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AB STRACT

This prin ci ple fo cus of this study is the ab so lute ra dio met ric cal i bra tions of FORMOSAT-2 RSI im ag ery in or bit. There are

two prin ci pal parts for achiev ing this cal i bra tion. The first is the as sess ment of the cal i bra tion site by ex am in ing at mo spheric

ob ser va tions from ground sta tions and field mea sure ments via ground-based ra dio met ric in stru ments. Af ter care ful

con sid er ation based on the es sen tial re quire ments for a suit able cal i bra tion site i.e., pre vail ing clear and clean at mo sphere

con di tions over a wide, flat and near lambertian sur face with high reflectance, the air port on Dongsha Is land was con sid ered to

be an suit able site. The next phase is to de sign a scheme for the field cam paign at the cal i bra tion site for ra dio met ric cal i bra tion.

Thus a syn chro nous ex per i ment ac quir ing si mul ta neous mea sure ments from the FORMOSAT-2 Re mote Sens ing In stru ment

(RSI) sen sor and ground-based in stru ments was pro posed and im ple mented for the pe riod 16 to 19 Sep tem ber 2004. As a

re sult, a set of rea son able ra dio met ric co ef fi cients for the ab so lute ra di ance cal i bra tion of the RSI was successfully constructed

via the radiative transfer code associated with the synchronous measurements in this study.
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1. IN TRO DUC TION

The FORMOSAT-2 sat el lite was launched suc cess fully

on 21 May 2004. Its high spa tial res o lu tion Re mote Sens ing

In stru ment (RSI) is one of the key on-board com po nents.

The RSI is a pushbroom scan ning type sen sor with spec -

tral bands in the vis i ble and near in fra red, in clud ing pan -

chro matic and four multi-spec tral bands (Pan: 520 - 820 nm;

Band 1 : 450 - 520 nm; Band 2 : 520 - 600 nm; Band 3 : 630 -

690 nm; Band 4 : 790 - 900 nm) equipped with 2- and 8-m

spa tial res o lu tion, re spec tively. The de tec tors are aligned in

a cross-track di rec tion with a wide field of view over a

24-km swath width. The FORMOSAT-2 sat el lite or bits the

earth at ex actly 14 rev o lu tions a day, thus RSI ob ser va tions

can be ap plied to nat u ral di sas ter eval u a tion, ag ri cul ture

development, land-use and ur ban plan ning, en vi ron men tal

mon i tor ing, and ocean sur veil lance around Tai wan and its

neigh bor ing wa ters.

Be fore launch ing a sat el lite into space, it is very im por -

tant to ac cu rately cal i brate ra dio met ric pa ram e ters of the

on- board sen sor, such as re sponse func tions and ra dio met ric

con ver sion co ef fi cients. Preflight cal i bra tions can be con ve -

niently and ac cu rately per formed in a lab o ra tory. How ever,

due to dif fer ent back ground en vi ron ments and de cay over

time, ra dio met ric char ac ter is tics of the sen sor may still

change (Dinguirard and Slat er 1999; Hagolle et al. 1999;

Barnes et al. 2001). In which case, it is es sen tial not to ne -

glect ab so lute ra di ance cal i bra tion. In the case of the FOR -

MO SAT- 2 RSI, en sur ing re li abil ity of ra dio met ric ob ser va -

tions is de pend ent upon the ac cu racy of ab so lute ob serv ing

ra diances. This study at tempts to de velop a vi a ble pro ce dure

for re triev ing rel e vant ra dio met ric pa ram e ters for the RSI

sen sor in-or bit.

2. METH OD OL OGY AND FIELD MEA SURE MENTS

The Lu nar and Vi car i ous cal i bra tion meth ods are gen er -
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ally used for in-or bit ra dio met ric cal i bra tion. The Moon’s

reflectance is sta ble enough for cal i bra tion, but there are

some lim i ta tions and un cer tain ties from the Lu nar ap proach,

such as vari a tions in the dis tance to the Moon (Helfenstein

and Veverka 1987; Barnes et al. 1999; Barnes et al. 2001).

Al ter nate cal i bra tions use onboard air craft in stru ments to

sim u late the ob served ge om e try of the sat el lite over pass.

These are just a few of the many dif fer ent cal i bra tion met -

hods that have been pro posed and uti lized for in-flight

radiometric cal i bra tion of sat el lite sen sors (Kaufman and

Sendra 1988; Staylor 1990; Vermote and Kaufman 1995;

Mou lin et al. 1996;  Eplee et al. 2001). Al though sev eral of

these meth ods are in deed prac ti cal and ac cu rate, they are

also very time-con sum ing.

An other vi a ble ap proach is the use of ground-based

natural tar gets. The tar get sites should be large and flat

areas, where reflectance is high and sta ble (Thome 2001).

Based on such a re quire ment, desert ar eas ap pear to be the

most suit able choice. Once ground-based equip ment is set

up at the cal i bra tion site, in-or bit cal i bra tion can be eas ily

per formed dur ing clear and sta ble at mo spheric con di tions.

Since there are no deserts or desert-like ar eas on or around

Tai wan, var i ous al ter nate re gions have been ex am ined to

func tion as pos si ble cal i bra tion sites. Fac tors con sid ered in

cal i bra tion-site de ter mi na tion in clude: at mo spheric sta bil ity, 

pol lu tion, cloud cover, and sur face reflectance cha r ac ter is tics.

2.1 Cal i bra tion Site Ex am i na tion

Suit able cal i bra tion sites re quire: (1) fre quent clear at -

mo spheric con di tions; (2) min i mal sea sonal changes; (3)

high- spa tial uni for mity over a large area; and (4) high re -

flectance and a near lambertian sur face. In this study, en -

vironmental con di tions at po ten tial lo ca tions in Tai wan are

an a lyzed for se lect ing a suit able cal i bra tion site for the

FORMOSAT-2 RSI. Ground ob ser va tions from six weather

sta tions of the CWB (Cen tral Weather Bu reau, Tai wan) are

used for cloud cover anal y sis dur ing Jan u ary 2002 to July

2003. Re sults show that Tai pei, Pingtung, Magong, and the

Dongsha Is land have clearer sky con di tions than Hualien

and Green Is land (see Ta ble 1).

In terms of at mo spheric en vi ron ment, at mo spheric

aerosol con tent is con sid ered of ma jor im por tance due to

the vis i ble spec tral bands of the RSI. Ac cord ing to the

ground mea sure ments of AERONET (Aero sol Ro botic

Network, Holben et al. 1998), aero sol op ti cal depth over

Dongsha Is land was al most less than 0.2 in the 440 nm chan -

nel in Sep tem ber 2004, in di cat ing clear skies over Dongsha

Is land.

In ad di tion to the at mo spheric en vi ron ment, the sur face

re flec tive char ac ter is tics are also im por tant for any ef fec -

tive ra dio met ric cal i bra tion site. The mea sure ments of the

ground- based SE590 spec trom e ter show that reflectance

vari a tions in the ze nith and az i muth an gles over Dongsha

Air port (see also Fig. 1) are less than 3.0% (Fig. 2). Due to

its high re flec tivity (> 0.4, bar RSI band 1), and near
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Fig. 1. The lo ca tions of  Dongsha Is land and the ob ser va tion sites at the air port (116°43’2”E, 20°42’22”N), Guabei port (116°43’43”N, 20°41’54”E),

ra dio sonde (116°43’32”E, 20°42’14”N), and sun pho tom e ter (116°43’36”E, 20°42’11”N) of the color im age ac quired by the FORMOSAT2/RSI on

19 Sep tem ber 2004.



lambertian sur face with a prev a lent clear and clean at -

mospheric en vi ron ment, the land sur face of Donsha air port

was con sid ered as an ap pro pri ate cal i bra tion site for RSI/

FORMOSAT-2 dur ing the first stage.

2.2 Ra di a tion Trans fer of RSI

As sum ing that the ground sur face is lambertian, the re -

flectance ob served by the sat el lite can be ex pressed as fol -

lows (Lin et al. 2002):

(1)

where r* is the reflectance ob served by the sat el lite, ms =

cosqs, qs is the so lar ze nith an gle, mv = cosqv , qv is the sen sor 

ze nith an gle, ra is the at mo spheric reflectance, f is the

relative az i muth an gle be tween the sun and the sen sor, t is

the at mo spheric op ti cal depth, r is the ground sur face re -

flectance, T is the to tal trans mit tance from the sun to the

ground sur face, s is the at mo sphere albedo, <r> is the

mean sur face reflectance, and td is the dif fuse trans mit tance 

on the sur face-sen sor path. If the pa ram e ters on the right

hand side of Eq. (1) can be cal cu lated by the ra di a tive trans -

fer code (LOWTRAN or MODTRAN codes) cou pled with

ground mea sure ment data (such as sound ing data, aero sol

prop er ties, and sur face reflectance), the sat el lite-observed

reflectance (r*) can be es ti mated for the in-or bit radio -

metric cal i bra tion. As for the em ploy of ra di a tive trans fer

code, a more sim pli fied trans mit tance/ra di a tion model than 

LOWTRAN was used to es ti mate the aero sol op ti cal depth

(AOD) con ducted by Holben et al. (1992), and showed a

sat is fac tory re sult. There fore, the LOWTRAN-7 model

(Kneizys et al. 1988) is used for the mul ti ple scat ter ing and

two-way trans mit tance com pu ta tions with in puts of ra dio -

sonde data and aero sol pa ram e ters ac quired at Dongsha

Island.

In re gards to the out put data of the RSI, the con ver sion

of the out put sig nal to the spec tral ra di ance is ac com plished

ac cord ing to the fol low ing relationship:

C(R) = (K0Gsel h)R + C0 + N (2)

where C is the out put sig nal (dig i tal count) and cor re sponds 

to r* in Eq. (1); R is the mean spec tral ra di ance (W / m2 / sr /

mm); K0 is ab so lute ra dio met ric cal i bra tion fac tor, de pend -

ing on the band; Gsel is the gain fac tor at tached to the gain

num ber; h is the inter-de tec tor equal iza tion co ef fi cient; the

gain value, K0Gsel h, is the con ver sion fac tor be tween dig i -

tal counts and mean spec tral ra di ance; C0 is the dark cur -

rent for the de tec tor; and N is the noise. In Eq. (2), the gain

fac tor Gsel be comes a con stant once the Gain Num ber (1

~ 10 for RSI sen sor) of the RSI sen sor is se lected, i.e.,

Gsel (GainNumber) = 2(GainNumber – 1) / 2. There fore, the ab so -

lute ra dio met ric co ef fi cient (K0h) can be cal cu lated with

the syn chro nous dataset of sat el lite ob ser va tions (C) and

mean spec tral ra di ance de rived from field mea sure ments

(R), which will be con structed later in the fol low ing.

2.3 The Syn chro mesh Field Cam paign

In ac cor dance with the re sults of on-site ex am i na tions,

an ex per i ment was pro posed for the Dongsha air port via

syn chro nous ob ser va tions from the FORMOSAT-2 sat el lite
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Fig. 2. The sur face reflectance of RSI bands at the Dongsha air port mea sured by the SE590 Spec trom e ter in terms of dif fer ent (a) ze nith an gles and (b)

az i muth an gles, 17 Sep tem ber 2004.

(a) (b)



and ground-based in stru ments dur ing 16 ~ 20 Sep tem ber

2004. The on-site in stru ments in clude spectroradiometer-

 SE590 and a stan dard re flec tion panel for sur face reflec -

tance mea sure ments, ra dio sonde for sound ing data ob ser va -

tions, and sun pho tom e ter-Cimel-318N for aero sol prop er -

ties de tec tions. Fig ure 1 in di cates the lo ca tions of Dongsha

Is land and the ob ser va tion sites at the air port (116°43’21”E,

20°42’22”N), Guabei port (116°43’43”N, 20°41’54”E), ra -

dio sonde (116°43’32”E, 20°42’14”N) and sun pho tom e ter

(116°43’36”E, 20°42’11”N) based on a color im age ac -

quired by FORMOSAT2/RSI on 19 Sep tem ber 2004. The

pro ce dure for RSI ab so lute ra di ance cal i bra tion with syn -

chro mesh field mea sure ments is shown in Fig. 3, which in -

cludes sound ing data, sur face re flec tivity for dif fer ent ze nith 

and az i muth an gles (spectroradiometer), and the aero sol

optical depth (sun pho tom e ter). Af ter wards, the mea sure -

ments of the syn chro nous ex per i ment were ap plied to the

radiometric cal i bra tion of the in-or bit RSI sen sor.

From the on-site mea sure ments of sound ing data, aero -

sol prop er ties, and the sur face reflectance (Dongsha air port), 

the mean spec tral ra di ance of RSI bands can be de rived by

us ing LOWTRAN-7 code cou pled with the FORMOSAT-2

view ing and so lar ge om e try. And then, the GAIN val ues

(K0Gsel h) of RSI spec tral bands can be ob tained from the

mean spec tral ra di ance (R) and the cor re spon dent Dig i tal

Counts of SRI ob served [C(R)] through Eq. (2). As a re sult,

the ab so lute ra dio met ric cal i bra tion fac tors (K0h) can be

con structed for in-or bit FORMOSAT-2 RSI.

3. RE SULTS AND ANAL Y SIS

There are five datasets ac quired dur ing the pe riod of the

syn chro nous field ex per i ment, 16 ~ 20 Sep tem ber 2004. Due 

to cloud ef fect dur ing the ex per i ment, only the data ob served 

on Sep tem ber 17 and 19 in 2004 were used for the RSI ra -

diomet ric cal i bra tion. Ra di om e try pa ram e ters for the RSI

sensor in-or bit were ob tained via mea sure ments from the

FORMOSAT-2 sat el lite and ground-based in stru ments with

the ra di ance trans fer mod els. The re sults of the re trieved

GAIN val ues of RSI bands are shown in Ta ble 2. From the

GAIN val ues in Ta ble 2, two types of gain num bers are

obviously used for the ob ser va tion mode on Sep tem ber 17

and 19, re spec tively. As for the RSI sen sor, the ab so lute ra -

dio met ric cal i bra tion fac tor, K0h, in each band should be a

con stant value no mat ter what gain num ber used, i.e., Gsel.

There fore, the cases op er ated in dif fer ent ob ser va tion modes 

(gain num ber 3 and 4) pro vide a good op por tu nity to val i date 

the re sults of ab so lute ra dio met ric cal i bra tion in this study.

Ta ble 3 il lus trates the ab so lute ra dio met ric cal i bra tion fac tor

(K0h) of the RSI bands de rived in the two gain num ber

modes. The dif fer ence of K0h be tween the two modes in

each RSI band is less than 5% - an in di ca tion of high

consistency and prac ti ca bil ity of the pro posed pro ce dure in 

this study.

Fur ther more, the re sults of re trieved sur face reflectance

are val i dated with the ground mea sure ments at the lo ca tion

of Guobei port (116°43’43”N, 20°41’54”E, see also Fig. 1).
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Fig. 3. The flow chart of the in-or bit FORMOSAT-2 RSI ab so lute ra dio met ric cal i bra tion.



The sur face reflectance of Guobei port de rived with the ab -

so lute ra dio met ric con ver sion (GAIN val ues in Ta ble 2) and

ra di a tive trans fer code cou pled with ground mea sure ment

data (sound ing data and aero sol prop er ties) il lus trates sat is -

fac tory re sults when com pared with the ground-based mea -

sure ments of the spectroradiometer-SE590 (less than 5%),

as shown in Ta ble 4. In other words, the method (pro ce dure)

pur sued in this study ap pears to be fea si ble, and it can be

suc cess fully ap plied to the ab so lute ra dio met ric cal i bra tion

of the RSI sen sor. Since the RSI sen sor has 10 gain num bers

de signed for a larger ra dio met ric dy namic range in the ap -

plicat ions of both low and high reflectance ob jects, cor -

respondence in the GAIN val ues (the co ef fi cients of ab so -

lute ra dio met ric con ver sion) to each re spec tive gain num ber

of the FORMOSAT2/RSI was also con structed (Fig. 4).

4. DIS CUS SIONS

The pro ce dure and ra di om e try pa ram e ters for the ab so -

lute ra dio met ric cal i bra tion of the in-or bit FORMOSAT-2

RSI sen sor were suc cess fully con structed by a field cam -

paign be tween syn chro nous sat el lite and ground-based ob -

ser va tions. The re sults not only re veal the ab so lute ra dio -

met ric con ver sion of the RSI data for sci en tific re search, but

also de lin eated the ra dio met ric cal i bra tion pro ce dure for the

RSI data. Main tain ing the qual ity of the RSI data is ex -

tremely im por tant for the mis sion of FORMOSAT-2. There -

fore, pe ri od i cal ex per i ments to at tain ab so lute ra dio met ric

cal i bra tion should be con tin u ously per formed to en sure the

qual ity of RSI data.
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Fig. 4. The GAIN val ues cor re spond to each gain num ber (1 ~ 10) of the 
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