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Table 2 Tropospheric slant path delay on March 16, 2017

F St ARE/ ROETIEERZE KRIEEHEE

Eia m m 17/ m
P4 2.198274 2.801888541 5.000163
P6 2.198625 2977151162 5.175776
P7 2.200645 2.758364571 4.959009
P8 2.181658 2.85997389 5.041631
P10 2.198787 2.848472464 5.047260
P11 2.199853 2.619351168 4.819204
std 0.119 0.117

T std Fntrifiz

HY A SCB TR A5 AR R A 48 A B
PRI A TR 2 S50 R TR i IE B iR 22 A T A A AR
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Table 3 Average weather parameters on March 16, 2017

R A g IR /K HE R E/ (ke/kg)
P4 234.6224 0.000367488
P6 234.4527 0.000302836
p7 234.5365 0.000363073
P8 234.4527 0.000302836
P10 234.4527 0.000302836
P11 234.4527 0.000302836
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Fig.7 Peak position of CR=P1 in amplitude image
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Table 4 Tropospheric slant path delay on September 11,

2018
RSt NS /() KA HIE/m
P1 3.07377039538697 2.151426676
P2 3.06260453019788 2.148063607
pP5 2.92027277940492 2.151087635
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Fig.10  Dry and wet tropospheric path delay on
September 11, 2018
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Table 5 Tropospheric slant path delay on September 19,

2018
A AT g A0 KA HE/m
Pl 5.01754831807151 2.338140036
P2 4.96443719397232 2.338675201
PS5 4.92573051194585 2.337773211
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Dry & wet tropospheric path delay on September 19,
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Table 6 Average weather parameters on September 11,

2018
B8 G HRHEE/K He/ (keg/kg)
P1 235.3427295 0.000289866
P2 235.3510599 0.000286262
Ps 235.3427295 0.000289866

RT 2018-09-195 5 SHHAE

Table 7 Average weather parameters on September 19,

2018
R g5 /K Ho IR/ (kg/kg)
Pl 235.7181171 0.000493951
P2 235.7310553 0.000492271
P5 2357181171 0.000493951

XHEAT—A RS AR5, BRI H S
SR CTARRIR, REHA LR S, B
RS RL RN FE ARG A 34 (1) MR a0
Mo PSR, RIS EE R R s (2) WL [a] 5
(3) fHTMAG . X3 NHEMETE—dE, FhfH
JoE TR S s TR R, & T RRAEE
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*8 AREHREKERIEHESRIRE (RSHEHLE:5.007m)
Table 8 Range errors before and after tropospheric slant

path delay correction (System delay: 5.007 m)

RS aas  RCERTHL R 122 /m FEIE 5 B S 1 2% /m
Pl 1.369595611 -0.781831065
P2 1.306623982 -0.841439625
pP5 1469687472 -0.681400164
Pl 1.537049239 -0.801090797
P2 1509303638 -0.829371563
pP5 1.490524822 -0.847248389

R9 AEMEREREHESIRE (RLMIE:5.832m)
Table 9 Range errors before and after tropospheric slant

path delay correction (System delay: 5.832 m)

fal gt dsanty  ROERTH B IR 2E/m IR B R 25 /m

P1 2.194595611 0.043168935
P2 2.131884318 -0.016179289
pP5 2.294947808 0.143860172
Pl 2.362309575 0.024169539
P2 2.334563974 -0.004111227
P5 2.315785158 -0.021988053
std 0.090 0.062
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WE 127 .

45°N 0.009
44°N + 0.008
R 0.007 -
g 5
® 0.006 =<
42°N i
=y
0.005
41°N
0.004
40°N 5|
0.003

10°E 11I°E 112E 113°E 1I4E 115°E
23
BI12 2018-09-11 P5 ffi ST X i A i IR Bt
Fig.12  The condition of water vapor related to corner reflector
P5 on September 11, 2018
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Correction of the tropospheric slant path delay of Tiangong—2
Interferometric Imaging Radar Altimeter

CHEN Jiehao'?,ZHANG Yunhua'?,DONG Xiao'

1. CAS Key Laboratory of Microwave Remote Sensing, National Space Science Center, Beijing 100190, China;
2. University of Chinese Academy of Science, Beijing 100049, China

Abstract: Launched on September 15, 2019, the Interferometric Imaging Radar Altimeter (InIRA) onboard the Chinese Tiangong-2 space
laboratory is the first spaceborne interferometric radar altimeter that can obtain wide-swath ocean topography measurements by
adopting small incidence angles from 1° to 8° with a short baseline. InIRA achieves various technological breakthroughs, meanwhile, it also
brings some challenges in data processing because no radiometer is onboard the Tiangong-2 space laboratory. Considering signal path delays
is a premise for InIRA to meet its geocoding and Sea Surface Height (SSH) measurement goals, a mathematical model-based method for
tropospheric path delay correction should be developed. Unlike traditional nadir-looking altimeters, which only require the propagation
delay related to the velocity variation along a line path, the Tiangong-2 InIRA must consider the additional bending of radio waves for its
small incidence angles. In this study, a tropospheric slant path delay correction algorithm is developed using the ray-tracing technique based
on Fermat’ s principle and on the numeric weather model from the European Center for Medium-range Weather Forecasts. Two calibration
campaigns are conducted in March 2017 and September 2018, which recorded 12 measurement data from 9 corner reflectors. Results show
that the standard deviation of the residual error range after the tropospheric slant path delay correction is approximately 6.2 cm, which
indicates that a centimeter-level range accuracy is realized. Therefore, the effectiveness and reliability of the proposed algorithm in different
small incidence angles are validated.

Key words: Tiangong-2 Interferometric Imaging Radar Altimeter (InI[RA), atmospheric path delay, slant path delay correction, Numeric
Weather Model (NWM), bending of radio waves
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