Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

BALSIESRARERBENSELGETRE: AEKBSERIRES

AEW FHA FIER

Optimal estimation retrieval for directional polarimetric camera onboard Chinese Gaofen—5 satellite: an analysis
on multi—angle dependence and a posteriori error

Zheng Feng-Xun  Hou Wei-Zhen  Li Zheng-Qiang

5] Fi{% B Citation: Acta Physica Sinica, 68, 040701 (2019) DOI: 10.7498/aps.68.20181682
TEZL L View online: https:/doi.org/10.7498/aps.68.20181682
MHANZE View table of contents: http://wulixb.iphy.ac.cn

LT RGN HA SO

Articles you may be interested in

232 A0 P i A5 S i 1 4 T D e 50w i 15 2 93 A
Full field of view polarization effect measurement and error analysis of non—polarized channels of spaceborne directional polarimetric

camera

YIBR2E4. 2017, 66(10): 100701 https://doi.org/10.7498/aps.66.100701

HET 2 A0 D IRt s 14y v ) LR M ) (i DR A T
Polarized properties of typical surface types over China based on the multi—angular polarized remote sensing measurements

PFEEEAR. 2015, 64(22): 227801 hitps://doi.ore/10.7498/aps.64.227801

—3E Y TR SR SRS I A TR 2E TP, ik
Universal evaluation criteria for code delay estimation error of satellite navigation signals

PIBZAAR. 2017, 66(12): 129101 hitps://doi.org/10.7498/aps.66.129101

— LT RRACIBL A X ST K i B2 SRARAE B I A 1107 1%
Time delay estimation method of X—ray pulsar observed profile based on the optimal frequency band

YIBR2A4R. 2016, 65(11): 119701 hitps://doi.org/10.7498/aps.65.119701

IR0 2 42 Stokes [ AR R R GEUEF AR AE IR R 2E 0BT
Phase delay error analysis of wave plate of division—of—amplitude full Stokes simultaneous polarization imaging system

PIFEAEAR. 2019, 68(2): 024203 hitps://doi.org/10.7498/aps.68.20181553


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20181682
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.100701
https://doi.org/10.7498/aps.64.227801
https://doi.org/10.7498/aps.66.129101
https://doi.org/10.7498/aps.65.119701
https://doi.org/10.7498/aps.68.20181553

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 4 (2019) 040701

maASIEZRAERIKRBI&EALLGEITRE:
AEKRBSREIRES T
BERH D RHEH EEB

1) (hERR PR IR S B R OFTE T, E R A (R0 TR IR iS50 %, JbaT 100101)
2) (PERREEBE R, T 100049)
3) (P EBLE BRI SRR, B R B R A SesE, JEsT 100101)

(2018 4E 9 H 10 HU#; 2018 4E 11 A 12 HU R B k)

Z 1 B m YR MHAL (directional polarimetric camera, DPC) K i 7> 15 T2 C & Y & B - Fr s R it 4 Bk
S IECAE . £ % DPC 7 Fifi iS00 B S 8 40U 0 7 FH 75 oK, AR TR 58 T 2 S 8UR e il T RO ERR,, 51 AME B
WG EIRZE ST T H, e T DPC WI{E B0 /1 B AR, 45 T R A IE RSN G iR 2, 34
TR iR 2 m AR, PR 1) TAEWIAE B 5 RE LM A B A 400 55 . 242 71, DPC 2 1 B
Lt 5 B LI 1 5 DFS(degree of freedom for signal) F-¥48 & T 5.45; 2) SV S5 38 bE 28 BE KA 1L &2 WL
T TUAR], St A 7 i 3 TR AR, WA, 55 () SO IR {5 B R 225 3) S vl S 500 S5 015 2 T L T 7 132 A iy 1
T 2 BRAIG, T T TR 15R 2 X U SRR 22 B RS O S 3L RLIAROR U, ORI R 25 2 R ) 2V 4 SRS o
W) FEE R R, AU DPC 2 /1 B i = W8I0 A9 52 36 68 7 DA SO B R B PEHEAT T RS E AT AL A

DPC 1EBUMNAR K S i 5T R AR 2%

KEIR: ZMIEMmMIRAIL, SUetit i, fF R, ek

PACS: 07.07.Df, 92.20.Bk, 92.70.Bc, 42.68.Ay

1 5 =

A I 2 5 T A M K 2R 0 i 5 v e AN
1 ) R 2R 22— [ ARG 2 kel XIS R 4
RN B R A PR e R 2 o 4
AT P9 03 s ORI 5 B, 51 4n 22 A B i I T3 2 L
Il =4, POLDER(polarization and directionality
of the earth's reflectances) +2& ¥ fr I H & fEHL £
11 B i) 2 e ) A% 8 0¥, % TLALAE 2004—
2013 4F [H] $2 HE 7 K8 2 Bk [ py I £ dls . 5
POLDER #lt, TE w7 5 5 TR G HHNZ

DOI: 10.7498/aps.68.20181682

1 & i #i= A HL (directional polarimetric camera,
DPC) 7E 2 Tifabr LA Fr s 0. v 5 5 T2
BT 2018 4F 5 HISIN A4, 1e4& T RAHE T4F
t, DPC R EERTURAR L | 5 Gt A A I
PERF ST AR SR B (I FE 240, S 4k POLDER Z R
AERZ S RE R LI b ) B R YA oA A A ()
FA DPC TEIUERRIREI PR TADAIIE, QR [12—14]
FHXT DPC 2 WLINBCE T 1 32 B AT Y
FASEWTSTE, Cheng 25 [ JF& T DPC itz idli 9%
VI R SE . 7E DPC TR ST, 18 Y) 55 22X
220 B Al iR LI 2 9 1) 0 B 1 i T i

* ERE AP (HES: 2016YFE0201400) , H ERMABERH IR S M4 1HRI (STS) KIE i H (IS KFJ-STS-QYZD-
022) ., I JERARL 5 S S P i i 4 (@t #ES: OFSLRSS201710) Fl 5 [ AR FH2E 34 (biES: 41671367, 41505022,

41871269) % By IR,
t EfEVEE . E-mail: lizq@radi.ac.cn
©2019 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

040701-1


http://doi.org/10.7498/aps.68.20181682
mailto:lizq@radi.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 4 (2019) 040701

T EIPEA .

SRR, X TR H 22 A BB = T2 A%
TR, A SO 1 AN g UL LT 25 75 |
XL B B AR A B6-191 ) S5 A T B I A
TR R, T Jegn iR 2s o it — 205 ) i e
A AN 2 P PO Li 45 091 £ %) DPC A& IR ER 2 T
Z ZH A T RO AE SR ZHE A T R LA
THERS Y, SR A MG A b2 S | A 2
(1) 8 o 5 P R (i e LI 2 A 7 15 S B 2 SR
(aerosol optical depth, AOD) S5 % [ 8. 7EIL
Hefih b, b T ARG IEAE DPC I S g
T 2 LA JUAS 7 T A TR 1) O8I0 £ B4k
FRIUE N L ART XoF A3 R I T P 52 e 2) 300 15 2 Xof
SR RE A 5 3) A e A b R B AR (1) S B ik 1115
FERT ST I FE .

BEXT LR A8, A 3T i A Al 11 i 34
WHEZE, 5IAG R R TH, Wi BRI A
JERG M T DPC SIAE B 5 XU # A~ 40
M, 2o FE LI b 3 RN e S U RIS S e R
2=, DAL £ BE A5 WD 5 22 A s 7R 15
FEXT IR ZE A 38 R 22 A 5 B A IR
LA, X DPC [0 B b2 S 80U g
DL RN R AT fE AL, S DPC O 5
LR RS

2 ZAERKRTIENNE X EH 4
A

DPC kH 512 x 512 ARG IR HE 25, Hb
A1 5835 5] 1850 km. i WL Z L, DPC 52
T TR — H bp 223k 124 8 BE B9 WL . [E)
DPC kg e i 414 77X, #2448 5 4~k
B 05 BE LI DL K2 3 AU B i AR £ DPC 3
A SEANE 1 Fr1] (P Frn Rl i ).

# 1 DPCERIESIEEASH

Table 1.  Basic characteristics of DPC sensor.
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S350 DAL VR R K B K T (6 ).

o Geometry 1
o Geometry 2
Geometry 3
Geometry 4

¢ = 270°

B 1 WF5CR M DPC £ 8 W JLA
Fig. 1. Multi-angle observation geometries adopted in the
simulation, information content analysis and a posteriori
error analysis. The solid circle, diamond, square and
triangle with ¢ = 0° represent the corresponding position
of the Sun for Geometryl-4, respectively.
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1 2

4 8 12

Number of viewing angles

P2 A I W A 5t L0 7 R

Fig. 2. Tllustrationsof observation scenarios with different number of viewing angles.
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Fig. 3. Distribution of the range of scattering angle corresponding to the geometries in Fig. 1.
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Table 2.  State vector and non-state vector ele-

ments for different scenarios.
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Fig. 4. Contribution of surface reflectance to TOA reflectance at 443, 490, 565, 670 and 865 nm, as well as the influence of BRDF
parameter error to TOA reflectance for vegetation ((a)—(e)) and bare soil ((f)—(j)) surface. The horizontal axis of each case is

arranged by scattering angle.
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Fig. 6. The total DFS of aerosol((a)—(d)) and surface((e)— (h)) parameters as functions of number of viewing angles in terms of
surface type(vegetation and bare soil) and aerosol type (fine-dominated and coarse-dominated) with AODj5( ,,, = 0.5. Quantities in
each box-whisker include the median (dash in the box), the 25" and 75" percentiles (box), and the minimum and maximum

(whiskers) for each number of viewing angles bin.
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Fig. 7. The DFS of aerosol and surface parameters under condition of 12 viewing angles (AODssg ,, = 0.5): (a) Aerosol; (b) surface.

Each histogram and error bar are the mean value and standard deviation of different geometries.
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Fig. 8. The posteriori error of retrieved aerosol parameters (a) and surface parameters (b). The histogram and error bars are the

mean and standard deviation of different geometries (Geometry 1-4). Both (a) and (b) are calculated under condition of 12 viewing

angles (AODj350 = 0.5). The gray histogram means the priori estimate error.
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Fig. 9. The posteriori error of retrieved aerosol and surface parameters as a function of number of viewing angles (AODjs5) ym = 0.5).

The curve and the error bar are the mean value and standard deviation of different aerosol and surface type, respectively.
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Fig. 10. The posteriori error of retrieved aerosol and surface parameters as a function of measurement error (AODjs) ,,, = 0.5). The

solid line and the error bar are the mean value and standard deviation of different aerosol and surface type, respectively. The dash

line denotes the contribution from polarized observation error.
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Fig. 11. The a posteriori error of retrieved aerosol and surface parameters as a function of aerosol model error (AODjss5) ppy = 0.5).

The curve and the error bar are the mean value and standard deviation of different aerosol and surface type, respectively.
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Abstract

Data from the directional polarimetric camera (DPC) instrument onboard Chinese Gaofen-5 satellite
dedicated to aerosol monitoring have been available recently. By measuring the spectral, angular and
polarization properties of the radiance at the top of atmosphere (TOA), a DPC provides the aerosol optical
depths (AODs) as well as partial microphysical aerosol properties. In order to evaluate the capability and the
retrieval uncertainty of DPC sensor systematically, the information content and a posteriori error analysis are
applied to the synthetic data of DPC multi-angle observation in this paper, which inherits from the optimal
estimate theoretical framework. The forward simulation is conducted by the unified linearized vector radiative
transfer model (UNL-VRTM), and the Jacobians of four Stokes elements with respect to aerosol and surface
model parameters can be obtained simultaneously. Firstly, the error influences of surface parameter on the TOA
measurements are simulated. The results indicate that a 10% relative error of parameter k; in the improved
BRDF model results in about 4.65% error of the TOA reflectance, while the error of TOA polarized reflectance
caused by the same error of parameter C in BPDF model is negligibly small. Secondly, the multi-angle
dependence of total information content in DPC measurements is investigated. It is shown that the information
content increases significantly with the number of viewing angles, especially for the measurements of the first 9
angles. The DPC multi-angle observation can provide extra 5 degrees of freedom for signal (DFS) for the
retrieval of aerosol and surface parameters, in which the retrieval of aerosol parameters is more sensitive to
observation geometries than the retrieval of surface parameters in most cases. In addition, the total aerosol DFS
increases with the range extension of scattering angle under the same number of viewing angles. After that, the
DFS of each retrieved aerosol and surface parameter are given. For the aerosols, the volume concentration, real-
part refractive index and effective radius show a high DFS (greater than 0.8). For the surfaces, the mean DFS
of each parameter is greater than 0.5, which indicates the well capability of DPC in the surface retrieval.
Finally, the a posteriori error of each aerosol, surface parameter and corresponding vary with the number of
viewing angles, and the observation error and aerosol model error are discussed. The a posteriori error decrease
significantly with the number of viewing angles, and the influence of the aerosol model error on the a posteriori
error is not remarkable. In general, the observation error is the main influence factor on the uncertainty of the
inversion results.

Keywords: directional polarimetric camera, optimal estimation inversion, information content analysis, a

posteriori error
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