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Application of GIS-based Viewshed Analysis
for Selecting Optimal Viewpoints and for Evaluating

the Sight Distance on a Haul Road in Open-pit mines
Yosoon Choi, Jang Won Suh, Hyeong-Dong Park* and Choon Sunwoo

Abstract : This study presents an application of GIS-based viewshed analysis to an open-pit mine to improve the
safety of mining operations by considering the visibility effects. The proposed methodology considers the intervisibility
between a viewpoint and target points on a Digital Elevation Model (DEM) and determines the set of visible target
points as a viewshed area of the viewpoint. The application at the Pasir open-pit coal mine, Indonesia showed that
the proposed methodology could be used to select the optimal viewpoints around the pit by evaluating the ratio
of pit to viewshed area. The other application showed that the hazardous sections with limited sight distance could
be effectively identified by analyzing the viewshed at the points through the center-line of a haulage route.

Key words : GIS, Viewshed analysis, Open-pit mine, Mine design, Sight distance
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Fig. 3. Thematic maps of the study area. (a) Roto Middle, (b) Roto North, (¢) Roto South
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Fig. 4. Views of the study area which are taken (a) from the viewpoint in the Roto Middle, (b) from the viewpoint
in the Roto North, (¢) from the upper viewpoint in the Roto South and (d) from the lower viewpoints in the Roto South.
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Fig. 7. Selection of the optimal viewpoint at the Roto
Middle. (a) Four candidate sites which are selected based
on the visibility index, (b) Ratio of the pit to viewshed
area determined from each candidate site
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Fig. 8. Selection of the optimal viewpoint at the Roto North. (a) Four candidate sites which are selected based on the
visibility index, (b) Ratio of the pit to viewshed area determined from each candidate site and from several combinations
of candidate sites

D Cover
area (m?) | 10 20 30 40 50 60 70 80 90 100

13 | 3.088,000 ' 89%

15 | 2,879,200 83%
46 | 1,334,800 38% :

1,7 | 2,983,600 86%
13.4 | 3,305200 95%
157 | 3,274,800 = 94%
23.4 | 3,262,000 - 04
26,7 | 3,298,000 - 95%
12.3.4 | 3,327,600 95%
2.3.45 | 3,295,200 - 95%

(b)

Fig. 9. Selection of the optimal viewpoints at the Roto South. (a) Seven candidate sites which are selected based on
the visibility index, (b) Ratio of the pit to viewshed area determined from several combinations of candidate sites
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Fig. 10. Examples of unsafe conditions of a truck moving
through a haul road due to the limited sight distance. (a)
Vertical curve, (b) Horizontal curve (modified from Kaufman
and Ault (1977))
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Fig. 11. (a) Stations through center line of the haul road, (b) Sight distances which are determined from Station 21 and

Station 51.
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Fig. 12. Sight distance of the stations in Fig. 11 (a) with
assumed stopping distances of a truck moving to downhill.
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Fig. 13. Examples of the remedy to the unsafe conditions.
(a) The vertical curve has been lengthened comparing with
Fig. 11 (a), thus creating a sight distance longer than the
required stopping distance, (b) The horizontal sight distance
can be lengthened longer than the required stopping distance
by removing some trees or laying back the slope (modified
from Kaufman and Ault (1977))

HHe2 gdu] 2h¢fo] e Zlow webdr) Fig 132

PRIARY SRS 9Js) BOIA HE 7R AF ]
Wore AAE

A48 A3%



)
2
IN

By

Q4 AR

o

)

SUER A RS Bt S
A9, WU SWER MAX Folzl B e uf
2 euERel YT FE IAET S g
Fholeele AAG 4 9he Aolet 7ldfaiek

g B
B AT A WA BET 5 G A
218 9 Bk 7149] ShbRA, GIS 74 7hAle] 2
4 7ol 2§t AASTh AwUlAo} shiE
Aet = HIALe] 370 YPRAS garo s BEA AR
2 9Ia A ST A3k WY A A
7] A FASE HAT S U3, 4

o
fu
r
i L
Ja)

i oAl Al 7ol v
o= giste] B2 HA NS AHT
. BAE) 4 B2 0 @A) A Eo]
sl XS uashe 35 AgH Pt 2
SR el B2 91X9] Aol S WT
ol Fol, AHEA] Yol B A
ARS] A2 G5 B7HA GIS 7|4k 7bAEe 2
1He] mgAle] ol YNt 4= gtk & WA AR
Al A2 e PUERE dyos

¢

S
© ey
o
T
N

X
o Mo
2

I so
4 32 o
Alh% oot

§§w
)
7‘12

2 oy o 30 Ay
o OFPE

N

AL—]_ Z/Ug] = /\-]0 /\6301.
21 23k Al AR ols) 22 25 o) 4194

Y Q1Fo] o ES AEE S SiTE 2 A

A AAEE GIS 7]9F e ATAL 7pA e B 7| He A

FAQ A A7 HE o= A A

EE A8 9 A dA0NAE f-851A 28d 4 3
o8 7]tk

Ir

o

Al A}

B Q7 20081 ESNHEAIS] 28] FfaiEl
A1), EAISIAR 24IA) A UKRE-2007-511-D00299)

I} SR AL AT Lo] £l Q= AARUR &

QATARI(TFE A = AT Aopbd ebgA
WA S A xm%z SayEglon], Eah

A4S Tt okl AloE olfolAr,
EHn2S

o]%4, 2006, “GISE o] &3 ABUAZEA ] Bt
L e A erE<), A15E, 115, pp. 1069-1075.
Ha$ Aoz uvrEE 2006, “FHYAE 93 dFE
He R WA AR G AL P

T A A L6532 A

e

5 . [e]
uE - 4

N1

.

b

/%], A434, 5%, pp. 429-438.

24, 2005, “GISS}E RSE 0|83 etiid=d3d 7
HEA B4 B AF” x5 FH55 %, A,
4%, pp. 114-122.

Asarco Mineral Discovery Center, 2008,
<http://www.asarco.com/AMDC/mine_tours.html>, Cited
22 June 2008.

Camp, R. J., Sinton, D. T. and Knight, R. L., 1997,
“Viewsheds: a complementary management approach to
buffer zones,” Wildlife Society Bulletin, Vol. 25, No. 3,
pp. 612-615.

Choi, Y., Park, H.D. and Sunwoo, C., 2008, “Flood and
gully erosion problems at the Pasir open pit coal mine,

“Mine Tours,”

Indonesia: a case study of the hydrology using GIS,”
Bulletin of Engineering Geology and the Environment,
Vol. 67, No. 2, pp. 251-258.

De Floriani, L., Marzano, L. and Puppo, P. E., 1994,

“Line-of-sight communication on terrain models,” International
Journal of Geographical Information Systems, Vol. 8,
No. 4, pp. 329-342.

Eastman, L. J., 2003, IDRISI Kilimanjaro: Guide to GIS
and Image Processing, Clark University, Worcester, USA,
pp. 95-96.

Ellsworth, J. C., 2000, “Design principles for recreating
visual quality on surface mined landscapes,” In: Burley,
J. B. (eds.), Environmental Design for Reclaiming Surface
Mines, The Edwin Mellen Press, New York, USA, pp.
329-361.

Fisher, P. F.,

the accuracy of the viewshed area,”

1991, “First experiments in viewshed uncertainty:

Photogrammetric

Engineering & Remote Sensing, Vol 57, No. 10, pp.
1321-1327.

Fisher, P. F.,
in viewshed analysis,” International Journal of Geographical
Information Systems, Vol. 7, No. 4, pp. 331-374.

Fisher, P. F., 1996, “Extending the applicability of viewsheds
in landscape planning,” Photogrammetric Engineering &
Remote Sensing, Vol. 62, No. 11, pp. 1297-1302.

Franklin, W. M., Ray, C. K. and Mehta, S., 1994, Geometric
algorithms for sitting of air defense missile batteries,
Technical Report on Contact No. DAAL03-86-D-0001,
Battelle, Columbus Division, Columbus, Ohio, USA, pp.
1-116.

Johnson, G. A., 1980, “Improved visibility systems,” In:
Andrus, C. D. and Norman, L. D. (eds.), Surface Mine
Truck Safety (Bureau of Mines Information Circular 8828),
Department of the Interior, Washington, USA, pp. 22-39.

Kaufman, W. W. and Ault, J. C., 1977, Design of Surface
Mine Haulage Roads-A Manual (Bureau of Mines Infor-

1993, “Algorithm and implementation uncertainty



A
N

mation Circular 8758), Department of the Interior,
Washington, USA, pp. 8-9.

Kidner, D., Sparkes, A. and Dorey, M., 1999, “GIS and
wind farm planning,” In: Stillwell, J., Geerman, S. and
Openshaw, S. (eds.), Geographical Information and Planning,
Springer, London, UK, pp. 203-223.

Kim, Y. H., Rana, S. and Wise, S., 2004, “Exploring
multiple viewshed analysis using terrain features and
optimisation techniques,” Computers & Geosciences, Vol.
30, No. 9-10, pp. 1019-1032.

Lake, M. W., Woodman, P. E. and Mithen, S. J., 1998,
“Tailoring GIS software for archaeological applications:
an example concerning viewshed analysis,” Journal of
Archaeological Science, Vol. 25, No. 1, pp. 27-38.

Lee, J. and Stucky, D., 1998, “On applying viewshed analysis
for determining least cost paths on Digital Elevation
Models,” International Journal of Geographical Information
Science, Vol. 12, No. 8, pp. 891-905.

A4 9 edt=g ZRX AR A B7EE 913 GIS 7IRE ZRAEe] B4 7ol A8 275

Miller, W. K., 1976, Analysis of haulage truck visibility
hazards at metal and nonmetal surface mines-1975, (Mining
Enforcement and Safety Administration Information Report/
1976), Department of the Interior, Washington, USA, pp.
1-2.

O'Sullivan, D. and Turner, A., 2001, “Visibility graphs and
landscape visibility analysis,” International Journal of
Geographical Information Science, Vol. 15, No. 3, pp.
221-237.

Wang, J., Robinson, G. J. and White, K., 1996, “A fast
solution to local viewshed computation using grid-based
digital elevation models,” Photogrammetric Engineering
& Remote Sensing, Vol. 62, No. 10, pp. 1157-1164.

Wang, J., Robinson, G. J. and White, K., 2000, “Estimating
surface net solor radiation by use of Landsat-5 TM and
digital elevation models,” International Journal of Remote
Sensing, Vol. 21, No. 1, pp. 31-43.

e
20044 A geisha gaidjst x| 7eh4
AR L
20064 Agrish distel
ARBEE, FEkAAL

A7 3AA

A AL 5l oA Al AT g sk uiklaly
(E-mail; yspower7@snu.ac.kr)

MEHE

20079 A grishn gatdist x| 7ehs
NECE LR

A ALTSHL o) oA Al AT g sk Axlay
(E-mail; jangwonsuh@hanmail.net)

-

19881 Agrish et AEst
3, Faha)

19904 A grishi distel Az,
2EpAAL

19941 93 eiciota glsflel el 2ol
A Ak, olshutat

AR ALTskm Fatdist ol AsRlgeh g
(E-mail; hpark@snu.ac.kr)

o =
Mz

19789 Alefsta Fatdiet AHUger

T, Bk}
19849 Al Sofsta chakl Aelal
BEAA)

19884 stk mke] VI thekal, oghAL

A F=AEALA
(E-mail; sunwoo@kigam.re.kr)

T ANRPAATE A AT

A48 A3%




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


