )
radiometer s channels

cwsspolorization channels A lthough often neglected n
conventional mdiometric measuraments the inter-channel
cross-lak has to be accounted for in polarin etric adiom etry
due to its potential influence Here we device a new method
of end-to-end calbmation for spacebome polarinetric

radiom efer

21 Principle on fully polarinetric m icrowave

radiom eter calibration

The relation between the antenna temperature of a
fully polarin etric radiom eter and its com plete output can

be written as (Lahtinen 2003)
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where U is video output response vectoi g and o consist
of radiom eter gain and offset param eters and n is the
instrum ent noise referred to the video outputs The off-
diagonal elem ents of g represent inter-channel crosstalk

which can be the result of one or more hamdware
lin itations In owder to mvert the antenna brighmess
tem perature vector from U the elements of g and o in
(1) are required Estinates of these unknown gain and
offset elem ents can be detem mned via fully polarin etric
calibrationC )whtieh 2 tgtju (iésintheA gedemtiorioofnal Héast
five linearly independent

brightness  tem perature

vectors

The fully polarinetric calibration standard can produce
an infinite number of distinct linearly independent reference
brighiness vectors priorly with adequate precision and
tmelness This standadd is composed of two parts
(Fig 1), one is a linearly polarized standard which is
fomed by two blackbodies of different but precisely known
am ission tanperatures along with a polarization-splitting
wire grid the other is a m icrowave phase retardation plate
which is put between the linearly polarized standard and the
rdiom eter antenna (Gasiewski 1993 Lahtinen 2003).

/\Radiometer antenna

¢

Retardation plate

2 o Polarizing grid
o Hot blackbody target

Cold blackbody target

Fig 1 Schematic diagram of a fully

polarim etric calibration standard

The thowugh analysis of the function principle of this
calbmtor proceeds by fist caleulating the tri-polarinetric
Stokes vector of the linearly polarized standard —then
multiplying this vector by a transfomation matrix describing
the iflience of the retadation plate The grid wire
orientation angle measured with respect to the antenna
polarization basis is @ The wtation angle of the plte reltive
to the mdiameter is ¢ Changing @ ¢ can produce many
distinct calbmation data matrix wows for precise calibration

provided that the various material and component param eters

of the standard are well known (vliet 1981).

22 Design on on-orbit calibrator of fully polari-

m etric m icrowave radiom eter

According to the theoty of fully polarinetric calibration
standard we put foward a calbration method on satellite
as shown in Fig 2 Five angle canbinations incliding 0=
0'and $=0, 0=90" and $=0, 0=45 and $ =0, 0=45"
and $ =90, 6=30"and $ =90, produce five groups of
fitlhp |1 folavind étric e biighmeks s temperadireshttThey veolkd
calbration load is the miror toward to the cold sky of
2 73K. The cold sky could enter into the calibration



192

Joumal of Remote Sensing # B4R 2009, 13(2)

standard totally by adjusting the m iror’s reflection angle
The hot calbration load is made of wide-band m icrow ave
absotber whose an issivity is close to 1 Its tanperature can
be measured by Pt resistance The antenna reflector feed
and receiver are installed on a wtary platfom to scan The
five fully polarinetric calbration standads are fixed

Cold sky j Reflector

—h

\f*

Hot
load

3

T T o 0y T o W

Retard plate

90° 45°

Vi

(@)

0°

between the reflector and feed Five groups of grids and
retarding plates are fixed to the five aforanentioned angle

conbinations As @ ¢ cold and hot teanperatures are

know e
tanperature are adequately known which can be used to

five gwups of fully polarinetric brightess

calbrate a space-hbome fully polarinetric radiom eter

Cold sky ™ Reﬂectﬁ7

Hot
load
| " Wire grid
| |
Retard plate 90°
45° 30°

(®)

Fig 2 Fully polarinetric calibration standard on-board
(a)Retard plate is 0, wire grid is0, 90" and 45 (b)Retard plate is 90, w ire grid is 45 and 30

As the space is very linited on spaceship the location
of hot and cold calibration loads is very mportant Since
w ice-scan needs low noise calbmation standads should be
set on the side of the satellite But this will reduce the
svath width of obsewving the earth For once-scan
calbration standards can be set on any position anong scan
area or at the back of scan area This can not affect the

swath width

where to obserwe the earth and where to calibrate during one

It is mportant for wice scan to designate

scan cycle and the swath must be w ide enough at the sane

tine A new scan geomety will be given i section 4

RELATIONSHIP BETW EEN W IND VECTOR
RETRIEVALS AND SCANNING GEOM ETRY
OF SPACE-BORNE POLARMETR IC M ICRO -
WAVE RAD IOM ETER

The wind vector rtetrieval results under various
scanning geom etries are discussed (Y 2008). They
show that
direction ambiguous solutions i [0, 30°] [150,
200°] and [330, 360 ] with maxinum “likelihood

estmation (M LE) and oncescan data as shown in Fig

it is difficult to remove errors of wind

3(a)- Butmostof wind dirertion, anhiguons-se utions

can be ramoved w ith once-scan optin ization m ethod as

shown i Fig 3(c), and the results are best with tw ice-
scan optin ization m ethod as shown m Fig 3(e). The
aforem entioned conclusions are suitable for wind speed
below 20m /s as shown i Fig 3(b), Fig 3(d) and
Fig 3(f). The 3" and 4" stokes param eters get stronger
asw ind gets harder So the retrieval results are better in
high w ind speed

As tue w ind direction couldn ” t be known in practical
retrieval and W ice-scan

once-scan  optin ization

optin ization methods couldn ~ t be realized However
they confim that when wind speed is up 7m /s and the

" instnment and model

3" and 4" stokes param eters
erors are less than O 4K and O 25K sepamately w ind
direction retrieval accuracy can be better than 20 .

The tice-scan can be realized based on conical-scan
sinilar to that of AMSR (AMSR-E 2004). And the
difference of scan angle in wo scans w ill change from 0 1o
180" with different pixels of scan as indicated by Fig 4

The relation betw een antenna scan azimuth angles ¢,
of foward-looking and ¢, of backw ard-looking for the
sam e ground cell is 4’1 +4’2 = 180" Suppose that ‘151 and
¢, are measured clockw ise from the same ground cell
the difference of scan angles (@) betveen for-look and
aft-look for the same ground. cell is 1802 X $.. The

difference of scan angles (@) can also be calculated by
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Fig 3 W ind direction error based on various algoritm as a function of the tme w ind W ind direction error based on
once-scan M LE (a), once-scan optim ization (c¢) and w ice-scan optimn ization(e) as a function of the tue
w ind direction W ind direction error based on once-scan M LE (b), once-scan optin ization

(d) and tw ice-scan optim ization( ) as a function of the true w nd direction and speed

a=2Zarcsi %’Il;-

(2)
where v is velocity of sub-satellite point T is period of

one r is radius of ground swath and n is the
num ber of scan

\

For-look

scary

It is clear that each pixel on the ground swath will be scan

wice by the forvard looking of one scan and the backward

> looking of seveml scans later if pammeters of conical-scan

geanety are set properly Fig 5 shows the difference of scan

angles @ versus the number of scan given that the height of
cademic Journal ElectronicsRiellliehis SW0knsc. tel| mdius ofsceartl. is H300ka v ihenki.r

incidence angle is47, the ground resolition is 20km, and the

period of one scan is 2 66 seconds

Ground swi

{S‘(f;g) ll(l)()%) ;((‘);tlm%gg}l?* 199 (4]
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180 Fig 8 (a) shows the angle @ of different fore-look
160 1 .' cells in one scan and Fig 8 (b) shows corresponding
e ‘,.-"'- eror for each cellw ith tme w ind direction being 0 - The
g Lt '_,.-"".‘ cells near the position that along or pemendicular to
T%D 10or ’. spacecraft-heading vector give the largest error of
g 80r retrieved wind direction as indicated by Fig 8 (b).
= 60t '.,.-"w'.. Thus these cells can be used for cold and wam
40 calbration and the other pixels which give smaller
20 -" direction errors can be used for wind direction remote

sensing as indicated by Fig 9

0 o® L L L L L L L .
0 10 20 30 40 50 60 70 80
Cycle number overpass

Fig 5 The difference of scan angles @ versus ﬂh
the num ber of scan

150

The same mter-angle of twice-scan pixels locate o

pamllelly to the satellite otbit as shown i Fig 6. i
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Fig 6 Scan angles @ as scan w idth
The algoritm based on closest solution of two scans Fig 8 Chamcters of for-look cells
shows different perfomances of rmoving upw ind/ (a) Angle @ of different for-look cells

. o b)Eror in different cell w ith tme w ind direction being 0
downw ind anbiguity as the angle @ changes W hen tue (b)Emor in different cellw it tme wind direction being

wind direction is in the area of 0 — 20 and 340 —

360, this algoritm is good for removing upw ind/

downw ind anbiguity as the angle @ changes from 20 1o A°
805 W hen tme wind direction is in the area of 160 —
200, this algorithm perfom ance is better for the angle « < SCan —pmt e Scan —
from 80 1o 140, as indicated by Fig 7. : :
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Fig 7 Erwors of retrieved w ind direction versus Fiz 9 New scanning geom etry
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4 DESIGN ON SCHEME OF ON-ORBIT CALBR -
ATION AND SCANN NG GEOM ETRY

The difference of scan angles @ between for-look and
aft-look varies from 0 to 180 fordifferent scan cell Tt is
an mportant to choose where to observe the earth and
where to calbrate during one scan An example of
aranging micowave radiometers scan cell and
calibration cell is shown in Fig 9% Ara l 2 3 and 4
can be used to obsewe the earth Iis scan angle is from
10" 10 80 in a quarter of one cycle Area 5 6, 7 and 8
can be used to set calbration standards Iis scan angle is
from 0 1010 and 80 10 90. Areal and 2 or area 3
and 4 can be combined to fulfill for-look and aft-look
observations Area O and 6 or area 7 and 8 can be
combined to set calibration standards

Actally antenna and feed may be blocked by the
satellite in per scan due to radiometer and antenna’s
position and calibrtion body size Area L 2 3 and 4
can t be used for observing the earh totally
Observation can be designed on one side of mstrum ent to
m ake antenna not be shielded during half of one cycle
and get enough width for fore-scan and aft-scan swath to
750 km, which will cover the wind field globally i a
short period A detailed param eter setted for observation
estinated later
requirem ents of w ind vector ranote sensing and level of

geometry will be accoding to

mstumental noises as well as GM F model errors

5 SUMMARIES AND CONCLUSIONS

According to the new algoritm of removing fully
polarinetric radiom eter’s upw ind/downw ind  direction
erors due to anbiguous solutions a new scan geom etry
with fore and aft wice look at the sane cell is put
foward Scan geometry and calibration scheme of on-
board polarimetric radiometer in one scan cycle are
assigned

Estinates of unknown gain and offset elanents in a
polarineter systan can be detem ned via fully
polarin etric calbration which requires the generation of
at least five linearly independent brighiness tem perature
vectors The source designs and stability of cold load
the angle accuracy of grid and retarding plate are the key
to calibration accuracy accurately on-board Five groups
of angle combiations will produce five groups of
polarin etric brightness temperature They w ill be used
for calculating all the unknown gain and offset

As the difference of scan angles @ between for-look and
aft-look is different for the sane cell the ability to rapove
anbiguous solutions is different When the relative wind

direction is mnging mnging from 0 10 20" and from 340" 10

360, and @ from 20 t0 80, or the relative w ind direction
is rmnging from 160" 10200, and @ from 80" to 140, wind
direction retrieval error is the least When scan lne is
parallel or pependicular to the satellitt moving direction
A llotting

observation and calbration positions reasonably can inprove

wind direction retrieval eror is the biggest

not only calbbmating precision but also retrieval accuracy
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