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ABSTRACT:

Range imaging (RIM) camera is recent technology in I8&ation measurement. The new study areas have &eerged in
measurement and data processing together with Rikkia It has low-cost and fast measurement tecknaqumpared to the
current measurement techniques. However its maasmteaccuracy varies according to effects resuffiom the device and the
environment. The direct sunlight is affect measwetaccuracy of the camera. Thus, RIM camera shbeldised for indoor
measurement. In this study gravel pile volume waasured by SwissRanger SR4000 camera. The measlwetkvis acquired as

different 8.13% from the known.

1. INTRODUCTION

RIM camera measures location data with video raienfthe
measurement field. Hence, it is possible to measoobile
objects as well. Depending on the measurement iggo@of the
camera, different methods have been practised in
measurement and data processing. Up to now, RIM reahas
been used in various fields such as robotic, sgcundustrial,
computer technology and deformation measuremerd. quite
affordable measurement device.

Beringe (2012) and Oggier et al. (2004) were stétetl RIM
camera has the capacity and superiority to be usstdad of
laser scanning and photogrammetric method
applications. Centeno and Jutzi (2010) made measumtsm
with various ranges for different types of surfamed compared
their amplitude and precisions. They exposed thatldcation
data have sufficient accuracy and integration tsheuld be
adjusted according to the light in the environménaccurate

that can be encountered while doing measuremerits RIM
were considered and some suggestions were given.
Furthermore, 64x64 pixel CMOS time-of-flight camenas
introduced by Gokturk et al. (2004). They gave wrmlthat
influence the measurements.

3D

Piatti (2010) tested PMD Cam Cube3 and SwissRanger®R40
cameras and usage of measurements of the camerasl@iing
studies were analyzed. In the study, 1.5-4.0m wasd to be
the effective measurement range for SR4000 camanatstio
(2010) analyzed error sources. After making calibraof the
camera, it was used for measuring deformation. Bingus
SR3000 and SR4000 cameras, even 3mm deformationd coul

in varioube measured with 0.3mm standard deviation. In tstidies,

measurements from different perspectives were cosabivith
iterative closest point method (Besl and McKay, 19G@Ren
and Medioni, 1992). In the study of Boehm and Pstiin
(2010), laser scanner and camera measurementsamiEned
with iterative closest method.

points are become on the measurement when unslitabl

integration time is assigned. If integration tinsetdo high, the
measured points are closer to the camera compaoed
measurement surface otherwise, if it was assigsetb@ low
points are behind the measured surface. Kahlmaah €006)
stated that the range measurement accuracy of Baviger-
SR2 camera is 5-10 mm and inner and outer heateodé¢hice
influences the accuracy. It was stated that ther eesulting
from inner heat emerges as a regular error resoaréew
seconds after the device begins to operate andarit lme
modelled. Similarly, the influence resulting frommtperature
difference in external environment can be modelliddreover,
camera was installed on total station, and dissnuasured by
RIM camera and total station were compared. It wasved
that relative accuracy of the distance measureRIb camera
is a few microns. Kahlmann (2007) analyzed the ceffef
integration time, surface reflectivity and light g of the

Hussmann et al. (2008) compared range imaging @amih
photogrammetric stereo evaluation method. The fofldiew,
determination of conjugate point and convenience fo
measurement were evaluated in the comparison. In
photogrammetric method, analysis field must be e both
images, but this is not always possible. Obtaimiaimt location
from photographs requires effort. However, RIM caamer
collects location data instantly.

The measurement precise of RIM camera depends many
parameters related with the camera and the envenhon the
measurement side. Because accuracy of the camaffedsed

by direct sunlight, it should be used for indoorasierements.

In this study, gravel pile volume was measured RA®O
camera and the results were compared with the kramaunt

of the volume.

camera on measurement precision for SR-2 and SR-300

cameras. Rapp (2007) analyzed time-of-flight propsrand
imaging systems PMD|vision] 19k, SR3000 and Effec@@D
cameras and compared their measurements. Morecases
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2. TIME-OF-FLIGHT MEASUREMENT

RIM camera makes measurement with time-of-flight R)lo
technique (Beringe, 2012; Piatti, 2010; Lange, 200)e
signal is sent for each pixel, and ranges and sities of the
object points are measured instantly. The measues
converted to Cartesian coordinates (XYZ) center lwttvis the
optic axis and coincident with front face of theneaia (SR4000
Manual, 2012; Jamtsho, 2010). RIM camera uses @drar
wavelength lights and it has no negative effects haiman
health. The measurement can be carried out withowsr
modulation frequencies. The sunlight causes backgio
illumination on the pixels. Therefore the errorscuarcon the
measurement of range and amplitude. Background aritipta
reflections within the camera were investigatedKlayel et al.
(2012) and Jamtsho and Lichti (2010). In order tevpnt this
error, the filters that permit to specific wavelémtight only are
used. But it is not assure the accuracy measurembatefore
the camera should be used to indoor measuremegtinital
properties of SR4000 camera are given on Table 1.

Table 1. Technical specifications of SR4000 camegRL(1)

Field of view (HxV°) 43x34

Pixel array size(HxV) 176x144

Range (m) 0.1-5.0

Focus length (mm) 10.0

Absolute accuracy (mm) 10(typ.) at 99% target refle
Wave length (nm) 850

Modulation frequenajvHz)  Up to30 selectable
Operating temp.°C) 10to 50

Max. frame rate (fps) 50

Weight (gr) 470

Dimensions (mm) 65x65x68
Connection USB or Ethernet

One of the important values which influence measerda
accuracy of RIM camera is integration time (IT). di€fines
emerging period of the signal by frequency generatut. It
should be within or above the ideal value to obthigh
accuracy from the measurements. The proper valli€ whries
according to the measurement surface, range amdkirtcangle
of the light (Jamtsho, 2010). The relationship lestw
integration time and standard deviation of theadlisé is given
on Figure 1.
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Figure 1. The relationship between integration tand
standard deviation of distance. The measuremeriédeas
performed on the white wall from 167cm distancenvgiétting
30 fps and 30 MHz modulation frequency (Altunta3142)

Integration time of SR4000 camera varies betweerb®-2
(arbitrary). These values correspond
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(milliseconds) in SR4000 camera and calculated with
Equation (1) (SR4000 Manual, 2012).

IT = 0.300ms+ (ITy_s55) 0.100ms (1)
SR4000 camera measurements are recorded in ASCliaform
and range and amplitude images are generated frese data
by user codes. In each measurement file, five rdiffe values
are recorded on pixel design of the camera (144xdiXél).
These are respectively Z, X, Y coordinates, amgétiand
confidence map. Z coordinates are given as catiirdistances
in the file. The effect of distortion in SR4000 came
coordinates were removed with factory defaults.

The differences occur between successive framesded from
the same image area in the stable position of cardee to
systematic errors. In order to minimize the effeaftthe errors,
many frames from the same field of view are recdrded
average image file is formed. The previous stusiesv that ten
successive images are enough to precise measuréRiatit,
2010).

Systematic errors influencing RIM camera measuresnang
divided into two categories dependent and indepetidem the
environment. Systematic errors independent from
environment are radial distortion and range deteation
errors. Range determination errors are composetfsgitpscale
and time errors. The errors depend on the envirohraee
amplitude, illumination and multipath errors varnyirfrom
environment to environment (Jamtsho, 2010).

the

Multipath error is the case in which light turnschdo camera
reflecting from different surfaces. So the corresting object
point of the pixel is measured at a range furthantit must be.
This error is generally formed on concave surfatere both
surfaces intersect.

3. RESULTS

The gravel pile on civil engineering laboratory wasasured by
RIM camera (Figure 2). At the beginning the realwoé of the
gravel pile was determined with the scale cup.

Figure 2. The volume measurement of the gravellpile
SR4000 camera

to 0.3-25.8 ms
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The gravel pile which has complex shape was medsfuom
two stations by RIM camera. The 30 images were dszbin
each station with integration time 3.3.ms. The mé@tances
between the camera and the pile are 1.17 and letdrgnfor
two stations respectively. The average image fithe recorded
30 images in each station was computed by develbfetthb
in-house code. Then the standard deviation of pa@h (point)
were calculated with Equation (2) (Piatti, 2010).
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frame andoc is the experimental standard deviation of any
The standard deviations of the average

measurement.
measurements are shown on the Figure 3.
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Figure 3. Standard deviations of the average measnts from
two station

This two point clouds were combined in the coortingystem
of the first. For this, the second point cloud wegistered into
the first. The registration was made by iteratil@sest point
(ICP) method using PolyWorks software (InnovMet2607).
The standard deviation of the registration is 3.2dnm order to
increase accuracy of the volume computation, on etiges,
about 10 percent of the frames was ignored. Actuaall the far
away edge of the frame the standard deviationgh than the
others (Figure 3). The triangulated surface wasterk and
topological errors has been eliminated. The refereplane
have to be defined to compute of the volume. Thioting pile
is on the smooth ground, reference plane was ddatehree

points selected on the ground (Figure 4). Then wbleime
between the reference plane and the triangulatefdcseuwas
computed (Table 2).

Figure 4. The triangulated and mesh models of theg pile.
The reference plane was created by three poirgstsel from
the ground interactively
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Table 2. The computed volume

Measured | Real (known) | Difference Ratio

volume volume

(m’) (m°) (m°) %

0.0570 0.0616 -0.0046 -8.13
4. DISCUSSION

The accuracy of the SR4000 camera is 1cm at 5 rditEnce.
In this study the measurement range is about 1nth&errors
of the distances are about 1 cm or small. On therdband
since the object sampling step (pixel size on ti&) 5 about
4.2mm, the pile can be measured with a large numbgoints.
Because accuracy of the range cameras change awrddi
reflectivity of the measured surface and other otffe the
accuracy is not same level on all the pixels. Esigcaccuracy
of the distance is decrease when the incidenceeaagl the
measured distance are increased. Thus the thin efrithe
edges or especially the image part that have tiye Istandard
deviations have to be eliminated. If the pile isasw@ed from
more stations, the registration can be executd@Bywith high
accuracy.

The pile volume was measured as different 8.13% fits real
volume. The difference could be resulted from treasurement
accuracy of SR4000 and pile shape.

5. CONCLUSION

In this study pile volume was measured by SR4000ecam
Considering max measurement range (5m) and pixelsizhe
object RIM can be used in pile volume measurementdator
environment. Measurements can be made in high acguwvith
proper camera parameters. RIM camera is fast anecdoiv
measurement in comparison traditional and lasenrsng
techniques. Further study will focused to invegdga
relationship between volume accuracy and surfaea af the
gravel pile.
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