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a new application and development of a highly integrated GPS
receiver with reflected GPS signals for ocean state and sea tide will
be described.

The precise point positions for RHCP and LHCP antennas are
enhanced and processed by repeating instantaneous 1onosphere
delay correct model with deriving from L1 and L2 carrier phase and
troposphere estimated parameter model.

For remote sensing of ocean, the accuracies of each reflected sea
level are among 10 cm and 30 cm.

Soil moisture classification 1s improved by approximately 75~80%
by using correction factor and multispectral (reflectivity) data along
with normalization surface roughness parameters.
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® The system diagram for remote sensing of stream water level and
so1l moisture of riverbed are shown as Figure.

Transfer : GPS observations data to MATLAB
ASCII format MAT file.
RHCP D Specify :heights of RHCP and LHCP antenna with
Antenna GPS own Load dulation height # : d height t1
i GPS undulfation heig wmantarion aNd he1ght correction
L1/L2 observation data h,.., of DTED model by using the instantaneous
receiver by PC or NB lonsphereic delay and Tropspheric delay model.
Compute: RHCP positions and LHCP positions;
Reflected point positions for floodwater level and
» stream water level.
Down Load Save: ionospheric delay & tropospheric delay, carrier
GPS phase for L1/L2 band, fixed ambiguity for L1/L2
] observation data band for RHCP/LHCP
e by PC or NB e . .
GPS Classification: Reflectivity for each reflected point
( /\Lrl:fn I;a J. L1/1.2 Assign Doppler for river water surface and riverbed’s soil moisture.
receiver shifts of PRN Monitoring: Using H#,,, , H,, ,and H,,,, from
for track and computing results, the enhanced differential reflected
continue to lock carrier phase and propagation angle model derive the
on reflected real time water level and height of riverbed.
GPS signals
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The instrument is mounted on a 6.5-meter-length of steel pipe with one
RHCP and three LHCP antennas by using two GPS L1/L2 Band
receivers. The height of the antennas is 10.5 meters between LHCP

antenna and referenced to stream water level at Lan-Yang River, Taiwan.

11/14/08

.. 29 GPS Width of river: —— g oy
direct signalss 102.5 m_ :

Depth LL_ _______ R _- ______ - seil. moisture or grass
river: 0.75 r T of riverbank/riverside
GPS KV %) X

m e \ ~a RHCP antenna
direct signals T, e COU( %1 ) =3"LHCP aniénna
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. <GPS Clock Delay  Gd—dI),
+ Tonoshpere Delay 1!
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® A least-squares searching algorithm for LHCP receiver position was
enhanced and developed by centimeter level altitude loop (Goad, 1997)
as follows in the principal observation equation. the 3-D geometry of
line of sight between Receiver position on Taiwan and five reflected
GPS signals generators satellites show as Figure.

B ®, =R +C(dt-dT), -I+T +AN,, te,,
/] ®, =R +C(dt-dT) -I+T+MN,, + €,

| 7 | S GPS SV,

GPS position[y!, v/. zi/] } \
—-’? “ / / - /
L v\ / I i
e ! ! GPS~ / -
v\ Z / / P / ers__—"
1 \ / / P Direct / — J . .
N~ _GPS | / P Signature,/” _. = Direct i —_— do D t 10
~ s o
asse N AR Pl 2o Ry s = d: Direct signal;
\\ ’ 7
. Signature ™~ - |'| // = g - I //
\, 1, - / s .
R L = 1: Reflect 1
Z —- ! —_—
N 2 S = I’ KRCIICCICA S1gnal.
/
RHCP position | ~h ' X
CEP:210CM & 7R,
Y A NN/ A S
GPS CA code,™, LHCP /ol N\ S/ -
. N / NN eflec
L1/L2 carrier phage antenna, AN AN b GPs -
b < / i \ 7\ s, signgture ,
\ GES /' i H RN i Re ﬂet;t,eﬂ
. Reflected Vi \/ N, ‘,\‘ L
‘\\signat,ui'e i » » = slglfature
N /

v

* / 5% ~ J
/ / Neu’
g/ \ o / ﬁ X EL
< ! 7 = —
\ k 3 >
M \ / o, Pt
\ ' 7 7 e

LHCP position Eé

CEP:1050CM o7  GPS clock delay At ~ (dr — dT') jation conference and
K/ \ g  +lonospheredelay I on 11 B
' 1

v + troposphere delay D
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e the Stream water level of local height and reflected foot print are
described as following in two Equations. The Profile of Reflected
Ground surface position and GPS satellite position: show as :

GPS satelhte

_____ 2
; y o T Z) z R GPS . -=~" P
' a Yo 24 H' ., -cot = =direct signals “
Hl _ (H RHCP +H LHCP) _ h RHCP antenna ",—(E%‘Z ,’/
ground = 2 undulation LHCP antennal,___-=="—=" '(Xi Vit Gt R
GPS Clock Del C(d—d L/‘ X I‘ ’/,
o 0C elay 't 5 i
+ Tonoshpere Delay [/ EL* /GPS | GFS
+ Tropshpere Delay D Reflected _ 7 direct signals

7
- ¢ Stream soil moisture or

1
Vol SJgnals
[

_ St - 41 H!
X X Rricr ground rough surface
1 EL EL
Ll Rtl + Hl rmult I 4 IR g e ﬁ AK)\(XLI Y, Zn) : -y
Y 0 ground e e R /67 Elt_____?- < - —_
= . ' ¥ i
. / . : :
= Rl rmult LHCP antenna | o= l H' | | S
rmult (Computed positipn f(H “H Sm(ﬂg) I . ih
Z Z ( " o ihundulaiion i DIED
L1 rmult ,v : :
i i - § __*_/_JJH____ I, . S
— — :: R 5 —

*GPS Clock Delay C+(df - a’T)_
+ Ionoshpere Delay I '
+ Tropshpere Delay D

Earth center
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METHDOLOGY(III)

® The processing diagram of the Coastal

sea level of local height and reflected
foot print show as Figure. The altitude
trial procedure repeats until the
following condition 1s met

asS ‘H” _

ground DTED

<1.0 meter

The reflectivity and Normalization
roughness  surface  parameter of
simulation program are described as

following in two Equations.
g - (SNR) - N,
(SNR), - N,
standard deviation of H

ground

) length of reflected footprint

-F(EL,m ,DISP,¢")

DISP
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Compute GPS observation points
with integer ambiguity and
atmospheric correction method :
-RHCP position: H;d”'
-LHCP position: pf

L
v
specify :hi by DTED model (~ Compute :
10 meter acy of pixel for - Ground height estimation
Digital Terrain Elevation Data) |[€——> - GPS Reflected point position good
Specify: hi . by GPS -Generate Foot-print with
observations imagery MAP

Specify: C' Object

. i i G t d classify:
Index by RGB intensity (v,e':/'i? e‘f::»,, ¢ ‘?»s:i,lfyml %)
of the reflected points by Ground
Object Detection Index

v

Generate %, %, Reflectivity at non-coherent signals:

A

of SAT image (~1 meter
accuracy of pixel for
SAT image)

Yy

Generate the sample vectors of observation time for:

- reflection coefficient  F°(EL,m, ,DISP',&")

- s.t.d of surfaces o and horizontal correlation length
(Krowir = Xemia? o1 =Yz HZaawis =Zoa )

-roughness effect factor DISP’

v

Compute Reflectivity at ,Fresh water:
-dielectric constant & =

Compute Reflectivity at soil moisture or bare soil:

-Soil emissivity i
- reflection co?fﬁcientl =036 - m, =1.0%~28% at soil moisture :
F(EL.DISP' ")
-Reflectivity SNR —N &' =(2.75+0.71(%sand) + 0.55(%clay))
MR=——r o (EL,DISP &)

" SMR,-N, +m, (0.37 —1.5(%sand) - 2.5(%clay))

+m] (45+135(%sand) +115(%clay))

‘Where, The topsoil of 51.5 % sand, 10.3 % clay,
for a sand loam soil

-Soil emissivity I'=0.59~0.85
- dielectric constant g ~5~20

- m <0.1% atbaresoil:
, <0.

g =3
-Reflectivity R SNR. —N, F(EL,mv,DISP, ')
SNR,—N,
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® Soil moisture and roughness surface Model: The reflectivity at

rough surface and soil moisture results are presented by Chang &
Blagoy model and Wang and Choudhury model as following Eq.

(ShOWIl as Fl gure) Comparison of GPS L1 reflectivity with volumetric water ( mv:

0.21 % ~ 26.7 % ) and roughness surface os soil moisture with
Chang & Blagoy model (CB) and Wang & Choudhury (WC)

model
0.35
(SNR) — N =0 -DISP= 0.05 smooth surface (CB)
m — r r_. F(EL, mv , DISP,S ’) 03 F " g:z:fgi roughness soil surface (CB) PP -o
. I =0.3 roughness soil surface (CB) .
(SNR)d - Nd DISP=0.5 roughness soil surface (CB) ! ’

..Z’O 25 | X DISP=1.0 roughness soil surface (CB) L ’
_— " - ® -DISP=0.1 EL=6.0~26.0 (WC) 7 e
.E —o - DISP=0.3 EL=6.0 (WC) A e ®
0 02 — - DISP=0.5 EL=6.0 (WC) L’ ol 4
1=/ ...%) & -DISP=0.5 EL=26.0 (WC) L X - 7%
R = (1 — Q)S%H + QSRV = — 5 §0.15 i —+ -DISP=0.3 EL=26.0 (WC) L - L . - :
exp(4k“o” cos”(EL)) . _ % 2 x
x 01 | : o s =

-------- °” _ — ’,’g - Y ///‘ = X
;‘—‘--————’-‘;-':; R st g
N —— —+
0 1 1 1 1 1 ]
0.22%  0.82%  6.05%  9.74%  16.22%  25.83%
Volmetric of water for soil moisture
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® Stream water and Propagation Angle Model: The reflectivity at
rough surface and soil moisture results are presented by Chang &
Blagoy model and Wang and Choudhury model as following Eq.

. Comparison of GPS L1 reflectivity with satellite propagation angle ( EL= 6 ~ 90
(ShOWIl aS Flgure) Deg) and roughness surface of fresh water with Chang & Blagoy (CB) aind Wang

& Choudhury (WC) model —- DISP=2.0 roughness
water surface (WC)
- 4+ DISP=1.5 roughness
water surface (WC)
—— DISP=1.0 roughness
water surface (WC)
—X— DISP=0.8 roughness
water surface (WC)
&% DISP=0.6 roughness
water surface (WC)
- - DISP=0.5 roughness
water surface (WC)
—— DISP=0.3 roughness
water surface (WC)
—=— DISP=0.1 smooth
water surface (WC)
—O- DISP=0.1 smooth
water surface (BC)
= DISP=0.3 roughness
water surface (CB)
>~ DISP=0.5 roughness
water surface (CB)
o ,_____-::-::v::v::v:: S —&— DISP=1.0 rOUghneSS

60 140 220 400 640 90.0 water surface (CB)
Satellite propagation (EL) angle (Degree) ~* Vl?’ﬁ:r-:d?far(g:gzgn;)ss

R = (SNR)r _Nr

-F(EL,m ,DISP,¢")
(SNR)d N Nd

R1 Reflectivity

1-1/

H= (=0, + O, = o w0 (ED)
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® Reflected Points Results :

The measure and altimetry
elevation for stream water level ... s _
. . . = : Reflected points at SV 6 1
and soil moisture of riverbeds ™,  and SV 24 on water surface

24.7141 .at riverbed or riverbank

through out the reflected GPS e\
Signals at different location was Reflected points atnS\:/TE‘i‘ sv 24 a-I't:1_4685.m
described as Figure. The g iuveniniteriiii NS
reflected area of stream and soil 5, Svealt1.dsss m

of riverside were made and AT

described. (UTC Time 2007 09 30 " B e

23 35:01-24 35:20 UT (7:35- 8:35 ==
am LT)) The combined water ... Ll
surface reflected points and T TS T TS 2 T T T e
highly resolution (~ 50 cm of

pixels) image for PRN 6, 10, 24,

26, and 29.

Latitude
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Comparison of Heights of water surface, Heights of RHCP
position, and Heights of LHCP position on Lan-Yang River
15 I | I [ I I [

Heights of RHCP position : 11.010 m stddev:0.312 m

dungn, 4 £y ihﬁf’
- 3 g U 55 s ST emny,
PO "’"W.ﬁﬂ;w‘%!&w‘"‘ R W s WL LAV LT LSO Tt TN

B Heights of water surface : 1.717 m stddev:0.184 m

I T W G P WL, Y WPV VLY g e NP, W
0 |

Height of Water surface (m)

-5 Heights of LHCP position : -7.615 m stddev:0.214 m .

el T MLt s PNV Psrrrd NI\ s AN a1

-1 0 L L L L L 1 L
( 1000 2000 3000 3500
UTC Time 2007 09 30 23 35 - 24 35(s)

e Comparison analyses of stream water level, RHCP antenna altitude,
and LHCP antenna altitude on Lan-Yang River, Lan Yang and each
altitude with correction of h 2202 meters

undulation
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. The aVGI'agC Of tlme tO Obtaln a Comparison_ of Normalizat.ion surface_roughness parameter
stable results 1s 45 sec at y s_{a/n1d o(,Sslts/béi,T ér?/ez)s{\;ﬁégg\t/lrgg 2 fgaa\'?ait:gi:rsour:%%so\g g
normalization surface i or e, Sible e gieas

roughness parameter for PRN 028
6 and PRN 24 on the
propagation angle £ =65 ~25.0° .
The average of time to obtain a
stable results 1s 650 sec at
normalization surface

‘% e = DISP for SV 10, Stable Time: 1000 sec

% ki, eeen- DISP for SV 24, Stable Time: 56 sec
AN DISP for SV 26, Stable Time: 250 sec
3 — DISP for SV 29, Stable Time: 700 sec

©
[N}

b,

. Stable Time:
e ’}.., 1000 sec

'u,‘.

DISP (Normalization
Surface Roughness Parameter)
o
>

©
-_—

roughness parameter for PRN oo |
10, PRN 26 and PRN 29 on the ) VNS v
propaga‘[ion El =25.0° ~72.0°  ShOw 0 500 1000 1500 2000 2500 3000 3500

. UTC Time 2007 09 30 23 35 - 24 35(s)
as Figure.
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RESULTS(4)

Comparison of GPS L1 reflectivity with satellite propagation angle ( EL= 6 ~ 90

Comparison of GPS L1 reflectivity for SY 24 and rsfiectivity with Deg) and roughness surface of fresh water with Chang & Blagoy (CB) and Wang

volumetric water ( mv: 0.22 % ~ 25.83 % ) and roughness surface

for soil moisture with Chang & Blagoy model (CB) and Wang)

& Choudhury (WC) model

=~ DISP=2.0 roughness

& Shaudhury (WG mods! 4 sv24 on wet soil 0.7 . SVI10 % SV26 + SV 290§ D OO®O O ® -+ ;‘?S;ﬁeg?:jg(r\]’xgs)s
O sv 24 on bare soil aiaiaial O op ¢ : —O—Wg:ggil{fgce (WhC)
0.35 --®- DISP=0.1 EL=60-26¢ 2 0.6 QQQQOD‘D;L—)Q water surf:;:%V\rl]g?S
.9 (WO E . —X— DISP=0.8 roughness
0.3 LA —4@ - DISP=03 EL=06.0 (WC O 0.5 - water surface (WC)
- R} . &5 DISP=0.6 roughness
>0.25 —9= DISP=03 EL=60 (WC, ‘g Ko water surface (WC)
:‘g - > - ’_g —O- - DISP= 0.05 smooth surf o 0.4 ’ SIS SRS - A- DISP=0.5 roughness
B S (CB) by P = =< water surface (WC)
2 0.2 o A —— DISP=0.2 roughness soi —=—DISP=0.3raughriess
Q R < 0.3l water surface (WC)
i R, R surface (CB) + PN O —=— DISP=0.1 smooth
E0'15 o /%' I 4 ——DISP=03roughnesssoi | A A AAABRSSO water surface (WC)
.- ¢ s SN surface (CB) 0.2 —@- DISP=0.1 smooth
0.1 .0 *ﬁ@& 27 ks e A~ DISP=0.5 EL=26.0 (W( ) water surface (BC)
A f@%”_‘:ﬁ;/% —A— DISP=0.5 EL=6.0 (WC - _D'Stfp=°-ff rOUQ’é’l‘aess
0.05 ﬁﬂ -_:_.--:7 ;é:‘i” S DISP=0.5 roughness so L. X VS?SePr=sou-5?gﬁS§hne)SS
surface (CB) v water surface (CB)
0 . I I —k— DISP=1.0 roughness soi == =22 —&— DISP=1.0 roughness
022% 082% 605% 974% 1622% 2583% surface (CB) e 180 220 S00 B0 0 e fireishac
Volmetric of water for soil moisture Satellite propagation (EL) angle (Degree) water surface (CB)
A comparison of reflectivity vs. soil moisture and surface roughness for measurements at
Lan-Yang River (PRN 24). The reflectivity $1? =0.05~0.10  from stream soil moisture
with roughness surface and volumetric water (: 0.82 % ~ 8.5 %) of soil moisture and the
reflectivity 3} =0.01~0.07 from bare soil on riverside with roughness surface and
volumetric water (: < 0.4 %) of soil moisture. a comparison of N, =0.01~0.65 reflectivity
vs. other propagation angle (£/' =25.0° ~72.0° ) and surface roughness water for
measurements at Lan-Yang River (PRN 10, PRN 26, and PRN 29) showed as Figure
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Conclusions P iy

e [t has shown that the accuracy performance of the developed algorithms exhibits
robustness with respect to the GPS L1/L2 signature distributions for stream water,
soil moisture of riverbeds, bare soil of riversides, and the fluctuation of reflection
on roughness surface.

® This algorithm could be used for the recovery of reflectance spectra from stream
soil moisture measurements and remote sensing of flood flow.

e It was found that the classification accuracies was improved about 75~80 % by
using the multi-spectral ( reflectivity) data coupled with roughness surface
parameters.

e Authors issue that is the subject for future research is the optional choice of
flood or flood plain boundary at storm weather.

e This paper can guarantee optimum performance in estimating soil moisture
classification and stream water level.
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