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Abstract

To graspthe rangeand seriousnessf the damages in-
dispensald for startingup quidkly life supportng activities
afterawideareadisastersud asa big earthquakeln this
studyutilization of aerial photogaph imagesfor this pur-
poseis consideed. We investigatedwo cases:(1) only an
aerial photogaphaftertheearthquakés availabk,and(2)
aerial photogaphsof the samearea befoe and after the
earthquakecanbeused.

In thefirst case,color and edgeinformaton is usedfor
detectinghe damagd areas. We detectbrownareasin the
hueimage, and also areaswhee the numberof edgesis
large and edgeorientations are somevhat uniform in the
lightnessmage. Thenwe maketheir intersection.

In thesecondcase wefirst matt twoimageshy specify-
ing several correspondingpointsby handand by applyirg
an affine transformabn. Cheding colors of ead corre-
spondimg pixel pair in the matdhedtwo images, we detect
areashavingcolor differencego someextent. We apply dif-
ferentcriteria to chromaticcolorsandnondromatt colors
for compensatiownf the differenceof light and view condi-
tions of thetwoimagegtaken.

Bothmethodsyyield fairly gooddetectionof areasdam-
agedby anearthquake

1. Intr oduction

Whena wide-areanaturaldisastersuchas a big earth-
guakeoccurred,the rangeand seriousnes®f its damage
shouldbe quickly graspedn orderto makea plan for life
supporing actiities. With humanworksonly, it is difficult
to estimatehedamagesn a glohal area.For thisreasonwe
investigatedusability of image processingechniquesap-
pliedto aerialphotographs.

Ideally, aerialphotograplimagesshouldbe preparede-

fore the disaster(i.e., in an ordinary situaton), and aerial
imagesmmediatelyafterthedisastetbe comparedvith the
former ones. However, we also consideredhe casethat
suchan ordinary imageis not available. Thuswe consider
two cases: (1) only aerialphotogaphsafterthe earthquake
are available, and (2) aerial photogaphsof the samearea
bothbeforeandafterthe earthquakeanbe used.

In thefollowing sectionswe will describewo methods,
onefor eachcaseabove, of detectingareasdamagedy an
earthquake.

We explain aboutthe Hue-Lightness-Saturatio(HLS)
color modelhere,becausdoth methodsusecolor features
definedon this model. The HLS color model(Figurel) is
definedby two hexconesplacedbaseto base,with black
at one ap and white at the other In this model, black
hasa lightnessof 0 andwhite a lightnessof 1. Hueis the
anglearoundthe vertical axis of the doubk hexconeswith
redat O degree. The colorsoccur aroundthe perimeter
in the order: red, yellow, green,cyan, blue, and magenta.
Saturatioris measuredadially from the vertical axis, from
0 ontheaxisto 1 onthesurface.
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Figure 1. HLS color model



2.Method I: Detectionfrom a singleaerial im-
age

In this section,a methodis describedor detectingareas
of collapseduildingsfrom asingleaerialimagetakenafter
anearthquake.

In aerialphotogaphsa damagedireaof collapseduild-
ingsusuallyhasbrown randomtexture. Hasgyavaetal. [1]
proposeda methodof detectingdamagedareashy combin-
ing brown color areasin the hue image and areaswhere
edgeintensites have small variances. However, in this
methodnon-damaged@reasare alsodetectedsuchasrail-
roadtracks,which have alsoa brown colorandmary small
edges.

To solve this problem, we try hereto useedgedirec-
tion information for discriminathg damagedareaswith
randomly directededgesand non-damagedrtifacts with
alignededges. Thenwe propcse a methodto detectareas
whichhave brown colorsin thehueimageandalot of edges
of randomdirections,and regard them as damagedareas.
Figure2 shavs anovervien of our method!.
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Figure 2. Overview of method |

2.1.Detectionby color information

As for colorinformation animportantpoirt is thatdam-
agedareasusuallylook brown. It is thecolor of the grourd
aswell asthe color of lumbers,main materialsof Japanese
housesSuchareasaredetectedy threshallingthehueim-
agewith specifiedorown range.Furthermorefor eliminat-
ing smallregionsanddetectingblob-like regions,we apply
smoothiig to the detectedbrown regionswith a 15 x 15
uniform weightfilter andthresholdts output. The obtained
regionsaredeterminechsdamagedareasby colorinforma-
tion. Therangeof huespecifiedasbrown is from 33 to 45
degreein huevalue0-360 degree,andthethresholdor the
filter outputis 50 in theexperiment.

2.2.Detectionby edgeinformation

As for edgeinformation the distribution of edgedirec-
tions is moreimportantthanedgeintensitiesn damagedr
eas.In Figure 3, therightthreeimageqb), (c), and(d) shav
edgedirectionsby needlesjn areasof railroadtracks,col-
lapsedbuildings,andnon-collapsedbuildings,respectiely.

In thedamagedareaof collapsedbuildings,the edgeshave
shortlengthsand randomdirections. On the other hand,
in the non-damagedreaof railroad track or buildings, the
edgeoirt to mostlyonedirectionor the directionperpen-
diculartoit.
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Thisassuresisthatthediscrimination of damagedareas
from non-damagedreascanbe doneby usingedgedirec-
tion distributions. By analyzingdistributionsin detail, typ-
ical histogamsof edgedirectionsin a damagedareaand
non-damagedreasareillustratedin Figure4. Theabscissa
of histagramis edgedirectionfrom 0 to 180 degreedivided
into 30 degreeintervals and the ordinateis frequeng of
edgedirectiors. Figures(a), (b) and(c) shov histogams
in areas of collapseduildings,non-collapseduildingsand
railroadtracks,respectiely. The histogramof a damage
areais moreor lessflat asin (a), becausaherearealot of
shortedgesin randomdirectims. On the otherhand, the
histogam of a non-damage@reashaws low frequeng in
totalasin (b) or concentratedh oneor two directionsasin
(c). Thisis becausehe edgesare sparseor pointto only a
few directiors in the artifactssuchasbuildingsor railroad
tracks.

Thenby usingthe above charaderistics of histaqgram of
edgedirectiins, we detectdamage areasasfollows.

First, we apply Sobeledgedetectorto the lightnessm-
ageof a coloraerialphotgraphandobtainedgeintensites
andedgedirections. The x- andy- component®f the out-
putof Sobelfilter arederivedfrom a gray-scalémagef as
follows.
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Figure 4. Typical histograms of edge direc-
tions
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Edgeintensityandedgedirectionarecalculatedy:

Big) = JALGI2+ALGHL @)
0(i,j) = arctan(ij}yﬁi(%). 4)

We detectedgepointsby thresholdng obtaired edgein-
tensites.

Next, for the detectededgepoirts, edgedirectian his-
togramsare computedin ead region of 15 x 15 sizes. If
a region hasa larger numberof edgepoint thana preset
threshold(157, in the experiment)and all frequenciesof
its edgedirection histogam are lower than anothergiven
threshold 60, in the experiment),it is extractedasa region
having a lot of edgeswith randomdirections,thatis, asa
damagedareadeterminedy edgeinformation

Finally, we maketheintersectiorof thoseareasextracted
by colorinformationandedgeinformation.

2.3.Experimantal Results

In this subsectionwe ill ustrateexperimentalresultsof
our methodl andcomparethemto the resultsobtainedby
the methodin [1]. In Figure5, (a) shovs an input aerial
image of a part of Kobe city, Japan,takenjust after the
HyogokenNanhu Earthquake(b) is the resultdetectedby
color information, (c) is the resultdetectedby edgeinfor-
mation,and(d) is their intersectionthatis, thefinal result
of our methodl. Black regionsin ead imageare detected
asdamagedireain ead process.

Figure (e) depictsa comparisonof this resultwith the
damagedareasdravn by humanobsenation. The unionof
lightly shadedandhatchedregionsaredeterminecasdam-
agedareasby one of the authors. The lightly shadedre-
gionsare detectecby methodl correctly The hatchedre-
gionsfailed to be detected.The black regionsare detected
by methodl erroneouslyFig. (f) shavs a similar compari-
sonof the samedamagedareasdetectedoy humanandthe
damagedreadetectedy themethodin [1].

Comparingheresultsof ourmethod andthemethodin
[1], the blackaress, or the falsealarmareasof our method
is muchsmallerthanthoseof the latter method,especially
in the railroad tracks at the upperleft of the image, the
groundatupperright, andthe areasalongthe streets.

Our methodhas still the following problemsto over-
come.

e How todecreas¢hemisdetectedreaqthehatchede-
gions)

The mainreasonf misdetectiorare shadav of bui-
lidings(becuasef lack of edgeinformation) andnon-
brown damagedareas.

e How to decreae the false alarm areas(the black re-
gions)

This is due to mainly cars or people on roads or
groundg(becuasef a similar colorto brown andhigh
frequenciesn edgedirections)
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Figure 5. Experimantal results of method |

3. Method II: Detectionfrom aerial image pair

Next, we describeour secondmethodwhich is applica-
ble to the casethat both aerial photogaphsof almostthe
samegeographicahreabeforeandafterthe earthquakere
available. In this case we have to takeinto accountthat
the two imagesweretakenin differentcondiions: camera
positons (horizontally andin altitude), lighting conditions
(dueto weatherandtime of the day, etc.), cameraparame-
ters,andsoon. Therefore wefirst matchthetwo imagesby
transforminggeometricallyandregisteringoneimageto the
other andthencomparethe colorsof correspondig pixels
in consideratiomf thedifferenceof lighting conditons.

We extractthe damagedareasby calculatingthe differ-
enceof colorsof two pixelsin the samegeographicalo-
cation. For calculatingthe difference,we first matchthe
two imagesby usingaffine transformationThen,we judge
whetherthe colors of each matchedpixel pair can be re-
gardedas the samein considerationof the differenceof
lighting conditiins. In the color differencecalculation,we
usehue,lightnessandsaturatiorof eac pixel. Finally, we
extract the damagedareasby classifyingthe differenceof
colors.

3.1. Affine transformation

It is notreasonabléo assumehatthetwo aerialimages
aretakenat the sameviewpoint andangle,andhence,we
firstmatchthetwo images.In thisstudywe useaffine trans-
formationto registeroneimageto the other First, we ex-
tractthefeaturepoint to be matchedrom the two images
by hand.Thecornersof buildingsareselectedasthefeature
pointsin ourexperiments.The numberof the points should
be morethanthree. Next, we computeaffine parameters
(a,b,c,d, e, f) from the coordinatesf the featurepoints
onthetwo imagesby usingtheequations:

T2 =a1 +byr +c.
y2 = dx1 +eyr + f. (5)

where,(z1, y1) and(z3, y2) arethe coordinate®f the fea-
ture poirts in the two imagestakenbeforethe earthquake
andaftertheearthquakerespectiely. If thepairsof feature
points areselectednorethanthree theseparaméersarede-
terminedin theminimumsquareerrorcriterion. Finally, we
matchthe whole regionsof the two imagesfrom the above
six parameters.

3.2.Calculation of color differ ences
It is difficult to determinewhethera shadaev region in

theimageis a damagedireaor non-damagedreaby using
only the color values. The lightnessof the shadev areais



ratherlow anddifficult to comparethe colors. In this study
we definedanareaof lightnesdowerthanathresholdasun-
determinedarea.We candeterminevhetheranareaof high
lightnessis a damagedareaor a non-damaged@reaby us-
ing hueandsaturation However, it is difficult to determine
whethera region of low saturations a damagecdhareaor a
non-damagedreaby usingonly hue. In the color differ-
encecalculationwe selecthueor saturatiorastheoperands
of comparisonandthe selectiondepend®n the classifica-
tion of thematchedwo pixelsasfollows: Now, let Hy, Ly,
and S, be hue, lightness,and saturationof a pixel of the
beforeearthquakémage,andH,, L,, andS, behue,light-
nessandsaturatiorof apixel of theafterearthquakémage.
Ty, T,, Tr., andTy arethethreshold anddeterminedy a
preliminary experiment.

e Casel. (S, < T, and S, < T,): bothlow satura-
tion
If |Ly — Lp| > T, thenthe pixel is in the damaged
area.

Otherwisethepixelis in thenon-damagedrea.

e Case2. (S, > T, and S, > T,): bothhighsatura-
tion
If |H, — Hy| > Tw, thenthe pixel is in the damaged
area.

Otherwisethepixelis in thenon-damagedrea.

e Case3. (S, < Tp, and S, > T,) or (Sp >
T, and S, < T,): onein low saturationthe other
high
If ‘Ha — Hb| > Ty and |La — Lb‘ > Ty, thenthe
pixel is in thedamage area.

If ‘Ha — Hb| < Ty and |La — Lb‘ < Ty, thenthe
pixel is in thenon-damagedrea.

Otherwisethepixel is in theundeterminedrea.
3.3.Experimantal Results

We usetwo aerialimagesof Kobecity. Oneimageis
taken100daysafterthe Hyogolen-Nanhi Earthquakeand
the otheris taken5 yearsafter the earthquake. We used
the latter asthe imagebeforethe earthquake.The size of
eachimageis 920 x 690 pixels. Figures6 and7 shawv the
two imagesafter affine transformatia. We calculatethe
differenceof two color valuesof eachpixel pair of two im-
ages. Then, we classify the pixels into threeareas(dam-
aged,non-damagedandundeterminedjrom the color dif-
ferenceas describedabove. In Figure 8, damagedareas,
non-damagedreas,and undeterminedareasare shovn in
black,white,andgray, respectrely. After labelingthecon-
nectedcomponent®f the damagedareas,we extract only

thedamagedireasvhosesizeis morethan450pixels. The
final resultis shavn in Figure9 asthearea surrounéd by

the white rectangles. As shown in thefigure, the extracted
areasby our methodll are correctly the areaswhere the
housesare collapsed. Most of the undeterminedireasare
the shadev regionsand cannotbe classifiedonly by using
thecolorvalues.The analysisof theshadaev regions(unde-
terminedareas)s a futurework. For analyzingthoseareas,
we may have to usenotonly the pixel color valuesbut also

theboundaryshape®of thehousesandroads.

Figure 6. 100 days after the Hyogoken-Nan bu
Earthquake

Figure 7.5 years after the Hyogoken-Nan bu
Earthquake



Figure 8. Classification of pixels

- Damaged |:| Non-damaged - Undetermined

Figure 9. Detection of damaged areas by
method Il overdrawn on Figure 6

4. Conclusion

We propasedtwo methodsof detectingthe damage ar
easby anearthquakegependingpnwhetheranaerialimage
beforethe earthquakés availableor not. Fromthe experi-
mentalresultswe confirmedthe effectivenesf utilization
of color aerialimagesfor detectingdamagecdareassuchas
collapsedbuildings. In the first methodwe assumedhe
damagedareaslook brown. Becausesome damagedar
easdo not satisfythis conditon, we have to reconsidethe
assumption. Besides,both methodshave commonshort-
comingsto beimprovedin future. Judgemenbf damages
in shadov regionsis one problem,and automationof set-
ting thresholdandparameteraluesis another Otherfuture
worksto bedonearehow to combinewith mapinformatin
for eliminatirg the false alarm areassuchas grourds and
roads,and how to displaythe detecteddamagedarea on
themapeffectively.
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