USI NG CAPTU | MAGE DI STORTI ON CORRECTI ON METHOD TECHNI CAL

Fl ELD- The present, Invention relates to a nap drawi ng nmet hod and devi ce

usi ng an i nmage capfur ed at a point high above the ground, and22Appgh2@02cul ar
to distorti i for such an imge: BACKGROUND ART In recent years,
digital napqmmmamﬂm\M@ t al dﬁﬁ?cﬁilﬁg gpMe to find a wider use, with a
typi cal exanpl'e 9 the use bei ng for veﬁi cl e navi gati on devices. Various
navi gati on syst ent i th hi ghly sophi sticated functi ons have been proposed.
For exanple, a systemwhich notifies a driver of an approaching curve or a

lane to Qi HHERRFINCMEPHOPORRS BBV 0K cudeRcC LA PGOREDOII MAGEY AiNED tO
gradi ent or curvature through application of navigation technique and new

I TS (Intelligent Trapager bIiStoRATON Jratrdrfonatromsp To realize these

hi gher functions, provision of frequently updated, highly accurate maps is
desired. Use of aerial images for map drawing is known. Aerial '

phot ography i s advantageous in that high resolution inmages of a ground
surface can be provided. AeriBECHRWROALQFIELDhowever, di sadvantageous that a
view angle is relatively wide and that the imges are distorted in areas
away fromthe center of the imge. 1 22 April 2002 For this reason,
shapes of roads and so on cannot be precisely determ ned fromaerial inmages
t hough capt Fh&dpresient BAnyentdes telskesTheraffrl drpwing meihqd agsr i al

i mges, should he corrected before the i mages are used for map drawing. In
cone dA&VECE YR 1RGr RBCHI}FE RAMGHE €% R tafoBRLNST hEFRAPANE dhe gFowad,

‘distortion is estimated, and, an inpge is corrected based,on the esti mated
er  or 2Bt PHSIIAT dorbH YRH FehovaFfoct fon° foz” BHon”an' 1Rae.

; e3e#} +#Z&&IRHMW l y 3 DESCRI PTION NMAP DRAW NG METHOD AND DEVI CE

BACKGROUND ART

In recent'years, digital maps based on digital data have come
to find a wider use, with a typical example of the use being for
vehicle navigation devices. Various navigation systems with
highly sophisticated functions have been proposed. For example,
a system which notifies a driver of an approaching curve or a lane
to drive has been proposed as have vehicle control according to
gradient or curvature through application of navigation technique
and new ITS (Intelligent Transport Systems)-related functions.
To realize these higher functions, provision of frequently
updated, highly accurate maps is desired.

Use of aerial images for map drawing is known. Aerial
photography is advantageous in that high resolution images of a
ground surface can be provided. Aerial imaging is,- however,
disadvantageous that a view angle is relatively wide and that the

images are distorted in areas away from the center of the image.



wi th high accuracy, conpatible with the high resolution of aerial inages,
can be hardly achi evabl e. Japanese Patent Laid-Open No. Hei 5-165402
proposes distortion correction for aerial imges by using a map of a
captured region. Affine conversion, rotation, and so on are applied to
coincide the inage with the map. By application of such techniques,
distortion in a captured inage can be renoved, using an extemnipmmapasza
reference. This process, however, cannot correct distortion, based on the
current state of geography, roads, buildings, and so on, as a nmap nmade in
the past is referred to. The present invention has been conceived in view
of the abawg, @nd adaBohp abBhpeyeoACLOHEE eareDrdecédn otamfotditsd astdcAreln a
map drawi ng i nage, based on real-tine state on the ground. DI SCLOSURE OF

| NVENTI ON cdaeamdheg tfrane aaspert iofadgeBe thuedgi i ommptulede whtipr avi teégha nmap
drawi ng nethod for drawing a map using an imge of a ground 2 22 Apri l
2002 capt uresdblutoom hi glrrehevert he dgsoondiorcoipr askhgl t heagéepshofild be
obtaining a map drawi ng i nage captured at a first height; obtaining a

di storti onccorceeti onfdmagee capgased rrat uaed eondahedgitindhi gher than the
first height; correcting distortion of the map drawi ng i mage using the
distortion correctoon dimgertidmwogrectimp basdddon drheamayntdr aiM rgromage
corrected; and conpensating for a blank area behind a solid object, caused
as a resulihigh cewuseest dagtemclonndtsi cgrstohatée, sathd dan mageyd nig heonr@ptddawi ng
i mge, using a corresponding area of the distortion correction inage,
wher ei n t Hemdedr on hk¢ ghgtimatedt eatosugipuathei fhvews it glistortion removal

with high accuracy, compatible with the high resolution of aerial
images, can be hardly achievable.

Japanese Patent Laid-Open No. Hei  5-165402 proposes
distortion correction for aerial images by using a map of a
captured region. Affine conversion, rotation, and so on are
applied to coincide the image with the map. By application of
such techniques, distortion in a captured image can be removed,
using an extent map as a reference. This process, however,
cannot correct distortion, based on the current state of
geography, roads, buildings, and so on, as a map made in the past
is referred to.

The present invention has been conceived in view of the
above, and aims to achieve accurate correction of distortion in a

map drawing image, based on real-time state on the ground.
DISCLOSURE OF INVENTION

According to one aspect of the invention, there is provided a map

drawing method for drawing a map using an image of a ground



provi de an i mage having resolution appropriate for map drawi ng, and the
second height is set at a height as to provide an i mage having a
sufficiently small amount of distortion as required for the imge to be
used as a basis for distortion correction. Preferably, the map draw ng
image is an aerial inmage, and the distortion correction inmage is a
satellite image. That is, the first height is a height of ap &l 2062pat h,
while the second height is a height of an artificial satellite orbit.
Aerial inmages, captured at a relatively low altitude, are of high
resol ution, but contain an increasing anmount of distortion farther away
from t hei regeniress. £ rivhamayhl ebovat elnlel terduiageongapt i@dtaé atBpghort:
altitude, are of |lower resolution, but have 3 22 April 2002 very little
di storti orobtldsingORr eRld Ngrit Oy I esabet ibragidal at Mages: Msi NHelk gWk ;
distortion satellite i mages can produce high resolution imges with a snal
amount of disiof{ion i ghby: u(E@f:f’ecE@Péncﬁﬂa(?g PEQOYFEd Y1 R9sSUEHq
i mges. Because actording to the present 1nventfon correction is mude based
on the curre tate r , i ldings, and.so on, rather thap based on a
dat ed rnatplga{:f':;{1 h?bf%%%ﬁ%ﬁ,ggggqugef%&?%eéF%éﬂnﬂnh%%%%?é&ﬁ%@ %ﬁ%ﬁaéglPH
road, build'ngﬁ, and ot her .condjtions can be achieved. It should be, noted
that map dtawA§ dhP diFSAY %N Ba95 e 509 | Mged & e HdeN | GPEEACELCRer i al
and satelljte imges, respectively. The relative imaging heights of these
two exanpl ¥4 ¥ugestEHIIRG st gnfdP cap$§d ARN| oblge asmehi sdEdENEi ohMRge et |
map drawi ng and distortion correction i nages nmay, for exanple, both be
aerial i negesreaptdr egndt compansaelipgdifbtreremtl and gines Mieindest sagidn
i magi ng hei ght at which to capture a distortion correction inage, any
hei ght at ot edit anchoage baviengediudtordfi aro raread d i renolghl i0a hiomsef ukhéor
distortion correction can be set. That is, in consideration of the property
that distogdiom Qﬁ@%@aﬁﬁstﬁé RO WieIPhind i easBsy &I 8b0kELEBnding
correction i nmages should be captured at such a height that a resulting
i mge will,haye,a distQliiOp: o, al, AFDUPL Lqupl Lo or less than a _
distortion correction target. 4 22 Apr1l 2002° Preferably, the map drawi ng
| mage is correcéﬁgréﬂgoygg 9?%?@tégg ﬁng%C%E%naglgaég %ﬁ%@?tﬂécas to
correction attalns nbre reltabre drstortion correcti on. en phot ogr aphi ng
at a Iom1hei$££ ar eas Jbehi nd sol,id bodi es are not captune%, rgsultin in
bl ank ar edS T3 c ot edtPS milge 118 c SEFOHY TGt h8PBFERERE tenv ERET ofePt hi s
is conplinented using a corresponding part in the distortion correction
i mge. Thudta¥Hidr mafifonthecéssary fidhlp dfavidly ehn deheéPhhblas obPai ned
for the entirety of the captured region. According to a second aspect of
t he inventpervider én s ipege dedvangapa drawk figcidaviloe fsora ldr awiegna map
using an i mge of a ground captured from high above the ground, conpri sing:
distortion as required for the image to be used as a basis

for distortion correction.

Preferably, the map drawing image is an aerial image, and
the distortion correction image is a satellite image. That 1is,
the first height is a height of an airplane path, while the
second height is a height of an artificial satellite orbit.

Aerial images, captured at a relatively low altitude, are of
high resolution, but contain an increasing amount of distortion
farther away from their centers. Meanwhile, satellite images,

captured at a high altitude, are of lower resolution, but have
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an i mage storage section for storing a map drawi ng i mage captured at a
first height, and a distortion correction inmage captured at a second

hei ght, higher than the first height; a map correction section for
correcting distortion of the map drawi ng i mage using the distortion
correction inmage: and a map drawi ng section for drawing a nmap based on the
map drawi ng i mage corrected; wherein the first height is sgt rgirisughoa

hei ght as to provide an i mage having resol ution appropriate for nap

drawi ng, the second height is set at such a height as to provide an inage
having a sufficiently small amount of distortion as required for the inmage
to be usedeay aibese sdfdordiishort irbis cotdGidtang angh ardd@nik iaheacbehi nd a
solid object, caused as a result of correcting inclination of the solid

i mge in timageap wWhaw Newd dis2drAponl| s280211t@mgenadgss coapepsatieck f at ghisi ng
a corresponding area of the distortion correction inmage. According to a
third aspeetoohtidre inygsnd i ehth har esned 1prawidad af ddssostiiam.cor Heghlpn

met hod for correcting distortion in an imge captured from high above a
ground, cerpurstagidpe steps of | pebtiated ngrsdnbi r sich magegeapt ur @dcatisa
first height; obtaining a second image captured at a second hei ght, higher
t han t he faccstdhey ght; thadpceserct imgerdiishordorarcofon hies f made bavge asi ng

t he second inmage; wherein the first height is set at such a height as to
provi de arthenmagerkeavi sgaresolfutrioedsy eqpuiiiédndor amd i smgenwi tthtdest bhénon
corrected, and the second height is set at a height such as to provide an

i mage havibeged sofifizi ehttled smap| amount refedésteart iagnuaste equanredtion t he
image to be used as a basis for distortion correction. BRI EF DESCRI PTI ON OF
DRAW NGS Fingjampefed aby| ohenges showead, abhbpdidrasw mpdretthed scuoiidiagsto a
preferred enbodi nent of the present invention; Fig. 2 is a diagram show ng
hori zont alcagi beor¢hiavesf- an air photo; Fig. 3 is a di agram show ng
distortion due to inclination of a solid body shown in an air photo; Fig. 4
is a diagram showi ng an exanple of geonetric distortion correction; 5a 22
April 2002 Fig. 5 is a_diagramshow ng i mage conpensating processing after
di stortion corriéctiS$qulei gPee npeted di EptamMsRowicigwarFrap? it avid ifgcaévPee

based on the preferred enbodi nent of the gresen; i nvention; and .
correction images are not limited to aerial and satellite images,

respectively. The relative imaging heights of these two example
images differ significantly. As long as this condition is met,
map drawing and distortion correction images may, for example,
both be aerial images captured at relatively different heights.
When setting an imaging height at which to capture a
distortion correction image, any height at which an image having
distortion small enough to be useful for distortion correction
can be set. That 1is, in consideration of the property that
distortion decreases as 1imaging height increases, distortion
correction images should be captured at such a height that a
resulting image will have a distortion of an amount equal to or

less than a distortion correction target.



Fig. 7 is a diagram show ng an orthochromatic inmage. BEST MODE FOR CARRYI NG
QUT THE INVENTION In the follow ng, a preferred enbodi nent of the present
5b 22 April 2002 invention will be described with reference to the
acconpanying drawings. Fig. 1 illustrates a map draw ng net hod according to
the present invention. Generally, aerial imges are captured from an
airplane ( S10 ) , so that high resolution digital inages gamhe obbapned
(S12). Meanwhile, satellite inages are captured by artificial satellite
(S20), so that digital imges with high positional accuracy, i.e., pictures
wi th substantially no distortion, can be obtained (S22 ) . These inmages are
suppl i ed tErcFarbPBYE PHOGRES Aralwv@hgMiRa sl avd NEb ik teaMIHAbERH | b 16t her
nmet hods (S30 ) . The aerial inmages are then subjected to geonetric

correcti orcatreS82on WhengedicH ofddmeiri 8 beréfBORs AtStL0ls efdred, raandbakso to
i mge conpensating processing (described later) at S34. As a result, an

i mge Wt hihkitghttesotandeaniand hi gh positional accuracy ( less distorted )
can be obtained ( S40 ) , and a nmap is drawn using the resulting image.
Because aeri al whmgeshat®yrapptngechtat aa roed ahe Mgty | evedei ghhindi gh1id
resolutions up to, e. g. , 5to 30 cmare achi evable. However, the w de

vi ew angl eoxefiesuehei nagesapauses thenktimy be dllhakgereasroimta ofordiestotit i on
in an i nage when going away fromthe center to the periphery thereof. Fig.
2 ill ustratreget. he Apcopeéiny tdathe Ipereappar bmter tagt, h tofl s ahs obpractimeinnetihe
hori zontal direction) differs fromits actual |ength anywhere other than in
t he cent erusdiat lve ¢comgespoldied epsrt oithehenmagisngrherrghtotdie ioantigaget a
canera), O refers to a point directly below the canera, L refers to the

| engt h of Tmwsebj eecforn@tioR? ripraslsaz@Q2for map drawing can be reliably

obtained for the entirety of the captured region.

According to a second aspect of the invention there 1is
provided a map drawing device for drawing a map using an image of
a ground captured from high above the ground, comprising:
an image storage section for storing a map drawing image captured
at a first height, and a distortion correction image captured at
a second height, higher than the first height; a map correction
section for correcting distortion of the map drawing image using
the distortion correction image; and a map drawing section for
drawing a map based on the map drawing image corrected; wherein
the first height is set at such a height as to provide an image
having resolution appropriate for map drawing,
the second height is set at such a height as to provide an image
having a sufficiently small amount of distortion as required for
the image to be used as a basis for distortion correction, and a
blank area behind a solid object, caused as a result of

correcting inclination of the solid image in the map drawing



and Drefers to a swing distance (the distance fromthe inmaging center to
an object). Assune that H=3000 m and L=100 m For an object |ocated
directly bel ow the canera, the apparent length of the object is 100 m
which is equal to its actual length. However, with D=300 m i.e., when the
object is located 300 maway fromthe i magi ng center, the apparent |ength
of the object, d, is 99.2 m The difference between the apparmuiil epgth d
and the actual length L leads to inage distortion. Farther away fromthe
center, the apparent length d is shorter and the distortion is larger. In
Fig. 2, with D=400 m the apparent length d is 98.7 m In this view, when
an error wirdaben Lsmdisnpdeskeed and thengnegi agrheipghtiing 30am oBnkyea
regi on of about 300 mfromthe center of the inage can be usable. As for
ot her mar k3stbrEigh cbrractsomaninohgervati on angle of an object, 8 is a swi ng
angle, ,(~is a maxinumelevation angle, y(=,Q- 8) is far viewpoint view
angle, X is a swicegdihgt ancea ( amdirsit aagedtr oot a thanmeldvaaribar tiemn is
object). Wth D=0 ( directly belowthe camera ) , a =,Q=y =1. 91 , B =0
, X=3 0 OGrowitd ha DEFHDd rmioB= SOEﬁeqtloﬁFﬁeSBOd @Gﬂ_dﬁ%rec%;@@ldhéﬂbrﬂnohn
this case, an error magnification (d/L) is 0.992. Fig. 3 shows an exanple
wher e a sdln darbotlyggesucdptased Windmdimgh asfipear ;2 tordund,, depedding oheits
position in the image. Hrefers to an i magi ng height (the center of a
canera), stepst g :haibghtindhgaabuiilrdingmagét ltaple8080 atand Hix30 meighta
point wwth D=500 mand 8=9.46 , i.e., a point 500 maway fromthe point
directly b@itewnthe zarercad amagactdpfatrednatmustcand $edgBB, midheat thep a
building of 30 mtall appears to be inclining by 4.93 m The 7 22 Apri l
2002 the first height; and correcting distortion of the first image

using the second image; wherein the first height is set at such a
height as to provide an image having resolution required for an
image with distortion corrected, and the second height is set at
a height such as to provide an image having a sufficiently small
amount of distortion as required for the image to be used as a

basis for distortion correction.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a flowchart showing a map drawing method according
to a preferred embodiment of the present invention;

Fig. 2 is a diagram showing horizontal distortion of an air
photo;

Fig. 3 is a diagram showing distortion due to inclination of
a solid body shown in an air photo;

Fig. 4 1s a diagram showing an example of geometric

distortion correction;

5a



inclination angle a is 9.34 . As described above, as aerial inmages contain
a |l arge anount of distortion, only a small section at and around the center
of the imge can be usable for map drawing. Map drawi ng wit hout distortion
correction requires a very |arge nunber of overlapping pictures, which
greatly increases map drawi ng costs. Distortion correction is desirable so
that a larger portion of inmages can be used for map draw nge AJrstopboon
correction can be nade based on an estinmated error anount . However,
estimation of an error ampunt with high accuracy conpatible with the high
resolution of aerial images can not be readily achieved, and best use of

t he advant age afigaerd als i &mgesSgrdm eshowiingh iage! dbinpensLHMoNArdessbdg. The
present invention has been conceived in |ight of the above, and ains to
provi de a artekhodifesrtdichacarngethioghl y accurate distortion correction. The
hei ght at which satellite inmages are captured is significantly higher than
that for aerialFignages.s As diagestl shoptodl £nBapv dhavaiery aleviipageasegsuch as
horizontal error and inclination of buildings, are not problens for

satel | ite theagesferiSat elmbbtiémémmges toonpae seral doséntiordi shdrti on, and can
provi de highl'y accurate positional information on an object. In Fig. 2,
provi di ng that Rige feight dHagframasedvirtge annagimgrhromé80c kimagehe error with
an object with L=100 m |located at a point D=3000 m or a point away from
the imaging center by 3 km is about 0.1 cm In addition, the inclination m
of the building 8 22 April 2002 in Fig. 3 is about 13 cm Assum ng that
the resolution is 1 m poBit MOPEl FOR CAARRFVNSI QU fIHFaANVENEBLONassi ng t he
resol ution can be obtained. Geonetric correction is the renoval of
distortion froman image containing geonetric distortion. Positional

accuracy of satellite images is very high, as described above. Using the
In the following, a preferred embodiment of the present

5b



posi tional information obtained froma satellite inmage, the position of an
obj ect shown in an aerial image is corrected, and inclination of solid

aobj ects, such as buildings, is renoved. As a result, distortion can be
removed fromaerial imges. Figs. 4(a) to 4(d) schematically 2Bdéwprib2002
speci fic exanpl e of geonetric correction in the preferred enbodi nent. A

ref erepce Lnt O,may, be, for,exanple, a u atr poi nt set on the
groundlBYeggﬁﬂar‘ﬁéﬁ be desfhiied Cuth DetarERPco oihe Aer STt fBFng. The
buildrgg .Is shown away fromthe center of the inage. Respective inmaging

r angesIF 8YL 5@?ral and satellite imaging are deternrned i ncl udi ng t he

ref erence p eﬁf XF ordrnate%iare set $ re{ nce poi nt
O asde ref er ?%e bo+ us ¥% es4e(m%p? Fiwéﬂgdg?? ldﬂ% %@ éﬁﬂ Lch
Cg?{i Ic‘gfég h:brtr’?ggg?&ﬁer %rhérh%@“ géﬁgaﬁ ﬁ{lg%és%ec +§/tarr%%§€p?lﬁgﬁres

b 4 LRt 131 19 L0 HEE Mg Gt SRR g eig%?*nercgﬂ boe o
bui | di Hige Bi e (3h2) yl)Me%?\%tﬂe Wsdéﬂbslpité henbyesdbng ¥kl By These

val ues contain substantially no distortion because distortion in sé%ellrte

9 22a/Wific2D2shEBULIteS (37, I that . ddgithl) imagdRseRhiidh IHigh
hori zontal distance in the aerral i mage is corrected. Specifically, the

bui | dipes B1enaDVvett@uedey hati .ldg cpabdutaiseswotht heusotastibdbeyeoio
coincide with those of the satellite image. In addition, the width of the
bui | didistR>risiemwy reeat &&d dbthéneques22 p. t eliesan imtagyesabiekel stppliradeto I n Fi g.
4(d), inclination of the building in the aerial image is corrected.
Speci fardinage tprocerdonpfarf mdre dndvidiqgris doummvizht ommap@tdper at e
position, i.e the position of the
methods (S30) The aerial images are then subjected to geometric
correction at S32, where distortion in the images is corrected,
and also to image compensating processing (described later) at
S34. As a result, an image with high resolution and high
positional accuracy (less distorted) can be obtained (S40), and

a map is drawn using the resulting image.

{2l i o teristi

Because aerial images are captured at a relatively low
height, high resolutions up to, e.g., 5 to 30 cm are achievable.
However, the wide view angle of such images causes there to be
a larger amount of distortion in an image when going away from
the center to the periphery thereof.

Fig. 2 illustrates the property that the apparent length
of an object (in the horizontal direction) differs from its actual
length anywhere other than in the center of the image. H refers
to the imaging height (the center of a camera), O refers to a point

directly below the camera, L refers to the length of an object,



—

building B on the ground surface in this case. By the above process,
distortion due to the building B located away fromthe i maging center is
corrected. This processing is applied to the entire captured i mage so that
solid bodies other than buildings can be simlarly processed. 2'234\1p?i| pesyl t,
a high resolution picture free fromdistortion can be obtained. The above
descri bed geonetric correction can be carried out as follows . A plurality
of reprrddhtrgfiens foi @t swing déstancehéthradéstanaerfromtthedimagues is
corrected for each representative point so that a correction value is

obt ai neentgheteoaneebijeatyal vkssige behat oH=3Q8ApMeangokFd&0i &n widths in X
and Y directions or a correction direction and di stance ( a vector ) .
Based on t hef@%r ABctRjeGhl dosasrd: HEkeeqhlY | Préovegite cRelEr e pitit s,
correction values for any points other than representative points are

obt ai rRRPHERHedenISh aftheabiast Heul08mycWhich i eagaddi dE6idfEWad ue for
The. aviABE o HIRERF « Stk R=0A e 1S t nQien SHRORBARSE: 16 IHINET 10
o opeids 3F SR el i IS Y SRS regp D Attt APDEER T S That
or t hoti 1 &% Bt Buo PRECHFER Rt SRR e LEE LR HORAT | (e

known 4 Z861nd RS §BHGHR 090805 G Rla g BUELEL RGN, S FRLEHER Aok

according to ncltnation direction Is a rad Irectio

ori gi nated Ehemddift&ent eheOfaiihidiye cRasad Pnikhadidldnakhan @m@unt and

direction, the rooftop ,, of the building’is detected, and noved to an

appr o@iisticrtiiasi ti®masgeeifically, in a direction opposite fromthe
inclination direction by the inclination amount. In this way, inclination
of the buil dmgig @9rwdthed=400i m,ptheeappagents hbsothpdl led8 o7 swolid

obj ects other than buildings. In geonetric correction, respective points in
t he i @géhbef viewgorhentaneraos pithéot bdn dist deanaredegedathe rimagrirart i on.
That is, a position corresponding to each pixel in the input imge is found
in t heeishie 18 8800t Me eBLVcRiFeMmioRRE 2RAueT I8P Us fHom HhSRITET t he

i nput inmage is inparted to that found position. However, as the obtained
pos i CfoNfodafst QR e deSHP1®-a grid point ( a point with a pixel ) in

the nmge abLerche oL SEIED it PLEC'2Y2h"Ss" Sh BSeSal 83 thdre

of an object, 6 is a swing angle, § is a maximum elevation angle,
Y(= B-6) is far viewpoint view angle, X is a swing distance
(a distance from a camera center to an object). With D=0
(directly below the camera), a=8=y=1.91° , 6=0° , X=3000 m.
With D=300m, 6=5.71° , §=7.59° , ¥=1.88° , X=3014.96m. Inthis
case, an error magnification (d/L) is 0.992.

Fig. 3 shows an example where a solid body, such as a building,
appears to tilt, depending on its position in the image. H refers
to an imaging height (the center of a camera), h is the height
of a building. With H=3000 m and h=30 m, at a point with D=500
mand 6=9.46° , i.e., a point 500 m away from the point directly
below the camera, an inclination amount m is 4.93 m. That is,

a building of 30 m tall appears to be inclining by 4.93 m. The



interpolation. To the contrary, respective points in an inmage after the
That is, a
position corresponding to each pixel in the output image is found in the

i mage before correction. Again, the calcul ated position gener 2RIApriti2@32 not
coincide with a grid point (a point 11 22 April 2002 with a pixel)

Thus, a pixel value for the obtaiped position is obtained based on the

sur r oukRF kit iken sanghe 8bi&i Aed4pi xel value is used as pixel data for the
imge after the correctjion. The above descri bed interpolation may be
either, a . Ap described abavestas RE&HFd ANRERS GREHIN A PAKEE AW of the
nearest _pixel; (ji) co-linear interpolation: inter ohgtion q¥?neans of a

correction may be projected to the image before the correction.

| i nearofetifdPLlsiony, kY & fMpdd sectdon péi ARS arennd; the ¢

¢k ertiary

convol ution interpolation: _inter oIatioB Qﬁtneans ofda tertiaﬁg cquolution

f unct it USRARE pFBI Palgeb gt TOKyMédh NG <ar Hdkd SEAW I h N

diston}jon correction in. this enbodi ne

out f.or_every

nt be carri ed
sect o T HRI T T CRF TR A hG N L 58P | A S ¥ohar IF RUBPET Af EXeF LEPRIRE,! ence
int i i t i Lst f A .
ot nt HEEstorBi IR Py nee S ar Ey A G L AR T o
FIg. Jodib8dR! 14 fraﬁléqlradt Va I 0P rt{fbrpeo%rﬁﬁﬂa{%é"%a

Therefore, an area behind a soli1d body i's 'n

own I n the i ges.

@vter

inclinati f S SRAHdaPPYnyS corrected by neans of geonetric correction,
the_arealﬁgﬁ?nd_the %ol?g %ggy is left blank, resulting in a section with
,no inege. |npiRicreidRdedBhéet $kNchhapk pate ®aged ©nC AP ldsEiMARRS
vdescri bed bel ow so that a conplete inmage is obtained. Figs . 5 ( a) to ( d
) showraressicRirg: Of HowERIISakistdmartdesssifngn Ergor S4mdunt witladrigl i nage
with an inclining building B. Fig. 5 (b) is a satellite inmge show ng the
bui | diarguiatt complaitriibige wAs hstivavhiigh tésodatébhiaf aerdgd, imagenldagr

t he buil di ng
C is miaddbe 1eadi2y aghikevedolany hert mfe @ifnghe. advartgoesigjaerdiak orti on
4. As a

building C exists next to the building H In the aerial image,

is corrected using the nethod _described with reference to Fi%
resul HM&Iashe R rechiigh FesCHELLRN (RAT FPbf PENBaLG:| dTRG BT
the rqofto ui | din

.of th B,. [ . i
) et i, g Pasr R e hB 1 18h T prs P SRR TR puat

G5

t novi ng

t ed behi nd the  buil ding
draing &

%ui I di ng

C i B’ MADEoGO A0t §LCuTAIR P RRYRSy ' fad e SR IE

correction.
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The height at which satellite images are captured is

significantly higher than that for aerial images. As a result,

problems with aerial images, such as horizontal error and

inclination of buildings, are not problems for satellite images.

Satellite images contain almost no distortion, and can provide

highly accurate positional information on an object.

In Fig. 2, providing that the height H of satellite imaging

is 680 km, the error with an object with L=100 m, located at a

point D=3000 m, or a point away from the imaging center by 3 km,

is about 0.1 cm. In addition, the inclination m of the building



In Fig. 5(d), the blank area is conpensated for using a satellite inage.
Specifically, an inmage area corresponding to the blank area is copied from
the satellite image and pasted to the aerial imge. The i mge of the
building Cis also pasted on the aerial inmage. Al though resol @iApnl 2882 be
degraded due to the pasted satellite inmage, the blank area is avoi ded. As
descri bed above, according to the present invention, a conplete imge

wi t houin gk Jrisnsbpart U8 om.ai Asdumingr thetethenfesahutdnnnésetsmry for
map drawi ng can be obtained for the entirety of the inmage, so that an
accur @es heponah decuraoy s igvif itrani Iy skepassiing tberrgsolutienacarsul t of
geonetric correction and i mage conpensation, an inmage W th high resolution
and hikm @ptainedal accuracy can be obtai ned (S40). This inmage

si mul t aneously has the advantages of aerial images, i.e., high resolution,
and of satellite images, i.e., small distortion. Map drawing is applied
using this inpge (S42 As a resulit, a highly accurate map can be

obt ai REPNRELLE - 29 RECEH CLAREQES rEALSEALHORS udes drawi ng of 13 22
April 2002 new maps, and updatjng .of .extent maps . For updating, for

el 6.t hE SIS p G TERE CAOTRAP O SRPAVEY A LEROERLED HEORE and
the myp is nDdLgied.such t hat chqﬂges age refh;ctqg. Iqhaddition t%e i mge
obt ai néfH SN W%% BT +5r ?)Y)‘H 1P on St P %‘bum%% , such
as, f , rial . Logge.:pkovidi N st orti ction
accor gar;cgé( m%elﬁggggnégi Xégﬁt |ﬁcl) lhi’s a%o{a%s?%!t\ﬂee tao&n‘;%' d?das%q‘r%%lf\id
-Draw j R i .pext i N exapd u of map
vdr awi %%ji&c[galpr g?‘g%gg\?g@ gr %t{l%i;%%%/eﬁﬁggcra I bed di s?%%t ?jonlr%@%dr rtelg?i on
w1 beydasidn kadanfebljabtagfonat #i ldrd @erfRdesmage isdrisctdd) mge i nput
section 10. Digital inmage data may be input, or an imge nmay be read by a
scannéindrirdteidn ke aod igoomgeted, i filich diggbudllddalge., iderémbvéedngeass and
satellite images may be obtained via a comruni cation device 12. Anal ogue
dat a meydsltecalistortiononarrbedrembuedi droal aerdgd dataggesor data nmay be
received as digital imge data. The inmage input section 10 and the

communi cat i didfevid@ )ltasdide sshemafdastly shay fespecifiaf @xanple a

recei ver section on the ground sends imaging instructions to an artificial
sat el [Oft geORRtEdg AL biemdn Hhg e iaisiad enbedimenke Rumghegence

o, R B ban i SAPRRLE: Got 5L OO hBCrEBAIaAR® SeRDRReHIe g6 dat a
> (heg. aeBhLLOTLENELLECBLYGE SLAL UL LOcB. RS Jaling: sentanatly

obt ai néd i rage rs y ‘§tored 1nh an inage storag i"on 14, which

Conce%‘éa'ﬂﬂllhf&ﬂﬁ&i BS Bl lshOREC aaQCeaSH PREDUetter - & - tREM iyl di sks,

and so on.
Respective imaging ranges for aerial and satellite imaging are

determined including the reference point.0, and XY coordinates
are set including the reference point O as a reference point.

Fig. 4(a) is an aerial photograph, in which coordinates of
the corner of the building B are (x1’, yl1’), and the vertical and
horizontal widths are X’ and Y’, respectively. These figures
contain errors according to geometric distortion.

Fig. 4(b), on the other hand, is a satellite image, in which
coordinates of the corner of the building B are (x1, yl), and the
widths of the building are X and Y. These values contain

substantially no distortion because distortion in satellite
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22 April 2002 Aerial images and satellite imges stored in the storage
section 14 are read by a geonetric correction section 16, and then

subj ected to geonetric correction as described earlier. That is, distortion
in the aerial images is corrected using distortion-free satel R2¥Aril 28Q%es as
a reference. The corrected i mages further undergo conpensation processing
by the i mage conpensation section 18. The conplinented inmage is returned to
the st dMagesséBt F®ALI4, and then read by a map drawi ng section 20.

Al ternatively, the image nmay be supplied directly to the, map drawin
section 20. @'%p4ﬂﬁgm%e§€€i:i]d§gﬂ9]a¥%t a5 ta0efyin ec%??%ﬁfed

R TR S T U R e
i ng. . Th | et [ t d i h t] 1 d al

Ut put ERRBrFRCe SO RbbaEeR pEntaS CoRtEr obBReShar i ot oy afh thofgy * °°

I j di 24, J.nted i, at ively,
tho oLt buEPGaLHh PEE IR 1 o Teha B TSIl 8E che ShifALRE VY

Csi di . : b

ised i 5, TFordEEEaLpleE Bl e A L g, Mo 1 s
usabl e i n alﬂnffflégszﬂﬁ??t Fﬂc?.?.nla-'l:ﬁo(nl el HeD 85t i 1 Al PR LY SAEF%a 1
t echnol ogy for naking ghl'y tfunctionable vehicles. Further, such a map can

be prefgigd! ysUssfrébtad] @ped{Epesaappi cthaf posbtopnoBysheMuibdshgd
fields. In this enbodi nent, preferably, orthochromatic inmage 16 22 Apri

2002 pp OiGE sidivied 5 aﬂFﬁﬂaﬁﬂo%ﬁiéﬂéqbééi’eiéngSe. Arthalipsisditiiiomnoifnther i al

i mages is corrected using the resulting orthochromatic satellite inages.
building B on the ground surface in this case.

By the above process, distortion due to the building B
located away from the imaging center is corrected. This
processing is applied to the entire captured image so that solid
bodies other than buildings can be similarly processed. BAs a
result, a high resolution picture free from distortion can be
obtained.

The above described geometric correction can be carried out
as follows. A plurality of representative points are set in the
image. A horizontal distance is corrected for each
representative point so that a correction value is obtained. The
correction value may be, for example, correction widths in X and
Y directions or a correction direction and distance (a vector).

" Based on the correction values of these multiple representative
points, correction values for any points other than
representative points are obtained by means of a linear method.
Specifically, a correction value for an intermediate point
between two representative points is determined as the average

of the correction values of these representative points.

10
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Fig. 7 illustrates the principle of orthochromatic inmage processing. In
orthochromatic inmge processing, satellite imges of a region, taken froma
plurality of different angles, are processed to obtain an image of the
ground surface viewed fromsubstantially directly above the ¢f&fPid2002t h
this processing, altitude information for the respective points can be

obt ai ned by neans of triangulation or the like, and top inmages can be

gener Meahuwlsiley, tinchinatice ismfeoreedied o5 tewerpred hid dady ihe dmages i s
originally very small, as described above. Even this snall anount of

di st orapeyatean. be further corrected usi ng orthochromatic i nmage processing.
As a result, |mages with extremely high positional accuracy can be

obt ai ned. BALiS mgafsxmlmtmhxmw@ na¥gbe aeryectedr ascdoldioftsorti on
correction accuracy and, thus, accuracy can be further inproved. In

or t hodHrameks «c hafAfs Hride ﬁltn‘d:u 9% RACH FOHatidRE A IFAPbIRR i n an
i mage can be qgbt ai ned. The altitude informati on can be g)referably used in

ﬁD rragf%’r%é\nuﬁgmgAQEEEP§ GP;“étrJé’f émﬁﬁﬂseh‘ﬁ%ﬁ?ﬁ%?d&a‘f% prtelk%ﬁ‘lte%%nu on

A
i oh & & 5F égﬁnqdysa‘%%ﬂbén%w% ShEanotrradretsian 1y PRy rron
hei |1y h
| over oﬁeé ﬁwsﬂﬁufs"” R L T g A
an | e ol gl sSngizag\pfa%‘ggqﬂ'o% Yl FETERE SehDebih an

resol ion an gn| icant di'stoffion can

obt ai RgfhgeS ﬁa%%@l”éﬂ th@%@f%@ﬂor‘(“aﬁxﬁuﬁ@é{n@H&'%e%“tfi‘érrf'ict’hé%otﬁo%chi eved.

Mor eover,” aerial imges free fromdistortion can be provided for uses other

t han mﬂémlmgilfgl i ENBdt ecBEd £ AiNdORoPéd AR hBlappleIesi 4 Se pREitadnqut based
on satellite images captured fairly close in tine to the aerial inmages.

Thi s isperidfieraldlys beénausediseceibhorops tte MEgtemusSt g LntAbifatiion on
bui | di ngs, roads, and so on, obtained close in tine to when the aerial
i mgesiaestdapt bnyedhd dgteddchadfiarsiampuwidt.ed Inntdvisawiagn. inclination
of the building is-corrected. This processing is also applied
to solid objects other than buildings.
In geometric correction, respective points in the image
before correction are projected onto an image after correction.
That is, a position corresponding to each pixel in the input image
is found in the image after the correction, and a pixel value
of the pixel in the input image is imparted to that found position.
. ,However, as the obtained position does not coincide with a grid
point (a point with a pixel) in the image after the correction,
a pixel value for the grid point is obtained through
interpolation.
To the contrary, respective points in an image after the
correction may be projected to the image before the correction.
That is, a position corresponding to each pixel in the output image

is found in the image before correction. Again, the calculated

position generally does not coincide with a grid point (a point

11



Aerial imaging requires pre-flight scheduling and i nages cannot be taken
whenever desired. Meanwhile, satellite images can be obtained quite often
(e. g., once every three days). Therefore, the tine for satellite imging
can be easily set as the tine for aerial imaging. Use of sateRRiApsl 20Rges
Is also preferable in this view. Although, in the above description, a map
drawing picture is an aerial imge and a distortion correction picture is a
sat el Iwith iavpdxelt)he Phusena pixehtiadmed fomothei obtained pddition is
configuration. The inportant is that the imaging height for a distortion
cor r ecthtomninedigeased hoghtbroesghroondiog gd xa&d s.nafbehabitagnedspdmelon whi ch
Is sufficiently small in view of the accuracy required in distortion
corredtdlore is mmeddeswbagelndgtaahiar athie strnge i ker rida corresddomay bot h
be aerial inmages or satellite inages. _However, the above enbodi nent, in
whi ch aeri alTherageyeadesgraheoinbpeprepla bber Bal beaeéthete §4thged ldre used
for the other purpose, is advantageous because i mging hei ghts for two

i mageeRE esH ANAGTNO 1A§IPO Ny BSPe%glat BhERY VR tee PIsEhePangit Rdxeddge with

high resolutiqQn is corrected using an i ma w.th hi gh positional accuracy.
As’a r(aah Fo-dAneat an ket PRE B APH LRt BGLaC Lan e st AEc: LARBASTRI AL

APPLI CABL LI TY As descri bed above,. the pr i i on. can, b bl
east MRS HE AR K Vainer e pBiRRE B T brclEr DY cpari ng

maps fc%rn\;glrbq:rio%q:ntejr%olation: interpolation by means of a tertiary
convolution function using pixel values at sixteen points around.
Alternatively, distortion correction in this embodiment

may be carried out for every sector resulting by dividing an aerial
image. 1In such a case, a reference point is set in each sector,

and a horizontal distance from the reference point is corrected.

Background Image Compensation

As described referring to Fig. 3, in aerial images, a solid
body may appear to be inclining. Therefore, an areabehind a solid
body is not shown in the images. After inclination of a solid
body is corrected by means of geometric correction, the area
behind the solid body is left blank, resulting in a section with
no image. In this embodiment, such blank portions are
complimented as described below so that a complete image is
obtained.

Figs. 5(a) to (d) show an example of compensating processing.
Fig. 5(a) is an aerial image with an inclining building B. Fig.
5(b) is a satellite image showing the building B not inclining.
As shown in the satellite image, a smaller building C exists next

to the building B. 1In the aerial image, the building C is hidden

12



22 April 2002 CLAIMS 1. A map drawi ng nethod for drawi ng a map using an

i mge of a ground captured from hi gh above the ground, conprising the steps
of ohtaining a map drawi ng i mage captured at a first height; obtaining a
distortion correction image captured at a second hei ght, hi gh2d? Aptiag®02he
first height; correcting distortion of the map drawi ng i mage using the
distortion correction inage; drawing a map based on the map draw ng image
corr eqdyedch@nsu £papegset i ng for a bl ank area behind a solid object, caused
as a result of correcting inclination of the solid image in the map draw ng

i mage, usingr@ eogLespandi ddstoar idn tie dbsiecte@nuednge Hed MeétHEe.
wherein the first height is set at such a height as to provide an inage

havi nglessiol béd aitdppedprente toF UgRP4 dr avd agresulit idfethecwxkdet bt i s set
at a height as to provide an imge having a sufficiently small anmount of

di st ordfi athesinehinatibnd arf ttiee ibegbding @, uses. aAnew g itshé aroalftsdprti on
correction. 2. A map drawi ng nethod according to claim1l, wherein the nmap
drawi mf ittegdukldingd, @ hlege arxeal ihensated thanindrilesthwnldinge is a
satellite image. 3. A mal?l draw ng net hod according to any one of claim1l
and clBi mIn amlaéllﬁynhéi @abuéﬂ-dwnggcl pugetEsinothegtebpnkr qfeyRomet ric
correction. 4. A map drawi ng device for drawing a map using an inmage of a
gr ound-henpddeting Enifi mta%z%n t4e %Gﬁare@&@& rlglﬁsg begauseripnis| 2002
an i mage storage, section for storin map drawi ng i nage captured at a
first & g“rﬂow’gn%lna l&f?s‘?%%??'ﬂﬂicaﬁ?fgéi df'49%age captured at a second

hei ght, h .h
\cglr?ezztinlgggte%to]rqa‘ino%&g)f {HR® e B ot Ry Rage TR RG oA TS A
corT eSL QY (RO AN, 2 BB H RNy SO i d 0Ta KRN B SR B b O e

map draw
the blank area is copied from the satellite image and pasted to

the aerial image. The image of the building C is also pasted on
the aerial image. Although resolution may be degraded due to the
pasted satellite image, the blank area is avoided.

As described above, according to the present invention, a
complete image without blank areas can be obtained. Therefore,
information necessary for map drawing can be obtained for the

entirety of the image, so that an accurate map can be drawn.

Map Drawing

Returning to Fig. 1, as a result of geometric correction
and image compensation, an image with high resolution and high
positional accuracy can be obtained (S40). This image
simultaneously has the advantages of aerial images, i.e., high
resolution, and of satellite images, i.e., small distortion. Map
drawing is applied using this image (S42). As a result, a highly
accurate map can be obtained.

Map drawing in the present invention includes drawing of

13



wherein the first height is set at such a height as to provide an inmage
havi ng resol uti on appropriate for map drawi ng, the second height is set at
such a height as to provide an inage having a sufficiently small anmount of
distortion as required for the inmage to be used as a basis foR2dipsit 202 on
correction, and a blank area behind a solid object, caused as a result of
correcting inclination of the solid inage in the map drawing i mage, is
conpensét adpsoantdsupda tingofepeadicngaps a Ffr updadingorfoprexeaiplect i on
imge. 5. A map drawi ng device according to claim4, wherein the map

dr awi nghe nagege olttaiassd alt ist@gds eoflphbeddwsthrdn osx Lot 119¢ tnayy), iampe is a
satellite inmage. 6. A map draw ng device according to any one of claim4
and clthenmgp wherreodifbednapchr ahabgchemgesi areored#dieed eidhr ough geonetric
correction. 7. A distortion correction nethod for correcting distortion in

an i mage captrurasttitioon hitghe abmage gltmthed @atprddd mayt e stseksl eoffaabt ai ni ng
a first inmage captured at a first height; obtaining a second i nage captured
at a S@Ehidateiemtotheghthanhaap yawing, eughtas anforoexenpileg dirstorti on
of the first inmage using the second inmage; 20 22 April 2002 wherein the f
first ARGighHk iM3gerreyiding senvdiaght R4 SLOISAON ARUERC T Hayacedig g
resolution required for an imge with distortion corrected, and the second
hei ghttq th&Prgsenteingrentien 48 petpliPiledakoi MaBeIKaVIRG a sufficiently
smal | amount of .distortion as required fox the inage to be used as a basis
for distortion correction. 21 .A F.A3AL,.A h",. A{9R A W?. AhL, . A

r{L1-Aﬂgﬂfﬁfﬁﬂiﬁ§jné§ﬁéﬁr-ABAT-AU9-A-9-AFU-A9A-AAS-AU-AAS-A-AUG z3Bz c4 9
' G

Referring next to Fig. 6, an example structure of a map
drawing device preferable for the above described distortion
correction will be described. BAerial and satellite images are
input to an image input section 10. Digital image data may be
input, or an image may be read by a scanner or the like and converted
into digital data. -Aerial images and satellite images may be
obtained via a communication device 12. Analogue data may be
received and converted into digital image data, or data may be
received as digital image data. The image input section 10 and
the communication device 12 serve as image obtaining means.

Preferably, a receiver section on the ground sends imaging
instructions to an artificial satellite. 1In response to the
imaging instructions, the artificial satellite captures images
at a predetermined position at a predetermined time, and then
transmits image data to the receiver station. The image data is
then sent from the receiver station to a map drawing center.

The obtained image is temporarily stored in an image storage
section 14, which conceptually contains all image processor

memories, i.e., RAM, hard disks, and so on.
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33(1)00/;{@{1)@) Fglp]%%hg% éﬁe&% 1?)% RGyF a4 kdown  RAEE broctBsifgll:
function for drawing a map based on captured images through image
processing.

The complete map is stored in the storage section 14, and
also output from the output section 22. The output data is stored
in, for example, a recording medium 24, or printed on a printer
26. Alternatively, the output data may be sent to the
communication device 28 for use by outside map users.

Maps drawn according to the present invention may be used
in, for example, a vehicle-mounted navigation device. Such a map
is usable ia all fields related to ITS (Intelligent Transport
Systems) technology for making highly functionable vehicles.

Further, such a map can be preferably used in all GIF (Geographic

Information System)-related fields.

Orthochromatic Image

In this embodiment, preferably, orthochromatic image
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1004 o S Pl b, P k| sndged P8 QhgBetion 1o
"10%<fefiaP iﬁ&&gg&ié)ég}kég%gélGEin%OQhe resulting orthochromatic
satellite images.

Fig. 7 illustrates the principle of orthochromatic image
processing. In orthochromatic image processing, satellite
images of a region, taken from a plurality of different angles,
are processed to obtain an image of the ground surface viewed from
substantially directly above the ground. With this processing,
altitude information for the respective points can be obtained
by means of triangulation or the like, and top images can be
generated using the altitude information.

Distortion in satellite images is originally very small,
as described above. Even this small amount of distortion can be
further corrected using orthochromatic image processing. As a
result, images with extremely high positional accuracy can be
obtained. By using such orthochromatic images as a reference,
distortion correction accuracy and, thus, map accuracy can be
further improved.

In orthochromatic image processing, altitude information
for each point in an image can be obtained. The altitude
information can be preferably used in 3D-map drawing.

Aspects of a referred embodiment of the present invention
have been described. According to the present invention, aerial
images, which are of high resolution but which show increasing
distortion away from their centers, are corrected using satellite
images, which generally have lower resolution but which contain
no distortion. By taking advantages with an image of high

resolution and no distortion, an image with high resolution and
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draw1ngw1thveryhlghaccuracycanbeachleved. Moreover, aerial
images free from distortion can be provided for uses other than
map drawing.

Further, correction of aerial images is carried out based
on satellite images captured fairly close in time to the aerial
images. This is preferable because correction can be made using
information on buildings, roads, and so on, obtained close in time
to when the aerial images are captured, instead of using dated
information.

Aerial imaging requires pre-flight scheduling and images
cannot be taken whenever desired. Meanwhile, satellite images
can be obtained quite often (e.g., once every three days).
Therefore, the time for satellite imaging can be easily set as
the time for aerial imaging. Use of satellite images is also
preferable in this view.

Although, in the above description, a map drawing picture
is an aerial image and a distortion correction picture is a
satellite image, the present invention is not limited to this
configuration. The important is that the imaging height for a
distortion correction image is high enough to provide an image
having distortion which is sufficiently small in view of the
accuracy required in distortion correction. A map drawing image
and a distortion correction image may both be aerial images or
satellite images.

However, the above embodiment, in which aerial images are
used for one purpose and satellite images are used for the other

purpose, is advantageous because imaging heights for two images
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10 Sloa/&régufgi 7<3711712§1%§328P1gving both advantages can be obtained.

INDUSTRIAL APPLICABILITY
As described above, the present invention can be usable at

least in navigation and other devices, and or as a technology for

preparing maps for other use.

/
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(Y10% u& @)station correction image;

‘ drawing a map based on the map drawing image corrected; and
compensating for a blank area behind a solid object, caused as a
result of correcting inclination of the solid image in the map
drawing image, using a corresponding area of the distortion
correction image.

wherein

the first height is set at such a height as to provide an
image having resolution appropriate for map drawing, and

the second height is set at a height as to provide an image
having a sufficiently small amount of distortion as required for

the image to be used as a basis for distortion correction.

2. A map drawing method according to claim 1, wherein the map
drawing image is an aerial image, and the distortion correction

image is a satellite image.
3. A map drawing method according to any one of claim 1 and
claim 2, wherein the map drawing image is corrected through

geometric correction.

4. A map drawing device for drawing a map using an image of a

ground captured from high above the ground, comprising:
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"109& () -, LIEDvase (c}ravgp.g%‘@e(c)t.lon for drawing a map based on the map
drawing image corrected;

wherein

the first height 1s set at such a height as to provide an
image having resolution appropriate for map drawing,

the second height is set at such a height as to provide an
image having a sufficiently small amount of distortion as
required for the image to be used as a basis for distortion
correction, and a blank area behind a solid object, caused as a
result of correcting inclination of the solid image in the map
drawing image, is compensated for using a corresponding area of

the distortion correction image.

5. A map drawing device according to claim 4, wherein the map
drawing image is an aerial image, and the distortion correction

image is a satellite image.

6. A map drawing device according to any one of claim 4 and
claim 5, wherein the map drawing image is corrected through

geometric correction.

7. A distortion correction method for correcting distortion in
an image captured from high above ground, comprising the steps
of:

obtaining a first image captured at a first height;

obtaining a second image captured at a second height,
higher than the first height; and

correcting distortion of the first image using the second
image;
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