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1. General View of the Comprehensive C&YV Site

e System components

Q) Two types of Chinese Airborne systems )

©) Two sets of standard RS sensors )

(including hyperspectral camera, large field multispectral
imager, polarimetric SAR, interferometric SAR)

System
Components

--@) Two validation sites

Q) Data processing/analyzing systems )

R @) Auxiliary support systems
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1. General View of the Comprehensive C&YV Site

e System components

hyperspectral camera large camera
High Accuracy Standard Sensors

_ Scientific Analysis Reports of Payload Perforn‘1ance
Data Processing and Analyzing System
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1. General View of the Comprehensive C&YV Site

e Standard optical sensors - developed by CAS

O Offner convex grating hyperspectral camera  — |arge field multispectral camera
> Spectral range: 400nm-1000nm — multispectral detector
> Spectral resolution: 5nm » Spectral bands : Blue (420 ~ 520nm)
» IFOV: 0.2 mrad Green (520 ~ 600nm)
» Band number: 128 Red (630~ 690nm)
> FOV:11.5° NIR (760 ~900nm)
> Swath width: 1.6km@ Flight height 8km »  Pixel Size: 13umx13um
> GSD: 1.6m @Flight height 8km > GSD: 1.6m @8km Flight height

» Samples per scan line: 6000/line
— Panchromatic detector

» Pixel Size: 6.5um Xx6.5um
» GSD: 0.8m @8km Flight height
» Samples per scan line: 12000/line

hyperspectral camera Large field multispectral imager
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1. General View of the Comprehensive C&YV Site ¥

e Two validation sites

North China site
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1. General View of the Comprehensive C&V Site

e Validation site - Standard artificial target for optical payload

Knife-edge target

Gray-scale target Colored target Layout of targets
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1. General View of the Comprehensive C&YV Site

e Validation site - Natural ground targets

e The object types included: maize, rice, potato, e The land surface parameters, such as

sunflower, soil, et al. reflectance, LAI, fPAR et al., were
measured by instruments before and
after flight day.

Reference (%)

- B " x L] . L o " »

(d) Sunflower

- - - o £ [ Ee . e ne 1
Wanshergth (am)

Spectral curves of different objects 8
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1. General View of the Comprehensive C&YV Site

» Data processing/analyzing system
Radiometric Performance Assessment
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1. General View of the Comprehensive C&YV Site

» Data processing/analyzing system

Geometric Performance Assessment

Ny Ay 1Ay Wby
@R AN A AINOIE] 1

» Ground resolution

4 * MTF

» Band registration precision



1. General View of the Comprehensive C&YV Site

» Data processing/analyzing system

Spectral Performance Assessment
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* Hyperspectral camera:
central bandwidth; FWHM

» Multispectral camera:
spectral response function
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1. General View of the Comprehensive C&YV Site

: Three-dimensional turntable
USS-200C Integrating sphere (Zolix PSAG 15 + RAK 3500)
system

An omni-directional and multi-
angle automatic observing systems

Total Station

s
B
e
3 _.—' 4 e,
e el W O (
Automatic sun tracking N —
photometer, CE318 SVC Spectroradiometer LAI-2000 Plant Dynamet Weather Station
Canopy Analyzer Radiosounding balloon 12
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1. General View of the Comprehensive C&YV Site &

e Auxiliary support systems- Flying guarantee

e Y B |
EA ﬂ,é’t{ﬁmir‘ a2 WL AR L4

AP ARILE Ar23010



2. Inflight Calibration & Performance Assessment

e 2.1 Flight campaigns

* Nov 2010 Campaign

Airborne optical sensors in North China test site
* Jul 2011 Campaign

Airborne optical and SAR sensors in South China test site
* Sep 2011 Campaign

Airborne optical and SAR sensors in North China test site




2. Inflight Calibration & Performance Assessment 73

e 2.1 Flight campaigns

e e, v 4 ’f@/ ‘ v v/
Image acquisition W, ) 2 de ) 4

3D Cube of Hyperspectral Image
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2. Inflight Calibration & Performance Assessment ¥ 3

e 2.1 Flight campaigns

telegraph poles

Panchromatic Image from North China validation Site 16
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2. Inflight Calibration & Performance Assessment

S e

2.2 Atmospheric and field measurements

e The aerosol optical thickness data and meteorological profile (including atmospheric

temperature, atmospheric pressure, humidity, wind speed, wind direction, etc.) above the
test site were synchronously collected.

Target reflectance by filed measurement
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2. Inflight Calibration & Performance Assessment

e 2.3 Radiometric performance

3.5
— Absolute radiometric calibration 3 Hyperspectral
25 .
Gain
Remote Sensing | Sensor Surface Atm. & Mete, Sun 2
Images Parameters Parameters Parameters Parameters 15
P R | — [ —— |
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Radiometric calibration coefficients have very good linearity and the correlation
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2. Inflight Calibration & Performance Assessment

e 2.3 Radiometric performance SNR Normalization of hyperspectral sensor
— Radiometric resolution n 'n 20107201
120 NAVAS N
— SNR A I
80 W\/\ \/\/W\
— Dynamic range/response linear degree 7 , WW 4\\
10 “\\/\V\
SNR and radiometric resolution evaluation results of I Ao
multispectral sensor in 2010/2011 K 2 10 W 100 120 110
Radiance normalization
Panchromatic 107.72 0.0037 59.89
Dynamic range evaluation of
107.72 0.0015 111.26 hyperspectral sensor in 2010/2011
band in 2011 3000
107.72 0.0047 88.60 Low pantin 2010
107.72 0.0024 182.10 o Low pornt n 2011
107.72 0.0041 72.26 § oo
107.72 0.0017 200.24 S asoof
107.72 0.0042 70.44 £ 1000
107.72 0.0019 147.74 g
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2. Inflight Calibration & Performance Assessment

e 2.4 Spectral performance
» Multi-spectral sensor % »Hyperspectral sensor

-Multi-spectral data ) : Combination of atmospheric
. absorption features, the central

Target measurement data
retrieved according to the

hyperspectral radiance and
simulated radiance data.

Extracting the Spectral
Response Function

Effective Central Location of atmospheric absorption line
Wavelength and FWHM er ! | ! ! ! !
o 100 : | : : i E
AbSorotion gas Wavelength ~ Number of & : -
ST (um) HSI Band I B R EAV A W
x : : ‘ ‘
Oxygen 0.76 75 - *
water 0.82 87 ’ 20 10 Al B0 100 120

Band

water 0.94 111

20
WWW.a0e.cas.cn




S, 769
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% 767
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5 764
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5 762
& 761

Central wavelength

2. Inflight Calibration & Performance Assessment

e 2.4 Spectral performance

— Spectral calibration for hyperspectral sensor

r—

2807315 line

/0

»Retrieval central wavelength based on flight data in 2011.
»Band 75 is O, absorption band.
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The shift of central wavelength is approximately
=

Qg - 4~6nm compared to laboratory measurement.
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2. Inflight Calibration & Performance Assessment

e 2.4 Spectral performance

— Spectral calibration for multispectral sensor

* Difficulty: Solving of spectral response function faces ill-condition matrix
* Solutions: The spectral reflectance of 15 multispectral targets were measured to add the
number of equations; Piecewise fitting SRF according to laboratory measurements
1.0 1.0

1.2
—— MO01 —— M02 —— M03 —— M04 —— M05 — Laboratory
——M06  MO7 —— M08 —— M09 —— M10 o8 | — Retrieval
1.0} ——M11——M12——M13——M14 ——M15 :
0.8 g o8 3
g c 5
= o S
z > woa @
S 06 [ &
= o o
Q
© 0.2
04}
0.0 _
02 430 450 470 490 510 530 550 s00 540  sso  e20 &80 700
0.0 L . - ! 1.0 1.0
500 1000 1500 2000 2500 — Laboratory
Wavelength (nm) 0g | — Retrieval o8
& g
06 r ©
° S 06 |
%) (]
c (%]
o c
2 04 2
] 2 04 |
o o
0.2 -
02 |
""" 0.0
430 450 470 490 510 530 : e

* 22
Wave| ength (n m ) 500 540 580 620 660 700

wavelength (nm)



2. Inflight Calibration & Performance Assessment

e 2.4 Spectral performance A general true color correction model is proposed based
on the physical mechanism of color generation, which

B True-color correction can fully employed all spectral information in VNIR

—- reflection zones of hyperspectral images.

1Y s, 5 e 2 . _—
T S g

In-situ measured spectral At-sensor ideal true color
reflectance of the targets of the targets

_ True—color correction coefficient matrix

Q|

-0.1077 3.7997  0.5655
0.0416 0.2628 12.4262

2.9635 -0.3903 -0.2171

= =
. —
- K
1Hos 3
60 160 60 650 760
0.5
8 nm

Human visual color matching function

@

MODTRAN

Reconstructed true color of
the targets & Images before
true color correction

@

True—color correction

_ , Image after true color correction
At-sensor radiance HSI image




2. Inflight Calibration & Performance Assessment

e 2.5 Geometric performance

— Ground resolution: Defined as the
least ground distance or the least size

of object that can be distinguished. =
Image of radiometric :=-
target T
Extracte the grely value from the :E i - 4
circumference of radius equal to r “ 3 - :
Panchromatic image in 2011 Hyperspectral image in 2011
Ca'w'ate”;gf;;)ug”astofthis Camera Calc.ulated Visual resolution GSD (m)
Resolution (m) (m)
Panchromatic 0.7941 0.8153 0.35
@ N = red B1 0.8889 0.8178 0.70
B2 0.7800 0.8083 0.70
Yes H
S Multispectral == 0.8875 0.8428 0.70
B4 0.7500 0.7750 0.70

Red line denotes the location of ground resolution estimated by our method.
Blue line denotes the location of GSD.
Green line denotes the location of ground resolution estimated by visual method.
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2. Inflight Calibration & Performance Assessment

e 2.5 Geometric performance .

~ MTF

HSI MTF@Nyquist in 2010/2011

03

0.25
0.2
0.15
0.1
0.05

——2011
=f=2010

MTF

1] 20 40 60 a0 100 120

Band Number

Multispectral camera MTF@Nyquist in 2010/2011

I TR T

Linear panchromatic

0.064 0.071
camera
Area-array panchromatic
-------- 0.368
camera
Linear Multispectral:B1 0.353 0.357
Linear Multispectral:B2 0.349 0.380
Linear Multispectral:B3 0.353 0.376
Linear Multispectral:B4 0.242 0.312

Evaluation method

Result of edge detection

result of edg

Knife Target and th
e detection
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2. Inflight Calibration & Performance Assessment

L1 precision
——— L2 precision
(a) —— L3 precision

\

e 2.5 Geometric performance

— Band registration precision

07r

06k

Band registration precision

L L L L L L L L L
20 a0 40 al 60 70 an a0 1og

Band number

— L1 precision
(b) ——— L2 precision
— L3 precision

07F

06|

0&F

Band registration precision

I I ! I I I I I I
20 30 40 al B0 70 80 40 100

Band number

Hyperspectral sensor band registration precision for
three-flight routes (L1, L2, L3) in along-track (a) and
cross-track (b) direction in Sep. 2011
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2. Inflight Calibration & Performance Assessment

e 2.5 Geometric performance

— Geometric diStOl’tiOﬂ Geometric distortion evaluation module

Ttr® MEW TRED #BHW

=@ alalklels sxe= 2|

Geometric distortion evaluation result of panchromatic
image in Sep. 2011 in Baotou city, China.

External distortion

. Internal distortion
Positioning error

Data Type i
» X-direction Y-direction [_)lstan_ce _Angl_e
(m) (m) distortion dlstclrtlon
(m) (°)

Geometric coarse 22106 155295  14.859 167.16
correction
Geometric precision 0.568 1.012 0.866 0.085 :
correction o .

[4_526834.987,378046.572,1 824,9272

3

After geometric precision correction, the positioning accuracy can reach a meter-scale and
the image distortion has also been corrected well.
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2. Inflight Calibration & Performance Assessment

e 2.6 Application performance - reflectance retrieval and validation

— Surface reflectance was retrieved by LUT model from hyperspectral
data at four hyperspectral man-made targets.

: 1 :
—ref1 —ref T EL R R ¢
—ref2 —ref2 AU L
08| (e 1 UL —— 1 == o
06 T 1 So6 . == \\\\\\ -!
c0 arget c 06 1 e \ |
g ? 3 Target 2 s \\\\ | =
% % 0.4 s =
& 0.4 & s
0.2 0.2
B2 o5 06 07 08 09 1 84 05 o0s 07 o8 09 A

Wavelength (um) Wavelength (um)

‘ ; 1 : ‘ . .
e et Hyperspectral targets in red frame
—TIe —TIe
081 ref3 1 08l ref3 1
o " refl: at-sensor reflectance
206 1 206 . . .
g g without atmospheric correction
w04 %04
. © ref2: surface reflectance after
0.2 Target 3 ] 0.2} Target 4 . .
atmospheric correction
82 o5 06 o7 08 08 1 82 o5 06 07 o8 09 1 .
Wavelength (um) ' T Wavelength (um) ref3: field measured reflectance
A |
T

It can be seen that the proposed method can eliminate the atmospheric effect well.
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2. Inflight Calibration & Performance Assessment

e 2.6 Application performance - SVIs retrieval and validation

— Spectral Vegetation Index (SVI) was retrieved using hyperspectral land

surface reflectance estimated by LUT model.

Retrieved

01 a2 0.3

Measured

0.4

02

0.15

01

Retrieved

0.05

Compared to the measured
data, the validation
accuracies of CARI and
MCARI are slightly lower. It
might be due to that

(1)acquiring time was
different with ground
measuring time, so as the
atmospheric and solar
illumination condition were
different

(2)Scaling bias between field
measurements and RS
retrievals

(3) The trend of saturation
for NIR band which is obvious
high to vegetation




2. Inflight Calibration & Performance Assessment

e 2.6 Application performance - LAl retrieval and validation

— LAl was retrieved from hyperspectral data according to the image
classification.

(1) Accuracy of LAl retrieval
I3 model is less than 7%.

1
I (2) validation results show that

Airborne hyperspectral reflectance Result of LAl retrieved the retrieval error of LAl is
three-dimensional cube approximately 21.7% with field
. measurement data.
*
— 451
§ 6.60% ] L Ees (3) It might due to the retrieval
D o ' error of reflectance, the
6.20% o t R . .
= s saturation of NIR band with the
= i * ] . .
T sa ;I s ] increasing of LAI, the error of
5 sem f instruments.
D s40% ! 1
@© .
é s 0% - o 05
rass rice corm tato  sunflower board-leaf :
2 ’ ” forest 00 LAll_Retrieved fzrom Reflectsnce_Meas:red °

Six veaetation tvoes
Accuracy of LAl retrieval model for six ~ Accuracy assessment using field
vegetation types measurements on Sep 3, 2011.
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3. Future Activities and Plans on Test Site Construction

* Prospects

‘
/.f-\.f"/ \\

\

Sensors design Remote sensing -

P
el
and development quantitative application Emergency response system

Comprehensive validation site of remote sensing




3. Future Activities and Plans on Test Site Construction

e Goals

l Comprehensive test site, for stable and long-term operation

« Support pre-launch calibration and testing for payload (visible and near
infrared, hyper-spectral, infrared, SAR, LiDAR, etc.)

« Support in-flight/orbit calibration and long-term monitoring of payloads

| Multi-grade validation system for payload on airborne and
satellite platforms

» Support payload performance and data quality test, with analysis
and evaluation functions through full band

« Support the validation of quantitative RS parameters retrieval

| A set of evaluation indicators and test specification according

to international standards

« Support reliable/trusted payload quality evaluation and C&V

« Form a set of test specifications covering test methods, test
procedures, test objectives, test results evaluation.

32
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3. Future Activities and Plans on Test Site Construction

40%

A A 4 a4 A A A A A
1
A A
A A J: S i
/]
Fan-shaped target A A 0B A A
40m A ?7; i A
. A 4 / Ny
Knife-edge target A A A A
4% 60% —» 0.4 [« )%O.S—D
A A A A A A A A A
Gray-scale target .. ! . J

Optical permanent artificial target Long-term Geometric calibration field
SAR permanent artificial target stable Natural ground scenes
operation

Corner reflector base




3. Future Activities and Plans on Test Site Construction

Pre-flight calibration and New verification method by
performance test means of array point source target

\\\. /‘
el

3-d static geometric aboratory optical s
calibration system performance test systeE &V function
Knowledge Library extension
. Multi-sensors cross validation
: Performance test Site
i L ___Radiometric Cal Site
WAy Geometric Cal Site

Atmosphere Sounding Site

( . N Cross-
Basic Models & validation
_ information | algorithm




3. Future Activities and Plans on Test Site Construction

Airborne platform

Data process vehicle

ﬂ Command vehicle

\
F= O e e e e e . e e = ——
Ai f lanmpmen =T _
ircrart Rangar storehouse ower T&C vehicle

Real-time monitoring
of flight status

Artificial target
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