Jonroal of AkNabrajn University Yol 9(2), December, 2006, pp.99-110 Scienve

lmage Processing Techniques for Monitoring Lunar Surface Changes

' Dr. Salah A, Saleh, ' Firas 8. Mized, Dr. Nihad A. Karam
College of Sciense, Al-Mahrain University/ Callene of Seicnee, Thversity of Baghdud! College of
science, Thaiversity of Baghdad

Ahstract

The iwown s Lhe earrhs nceresl neighhar; so it is ae far o tink that metearites bumbard it in the same
rile [fiar il the canth. TTawever, the woon has na atmasphere so an wpproachine meteorites cowld Lotm cralers
wher: it hit Tunar surluce, this makes the Lumar suface perfeel Jovation ro caleulats the rate uumber ol
meteorites that rezched #s surfece (and consequently the number on the carlh serfazs) ang aludving the

cliange on = surface due 1y metentites impact.

Lhis reszarch is an atlempt to find omt whether (s i possible 1o find the rate uuriber of metaorites that
hits luwar surizea(earh surface as well) per year and detoots impacl: changes in the surface by applving
chinze deteelion rechaiques oo Lunar Orbilerd mission in 196% aad Clementine mission in 1993 iniapes for

Cassendi and Pallo caters,

Imfroductian

Agide fren the Harth, we knew moee abaut
the Moon than about any ulher ohjest jn the solac
syslern (Hartinaon,  1983),  The sourees of
information’s evine irom ground-besed tcleseapic
cbmervations fo satsllite orbilers and Landers to

fuman exploration and szmplss return, Sines the
end of 1950' | aocveral palions have embarked
wupon  ar ambitions  szries ol manmed Ao
unmannead  explaraticn mussions o the MWaon ae
liuled in e i),

Tahle (1] Succcssfal losar expluration missions (JefT, 2004)

Mim_?rn name | Dates I Goals and resml

Luna2,3,13 1954 108

Lunar hard and soll landing, phatograpley . seil phvsies.

L UL VYT

Lt e 1959 Lunar Izr side flvby, photography
|
T 0 3
| Banper 70 JRFIEE B R | unar hotd landing, phistography
Tana 19661971 | - o
10,1214, 18 Lunar orbiler, gravily and magnetic el date, shatsgraphy
Survesor 1966-1948

Lunac soft landings, phatograply, scil plysics and chemis:ry

Lunar orhiter "ﬁﬁﬁ- 1947
1-5

Global wediurm t high resnlation Lunar photography

Apalky 1968-: 969 | 'vanned Luaer arbiters, ph“rﬂngraph}'

CTama L6, 20,24 | 1970-1976

Ustepanned Lunar smmple veturn

Lunokhad1.2 1970, 1973 || Lunar traverse vehiclss, covered 20km and 30km each

Clementing | 19942004 Lunar global wyultispecital mapping, topograpiy, and gravigy

The moan kas oo atmosphers, so meteot
conld  hit lupa sorface and forw 8 emler.
Iistorcally, many Jupgr eraters and orher sucface
foatures have also heen creatod through voleanis
activiry, By cxamining images abtained fon
space  Miszioos i different timz, it may be

a9

possible notice amy new surfoce feamires or crators
have formed during the zap that separied the twe
THsS NS,

I the entice lunar surfice is axamined nsp
such comparizom fechiigoes. o large datshase of

155N 1814-54T2




information could be created that would allow
rescarchis 1o decunent any changres in Tunar surlace,
The main goal of this 12search 5 o dewe amy
change in specific Tnnar surfuce regions ficn space
migsinn imagas for 25 vears period (1968-1993) by
applying difterent change deweclen mathods,

Digital Change Deteclion Technigoes

Chanpe detection is a digilal luags analvsis
that 38 commonly used to deteed changes or ideatify
dillerence in the state of an objoct or pherosienan by
observiog it at difforent times (Singh, 989, TTowarth
and Grepory, [9R]1).
There are many Llechnigues fn chanee  detection.
Manmal change detection, write funstion mameory,
principle  compuneut  analysis  (PCA) changs
detection, lmapc algchra (differsnces. rabing and
tomporal data elassification ars the masl common
usad methals (Mass, 199, Jensoun, L9%). Tha
technigques nged in this ressarch wre:
» Munoal Chanpe deteciion

can be performed maoweally psing on-icresn
diptizing W identily area ol chawes,

s Imape Differeoce (lmage Subiraction}

[nvalvee mathemstically comhining imiges lnn
different datcs and can be achieved subtracted nne
image (date. 13 from  the nther (dale 2). The
differences in nrea of o chanze will be very small
(approaching zera) and arca ol chunge will have
larger positive and negative values. Mathematically,
this process can be given as [Singh, 89}

Clly = DNg =N 1) 1]

Where CT); is the diflerence imige, DR &) and
DN, r) nare the second and firse daled imagus.
Absolule valuwe to the Gilfersnee unags may b
found as:

":.Dij = | DN,{ t;:l‘
+ [mage Ratio
Image ratio invelves computing, the ratio of dalz
from two images of different dites. This means
that the value of each pixel in one image wili be
divided by vorrespondiog pisel valus i the other
ingze (Howanh and Wickwave, 10

[N it

v}

Chy— Dt/ DM ) 3]

In vulpul imape, pizel value eqoal onc
represent arga have not changed. while pixel value
prealer ar Jess L one means srea of change,
Fixel valucs may be gquantized w 256§ 8 Lils) prey
lewels by -

Max - <0,

{10
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Max- hMin

Where Wax amd Mins is the ntaonuwn s
minictm walnes in ratio imuage.

Practical Work
The vore of this rescarch inchwle apglying
chimpye  detcetion teelaigques on Tanar Orxiler

(:%a%)  and Celamenting (1923 spase missions
images  fo siudy the resaltant chanpre con Leoar
snrface during the period L 864-, 935,

Craters Plalo and Guzsond) are selseted as
repion of stdy. Plato s anz of the moul
conzpeuous craters on the Moun; il s abuot 95 ki
in dimeter, dark spob and prominently plasced o
the nathem edge ul Mare Lobrisw, Casseadi,
placad i the notth of Mam Hwawoon, 1t s about %0
Em in Hameter. 0 bas oa curions  Iap-sided
appenrance wnd i walls wre quite hiph and
complele exncept an the gouth whers a gap is foumd.
‘The work has been done accarding i the fallowing
fehart:
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READ THE TMAGES

1

TMALE REGISTARTION

i

RESAMPLING

¥

TMACE MATCHLNG

*
L

IMACE PROCESSING CHANGE DPETECTION

CHANGE DETECTTON TMAGE PROCESSING

TNTFRFRETATION OF
LUTIE RESLLT

The first gtep it 1hiz wark iz to scleet
suilahic mmagres tor the study rogions Som lonar
irhilers ard Clementing space nuissions (=ec
Ngores 1.2, 5. 4), 1 is important to note that the
origingl  lunar  orhiters  images e oxisl oas
negailve runsparency and can he converting o
digital form. While €lemencine imapes are aujst
ag digial form,




Fipure (1} Lunyr erbiter inage of Figure (2] Clementin image af
Gassendi crater Gossendi crater

Lk

Figure (1) Lunar arhiter image of Figure (4) Clemeniine image of
Plate crater Flate cruler

The main Jiflerences  belwess e
selevled wnages arc io enne of e spatial,
radionelric und  goometric aspeets, Thess
differences are doe te liowe of acguisition,
iluminarinn and vpe of sensnrs, its height and
spocdl. Tlence,  warious  image processing
toelinigues Lave o be applicd W0 nanpulale and
produce imuges it match gach olher Lo b
digitally comparcd for any now surface Ralues
have devedoped froe 8 musdvor collision of ather
TEISONS,

Image Registration

lnare magizimtion has heen  perfirmed T
Crisivendi oonly, by wsing geound controd poinls
(3O helweon twa imapes. Figure (5,60 shows
Civisendi nage beltrs amel oo repisimiticm
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b

{c} Lunar Orhit after [d) Clementine aFer repistration
repistralion

Figure.(6) Gossendl images before and after Registratiun,

LIE]




Image Matching

Eor a piven point in are imape, a cumcesponding
point way por exist doc to oecluzion. thore may be
more than oue possible maich due 1o repetitive
pattzong or o semi-transparent abject surlaces, and L
solution mmay be unstable with respect 1o ooise dae w
puor exture so that accorate spatial matching of the
imapes s important tor offective shange detectivn.
PWhen mismatching proster than cne pixel. numerous
errors will result at comparing raaolis.

Normalized cross-corretation coefficient is osed as
matching crileris, By using this coefficient it's
poasible to find corresponding pixels m ot two
images that nalch cach ether with minimum Rool
Mean Sguare croor {BAME),

For Plato jmnpes the result pives a proper matchiny,
The siee of both Dmages afrer matching process are
{303=270 pixelsy as shown in fipures {7, ). RS
errar value Tor Gassendi warcs after marching
process was more than one pinel lbat incan there is
mismatching  between  images  pizcls. That
mismatching may be dus v the cumplex surdnce of
Cassendi, 3o thal onlv plielo Tmaeges Lave been usad,

Hipure {§) Clemunfine inago
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Image Knhancement and Fillering

o Iypes of processing have to be usad techniques have boon applizd thess arer firse
to enlance the imagos quality and appesrance teehnigne s historraey masching ot histmam
for  wesily interpretation. Two  enhancement cyuilizmtion,

u 12F I3c

Figure () Raw Louyges () Clementine image (b) 1ts histigram
{cy Lansr imuge {d] its histngram

=n

Figure (1) images after applying IMistopram Equalization {&)
clemenetne image £h) itz histoprum {c} Lunar image (d} its

histopram
Secam techmique i Filkering which makes ibw impects acwes (11, 020 15 and 14 shows ke
smallest details appezr in e imapes, these cllisot ol usine some Lepe o Gers,

deotails may represent cralerlel dee to meteprs

LLik]
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Figure (13) Laplac filter

Manual Change Detection
This process is conducted by divided the

images in to blocks of specifie size and
compare the similar blocks in the two images,
s shown in figure(15). From this comparison,

Figere {12} Robert Alter

el & S
£

EITAT

Figure (14) high- pass filter

Binl,

e

any change can be identifying between the two
images such as the number of craters m the
study Arch

Figure (15) Manual Chaoge Detection for raw images

Also enhanced images were used in this process.
More information’s can be obtained when enhanced

images were used as it shown in fig.(16)

1046
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Figure (16) Manool Chrnge Deleelivn uf enhanced imapes

Image Difference (lmage Subtraction)

Image dillerence is the simplest change iprovemen voliced on differznce imase when
detection techuigues,  From Lhe difference imapes, cabinved itnapes were wsed as ir shawn in fig §7 b=-
(e 17-a) it can be nated that the shadews of the d.

ceaterlets have bad effisl on the output image. Ma

AL g R

Fggure {17) TDvifference imeges hetween Lpnar and
Clementite: {a) raw imapes §ly) absoluts difference imape {c]
absalute difference of histugrum equalizetion images {d)
absslute dillerenee vf Robert filter images .
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Ope difficulty ensounlered o cmploving
imnage subtiaciion tochnique is the s2lection ol
the appropdate threshold waluzs that szparate
between the real and spuious changs, The
seleetivn of threslwold value depends on rmesan
and =tandard deviation of the dillcrenec image.

Salch A Nalch

The suitable threshald was foond o b in
rnnge 50 - 80,
Ruberts, Lap Lace, Hi-pass und low pass Tiltais

wile Used with wariou- Wieeshold values as it
shown in figure (183

L

A

T 1 RS

w ol ._.-:“'_\St‘ ;_ﬂ
I-'.I-'.. BT '1%
o b 5 T

Figure (18} Filtered subimmetion: Lmage with Thresholds: (u}Laplacian
Alter will theeshold 25 (b} Sobel fitter with threshold 55 () Logerithen
filter with threshold 55 and (d) Gawssinn filler wilih ibresheld 25 and {e)

Rolwrin MHer with threshold 25 {f) Prewitt Dlier with thoeshald 25,

Impge Wutin Technigoe

Somclimes the dillerense o masces
brightness  wvalps=s  from  similar sozlace
materials may he canwed by epographis

condilions, shadow, o scasonal changs in

18

sunlipght illuminalive angle and intznsiry, as
wi sei in fipnee (109 Ratic imapges should be
normalized wilh threshold  value For visua:
interpretndion, <o Nuore {207

el
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Lrienes

(2)

()

Figure (F9) {(3) Ratin image (h) ratln image after applying histogram
equalization
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Figure (ZU) a- ratio image b- 8 hit gquantzed image c- ratio of quantised
enbpnced imeges d- Tetia nf quantized Girer images
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The resulls of applying change detection lechnigues can be summiuriced e shown in takla (2.

Table () Number of Craters abtained Irizm application of chanye detection techninnes

Techniques | Nu. ofzmall craters No. of lnrge crulers
Manual Change Mefecrion ) i
Enbancaul Munual Change Detection | 3 12 j
Subtraction of lunar and ¢lemeniine 1z '
Absolute diNtrence of Jupar and clzmentine ) 3
- Absolule dillerence of histopram eeualizatian af iz
lunaet nnd clementine
DiNcrence bmags , threshnld =50 13 10
Laplace [iller , Hreshold =25 L5 0
. '  Ratio image | 0 0
i 1listog rarn cqualization for rotio image ] 0
Conclusions
There is many craters appeared in the outpui 3-Hartmann, W.EK., “Moons and Planets™,

images, but the number of craters varied according
to the used techniques and even for the same
technigue with different parameters. The important
guestion is which represents the closest ong to the
real number, It is hard to answer this question
because there are many factors contribute to final
output images.

One main reason for having such difficully iz
due to the fact that there is no available map of the
lunar surface; and the old lunar maps that are
available do not have very many details.

Other reasons for un-accurate resulls may be due to
the used images. There are many differences
between the two images such as:

1. Ground resolution: - Lunar Crbiter image
used a camera that had ground resolution
of 2 m, whereas the Clementine had
ground resolution of 20 m,

Time of acquisition:- the images seemed
be taken at different times of the day, as
can be seen by the shadow effects.

Due to above reason and by using imagery
with poor resolutions, it is hard to find the rate
numbers of meteors and imterpret the natore of
change that oecurred on lunar surface,

F-a
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