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ABSTRACT

Mettiods have recently been developec{  for tt It ut Ilz -:t i(] of rerllotcly  serlsed irrlagc data in the measurement of
terrairl displacements resulting from geoltgi(  III(M:V+  I. s III optical irilagery, meas(lrcnlenls  precise to a fraction of
a pixel are achieved by statistical inlag(  mal( Ilitl,l. In !:l:iar  irlla$!ery,  nwasurcnmnts  precise to a fracticm of a
wavelength are achieved by interferorl l(,irjf, [ o II rile’lmd lIas distinct advantages. F{adar interferer-netry is
currently more high developecl, but the aIivoIIl CII [!!c~’ I:Ill\  availat,te, cjrw.mtlcr  Clr,tical satellite imacles  will areatlv
increase the utilitj of optical methods,

lNTtTODUCl  ION

Terrain displacements related to earthquak(t.,  : ;tl(i
durw migration, volcanic activity, glacial rrlotlt,l I, ~IIL{
gravitational sliding can be measureci wltli  [Il(:::isml:
finer than image resolution by optical rcrlmt(: s[,rl:lr){i
methods as  wel l  as  by  radar  interlcrt~rtl[tt  )
Applications to date have shc)wn  both rllctll(,{l:.  t( t,{
uniquely valuable in the detection, n~apl]itj!j, ,lr~i
measurement of gcc)lofgic and envirorlr]letlt 111(11. IS 0.
The two methods also have differing strcr][!tl I!, iiI Id iII L
thus complementary.

ME1 }10[)S

Optical methods involve image cross c cjrrcl::l 101  ( f
multitemporal  images (CXippen,  1992). A ‘i~cforf’ III I,Ig I
k used as a reference base upon wtllcli  ;I grit i I,.
delineated. At eactl node, a neighborll(mci  o~ ~,i](!l .
(e.g. 100 x 100) is sampled and compar(x{ to l,IxIIl Z: I
the corresponding Ioc:ation  in an ‘after’ image. “I III: [,! :;:’,:
subpixel  correlation ~~oint is deterrninccl by ird<r(,:,lallrl~  I
the ‘after’ image rc:peatedly,  following ttlc  ~,a!t (II
increas ing correlatic)n.  This point clefirlcs o ve Ic, r
relative to ttle node in the ‘before’ irnaqc! rcf(:relw{:
base. By calculating a vector at each rlo;ie, arl [w rll:
spaced array of vectors is generated for tllc crl!ir~
image. Typically, the dominant patterrl stlcwl Irl III:
vector array corresponds to satel l i te attit[  d{
differences between the two scenes. t 10 WCVCI, !!Ii:.
pattern can be modeled, estimated, aIId lclllo~m~i
because it is consistent across the SCCFIC,  (f ItIcI r~ ~
greatly in spatial frequency from tlIe lcrrlrill
displacement patterns we seek to revc:al.

R a d a r  i n t e r f e r o r n e t r y  h a s  b e e n  oxtel~!;lv,!lj
demonstrated and well documented in rccell!  yc,lr:
(e.g. Massonnet  et al,, 1993; Peltzer  and f {os~r,,  1 !J!I!,)
Measurements require a multitemporat  pair cIi irl,c{! w:,
plus an elevation data base (which may also k,c tlcr i C( i
by radar interferornetric  means if an applol)ria!~, Wr{i
radar image is available). 1 he rneasurerncr]l is cicii\ [x ~
from the radar phase information, whictl is l[d,n~wrld,  ,rII

c)f tll[ radar backscatter  measurements usual ly
dls~,!ay[:d  irl a radar irllagc,

C(NAF’AFi/\l  IVE ADVANTAGES

C)~,ticel nlothods  arc two-dimensional, potentially
provicllrig a cc~n-rplcte rriapping of both horizontal
dilllensicms  (assumirlg  tile  scenes are nadir looking).
Hcwvevcr,  they prc)vide no sensitivity to vertical
dis~~laccments F{adar irlterferometry i s  one-
dirllcrrsional but car) detect vertical displacements and
sorf)e horizontal clisplacements because
mcasuromcnts are alorlg the oblique ‘slant’ path of the
ra(iar tmarn, Opticai methods are most reliable it)
rug{gcd terrain wltere irltagc patterns are strong, Radar
intcrlerornetry is most reliable in low relief areas, where
[Jrc,blerlls such as layover cannot occur. Both methods
sufier  fronl tcrrlporai dccorrclation,  which resuits from
envirorlrnental cllan<gcs  in ttle scene (e. g., vegetation
growttl). C)ptical rrlctttods  require a cloud-free
atrljosf)tlere  an(i cc)rlsistcnt sun angles, which are
irrclev;  :rd factc, rs for radar interferometry. Because
radal irlterferornetric rrlcasuremcmts  are made relative
to signal phase, tllcy do not provide absolute
rncasur ements, ALlsc~lute  measurements can be made
cmly by chewing s~mtiai gradients from a known (or
pres[lrllcd)  value at a geographic reference point.
Corlfusiclrr  can occur where spatial gradients are too
steep. In contrast, ol,tical  methods provide direct
measurements.

(;UI rcntly,  r:idar inter fcrorlletry provides measurement
prccisiorls  on the order c~f a few centimeters (i.e., on the
order clf a tenth of ttlc  signal wavelength). Optical
mctllock. using S[mcct, otrw m]agery can measure only
rnctcr-scale clisplacerllcnts at best (e. g., a tenth of a
pixel usir(g SF’(J1  pat]c hromatic  data). Opticai methods
arc iilrri[cd not cNIly by ttle spatial resolution of the data
but by the radiometric  resolution as well. If the
radlornctric  quarltization  s teps (DNs) do not differ
sullstantially  frcml ttw Ic)cel image variance, relatively
precise interpolations are not possible. 1 his is why
optic~i rllethc)cfs work tmsi in rugged (shaded) terrain,



whew the image patterns are strong (ar~c~ Iiwal v,tl ia In

is high).

W i th  the coniing  c]f one-meter  opt ica l  do!:: {I ,1:,
spaceborne sensors in the next few y{:ar:; , 014 .i:l
imagery  wi l l  approach the precisiolt  of ra:i:j,

interfcrornetry. Clptical data also provide !Il[: L al ,ilt)[tlt,
to actually see the displacements. Sul JIcsr.IluI (JI I
misregistraticms in images are readily ap[wrcnt  ill vil it)t I
displays that flicker nlLIltitenlporal images ((;rip[,( II i III i

EHom,  1992). This has previously becll  u!,(,d to
visualii’e actLlal displacements along strik[, SIII) f:iuli j.

DE NEFITS  OF REMOTE SENSING IN (+ I OEII !Y

Using remote sensing for precise nlea:)Llrcrll(!rlt 0’
dynamic processes in the environment lIas st~vc(ij I
advantages. Firstly, it is spatially corl,[)rcllct,si~t:
Millions of measurements can be rnadc ;~cIos: :
satellite image that covers a region where CVWI i: dct S(
GPS array would have only a few dozcll  ~[;iiiorl~
Secondly, it requires no anticipation. [’c)tclltiat ‘Iu:f<, r(
and ‘after’ images are being acquired [vcryci:y t)}
numerous satellites. No baseline ,gf,od(,II( ft:l(
measurements need km made in anttcl[]atioll  (II ~rl
earthquake (or other event) that might nc’,  wt CICCLII  III

the researcher’s Iifetirne. Thirdly, it is cheap :: II[,i ccI,y.
The growing available (and improving) c{ata scto c.IsI
tile usor nothing until and unless ncedecj;  ttle CXI)CIIS(
of travel arid field logistics can be avoido<l ::IId
researchers can perform their studies at tllcir  (i( sI,
when convenient.

We have coined the term ‘imageodesy’  to relor II:) tl I(
use of remote sensing for the precise nmastlreltlort  of
dynamic processes across an image. Ttic tc[lil i:. :,
concatenation of the words “image geodesy” arid als [:
partial acronym for “Image Multitemporal  AIIoIy:.1:.
geodesy”. We see great potential for irllageock:sy  ~s
terrestrial remote sensing moves beyorld ttlc qu(:;ti(ll  I:
“What’s there?” and “How has it charlgccl?”,  t(I III(
question “Wfmre is it going?”.
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