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Introd
@ Conception of HRS

From Panchromatic to
Hyperspectral—Increasing
the Spectral Resolution

Multispectral

When the spectral
Resolution reached higher

than A/100 the Optical
Remote Sensing can be
Considered as

Hyperspectral Remote
Sensing



s Conception of HRS

.",E% O Each pixel or a group of pixels
(A contains a unique continuous

| spectrum of the earth objects,
which can be served as a
signature for the identification
of terrestrial materials after
atmospheric correction of the

data
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¥ Progress of HRS
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Imaging Spectrometry
for Earth Remote Sensing

Alexander F. H. Goetz, Gregg Vane
Jerry E. Solomon, Barrett N. Rock

Remote sensing of the earth’s surface
from aircraft and from spacecraft pro-
‘vides information not easily acquired by
surface observations. Until recently, the
main limitations of remote sensing were
that no subsurface information could be
acquired and that surface information
lacked specificity (/). Orbital .mu..

portions of the spectrum. In addition, we
discuss several approaches 1o the mly~
sis of the resulting

SCIENCE

thematic mapper (TM) is able to acquire
only one data peint in this wavelength
region. Many surface materials, although
not all, have diagnostic absorption fea-
tures that are 20 to 40 nm wide at half the
band depth (5). Therefore, spectral imag-
ing systems, which acquire data in con-
tiguous 10-nm-wide bands, can

data with sufficient resolution for the
direct identification of those materials
with diagnostic spectral features. The
Landsal scanners, which have band-
widths between 100 and 200 nm, cannot
resolve these spectral features. Some
important rock-forming minerals, such
as quartz and feldspar, do not have any
f\lndlmm.ll or overtone absorption fea-

data sets. Hyperspectral refers to u.:
multidimensional character of the spec-
al data set. In the past, data were
acquired in four 10 seven spectral bands.
lmuypecunmryww s possi-

radar can

f data in hundreds of

mur-w !mmwmmwmum

approach
‘approaches used in the past shouid stimuiate the development of new digital image-
processing methodologies.

arid regions (2), and recent work in high-
spectral-resolution  radiometry  shows
that mineral components in the surface,
as well as vegetation stressed by metals
in the substrate, can be identified (3). In
this article we discuss early results of a

spectral bands. Because

0.4102.5 pm and
therefore cannot be detected directly.
On the other hand, neither do these
minerals mask the absorption features of
the important minor minerals in rocks
and soils. Similarly, mineral mixtures,
and mixtures with vegetation in an ind
vidual pixel, can be separated if the
components have unique spectral fea-
tures.

Data Collection

Simultaneous imaging in many contig-
uous spectral bands requires a new ap-
proach to sensor design. Sensors such as
the Landsat multispectral scanner (MSS)
or T™ are optomec systems in
which discrete detector elements are
scanned across the surface of the earth
perpendicular to the flight path, and
these detectors convert the reflected so-
lar photons from cach pixel in the scenc

of the specificity of the data acquired by
imaging spectrometry, many more prob-
lems can now be addressed by this re-
mote sensing technique.

The value of the technique lies in its

into a sensible el ic signal (Fig. 2a).
The detector elements are placed behind
filters that pass broad portions of the
spectrum. The MSS has four such sets of
filters and detectors, whereas TM has
seven, The primary limitation of this

from www.sciencemag.org on February 14, 2010
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Imaging spectrometry, or hyperspectral imaging as it is now called, has had a long history of development

and measured acceptance by the scientific commurity. The impetus for the development of imaging

specomery came in th 1970' from el spectal messuremants in support of Lndsat 1 cat aralyss
software

in electronics, 1980's and into the.

Keywords:
Imaging spectrometry
Hyperspectral imaging
Spectroscopy

Earth observations

Remote sensing applications
Sensor development
Historical perspective

such as those pi

mus before a larger segment of the Earth observation community would embrace the technique. The
hardware development took place at NASA/JPL beginning with the Airbome Imaging Spectrometer (AIS) in
1983, The airborme visible /infrared imaging spectrometer (AVIRIS) followed in 1987 and has proved to this
day to be the prime provider of high-quality hyperspectral data for the scientific community. Other critical
elements for the exploitation of this data source have been software, primarily ENVI, and field spectrometers
roduced by Analytical Spectral Devices Inc. In addition, atmospheric correction algorithms.
have made it possible to reduce sensor radiance to spectral reflectance, the quantity required in all remote
sensing applications. The applications cover the gambit of disciplines in Earth observations of the land and

water. The further exploitation of hyperspectral imaging on a global basis awaits the launch of a high
performance imaging spectrometer and more researchers with sufficient resources to take advantage of the
vast information content inherent in the data

© 2009 Elsevier Inc. Al rights reserved.

1. Introduction

exciting remote sensing technique it s today. When the first field
spectral measurements were conducted in the early 705 and the
promise of imaging spectrometry became apparent, the technology

The term “hyperspectral imaging” was ﬁr;l coined in a paper
discussing the early resuits of imagi

was not advanced hfor it to be Inspite of the fact

(Goetz et al, 1985). The term, it appears, mace ts way into the
scientific vernacular in the late 1980's by way of the Department of
Defense and intelligence commu nities as they became interested in
this civilian sector-developed technique and required a catch phrase.

hyper” has a meaning too much,
suchas inhyperinflation or hyper-kinetic. However, itis, i fact, an apt
description of the size of the spectral data set collected by the sensors,
which makes solutions possible to problems over-detemined in the
mathematical sense. In other words, no single material requires
hundreds of spectral bands spread over several octaves of the
electromagnetic spectrum o be identified uniquely. However, when

that humans had walked on the moon, essentially all image processing
was carried out in large centralized computer centers and processing
jobs were loaded using punch cards. Microprocessors didn't et exist
and data storage for field instruments was discussed in terms of
kilobytes. The story of hyperspectral imaging is closely tied to
advances in digital electronics and computing capabilities
‘While this paper is aimed at remote sensing of the Earth it must be
recognized that an equally exciting application of imaging spectro-
metry was developed in parallel for planetary exploration and in fact
the the nature of
the surfaces of extraterrestrial bodies. The near-infrared mapping

TR
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Progress in Hyperspectral Remote Sensing
Science and Technology in China
Over the Past Three Decades

Qingxi Tong, Yongqi Xue, and Lifu Zhang, Member, IEEE

_Abstract—This paper reviews progress in hyperspectral remote
sensing (HKS) in China, focusing on the past three decades. China
has made great achievements since starting in this promising field
in the early 1980s. A series of advanced hyperspeciral imaging sys-
{oms ranging from ground to arborne and satelie platforms have
een designed, buit and operated, These include the el imaging
spectrometer system (F1 fodular Airborne Imaging Spec-

trometer (MAIS), and the Ch:ng X

for narrow spectral bands (typically about 102 ) from the
ultraviolet and visible to shortwave infrared for each pixel
Hyperspectral remote sensing (HRS) has greatly improved our
ability to qualitatively and quantitatively sense the Earth and
outer space and has therefore attracted growing interest from.
researchers worldwide. HRS has been used successfully in

. In addition to developing sensors, Chinese scienfists have
propesed various novel image processing techniques. Applications
of h\‘pe]spetn al imaging in China have been also performed in-
‘mineral exploration in the Qilian Mountains and oil explo-

of HRS,

various including agriculture, forestry monitoring,
food security, natural resources surveying, vegetation observa-
tion, and geological mapping

Hyperspeciral data are sbrsined from ground, airbome, or

Fation in Xinjiang province. To promote t
many generic and professional software tools have been developed.
These fools such as the Hyperspectral Image Processing and Anal-
ysis System (HIPAS) incorporate a number of special algorithms
and fearures designed to take advantage of the wealth of informa-
tion contained in HRS data, allowing them to meet the demands of
both common users and researchers in the scienfific communiy

Index Te yperspectral imagi trom-
ry, i icari

such as by the Airbore Visible/In-
frared Imaging Spectrometer (AVIRIS) and the EO-1 Hyperion.
(both lannched by NASA). They generally consist of tens to
hundreds of contiguous spectral bands with narrow bandwidths
of typically about 10 2 A. The special characteristics of hy-
perspeciral datasets make HRS of the Earth and outer space
an appealing but challenging prospect. Much pioneering work

g technology, ing

1. INTRODUCTION

YPERSPECTRAL imaging. also known as imaging
spectrometry or imaging spectroscopy. has become
established as a critical technique for Earth observation since it
was first proposed by A F.H. Goetz in the 1980s [1]. Imaging
spectroscopy began a revolution in remote sensing by com-
g traditional two-dimensional imaging remote sensing
technology and spectroscopy [1}-[3]. allowing for the syn-
chronous acquisition of both images and spectra of objects
Hyperspectral images contain a wealth of geo- and radio-
metric information as well as abundance spectral information

Manuscript received August 29, 201 ; revised Novermber 30, 2013 and May
05.2013: accepted June 02, 2013 Date of publication July 22, 2013 date of
current version December 18, 2013 This work was supported by the National

in the HRS has focused on developing new algo-
rithms, models, and tools for data processing. These techniques
greatly facilitate the understanding and quantitative analysis of
HRS and have been employed in various applications, such as
target detection [4], precise classification [5], and quanitative
retrieval [6]

Chjna, as one of the pioneers in HRS technology develop-
ment, has made great achievements since the 1980s. To meet
the increasing demand for fast and precise surveying and map-
ping of natural resousces on a large scale, many outstanding hy-
perspectral sensors have been designed and launched in China
(pasticularly on aircraft) with the support of various national
major projects. Some of them, such as the Modular Airborne
Imaging Spectrometer (MAIS), the Pushbroom Hyperspectral
Imager (PHI), and the Operational Modular Imaging Spectrom-
eter (OMIS-T and OMIS-II), played important roles in cooper-
ative projects between China and the USA, France, Australia,
Tapan, and Malaysia during the 1990s. As a result, these sen-
sors are well known worldwide and opened opportunities for

Alexander F.
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@ Overview

Spaceborne Hyperspectral Imaging Sensor

Sensor Spectral Spectral Res. No. of Available

Coverage /um /nm Bands Date

CMODIS 0.4-12.5 20 34 2002

HJ-1A HSI 0.45-0.95 5 115 2008
0.44-0.89 50 5
0.39-1.04 20 12

FY-3 MERSI 162-2.15 50 ) 2008
10-12.5 2500 1

N 0.48-0.96 15 32 2009

TG-1 HSI 0.40-1.0 10 128 2011

1.0-2.5 23



ki CMODIS first satellite hyperspectral imager

; O No. bands: 34, Include:
/ O Visible: 20 (20nm, from 412 nm)
' O NIR: 10 (20nm, from 822 nm)

“SHENZHOU L37(SZ- 3) e O SWIR: 1(2.150-2.250 pm)

O TIR: 3
China’s SdlaCGShlp (8.40-8.90,10.30-11.30 pm,11.50-12.50 pm)

1+ ﬁ- % "’/'\7 »/,J"""J
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Review of current sensors in China 22
@ MERSI/ FY-3A

‘/

A global image mosaic from MERSI with
natural color and resolution of 3 km

B

(Courtesy: Chaohua Dong et al.)

Spec.Range: 0.4-12.5um Number of Bands: 20

Spatial Resolution: 0.25-1km Scanning range: +55.4°
Quantization: 12 bit Radiometric calibration Accu. <7%
Assembling two onboard calibration systems
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@ HJ-1A HSI

A Constellation of 2 Small Satellites (HJ-1)
was launched in Sept. 6, 2008 for
Environment and Disasters Monitoring

ﬁﬁvﬁv"f’?‘f?@”?

One of the Main Payloads on
Board of the Satellite is a VIS-
NIR Imaging Spectrometer (HSI)

Spec Range 450nm 900nm
Number of Bands: 115
Spatial Resolution: 100m
Ground Coverage: 50km
Side Looking: +30°
Revisit: 4-31days
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@ HJ-1A HSI
A typical Image Cube from HJ-1 Satellite

RADI




Review of current sensors in China 2
@ TG-1 HSI: China’s first target vehicle

S Spectral Coverage 400-2500
/nm
Spectral Res. /nm 10/23
No. of Bands 128
MTF 0.34
Swath/km 10
SNR 180@1600nm

Hyperspectral sensor
www.radi.cas.cn
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Review of current sensors in China
@ TG-1 HSIL: China’s first target vehicle

Qinghai, China

I St I Aol e
| __ESL3 . e

0 1 2 o= g i = v I~
R E| 5 i SR )

O Numerous applications have indicated
that the TG-1 HSI has achieved high

performancg levels in .spatial_, spectral, Land use monitoring, Beijing, China
and SNR (Signal to Noise Ratio).

( China Manned Space Engineering)
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@ Chang’E-1 IIM: for Lunar exploration

Width of Swath 25.6km
Spatial Resolution 200m
Imaging Region 75° N~75° S
Spectral Range 480~960nm
Spe nds 32
24-00t-2007 Digitazation 12bit

MTF =>0.2




Abundance Analyses Mapiof:Some Lunar. Minerals

IImenite

Plagioclase

Olivine

2000 4000 6000 8000 10000 | . |
HEF—T — F—T  Km 0 1

&=




WA
W
e
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W CCRSS: China Commercial Remote-sensing Satellite System

Lens hood gar > SIS Main frame
Circuit box ‘ | g

Frame
circuit box

SWIR
spectrometer
Image shift
compensation
and calibration
component

O CCRSS is scheduled to
be launched in 20187

(TBD). It is composed Refrigerator

of two satellites, i.e. component
CCRSS-A and Electronic chassis I
CCRSS-B.

Framework of CCRSS-A

www.radi.cas.cn
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Ongoing & future missions in Chinaz,
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@ CCRSS: china Commercial Remote-sensing Satellite System

b i

SR Optic figure of
VNIR CCRSS-A

Main mirror \ Target mirror

O CCRSS-A will provide commercially panchromatic/ multispectral

Imagery and hyperspectral imagery from visual to shortwave infrared.
www.radi.cas.cn
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@ CCRSS: china Commercial Remote-sensing Satellite System

Scheme |l Scheme lll Scheme IV

HRS+ Thermal HRS+ Thermal
HRS infrared HRS infrared
Spec. range 0.4-2.5um 0.4-2.5um
0.4-2.5um 0.4-2.5um
8.0-12.5um 8.0-12.5um
No. bands 328 328+2~5 328 328+2~5
Swath 40km 30 km 30 km 30 km
Spatial Res. 30m 30/60m 15m 15/30
Aperture 180mm 135mm 300mm 300mm

Volume

1020*980*550mm 1150*1000*500mm  1600*1100*800mm 1600*1200*700mm
Weight 147kg 187 kg 260 kg 300 kg
Power 260W 360 W 300 W 400 W
Budget 170 million 220 million 180 million 230 million

Period 2.5 years 3.5 years 2.5 years 3.5 years



@i GF-series: high-resolution satellite program

GF-3 (2016) | | GF-4 (2015)

B CSAR B 50m-geostationary
GF-2 (2014) GF-6 (2017)
®1lm/Am | R Like GF-1
GF-1(2013) =
m 2m/8m/iem. | f (2018)
rtographic
tical satellite
GF family
A" L e
The GF project indi ates --hﬁnh-n..us:v Earth observation enters

high-resOIUTION pHase -

www.radi.cas.cn
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Ongoing & future missions in

@i GF-series: high-resolution satellite program

LML usiM Vo
SRR R ZCBeOMN

SO ¢ 2500

HEAWNKBH LA UV SNIC

HEXMELRENMDA s

e e e e

.

Heicheng, Hebei by GF-1, 2013
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@i GF-series: high-resolution satellite program

ek

fo $ X34 Y

B K14 000
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Beijing by GF-2, 2014

BOEFN: 2SYROSA
BB M 20144090258
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Shanghai by GF-2, 2014, .
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@i CarbonSat: Super-spectral spectrometer

Objective: Global carbon cycle monitoring by integrating vegetation
reflectance and sun-induced fluorescence emission flux.

B Launch date: 2018 (TBD)
M Spectral range: 670-780 nm
FWHM: less than 0.3 nm

B SNR: 200-600

Similar to ESA FLEX-FLORIS

~ L SR

www.radi.cas.cn
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@ New instrument: Field Imaging Spectrometer

1SS
-

Pre-measure for upcoming missionsz,

ADI

System (FISS)

)

~
A

%:>

17 Numberofbands ~~ = =~ 7~ 7

Spectral range 437-902 nm
Spectral resolution Better than 5 nm

Spatial resolution Maximum < 2 mm Signal to noise ratio >500 (60% bands)

Radiance calibration

L Better than 5% Spectral sampling interval About 1.4 nm
precision in laboratory

Field Imaging Spectrometer System was developed by IRSA (CAS) which is

considered the first field imaging spectrometer in China.

www.radi.cas.cn
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@ New instrument: Light Weight airborne Imaging
spectrometer remote sensing system

2500~
2000~ N
V) \

1500~ oo \ N
z Bl

1000~ / 1 I \

0~ ' ' t | U 0 ' D "
£00 1000 1200 1400 1600 1800 2000 2200 2400 2600

Spectral curve

Spectral 400-2500nm
Interval

7 weight 25kg
Visible - Near Infrared Imaging
Spectrometer
Shortwave Infrared Imaging
Spectrometer

PHASE ONE high resolution camera
High accuracy IMU
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@ New techniques: Spatial and spectral information

fusion
» Application of hyperspectral data fusion technology on TG-1 data for

target detection and classification.
« Separability between target and background is enhanced.

~

Original Fused
Target (vehicles)

Original Fused
Background (trees)
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@ New techniques: Coverage area extending
Research on hyperspectral image simulation based on standard spectrum

Research on hyperspectral information extending on spatial dimension

Liu, B., Zhang, L.F., Zhang, X., Zhang, B., & Tong, Q.X. (2009) Simulation of EO-1 Hyperion Data from ALI Multispectral Data
Based on the Spectral Reconstructlon Approach Sensors, 9, 3090-3108 www.radi.cas.cn
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#@ New techniques: Coverage area extending--results

Visual
s interpretation
§y =
i Classification

_ Original Fused
Multispectral hyperspectral hyperspectral

_____________________________________________________________________________________________________________________________________

Quantitative assessment

! 1
| |
: 1
! Spectral Profile 1 o '
1| scoof > : ' "\ggm " 1 |
1 JdFused
: ’ :5-’ 0.98 ’M% i
', 4coof . <0.9% ' :
: = 8 0 02 04 0608 1 |
B soool ] 50'94 ) B L veeon i
= ] 809 e, e .
P E 5 e : |
: 2000 L - [ 0.9 06 |- 7'../ :
| g = o 5
1 1 ° 1 12 23 34 45 56 67 78 89 100 111 122 133 = !
4 (8] 0.2 S 1
i 1000 500 -\f:b« 9@ - Band o) ;J.Z"U.‘ 06 08 1 ° o0 U:-U‘l 06 08 1 4] U.Zl 04 06 08 1 :
: Dq'vuve? ngth Slrnul(-:’;d Value SImUIEé;d Value Slmull(lfl)dv-lul :
1
. 1
1 . A . . .
! Comparison of spectral curve Correlation coefficients of each band regression analysis i

Sun X, Zhang L, Yang H, et al. Enhancement of Spectral Resolution for Remotely Sensed Multispectral Image[J]. IEEE Journal of Selecte
d Topics in Applied Earth Observations and Remote Sensing, PP (99), 2014 www.radi.cas.cn
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R’ 07176
slope: 0.7001
Intercept: 0.0154

0.05 0.1 0.15 0.2 0.25
observed reflectance

G Intarcept: 00162
0 05 0 1 0.15 0.2 0.25
observed

Remote Sensing
Environment

-

(a) actual image (b) ESTARFM (c) MESTARFM

Blending algorithms have been developed to enhance the temporal
frequency of high spatial resolution data using high temporal medium
resolution data (Emelyanova, McVicar, Van Niel, Li, & van Dijk, 2013;
Fu, Chen, Wang, Zhu, & Hilker, 2013; Gao, Masek, Schwaller, & Hall,
2006; Gumma, Thenkabail, Hideto, et al,, 2011; Zhu, Chen, Gao, Chen,
& Masek, 2010). Emelyanova et al. (2013) tested these approaches in
areas corresponding to IA1 (during a flooding episode) and IA 10 (dur-
ing the peak irrigation-season) with good results (see Emelyanovaetal,

Fu, D., Chen, B., Wang, J., Zhu, X., & Hilker, T. (2013). An Impr oved Image Fusion Approach Based on Enhanced Spatial and Temporal

the Adaptive Reflectance Fusion Model. Remote Sensing, 5, 6346-6360

www.radi.cas.ch



@ New techniques: Solar induced vegetation

Pre-measure for upcoming missionsz,
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fluorescence remote sensing

(1) Fluorescence emission mechanism by FISS

paonNpul UNS  PaLIdXa AN

(3) SIF retrieval methods development

154
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— ussian fit result o] o oFLD —o— IFLD (b) O,-A band (761 nm) —o— Real fluorescence
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P N S L o 254
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Huang C., Zhang L., et al. WHISPERS, 2015

(2) Fluorescence characteristics investigation
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Huang C., Zhang L., et al. IGARSS, 2013

(4) SIF retrieval from Hyperion satellite

¥=0.0062x-0.60

Hu S. PhD thesis, 2013 |
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Conclusions =

O We update recent advances and future plans in Chinese satellite
hyperspectral missions, including

v' CCRSS: China Commercial Remote-sensing Satellite System
v GF-serie satellites: high-resolution satellites (GF-1 to GF7)

v CarbonSat: to detect sun induced vegetation fluorescence

O We introduce pre-measure for upcoming advanced missions, as
v New instrument development: from field to UAV platforms

v New techniques development: novel methods & algorithms

v New software development: HyLab1.0 for HRS data

These pre-measure may improve data use efficiency of Chinese
hyperspectral satellites, once they are launched and available.

\ARANRAZ arhh fcace N
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