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1-20 A STUDY ON THE QUALITY OF CAD DRAWINGS OF EXPRESS

WAYSAND ADDITION OF LANE MARKING DATA

Harutoshi YAMADA!, Yoshihide SEKIMOT®and Yutaka MATSUBAYASHi

Abstract: Conversion of a CAD drawing of the horizontal geametan of a road to GIS data is a promising
way for realizing almost real time generation/upttaof digital road maps. In Japan, the collectisrCAD
drawings of expressways and national highways kgsitb recently. In order to utilize this collectidhis ne-

cessary to assess the quality of these drawingse khan fifty CAD drawings of a stretch of an exgwway
with 50 km in length were used for this assessméfitether end points of same line segments thatlghou
intersect on the dividing line between adjoiningwlings really intersect on that line was checkest.fit was

found that the difference between two end pointeds than one millimeter in an absolute size istnoases.

In many of the collected drawings of expresswagselmarkings are not drawn. However, lane markimgs

necessary for lane-level navigation and safe dyidssistance and therefore a handy and inexpemstieod
to obtain the geometry of lane markings was soughtias found that their geometry can be obtainétth w
precision by drawing parallel lines with the cerltee of an expressway. Following these, the cowtdis of
objects on a CAD drawing were compared with the lalbs@oordinates measured by a digital aerial gugar
survey. The objects evaluated include the boundbaycarriageway, the entrance of a tunnel, elevatglges
that are crossing over an expressway and so orutAdighty percent of all measured objects haveQAB
coordinates with the difference less than 1.7 reamparison with the absolute coordinates. Thiskffice is

almost equivalent to the accuracy of a map withsttede of 1 to 2,500.

Keywords: 2D CAD drawings of expresswaydata quality location accuracyaddition of lane markings

1. INTRODUCTION

GIS data of roads are necessary in various IT&l(jint
gent Transport Systems) services including vehelgga-
tion, safe driving assistance and maintenance adigoto
mention a few. Frequent updating of GIS data i aés
quired that reflects the change of road alignmdemte
widths, the number of lanes and the like to providers
with latest information. The need for speedy upuats
greater and more pressing in the field of vehiceigation.

Link level information of roads will suffice for cwen-
tional ITS services like car navigation and traffiforma-
tion provision. However, advanced ITS services irequ
lane level information. For examplé&oad Safety Pro-
gramme 2011-2020", adopted by the EU Commission re-
cently and aiming at cutting road deaths in Eurwpbalf
in the next decade, includes mandatory lane degartu
warning systems as one of pillars of safety meastoe

vehicles. In addition, Working Group 14 (WG 14) of
ISO/TC204, that is responsible for the standarginaof
ITS, is now discussing a ‘Lane Keeping Assist Syste
(LKAS) that recognizes forward lane markings ansisds
drivers to drive keeping in a lafeLane marking data are
essential for the realization of this system.

It is possible to obtain lane marking data by dnyia
measurement vehicle equipped with cameras, laser- sc
ners and other instrumeftsHowever, the cost and time
required for this measurement are considerablerefdre,
alternative measures should be sought.

Ministry of Land, Infrastructure, Transport and Tism
(MLIT) has been promoting CALS/EC (Continuous Acqui
sition and Life-cycle Support/Electronic Commereg)d,
as a result of this activity, electronic delivebhre accu-
mulated that include horizontal geometry plans of national
highways drawn by CAD software. With respect to ex-
pressways, horizontal geometry plans were collequst
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before Japan Highway Public Corporation was praeatiin
2005. Utilization of these deliverables has beetively

studied recentfy®. Among these studies, there is a Com-

prehensive Technology Development Project entitlze
velopment of national surveillance system to reddam-

In order to realize frequent updating of road date,
have proposed the conversion of CAD drawings oftitie
rizontal geometry plan of a road drawn just afteroad
construction work to GIS dat& In line with this proposal,
a manual for the making of CAD drawings for roadrkeo

ages of disastePsand more rapid and advanced updating was compiled?. In this manual, it is specified that the ho-

of fundamental geospatial data was investigateyl the
Information Technology Division of National Institufor
Land and Infrastructure Management (NILIM) and Geos
patial Information Authority (GIS). In this R & Drpject,
where one of us was engaged, the accumulationrafafu
mental geospatial data through the transformatio@AD
drawings of road works into GIS data was stutliedn-
fortunately, this study is confined to national higays and
expressways are not included. Apart from this, phe
neering study by Yamasaki, Yoshida et®athat developed
Japan Highway Data Model (JHDM) is worth noting. In
this study, the alignment information on a completioad
was restored from the alignment figure.

The primary focus of this paper is on the restoratf
lane markings of expressways. There are two reafons
this. The first one is that the needs for thesa dae be-
coming greater as mentioned above. In additiohig) tane
markings are not drawn in many of the CAD drawiofs

rizontal geometry plan of a road be drawn by CAD-so
ware and stored in the SXFtéBdard CAD data_ekange
format in Japanese Construction Field) format thatsed
for an exchange of CAD data.

After these preparations, the collection of CADvdrays
for national highways began in 2006 and now abaenty
percent of national highways are covered. In cehti@this,
almost all CAD drawings of expressways have been al
ready collected. The scale of drawings is 1 to &f0na-
tional highways and 1 to 1,000 for expressways gixie
terchanges or parking areas. For interchanges aridng
areas, the scale is 1 to 500. These scales aredaayugh to
identify the detailed alignment and lanes of a raad road
facilities. An example of CAD drawings of an exmesy
is shown inFig. 1. Each drawing covers 800 meters in
length. Dividing lines, that are the boundary ofoaming
drawings, exist on both sides of each drawing aedea-
pressed as a broken line.

the horizontal geometry of expressways at our hands There are some differences between CAD drawings of

Therefore, it is necessary to investigate whethier possi-
ble to restore lane markings from these CAD drawiagd
how accurate the results are.

In dealing with expressways, there is a restrictioat
does not exist in national highways. That is, ialmost

national highways and those of expressways. FEAD
drawings of expressways do not comply with the na&nu
for the making of CAD drawindgd mentioned above.
Therefore, the CAD-GIS convertor for national higtys™
cannot be used for expressways readily. Some pre-

impossible to go into an expressway and to make- meaprocessing may be necessary. Second, the coorslinte

surements because of traffic regulations these uneas
ments inevitably involve. We have tried to make swra-
ments at the same time when a maintenance work asich
weeding or repavement is carried out but in vaihe T
length of these maintenance works is short in ncases
and their dates are dispersed. An alternative @sutde of
elevated bridges but they rarely exist in flatlidffd#As a
last resort, we have used a digital aerial triaagsurvey to
obtain a true position of lane markings and objetkss is
not an inexpensive method but if the results ofréstora-
tion of lane markings and the positional accurafcgtypects
are satisfactory, the aerial survey will be no kmgeces-
sary.

2. COLLECTION OF CAD DRAWINGS OF ROAD
WORKSAND THEIR CONVERSION

milestones have been recently meastitetbr national
highways and these milestones can function asesemrsde
point for position adjustment. However, the cooat@s of
milestones have not been measured for expressways a
they cannot function in the same way. Last, intretato
the second point, the CAD drawings prepared by NE&XC
have coordinates that correspond to Japanese Ge0det
tum. However, the coordinates themselves are regdan
the on-site measurements, but positions are adjustehe
basis of the calculated results of a center lineer&fore, it
is necessary to investigate the accuracy of thissadent.

The overall process of conversion of CAD drawings t
GIS data is described iRig. 2. The conversion process
consists of the following five steps:
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Each drawing covers about 800 m in length.

Dividing lines, i.e. a boundary
between adjoining drawings

A=
A By S

A
667

La%tg pae

. In this drawing, lanejnarkings are not drawn. !

Fig. 1 An Example of a CAD Drawing
(Above: Relationship of Drawings, Below: Detailedaiving)
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[Step 1] Check of missing drawings: If there are

lowing these, in section 5, the issue 3) is desdilfFinally,

any missing drawings, obtain necessary draw- conclusions and future perspectives are given.

ings.
[Step 2] Check of the consistency on the dividing
line of adjoining drawings: Correction of errors

is made if there are any. In this step, whether end
points of same line segments intersect on the di-

viding line of the adjoining drawings is checked.
If the two end points do not intersect on the di-
viding line, then a correction is made.
[Step 3] Addition of required information such as
location of lane markings, traffic signs and so on.
[Step 4] Correction of the locations of objects on
CAD drawings and combination of drawings.
The correction of the location of an object can be
made before or after the combination of draw-
ings.

® [Step 5] Conversion to GIS data.

In this paper, following issues are addressed dhatre-
lated to Steps 2, 3 and 4 above:

1)
should intersect on the dividing line between two
adjoining drawings really intersect on that line?

Is it possible to restore lane markings that are re
quired for advanced navigation and safe driving
support but are not drawn in almost all expressway
CAD drawings? (Lane markings exist on the draw-
ings of national highways and hence there is nc
problem for them.)

How accurate are the coordinates of objects on
CAD drawing?

The reason lane markings are not drawn is thatadme
tract of the painting of lane markings is assigseparately
after a road construction work and thus lane magskido
not exist on the drawings drawn just after a camsion
work.

In addressing above issues 1), 2) and 3), we hakent
Kyushu Expressway as an example. The drawings leetwe
Yahata-Wakamiya Interchange and Kiyama Parking Aree
were investigated. The length of this stretch isuHifty
kilometers and the number of drawings is fifty eigh

There remains an important issue related to Step 4:

4) Is it possible to combine adjoining drawings to
prolong a road? And how accurate are the com:
bined drawings?

Investigation of the point 4) is now underway ahe t

result will be presented at another opportunity.

In the following section 3, the issue 1) mentiordxbve
is addressed. In section 4, the issue 2) is adehlesol-

2)

3)

3. CROSSING OF END POINTS OF SAME LINE
SEGMENTSBETWEEN ADJOINING DRAWINGS

(1) METHODOLOGY

To check the quality of CAD drawings, we first iistie
gated if the end points of two line segments thetud
intersect on the dividing line between adjoiningwiings
really intersect on that line. The types of sepanadf two
end points can be broken down into three categages
shown inFig. 3. The first category is the case where two
end points overshoot and intersect at differenttpiom
the dividing line. The second category is the cabere
two end points cross the dividing line but do nmaersect.
And the last category is the case where two endtpain-
dershoot the dividing line.

The center line of an expressway, the inner anerout
boundary of a carriageway and the edge of a roeal \&ere

Do the end points of two same line segments thatselected to measure the separation of end pointheodi-

STEP 1

Check of missing
drawings

—

STEP 2

&iwings are

missing here.

Check of
consistency

—N\\_

STEP 3

Addition of
necessary
information 1
1
S\ . 7

Lane markings are added.

STEFP 4

Correction of

locations and
combination of

A dividing line

drawings
e\ + An object on a CAD drawing
STEP 5 @ Correct position of an object

Conversion to
GIS data

Fig. 2 Overall Process of Conversion of CAD Drawings
to GIS Data
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viding line of adjoining drawings. The distance voe¢n ninety percent of separations are less than onkémmaiker
two end points of line segments was measured asrsho except for the edge of road areas. However, in sceses
Fig. 4 using a corresponding function of CAD software. An that are rare, the separation is as large as oter.niiethe
example of the separation of two end points onvéditig separation is so large, then some remedy, which beil
line is shown irFig. 5. described below, should be applied. However, tlesoe
(2) RESULTSAND DISCUSSION why the separation of end points was made is maircl
Table 1 summarizes the result of the measurement and Approximately ninety percent of the separationsaof
the accumulated ratios are shown, too. Pleasethateghe center line are less than 0.001 mm and this ratioigher

difference of two end points of the line segmeatthe fig- than other types of lines by five to ten percent.tfie other

ure in an absolute size and not the distance me@sur a  hand, the ratio of the separation greater thanri@0is 1.7

drawing paper. Almost all the separations are srrafact, percent. This figure is higher than other typebneas.
Proper Case rong Case | rong Case Il rong Case Il

—

/

Two end points of same line
segments of adjoining drawings
should intersect on the dividing

line of the drawings.

Dividing line of End point
adjoining drawings.

Fig. 3 Type of Separation of Two End Points

Wrong Case | Wrong Case |l Wrong Case Il

Distance of Separation

Fig. 4 Measurement of Separation

\ \ ADividing Line

There is a large separation -

between outer most lines ofa \LL,,‘%—”/% | o

carriageway-in the transverse

— direction. \ \

— ! Note: Lengths in mm

Fig. 5 An Example of the Separation of End Points
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Table 1 Measurement Result of the Separation of Two Eridt®o

Separation Center Line of Inner Boundary of Outer Boundary of Edge of Road
in millimeter Expressway (58) Carriageway (113) Carriageway (115) Area (113)
=0.001 89.7 % 80.5 % 84.3 % 85.8 %
=0.01 93.1 % 81.4 % 86.1 % 85.8 %
=0.1 93.1% 84.1 % 88.7 % 86.7 %
=1 93.1 % 90.3 % 96.5 % 88.5 %
=10 96.6 % 94.7 % 98.3 % 90.3 %
=100 98.3 % 99.1 % 100.0 % 92.9 %
=1000 100.0 % 100.0 % 100.0 % 100.0 %

Notes: Figures in parentheses are the number of points fosaneasurement.
Figures in percentage represent accumulated ratios

Wrong Case |

Deleted

Wrong Case |l

‘‘‘‘‘
‘‘‘‘‘‘‘‘

Wrong Case Il

Fig. 6 Correction of Separation of Two End Points

It is worthwhile describing how to deal with thepsea-
tion of end points. We have set two threshold val@@ne
is 0.01 mm, and the other one is 1 mm. If the ssjmar of
two end points is less than 0.01 mm, then the teitp are
regarded as the same point in the CAD-GIS conventan-

4. RESTORATION OF LANE MARKINGS

(1) BACKGROUND
In most of the drawings of expressways, lane mgskin

tioned abov&. In addition, if the separation is less than 1 are not drawn. However, the information of lane kirays

mm, then the accuracy to the fourth decimal pleae foe
maintained for longitude and latitude expresseseiconds.
Therefore, if the separation is less than 1 mmheee re-
garded two end points as the same point. If tharsgipn is
larger than 1 mm, then we have carried out an adprst
of the intersecting point of two end points by prajing
and/or deleting a part of line segment. The details
shown inFig. 6.

If two end points overshoot and intersect at déffer
point from the dividing line, then overshooting tsaare
deleted. If two end points cross the dividing Imé do not
intersect, then one line segment is prolongedtersect the
other one and the excessive part is deleted. Fir&ltwo
end points undershoot the dividing line, then kegments
are prolonged until they intersect and excessiveipale-
leted if necessary. In any case, the intersectoigtis not
located on the dividing line. The influence of thedrrec-
tions will be investigated in the combination stépdraw-
ings.

is essential to sophisticated lane-level vehicleigation

and advanced drive assistance as mentioned aboveb-T
tain this information, an aerial survey or measwgenby a
special vehicle with GPS and video cameras is reduin

any case, this kind of measurement is expensivetiarel

consuming.

One candidate that can substitute for these expensi
measurement methods is the drawing parallel liriés tve
center line of an expressway and taking the regulines
as lane makings. As far as expressways are cort;ethis
method looks promising partly because the widtha laine,

a shoulder and other cross-sectional componentstare
dardized in Japan in accordance with ¢ategory andclass
of an expressway and partly because the radiusrehture
of an expressway is so large that the widening lafna is
unnecessary. In addition, the standardized width&ro
expressway are commonly used in Japan. This ireficat
that if we know the category and class of an exqwagy, it
is easy to know the widths of lanes, shouldersantkdian
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strip. Therefore, by drawing parallel lines wittethenter
line of an expressway, it is possible to estimheelbcation
of lane makings with high precision.

Here, the outline ofategory andclass of an expressway
is given. In Japan, roads are classified into frategories
according to the location where they exist andrttygie*®.
Expressways in rural areas are category | and sspays
in urban areas are category Il. Highways in rureha are
category Il and streets are category IV. The ekredf

In a digital aerial triangular survey, an aircrafted for
surveying is equipped with GPS and IMU (Inertial a4e
surement Unit). The position and the tilt of theceaft are
measured using these sensors. A digital aeriahgtiar
survey has some advantages over the conventional ae
survey. One advantage is that the setting of reéerg@oints
on the ground is no longer necessary. Consequehtye
is no need to go into an expressway and the triidiic will
not be hampered. In addition, data processingggizid.

Kyushu Expressway from Yahata-Wakamiya Interchange Therefore, the cost and time necessary for pratgstata

to Kiyama Parking Area belongs to category |. Eeate-
gory is further divided into classes accordingradfic vo-
lume and the terrain. The stretch selected inphger be-
longs to classes 1 and 2. Class 1 has greatectaafd is in
a flatland and class 2 has smaller traffic.

However, the category and class of an expressway ar
not specified on CAD drawings. It was necessalyndalire
the category and class of Kyushu Expressway ofnl&pa
pressway Holding and Debt Repayment Agency to cblle
this information.

(2 METHODOLOGY

In designing the horizontal geometry plan of a (ahe
center line functions as a reference line. The faaekings
are laid out based on the distance from the cdirier
which can be determined using the standardizedhsidt
This procedure was followed in estimating the lmabf
lane markings as shown Fig. 7. The estimated location
was compared with that obtained by a digital adriah-
gular survey.

CenterLine

can be diminished. These are the reasons we adaputied
ital aerial triangular survey. In this study, thecaracy that
is comparable with 1 to 1,000 scale maps was eddore
the aerial survey.

(3) RESULTSAND DISCUSSION

The minimum distance between the lane markings mlraw
using the procedure mentioned above and the diditiane
marking data obtained by the digital aerial tridagsurvey
was measured.able 2 summarizes the results.

Nearly 90 % of offset lines were located within ®.2
from the real world lane marking and the RMS em@s
0.306 m. This result is encouraging because by Igimp
drawing a parallel line we can estimate the locatiblane
markings with precision. Therefore, it is possibde esti-
mate the location of lane markings at lower cost fom a
shorter time. The width of a lane is approximatlyn for
highways and streets and 3.5 m for expressways@iogo
to the specification dRoad Alignment Ordinance™. On the
other hand, the width of a vehicle is approximately m

These lines exist on
a CAD drawing.

Side Line of a Shoulder \lf
v ,.I,T\I,SideStrip NP
02, “1& 135 4, 135 100 028
RO A s T
HE
¥ ' S
9.5 m from the C.L by
¥ ,' R
6.0 mfrom the C. L. \L \L

—

—

225mfromtheC. L

Location of Lane Markings

Fig. 7 Restoration of Lane Markin
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for passenger vehicles and 2.5 m for trucks aneésué
vehicles are assumed to be driven at the center lafe,
then the lateral margin between a vehicle and thye ®f a
lane is above 0.5 m as far as passenger cars acerced.
However, if a truck or a bus is driven at the cemtethe
lane with three meters in width, the lateral marngironly
0.25 m. This calculation indicates that the differe of
0.25 m is presumably the maximum value that camade
cepted.

In closing this section, it is necessary to say thare is
a limitation of the method proposed here to restare
markings. This procedure may not be applicablentdna
terchange where the geometry of an expresswayniplco
cated and standardized specification of widthsokrele-
vant there. The restoration of lane markings irs¢hareas
remains to be solved.

5. ACCURACY OF THE LOCATION OF OBJECTS
ON CAD DRAWINGS

(1) METHODOLOGY
In order to check the location accuracy of objemts
CAD drawings, we have picked out some objects feach
drawing. The selected objects should be identifieth on
a drawing and on an aerial photo. The followingects
were selected and their location was measured @sifig-
ital aerial triangular survey:

Table 2 Difference of Lane Markings

Difference Number of Accumulated
in meter Points Ratio
=0.25 120 89.6 %
=<0.70 10 97.0 %
=1.70 4 100.0 %
=3.50 0 100.0 %
>3.50 0 100.0 %

RMS Error 0.306

Note: Defference is measured as the minimum distance
between the restored lane marking and that obtained
by the digital aerial survey.

The coordinates of objects measured on a CAD digawin

were compared with the absolute coordinates olddiyea
digital aerial triangular survey that was assuneedthd the
true position. The difference of these two coortiravas
measured and the result is summarizedahle 3. Figures
in this table represent an accumulated ratio. Thestones
were difficult to identify on a aerial photo andnice the
number of measuring points is small.

Among the objects chosen here, elevated bridges hav

the advantage over other objects. That is, it iseaassary
to go into an expressway in obtaining the coordisatf the
elevated bridges. In this study, an aerial survegs w
adopted and hence this advantage was not enjoymrN
theless, in pursuing a less expensive method, titieation
of elevated bridges looks promising.

® Boundary of a carriageway, in particular the nose (2) RESULTS AND DISCUSSION

end of an traffic island and the point where the

road width changes;

and a tunnel; and
°

expressway.

The location accuracy of bridges is good becaus&685
of bridges have the difference less than 1.7 mthadRMS

Structures such as an elevated bridge, a culvertgror is the minimum among the objects. This fig(te?

m) is equivalent to the accuracy of a map withdbale of

Milestones that are placed every 100 m along an; 5 2 500. On the contrary, the location accuratyun-

nels and milestones is not so good. The RMS etfronio

Approximately sixteen objects were chosen from each|esiones is the worst. Therefore, this result iatis that

drawing on average.

objects drawn on a CAD drawing do not have comgarab
location accuracy with each other.

Table 3 Results of the Assessment of Location Accuradc®lojects on CAD Drawings

Distance Ede Structures . All
Bgtwegn Two of : : Milestones Objects
Points in meter | Roadway| Bridges | Elevated Bridgeqd Culverts | Tunnels

=0.25 3.8% 4.7 % 2.7 % 5.6 % 0.0 % 4.6 % 6.3 %
=0.70 30.2%| 354 % 10.8 % 30.6 % 0.0 % 13.6 % 35.2 %
=1.70 73.6%| 85.4 % 62.2 % 72.2 %| 50.0 % 36.4 % 80.9 %
=3.50 94.3 %| 98.6 % 94.6 % 91.7 %| 75.0 % 72.7 % 96.6 %
>3.50 100.0 %| 100.0 % 100.0 %| 100.0 %| 100.0 %| 100.0 %| 100.0 %
RMS Error 1.63 1.30 1.94 1.85 2.35 2.86 1.63
Note: Figures in percentage represent accumulated ratios.
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The difference of the location accuracy among dbjec
may be caused by the transient characteristic wfesob-
jects. For example, milestones are easily damagednb
auto crash. If they are damaged, they will be debdbw-
ever, they may not be rebuilt on the same poséambefore.
This change of the position may not be reflectedttu:
CAD drawing. In addition to this, a minor alteratimay be
done to the original plan during a construction kvand it
is unlikely to be reflected on a drawing.

We have checked the location of end points of aéal/a
bridges identified on site against that drawn orDCdxaw-
ings. One example is shown kig. 8 where a CAD draw-
ing is superimposed on an orthophotograph. In ¢hise,
the difference was as large as 0.43 meter. Thidtrasli-
cates that the objects on a CAD drawing be chosee-c
fully.

A similar investigation of location accuracy wasdean

titted ‘Development of national surveillance systémnre-
duce damages of disast®rsThey used two kinds of
drawings of national highways, one for road improeat
works with the scale of 1 to 500 and the other rfoad
maintenance works with the scale of 1 to 1,000.yThe

measured the coordinates of sidewalks, planting and

bridges by network RTK-GPS and compared them wigh t
coordinates of corresponding objects drawn on CA&nd
ings. It was found that the RMS error for drawirgdsam-
provement works is more than four meters while RS
error for drawings of maintenance works is the sei@m
order. The results obtained here are just betwssm.t

In converting CAD drawings to GIS, it is necesstry
rectify location errors that exist on CAD drawingehe
correction of location errors in each drawing canrba-
lized by transforming a CAD drawing by rotationakog
and translation. The Helmert transformation, a spease

the Comprehensive Technology Development Projeet en of the Affine transformation, can realize thesensfarma-

End point of an
elevated bridge
drawn on a CAD

Fig. 8 Comparison of the location of an end
point of an elevated bridge

(a) A Piecewise Correction
; "
(b) A Correction applied to
combied drawings

LEGEND
+ An object on a CAD drawing
@ Correct position of an object

Fig. 9 Correction of Location Errors

tions and is more preferable because it is distorfree.
This is apiecewise correction Fig. 9 (a)) because it is ap-
plied to each drawing one by one. In a piecewisesction,
two reference points used for location correctioa ae-
cessary in each drawing. In contrast to this, fansation
can be applied teombined drawings Fig. 9 (b)). In this
case, two reference points are required on ctirabined
drawings. Hence, the flexibility of correction isegter. In
addition, the dividing line between adjoining drags is
automatically transformed in this case, and thescthmbi-
nation of drawings can be done more easily.

The accuracy of the combined drawings is underysaid
present and the result will be shown in the neturéu

6. CONCLUSIONS

This paper is the first step to investigate thesjimlty of
the conversion of CAD drawings of the horizontabige-
try plan of expressways to GIS data. If this cosi@r is
realized, then it is possible to provide users Wathst dig-
ital road maps with high frequency.

We have examined the quality of CAD drawings from
two points of view. First, we checked whether epihts of
same line segments that should intersect on thiglinliy
line really intersect on that line. It was founethe sepa-
rations of two end points are small and that nirnpgcent
of separations are less than one millimeter in lasolkate
size. However, the separation is as large as orernre
some rare cases. If the separation is larger thamml we
carried out an adjustment of the intersecting pointwo
line segments by prolonging and/or deleting a patihem.
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In addition to this, we have checked the locatiocusa- 4)
cy of objects on the CAD drawings. The coordinadés
objects measured on a CAD drawing were comparell wit
the absolute coordinates obtained by a digitalaherian-
gular survey. It was found that the location accyraf
bridges is good and 85 % of bridges have the diffee 5)
less than 1.7 m. However, the location accuracyofels
and milestones is not so good. In addition, it Yeasd that
CAD drawings do not necessarily reflect the resoftson-
struction works. 6)

We have proposed two ways of correcting this déffee.

One is to apply Helmert transformation to each dngw

and make the difference as small as possible. Tier one

is to apply Helmert transformation to combined drags.

In the latter case, only two reference points arpired on  7)
combined drawings and thus it has more flexibitiian a
piecewise correction, in which case two referenoitp 8)
are necessary on each drawing. However, it is ibgdvte 9)
that there exist two reference points on each drgwi 10)

We also tried to restore the location of lane nregki
because in most of the drawings of expressways lane
markings are not drawn. Standardized widths are fize

the layout of an expressway in Japan, and henagrdoy- 11)
ing parallel lines with the center line of an exqaway the
location of lane makings can be estimated easilyas
found that the RMS error of this estimation is &3®. 12)

This figure is satisfactory at least for lane lemaligation.
In addition, this drawing-an-offset technique isdexpen-
sive and leads to time saving.

The remaining issue is the combination of adjoining
CAD drawings to obtain prolonged GIS data of an ex- 13)
pressway.
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