PERFORMANCE EVALUATION OF CARD SIZE DIGITAL CAMERA FOR
PHOTOGRAMMETRIC APPLICATIONS

Yuji Ejima’ *, Hirofumi Chikatsu

Tokyo Denki University, Department of Civil and Environmental Engineering,
350-0394 Hatoyama Saitama, Japan
yuji@chikatsu-lab.g.dendai.ac.jp, chikatsu@g.dendai.ac.jp

Commission Youth Forum

KEY WORDS: Photogrammetry, CCD, Performance, Accuracy, Digital Camera

ABSTRACT:

Recently, downsizing of amateur digital cameras which have high resolution CCD sensor are amazingly increasing by modern
semiconductor and digital technology, and there are many downsized amateur digital cameras on the market in Japan. On the other
hand, developing a low-cost photogrammetric system using armature digital camera is one of the important issues for the ISPRS WG
V/4 (Image Analysis and Spatial Information Systems for Applications in Cultural Heritage). Therefore, downsized high resolution
amateur digital camera or high resolution mobile phone with GPS are expected to contribute enormously for development of digital
photogrammetry.

In these circumstances, downsized high resolution armature digital camera which have more than 3 mega pixels and 30mm or less in
thickness was defined as a card size digital camera, and performance evaluations for 7 kinds of card size digital cameras were
investigated by the authors from the view point of digital photogrammetry in this investigation.

performance evaluation for card size digital cameras were
1. INTRODUCTION performed in this paper.
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number of pixels of amateur digital cameras have been
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2001), and software for low-cost digital photogrammery

“3DiVision” was designed to perform convenient 3D 5,[:] :

measurement using amateur digital cameras(Chikatsu & Kunii, 5.0 (‘fg,ﬁﬁg‘jﬁ;

2002). Application of 3DiVision to 3D modelling of historical 45 o

object was also investigated from the viewpoint of digital a0 (OLYMPUS

archives (Nakada & Chikatsu 2003). 2 3s QV-3000EX

On the other hand, amateur digital cameras were miniaturized 2 ., Fmem(fz:s:]m

and lightened drastically as a current trend. Furthermore, s (FUILFILM)

mobile phones with high resolution CCD sensor with more than 5 25 FinePix700 C2500L
e . . E 20 (FUJT FILM) (OLYMPUS)

one million pixels were appeared on the market in 2003, and 3 C1400L

which enabled us to use a high resolution digital image easily. 15 ~ouvmeus PowerShotPro70 |

In these circumstances, various applications of amateur digital 1.0 = mvect - psX (Oi;?&"ius P (Canon)

cameras to digital photogrammetric field and uniting with the 0.5 (SONW‘T&S‘:::””

telecommunications field are expected. 0.0

With these motive, downsized high resolution armature digital 1986 1988 1990 1992 1994 1996 1998 2000 2002

cameras with more than 3 mega pixels and 30mm or less in
thickness was defined as a card size digital camera, and

Year of issue
Figure 2 Evolution of number of pixels in amateur cameras




2. PERFORMANCE EVALUATION OF CARD SIZE
DIGITAL CAMERA

2.1 Experiments

In order to estimate accuracy of card size digital cameras,
experiments were performed using 7 kinds of card size digital
cameras. Figure 3 shows these cameras and Table 1 shows the
major components for these cameras. Stereo images were taken,
and camera calibrations were performed by the resection
method using 9 control points. After the camera calibration,
accuracy was estimated using R.M.S.E. for 33 check points.
Test target were made by the accuracy of *0.0lmm for plane
coordinates and =0.5mm for vertical. Figure 4 shows the test
target. 9 out of the 42 points on test target were used for camera
calibrations, and other 33 black points were used as check
points.

Stereo images for the test target were taken five times with each
camera under the same condition (distance from the center of
camera to test target, length of base line), and image
coordinates for each point were given as the center of area
gravity by image processing. Accuracy for 3D coordinates of
check points was compared with space resection using 9 GCPs.
The average accuracy for 3D coordinates of check points were
investigated in this paper.

DlMAGE Xl

"DSCF7T

b=
E
=

IXY DIGITAL30 OptioS

Figure 3 Card size digital cameras

O : Control Points
@ : Check Points

360(mm) ” >
360(mm)

Figure 4 Test target

2.2 Evaluation of Lens Distortion

In order to estimate lens distortion for card size digital cameras,
three different lens distortion models shown in Table 2 were
investigated. Model 0 means no correction for lens distortion,
model 1, 2 consider only radial symmetric distortion, and
model 3 considers both radial and tangential distortion (Fryer,
1986).

Figure 5 shows the R.M.S.E. for 33 check points by each lens
distortion models, and R.M.S.E. for the other amateur digital
cameras with more than 3 mega pixels are shown together. It
may be seen from the results that lens distortion for the
armature digital cameras are improved by radial polynomial 3rd
degrees distortion model (Model 1), and model 2 and model 3
do not show any further significant improvements compared
with modell.

Similarly, R.M.S.E. for some card size digital cameras are
improved by modell. However, RM.S.E for some card size
digital cameras are improved remarkably by Model 3. It may be
said that the reason are depend on some mechanical problems in
downsizing and lightening process such as lens storage
mechanism and multi-layer structural lens, and individual
problem of the specific card size digital cameras. Therefore, it
can be said that lens distortion for the card size digital cameras
should be corrected by using radial and tangential model,
instead of lens distortion for the armature digital cameras can be
corrected sufficiently using radial polynomial 3rd degree model
as usual.

2.3 Relation between image resolution and accuracy

The relationship between the image resolution and accuracy is
shown in Figure 6 and 7, and the results for armature digital
cameras are shown together. Figure 6 shows the R.M.S.E for
the both camera groups corrected by Model 1. Figure 7 shows
the RM.S.E. for armature digital cameras by Modlel, and
R.M.S.E. for the card size digital cameras corrected by Model 3.
It may be concluded from these figures that the significant
accuracy are achieved in the case of digital card size cameras
when lens distortion are corrected by model 3.

Table2 Lens distortion models

Model No Correction item Equation
0 No correction.
. . . dx = kr’x
1 Radial distortion v
dy=kr’y
. . . dx =kr*x+kr'y
2 Radial distortion do—kry+kty
. . . . dx:k,rszrkz(rz +2xz)+ ky2xy
3 Radial and tangential distortion dy =k Py, (rz +2yz)+ k,2xy

Where, d, and d,, : correction value,k; ,k; and k; :distortion
coefficient

x and y : image coordinate, 7> = x* + °

Table 1 Major components of the card size digital cameras

Producer [Product Name Number.of Pixel CCD Sensor Size WX H X D) Weight
(Mega pixcel)
CASIO EXILIM ZOOM EX-Z3 3.20 1/2.5 inch 87.0x57.0%X229 mm 126g
MINOLTA |DIMAGE Xi 3.20 1/2.7 inch 84.5x72.0x20.0 mm 130g
MINOLTA |DIMAGE Xt 3.20 1/2.7 inch 85.5X67.0X20.0 mm 120g
Canon IXY DIGITAL 30 3.20 1/2.7 inch 85.0Xx56.0%X23.9 mm 165g
PENTAX |OptioS 3.20 1/2.5 inch 83.0x52.0%Xx20.0 mm 98g
SONY cyber—-shot DSC-F77 4.00 1/1.8 inch 92.6 X71.0X27.0 mm 152g
SONY cyber-shot DSC-T1 5.10 1/2.4 inch 91.0xX60.0X21.0 mm 155g
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3 PERFORMANCE EVALUATION BY OUTDOOR
EXPERIMENT

In order to evaluate more practical accuracy, experiment was
performed at outdoor using following 4 card size digital
cameras and armature digital camera (CP-900Z). 17 targets
were set on the test field which shown in figure 8. Circled 9
points were used for camera calibration, and other 8 points were
used as check points. 3D coordinates of each target are
measured by the total station (Accuracy of distance is = Ilmm,
accuracy of angle is =2” ), and image coordinate were given
as center of area gravity by image processing procedures.

Stereo images were taken 5 times using the 5 cameras so that
base-height ration (0.34) might become the same condition
(distance from the center of camera to test field (H:23.617m),
and base line(B:8.029m)).
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Figure 8 Test field

Table 3 R.M.S.E for the check points
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Where, H: altitude, f: focal length, B: base line
o p:pointing accuracy

Table3 shows R.M.S.E for 8 check points. Model 1 means the
results which were corrected by radial polynomial 3rd degrees
distortion model, model 3 means by radial and tangential model,
theoretical values means computed values using Egs. (1) as
pointing accuracy for each camera was assumed 0.3 pixel.

It may be said from this results that lens distortion for the card
size digital cameras can be improved by radial and tangential

distortion model as well as experiment on the above-mentioned,
in particular XY accuracy is considerably improved by model 3.
The accuracy for the card size digital cameras which were
corrected by Modl 3 showed almost same accuracy compare
with CP-900Z which were corrected by model 1. Furthermore,
the accuracy for the card size digital cameras which were
corrected by Modl 3 showed almost same accuracy compare
with theoretical accuracy.

Consequently, it can be concluded that card size digital cameras
are ushering in photogrammetric fields as an essential tool,
which have ability to promise convenient photogrammetry

4 CONCLUSIONS

Performance evaluation of the card size digital cameras for
digital photogrammetry were investigated. XY accuracy is
considerably improved by radial and tangential distortion model
(model 3), and lens distortion for the card size digital cameras
can be improved by model 3. Nevertheless lens distortion for
armature digital camera with more than 3 mega pixels can be
improved by radial polynomial 3rd degree distortion model as
usual.

On the other hand, from the results of the relationship with
accuracy and pixel numbers, it can be seen that accuracy for the
card size digital cameras which were corrected by model 3
shows almost same value with high resolution armature digital
cameras with more than 3 mega pixels and professional digital
cameras with 6 mega pixels

Furthermore, the accuracy for the card size digital cameras
which were corrected by Model 3 showed almost same
accuracy compare with CP-900Z which were corrected by
model 1 and with theoretical accuracy.

Consequently, it is expected that card size digital cameras are
popularly used in photogrammetric fields as a essential tool
which have ability to progress convenient photogrammetry.

Reference from Other Literature:

Y. KUNII and H. CHIKATSU, 2001, On the Application of 3
Million Consumer Pixel Camera to Digital Photogrammetry,
Proceedings of SPIE (Videometrics VII), Vol.4309, pp.278-287

H. CHIKATSU and Y. KUNII, 2002, Performance Evaluation
of Recent High Resolution Amateur Cameras and Application
to Modeling of Historical Structure, International Archives of
Photogrammetry and Remote Sensing, Vol.XXXIV, Part5,
pp-337-341, Corfu

R. NAKADA and H. CHIKATSU, 2003, Generating 3D Model
of "Meguro Residence" using Digital Armature Camera,
International Archives of Photogrammetry and Remote Sensing
(CD-Rom), Vol. XXXIV-5/W10, ISSN 1682-1777, Vulpera

Fryer J. G. and Brown D.C., 1986, Lens Distortion for Close-
Range Photogrammetry, Photogrammetric Engineering and
Remote Sensing, Vol.52, No.1, pp. 51-58.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


