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ABSTRACT:

The generation of orthophotos using digital agstadtography is performed for the maintenance ofiagpaformation data for wide
areas at the mid-scale.For orthophoto generatidigital elevation model (DEM) based on stereo imaig methods is widely used,
the accuracy of which should be effectively imprbygy removing mismatched points created duringsteeeo matching process for
efficient orthophoto generation.With this motive rimind, a new method called the “Reverse-Projecticethdd” is proposed to
remove mismatched points from DEM generation. Thstrnemarkable points of this method are its abtlit detect mismatched
points and improve the accuracy of a DEM using atéyeo models on the previous and following staipd restricting the higher-
resolution stage in the coarse-to-fine approachgustie Digital Terrain Model as a reference. THeativeness of the method is

discussed in this paper.

1. INTRODUCTION

Digital orthophotos are widely generated using tdigi
photogrammetry, for the preparation of geospatifdrmation
over wide areas. Digital orthophotos are creategimyecting
aerial photo images orthometrically using a digigdgvation
model (DEM). A DEM is an intermediate product ofjittl
photogrametry and is extracted through a matchiracgss.
When a mismatch occurs during the matching proce&&EM
with erroneous altitude information is extracteddam
degradation of the accuracy of the orthophoto cco@hecking
and modifying a digital orthophoto requires a l6hwnpower.
Thus, the reduction of mismatches during DEM exioac
directly affects the efficiency of digital orthopteogeneration.
There are two approaches for a reduction of mignestduring
DEM extraction: a restriction of the search rangel an
improvement in the similarity of the texture patterA
restriction of the search range has been adopte@ipolar
image creation (Schenk 1999), the vertical lineutoenethod
(Bethel 1986), and the coarse-to-fine method (Shek989),
while an improvement in the similarity of the tesdupatterns
has been adopted for least square matching (Feer$882;
Ackermann 1984; Gruen 1985, et.al). However, evith these
approaches, a perfect prevention of mismatchesyétaso be
achieved(Bethmann et al. 2010).

While the following three methods have been progdeqgudge
and remove mismatched points, a problem remaingaicth
method: Foerstner's method (Foerstner 1984) alsoriactly
removes matched points in steep areas. The Backhinat
method (Zhang et al. 2006) may not remove mismatgoénts
in areas with a continuously similar texture pattdfinally, the
multi-lay stereo model method (Zhang et al. 200&quires
additional time during the processing by creatitage models
between the base images and neighboring imagesda@ait al,
2008).

In traditional aerial photogrammetry, stereo models each
image along the direction of every strip are creafherefore,
it is examined that the reliability of DEM pointsofn multiple
directions has been positively evaluated, and ticaracy of the
DEM has been improved using the stereo models itescr
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above along and across the strip, without the teedeate new
stereo models.

In this research, a Reverse Projection Method (RRihjch
uses neighbor stereo models for evaluating thelity of the
DEM points, is proposed. Next, the propriety obthiethod for
an improvement in the accuracy of the DEM is diseds
Furthermore, the best way to apply the RPM for ojaiimy the
creation of the DEM is investigated.

2. THEORY AND ALGORITHM

The RPM proposed in this research is performed lasi®. (1)
Project DEM points to a neighbor stereo model aftex
matching process. (2) Evaluate the reliabilityredf DEM points
using the similarity of texture patterns from treighbor stereo
model. (3) Finally, DEM points with low reliabilityare
removed.

AerialPhoto Interior Exterior
Image Orientation Orientation
(L-R) Parameter Parameter
[ |
Coars-to-Fine Approac!
h 4
| Matching |
v
| RPM |

Figure 1 The flow for DEM extraction using the RPM

Using these steps, the RPM prevents any mismatelnésh are
a problem for the efficiency of digital orthophogeneration,
and maintains or improves the accuracy of the DENe flow
of DEM extraction using the RPM is shown in Figureahd
further details on this process are given in thiefdng section.
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21 RPM

Figure 2 shows the overall concept of the RPM. buFé 2(a),
a pair-wise matching point is extracted on masteres model
A through a matching process, and its ground coatdi is

calculated using a forward colinearity equationh@tk 1999).
In Figure 2(b), the ground coordinate of a DEM pois

projected to neighbor stereo model B using backeptimn

based on a colinearity equation. The reliabilitjhisn evaluated
based on the similarity of the texture patternhat projected
point on stereo model B. Here, points with highatglity are

adopted, while those with low reliability are rdjed.

Stereo
Model B

Stereo

Model B Stereo

Model A

Stereo

e
v DEM Point

0 Point on Left Image
® Point on Right Image

O Point on Left Image
B Point on Right Image
% DEM Point

(a)Matching point (b) Reverse projection
on mastestereomode on neiahbor stereomode B

Aero photo by GSI Jap: (200¢€)

Figure 2 Matching Process and RPM

In this research, the normalized correlation valwhich is
stable against the tone or contrast of the imagadopted as an
indicator of the similarity. In addition, the thhesd is set to 0.4,
which is generally assumed to be a fairy strongetation.
Further, when multiple stereo models are availafue a
prOJectlon the reliability can be evaluated afofwk:

The DEM point is projected to each neighbor stenealel,

and the similarity of each model is evaluated.

When the similarity is in the upper threshold, e is

given to each stereo model.

When the similarity is in the upper threshold, age is

given to each stereo model

When a point is rejected, its altitude is interpetafrom the
adopted points of its neighbor by creating a trdangetwork
(TIN), after the RPM is completed for all points,dathe
process moves to the next stage.

2.2 Coarseto-fine approach

The coarse-to-fine approach enables a fast poiatcseby
creating a few stages of gradually scaled imagdsrestricting
the search areas for matching. However, a probiéstsan that,
when a mismatched point is generated during thellmidf the
process, the mismatch cannot be recovered untiétideof the
matching process is reached to the end of the inatgrocess.
Therefore, mismatched points need to be filterednduthe
middle of the process. Here, to remove mismatctdtq the
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RPM filters out points with low reliability duringagh stage of
the coarse-to-fine approach.

In this research, the number of stages for thesestr-fine
approach is set to 6, which means creating gradusaihled
images of Stage 6 (1:32) to Stage 1 (1:1). Thechkeange used
during the matching process begins with the lowesblution
of 1:25, with a substitution of the values in edo@at(l) :s =
6.0 pixels,Z,= 0 m,AZ = £100 m,by= 600 m,Hp = 1920 m
(bo and H, are calculated at a photo scale of 1:16000, with a
overlap rate of 60% and a camera focal length d dfn),
wheres is the length of the search arég,; the baseline length;
Hp, the height to groundZ, the uncertainty of the elevation;
andz, the approximate elevation.

s=b H,AZ

_HpAZ 1)
*(Hp-2Z,)?

2.3 Reference of the Digital Terrain Model

During the matching process for the lowest resoiusitage in
the coarse-to-fine approach described in Sectio, 2.
mismatched points with a large gap from the coradtduide are
often created. It has been speculated that thesenatéhed
points are caused from a search of the entire raaggshown in
Figure 3 (a). In this case, the uncertainty of #igtude is
significant. On the other hand, as shown in Fig(t®), when
the approximate altitudes of the DEM points arevkmolarge
mismatches are prevented by restricting the searae around
each altitude.

Flight
Height

Base
Height

(b) Restriction of the
search range

(a) Entire Search
— Actual altitude
Known altitude <> Search range
Ocorrect matched poiritlmismatching

Figure 3. Matching process on the lowest resolusiage
in the coarse-to-fine approach

Digital terrain models (DTM) have been recentlypaned for
use at the global scale. Thus, the approximateiddifor every
point is acquired in advance for stereo matchingsebd on
DTM as a reference.

In this research, during the lowest resolution staf the
coarse-to-fine approach, the approximate altitudete points
are acquired from the “Digital Map 50 m Grid (Eléea)”
published by GSI Japan. With this information, tbearch
ranges are restricted around the DTM altitude aardbel
mismatches are prevented prior to the matchinggz®oin this
research, the number of resolution stages for tlaese-to-fine
approach is set to 4 when using the “Digital MaprB0Grid
(Elevation)” as a reference, which means creatiog- |
resolution images of Stage 4 (1:8) to Stage 1(1With a
substitution of the values in equation (1), and artthe same
conditions described in Section 2.2, the uncerjaiot an
elevation is minimized to 20 m, which is the accyraf the
“Digital Map 50 m Grid (Elevation),” at the lowestsolution
of 1:5. The search range around the DTM, as shoviigure 3
(b), is set to 20 m, which is the same as the &tmva
uncertainty of the elevation.
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3. RESULTSAND EXAMINATION

In this chapter, to confirm the effectiveness o€ tRPM
proposed in this research, a DEM is extracted faenial photo
images using a matching process, and then queditatiand
quantitatively evaluated.

3.1 VariousFactors

The aerial photo images used for the examinationthis
research were taken over five different areas. Eafckhese
areas contains mountains, which are easily misradtcfihe
aerial photo images were also taken under the tiondishown
in Table 1. When analog cameras were used, digiaje files
were created from the film using the pixel sizesvah in this
table.

Here, the theoretical values for the horizontald) and vertical
(020) directions are induced from parallax equation (Z)ere
oxyo iS the theoretical value for horizontal accuraey; the
theoretical value for vertical accurady; the height to ground;
the focal lengthB, the baseline length; ang, the Read Delta
(1.0 pixel in this research).

Oxvo =iap’ O30 =\/§iiap (2)
f f B
Focal Pixel
Area Features Camerg Length Size
(mm) (um)
A Mountains Forests DMC 120.00 12
B Mountaing Rice Fields RC30 153.32 20
C Mountains Rice Fields RC30 152.94 20
D Mountaing Urban DMC 120.00 12
E Mountains Urban RC30 213.90 20
Theoretical Value
Photo oL SL - -
Area o o Horizontal Vertical
Scale (%) (%) (m) (m)
A 1:16,000 60 50 0.194 0.953
B 1:15,000 60 50 0.277 0.748
C 1:12,000 70 50 0.273 1.090
D 1:16,000 60 30 0.207 1.025
E 1:12,500 60 30 0.253 0.864

Table 1 Various factors of the Aerial Photos

3.2 Accuracy Estimation

In this section, for an examination of the improesm in

accuracy of the DEM extracted from an aerial phph when
applying the RPM, quantitative and qualitative eatibns are
first performed.

Next, from a fear of expanding the processing cbshe RPM,

as an increasing number of stereo models are ukedbest
combination of accuracy and processing cost waeriaated by
adapting the stereo models for use with the RPMshasvn in

Figure 4: (a) all stereo models of neighbors ofrtfester image,
(b) stereo models in the current strip, and (c)estenodels in
the previous and following strips.

Furthermore, under the best combination of steredets, the
restriction of the application of the RPM in coatsdine

approach is varied as shown in Figure 5. Here,RRM is

performed for (1) all resolution stages, (2) lowetaition stages
only, (3) high-resolution stages only, and (4) itk DTM as a
reference in the lowest-resolution stage and the RPNhe

high-resolution stages only. In addition, the bestthod is
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investigated from by comparing the accuracy andcgssing
time.
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Figure 4 Combination of the stereo models for ush®iRPM
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Figure 5 Restriction of the application of RPM
in coarse-to-fine approach.
Aerial photo by GSI Japan (2008)

3.21 Quantitative Evaluation

A quantitative evaluation of the RPM is performed by
calculating the elevation gap between the match&®# and
the airborne lidar data treated as the most prebehlue. The
elevation gaps are calculated at the check poirtsrevthe
edges of the features on the digital ortho phofaggacan be
clearly distinguished.

Here, points with elevation gaps over the theocatti@lue for
the vertical direction, as shown in Table 1, argarded as
mismatched points.The airborne lidar data satisfiesaccuracy
of map level 2500, with a density of 2.8 points pguare meter.

3.21.1 Comparison of variations in the stereo model
combinations for the RPM

Based on the variations in the stereo model combimatfor
the RPM, the mean squares of the elevation gap ehas
shown in Table 2, as do the number of mismatchedtgoas
shown in Table 3. From Tables 2 and 3, for the RPikh il
stereo models or with stereo models of the previand
following strips, it is confirmed that both the mesguare of the
elevation gap and the number of mismatched poimtes a
improved as compared to a case without the usbeoRPPM.
Here, the gap in the value between the use of thd Rih all
stereo models, and with the models of the previans
following strips, is slight.
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Therefore, the stereo models of the previous anidwing
strips are determined to be the best combinatiorthie RPM
from the viewpoint of processing cost.

approach. Case (4) was confirmed to perform the gzsing
within the same or shorter amount of time than wthenRPM
is not used. Based on this improvement, case (Agube RPM
and DTM as a reference, with only a high resolutiorthe
coarse-to-fine approach, is deemed the most ajdicaethod

# of W/O All Stereo CUR PREV from a quantitative examination.
Area | pig RPM | Models | Stri and
) P FF Strips
A 126 0.913 0.862 0.833 0.823 # of W/O
B 290 0.986 0.769 0.937 0.722 Area | pevprs. | rem | @ ® @
C 1049 0.877 0.739 0.836 0.799 A 668876 535 836 638 793 505
D 730 0.752 0.646 0.736 0.698 B 786400 1149 1583 1275 1448 818
E 1161 0.711 0.643 0.664 0.616 C 896213 1337 1735 1456 1610 821
Unit: m D 961074 666 1667 1058 1273 740
Table 2 The mean square of the elevation gap E 1000578 862 1936 | 1282] 1516 910
Unit : Second
# of W/O All Stereo CUR PREV Table 6 Comparison of the processing times
Area - and
Pts. RPM Models Strip .
FF Strips o .
ry 126 15 13 12 2 3.22 Qualitative Evaluation
B 290 106 89 97 89 An examination of the effectiveness of the RPM wadgrmed
o) 1049 185 132 168 165 qualitatively by checking the distribution of theismatched
D 730 153 122 149 126 points on a color-shaded map created from the DEtvheted
E 1161 263 239 253 232 using the matching process.
(combinations of stereo models)
Table 3 The number of mismatched points 3.2.2.1 Comparison based on the variations in the
(combinations of stereo models) stereo model combinations for the RPM
3.2.1.2 Comparison of the restricted application of the The changes in the color-shaded maps with varigtionthe

RPM in the coarse-to-fine approach

For the use of the RPM with the stereo models ofpiteeious
and following strips, the changes in the accuraicthe DEM
and in the processing times are examined usingstiated
application of the RPM in the coarse-to-fine apphoathe
mean squares of the elevation gaps are shown ite Batand
the numbers of mismatched points are shown in Table

# of W/O
Area Pts. RPM 1) (2 3) (4)
A 126 0.913 0.823 0.924 0.941 0.769
B 290| 0.986| 0.722| 1.049| 0.737| 0.770
C 1049 0.877 0.799 0.875 0.813 0.817
D 730| 0.646| 0.698| 0.663| 0.629| 0.680
E 1161 0.711 0.616 0.679 0.604 0.624
Table 4 Mean square of the elevation gap
(Restriction in the resolution stage
in the coarse-to-fine approach)
# of W/O
Area Pis. RPM 1) (2 3) (4)
A 126 15 14 14 16 11
B 290 106 97 106 88 90
C 1049 185 168 186 152 157
D 730 153 126 130 122 135
E 1161 263 232 249 228 241
Unit: m

Table 5 The number of mismatched points
(Restriction in the resolution stage
in the coarse-to-fine approach)

Based on Tables 4 and 5, compared to the casesuwithe
use of the RPM, the accuracy of the DEM is improwétth the
application of the RPM for (1) all resolution stagé3) high-
resolution stages, or (4) when using the DTM asference.

stereo model combinations for the RPM are showrigarg 6.

Ortho
photo

PREV and
FF Strips

w/O
RPM

CUR
Strip

All stereo
Models

(a)Mountair(area A.
Aero photo by GSI Japan(2008

t ;
(b) Rice field{area B

0 200m
Figure 6 Comparison of elevation
with RPM changing stereo model

The squares in the figure indicated mismatched tpoin a
mountainous area and rice fields generated wittloeituse of
the RPM. These mismatched points are removed byRENd
with a combination of all stereo models and onlg dtereo
models of the previous and following strips.

From a qualitative evaluation using color-shadedpsnahe
accuracy was confirmed to be improved from the ofs¢he
RPM when using combinations of all stereo models amig
stereo models of the previous and following strigiich is the
same result as from the quantitative evaluatiorsoAfor the
distribution of mismatches, there are slight gapsvieen the

Table 6 shows the changes in the processing tinth wi WO cases.

variations in the application of the RPM in the smato-fine
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Thus, as in the quantitative evaluation, the stenedels of the
previous and following strips are judged to be thest
combination for the RPM from the viewpoint of prosieg cost.

3.2.2.2 Comparison of the restricted application of the
RPM in the coarse-to-fine approach

For the RPM using stereo models of the previousfaihmving
strips, changes in the accuracy of the DEM are é&sinbased
on the restricted application of the RPM in the seao-fine
approach. The qualitative evaluation of the DEMuaacy is
performed by checking the distribution of mismattipeints on
the color-shaded maps.

Figure 7 shows the changes in the color-shaded foa@seas
A and B, with variations in the restricted use af RPM in the
coarse-to-fine approach.

Figures 7(a) and 7(b) show color-shaded maps famtainous

RPM is used with all stereo models, or with onlyesbemodels
of the previous and following strips, as compareth \stereo

models of only the current strip.

This result is speculated to have been caused éttanges in
the usable area of the projection based on vanstio the

stereo model combinations for the RPM, as the RPdfn fits

mechanization, cannot evaluate the reliability lné tmatched
points when there is no stereo model to projedt,l@@tause the
reliability of the matched points depends on theoamb of

usable area for the projection.

Table 7 shows the amount of usable area for the RRithe

reduction in the number of mismatched points feadd, where
aerial photos are taken under the normal conditiba 60%

overlap and 30% sidelap. It was confirmed thataheunt of

usable area for the RPM is proportionally relatedhwihe

reduction in the number of mismatched points.

areas and rice fields, respectively. Mismatchedntsoiare Usable ‘iOf_Mismﬁtfhedf ZOf J R%tescg
generated in the squared areas without the used2PM. area [-PS-Inusabe area reduced | reduce
" . A : . 0 W/O With | mismatch| mismatch
Additionally, it was confirmed that these mismaidhpints are (%) RPM RPM ed pts. ed pts
removed for both areas when (1) the RPM is used efth —xistereo
resolution stages, (3) the RPM is used with a hegolution Models 78.0 121 90 31 25.6%
stage, and (4) the RPM is used with DTM as a retaen CUR Strip 430 38 34 4 11.8%
Ortho W0 PREVand |  go5| 105 78 21| 25.7%
RPM FF Strips

Photo

() @ ®3) 4)

(@) Mountair(area A.
Aero photo by GSI Japan (2008)

\\\\\\

200m (b) hice field{areaB
Figure 7 Comparison of elevation with the
RPM Changing Resolution Stage in coarse-to-fine agproa

0

Here, as in the quantitative evaluation, from theligative
evaluation of the restricted application of the RPiMwas
confirmed that these same cases improve the agcorfathe
DEM. Based on the processing time for each case rshiow
Table 6, from a qualitative examination, it wasgad that (4)
the RPM with DTM as a reference using only high-heson
stages in the coarse-to-fine approach is the mpgticable
method.

3.3 Examination

In this section, changes in the accuracy of the DBEM
examined, with variations in the stereo model corations for
the RPM, and with variations in the application loé RPM in
the coarse-to-fine approach.

3.3.1 Changing the stereo model combinations for the RPM

From the quantitative and qualitative evaluatianséction 3.2,
the accuracy of the DEM was confirmed to be betteen the
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Table7 Amount of usable area for the RPM and
the reduction in the number of mismatched poimtsea D )

From this result, the reduction in the number ofnmatched
points is the highest when the RPM is used withstdreo
models. However, a few gaps exist in the rate dficon of
mismatched points when comparing the use of the RRMall
stereo models and with stereo models of only te®ipus and
following strips. In addition, based on the pro@egsost with
an increasing number of stereo models for the RRMyas
determined that the use of the RPM with the steredats of
the previous and following strips is the most dffecmethod.
3.3.2 Restriction of the RPM in the coarse-to-fine approach
From the evaluation described in section 3.2, i$ wanfirmed
that the RPM with a restriction in the high-resaatistages in
the coarse-to-fine approach, and the RPM using ffiel Bs a
reference, both improved the accuracy. Figure 8wshthe
changes in the color-shaded maps under the coadffeet
approach for each use of the RPM. From this figitrean be
confirmed that the mismatched points generatechénsguare
areas are not filtered during the resolution stagen the RPM
is not used.

Furthermore, when the RPM is used with DTM as areefee
during the lowest-resolution stage, large mismatghaints are
removed during stage 4 prior to the matching precdesing the
higher resolution stage. Therefore, it is specdlathat
unnecessary searches are prevented and that tesgiry time
is drastically reduced.
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(2) RPM on Low-Resolution Stage

RPM

) W/O RPM
(3) RPM on High-Resolution Stage

) RPM
(4) RPM with DTM reference

>

A g

>

W/O RPM

+“—> «
DTM REF
Figure 8 Changes of the DEM
under the coarse-to-fine approach.
Aerial photo by GSI Japan (2008).

RPM

4. CONCLUSION

In this research, an RPM is proposed for an impr@&verin the
accuracy of the DEM. The RPM is a method for evahgathe
reliability of DEM points by projecting to neighbastereo
models and removing the mismatched points genedeidg
the matching process.
Evaluations of the RPM were performed for five areaser
various photo conditions. A quantitative evaluatiavas
performed by comparing the airborne lidar data tired DEM
extracted through stereo matching, while a qualiat
evaluation was performed using a color-shadedfrelap. The
results confirm the effectiveness of the RPM. Intipalar, it
was confirmed that the use of the RPM with all stamodels,
or with stereo models of the previous and followstigps only,
is effective for an improvement in accuracy.
Furthermore, the RPM was successful in solving toélpm of
non-removed mismatched points generated during dfathe
processing when using the coarse-to-fine. The sgcoé the
RPM in improving the reliability of the matching pess, while
maintaining a fast search, shows the merit of therse-to-fine
approach.
The RPM achieved these results by re-using thecstacels
generated by traditional aerial photogrammetry @lcend
across the strip. That is, these results are aetievithout
generating further processing times for creatingv rstereo
models, which is a problem in multiple viewpointtefdang.
In particular, this research offered the followiadginal ideas
to optimize this process.

)

following strips for evaluating the reliability ahe
DEM points.
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(2) Restricting the process during the high-resolution
stage in the coarse-to-fine approach, and referong
the DTM to remove large mismatched points prior to
the matching process.

Based on the originality of this method, the accyrat the
DEM is expected to improve. This method is alsoeexgd to
contribute toward optimizing the preparation of cpk
information, with a tendency toward higher accuraaigher

density, and a wider area.
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