
�2003 The Visualization Society of Japan and Ohmsha, Ltd. 
Journal of Visualization, Vol. 6, No. 3 (2003) 245-252 

Unseeded and Seeded PIV Measurements of River Flows 
Videotaped from a Helicopter 

Fujita, I. *
1
 and Hino, T.*

2
 

*1   Research Center for Urban Safety and Security, Kobe University, 
1-1 Rokkodai, Nada, Kobe, 657-8501, Japan� 
Tel:+81-78-803-6439 / FAX:+81-78-803-6394 
E-mail: ifujita@kobe-u.ac.jp 

*2   Kinki Regional Bureau of the Ministry of Land, Infrastructure and Transport, Osaka, Japan� 

Received  21  October 2002 
Revised  30  March 2003 

Abs ract : A new PIV method for measuring river surface flows using videotaped images taken 
from a helicopter has heen developed. In this method, shifting of background images while 
videotaping was effectively corrected using the known coordinates of fixed points on the image. 
In low flow conditions, river surface flows were visualized using rice crackers, while in flood flow 
conditions surface ripples generated by the effects of near-surface turbulence and pressure 
fluctuation were used as natural unseeded tracers.  The performance of the presented method 
was verified through its applications to the actual river flow measurements. 
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1. Introduction 

Measurement of velocity distributions of a river is one of the most important issues in the 
design and management of river channels, since the river discharge, the most significant hydrologic 
factor, can be estimated directly from velocity information and the location of hazardous region with 
highly shearing stresses near the riverbank can also be detected from spatial velocity information. 
However, in contrast to laboratory measurements, three-dimensional or internal flow measurements 
are quite difficult in the river field due to its extensiveness, especially in flood conditions. Hence it is 
rather preferable to measure surface velocity distributions for practical and engineering purposes. 
Conventionally river surface flows have been observed using floats, but due to its low spatial 
resolution the measurement accuracy was usually not satisfactory for a detailed analysis of river 
flow structure. Thus, the image-based techniques, with much higher spatial and time resolutions, 
have been paid attention in recent years. 

 In flood flow conditions, river surface elevation is randomly deformed due to the effects of 
various-scale turbulent vortices mostly generated near the riverbed. Mixed effects of numerous 
vortices impinging on the water surface together with the effect of turbulent pressure fluctuation 
eventually produce ripple-like patterns on the water surface, which appear as randomly distributed 
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specular reflections sometimes accompanying large-scale spots created by the so-called boil vortices. 
In the application of the Particle Image Velocimetry (PIV) to river flows, the authors assumed that 
these surface patterns are convected with the surface flow and utilizable as a kind of tracer 
representing the surface velocity distribution (e.g., Fujita and Komura, 1994). This assumption has 
been verified through the applications to various actual flood flow measurements and comparison 
with other methods(e.g., Aya, Fujita and Yagyu, 1995� Fujita, Aya and Deguchi, 1997� Fujita, Muste 
and Kruger, 1998). Natural objects such as driftwoods, ice blocks (e.g., Ettema et al., 1997) or foams 
can also be used as tracers forming the surface image pattern. Since this PIV method covers 
relatively large area viewed from an oblique angle, we labeled this method as the Large-Scale PIV 
(LSPIV). In normal low flow conditions, in which no appreciable turbulence effect is observed on the 
water surface, the ripple-like patterns disappear. In such cases, we have to use tracers to visualize 
the slow water surface flow.  

However, the measurable area from a single viewing location is relatively small when 
compared with the actual river scale; that is, the streamwise scale of a river manageable by riverside 
measurements is at most on the order of river width. Hence, in order to investigate flow features 
along a river for a longer streamwise river reach, we may have to take the images from aerial 
location such as an airplane or a helicopter. The advantage of a helicopter over an airplane is, of 
course, its capability of hovering and its maneuverability in case of a disaster. In this research, a new 
PIV system capable of measuring river surface flow videotaped from a helicopter was developed and 
its applications to a flood flow and a low flow were demonstrated. 

2.   Image Analysis Method 

2.1  Subtraction of Background Shift 
The main feature of the images taken from a helicopter is that recorded landscape (or 

background) image changes from frame to frame. In the present method, such background shifts 
were subtracted in the following manner. 

We set two coordinate systems (x,y) and (X,Y) on the first and the second image frames 
sequentially captured from a videotape as shown in Fig.1 and assume the following projection 
relationship between the two coordinates, 
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where a1, a2…a8 are the transformation coefficients to be determined from the known coordinates of 
fixed points (target points) included in the both images, such as buildings, bridges, or corners of 
roads. Since an arbitrary (raw) vector on river surface region Vs (=(xt+Dt - Xt, yt+Dt - Yt)/�t) obtained by 
simply applying PIV between two consecutive images is the sum of an actual flow velocity V0 (=(xt+Dt - 
xt, yt+Dt - yt)/�t) and a background shift vector A0 (=(xt - Xt, yt - Yt)/�t), the actual river flow velocity can be 
obtained by subtracting the background shift vector from the raw vector;  

00 AVV S ��         (2) 

The background shift vectors can be calculated easily at any points in the image once the 
mapping relationship eq.(1) was established; thus, spatial velocity distributions relative to the 
background can be obtained by applying eq.(2) to arbitrary vectors within a river flow region. 
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2.2 Features of Surfa e Flow during Flood c
As explained previously, river water surface during flood exhibits various-scale characteristic 

patterns such as surface small ripples generated by wall turbulence or relatively large-scale patterns 
caused by boil vortices. Although small ripples are identifiable by video images from a riverbank, 
they cannot be easily distinguished in video images taken from a helicopter because of the reduction 
of spatial resolution. Hence, in order to apply PIV to video images from a helicopter, aforementioned 
large-scale patterns, whose scale is on the order of water depth, have to be utilized to trace the 
surface flow. An example of such large-scale surface patterns is shown in Fig. 2, in which the image 
enhancement procedure was applied to emphasize the difference of surface color. The image was 
captured from a helicopter while investigating the location of the bank failure that occurred during 
the flood of the Shin River in Japan. As shown in the figure, the river was severely damaged for about 
eighty meters along the left bank. It is apparent from the figure that clear patch-like patterns have 
appeared on the water surface with scales on the order of several meters, which is equivalent to the 
order of water depth. 

 

 
Fig. 1. Relationship among coordinates and vectors. 
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These patterns were created by the 
confliction of large-scale boil vortices 
against the water surface. The difference 
of surface color is attributed to the 
concentration change of suspended 
sediment rolled up by boil vortices. It can 
be considered that darker regions 
correspond to the upwelling part of the 
boil vortices. Since the flood flow velocity 
is usually several meters per second, the 
local small wave velocity generated by 
the confliction of vortices against the water surface can be negligible in a practical sense. Hence, PIV 
can be applied assuming these surface patterns are convected with the surface flow. The only 
problem in trying to use these patterns is that they do not appear in normal flow condition, because 
in such a slow flow situation boil vortices cease to occur and water surface will have little interaction 
with vortices generated near the bottom flow.  In such a flow condition, biodegradable tracers such as 
those made of cornstarch (e.g., Fujita et al., 1998) or rice crackers can be used to visualize the surface 
flow as will be shown later. 

Fig. 2. Large-Scale Pattern Appeared on River Surface. 

3. Application of PIV to Flood Flow Measurement 

3.1 Outline of the PIV System 
In the present study, a Windows application for PIV was developed so that all the image 

measurement procedures can be performed smoothly with a proper user interface. The application 
was developed using a programming language Delphi (version 5). An example of user interface 
screen is shown in Fig. 3.  In the figure, two consecutive images with a time separation of 1.5 seconds 
are shown together so that manual operation to find target objects would become more efficient. The 
arrows in the figure indicates background 
shift vectors obtained by applying PIV to the 
local target points using a small template 
also shown in the figure. The matching of the 
target objects (mark points) was performed 
manually in the first image pair, but for the 
subsequent image pairs, the information on 
the previous object locations was efficiently 
utilized so that manual operation was 
minimized. The accuracy for obtaining 
background shift vectors was improved by 
searching the CRT coordinates in a sub-pixel 
level by using a parabolic fitting in the space 
of cross-correlation coefficients. The effect of 
the image distortion was corrected by 
comparing the location of target objects for 
both the CRT coordinates and the physical 
coordinates. 

 

Fig. 3.  User Interface of the New PIV System. 
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3.2 Measu ement of the Flood in the Shin River r
We applied the new method to the videotaped images of the flood of the Shin River as shown in 

Fig. 2. The problem with this video is that, as the images were not recorded for the purpose of river 
flow measurements but for the examination of the damaged bank, the number of frames available for 
the present PIV analysis was very little; that is, the background image changed largely from frame to 
frame, which is a unsuitable condition for PIV measurements. Another problem is that the videotape 
we obtained had low-quality images due to a dubbing from an analogue VHS videotape. However, 
thanks to the robustness of the PIV algorithm and a clear appearance of large-scale surface patterns 
we could obtain instantaneous surface velocity distributions from three angles as shown in Fig. 4. 
Although there appear some scatters or erroneous ones in the vector fields, overall flow features at 
this location were successfully obtained.  

 

 
(a) angle A 

 
(b) angle B 

 
(c) angle C 

Fig. 4.  River surface velocity distribution; flood of the Shin River in Japan. 
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In the PIV analysis, we used images with a time separation of 1.5 seconds so that surface 
patterns in the main flow region would move about ten pixels relative to the ground. For the pattern 
matching in PIV we chose a relatively large template size, say 71 by 71 pixels for the case shown in 
Fig. 3, so that the template includes the characteristic scale of the surface pattern created by the 
large-scale vortices.  

In order to check the consistency of the PIV results, we compared the instantaneous 
cross-sectional velocity distributions obtained from different angles of a helicopter. The 
cross-sections are indicated in Fig. 4(b). Figure 5(a) shows the velocity distributions in front of the 
damaged part. The three velocity distributions agree with each other fairly well except for the 
maximum velocity. The difference of the maximum velocity is attributed to the unsteadiness of the 
flow and the difference of recorded time, or due to the error in the mapping relation. It should be 
noted that the location of the main flow was shifted nearer to the left bank due to the outflow from 
the broken part. Figure 5(b), indicating the velocity distribution downstream from the damaged part, 
also shows fair agreement between velocity profiles, in which the main stream is shifted largely 
towards the left bank due to the bank failure. 

 

 
(a) In front of the damaged part 

 
(b) Downstream of the damaged part 

Fig. 5. Comparison of velocity distributions obtained from different viewing angles. 

 
3.3 Measu ement of the Normal Flow Using Tracers  r

As explained previously, river flows with low velocity or flows with low Froude number display 
no ripple-like patterns with only a flat water-surface. In such cases, tracers made of non-toxic 
material such as cornstarch or rice can be used to visualize the surface flow. In order to investigate 
the performance of the presented PIV system, we have conducted field measurements using a 
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helicopter flying above the Uji River in Kyoto. A large number of tracers, rice crackers in the present 
case, were thrown continuously from a small boat drifting upstream of the measurement region. A 
helicopter, hovering above the measurement region, gradually moved with the crowd of tracer 
particles while videotaping the surface flow. The velocity distribution obtained by analyzing about 
thirty seconds of the video images is shown in Fig. 6. The mapping relation was established with the 
aid of the mark points (indicated in Fig. 6) placed along the riverbank. Although each frame size was 
at most the order of the river width as indicated in Fig. 6, velocity distribution was obtained fairly 
well in the region several times longer than the river width by smoothly combining the respective 
velocity profiles. The figure demonstrates higher velocity nearer to the right bank, which is caused by 
the centrifugal force acting towards the right bank. With more mark points in an extended region, 
measurements could have been performed for a longer river reach. The problem with this method is, 
as revealed in Fig. 6, it is impossible to obtain velocity data in the region where tracers are absent 
owing to the separation of streamline. In order to obtain velocity vectors in the entire region we have 
to devise a method how and where to throw tracer particles to have a uniform particle distribution. 

 

 
Fig. 6. Surface velocity distribution obtained by tracing particle� clouds from a helicopter 

hovering above the Uji River. 

4. Conclusion 

A PIV system was developed applicable to the video images taken from a helicopter and its 
efficiency and consistency were verified through its application to the flood flow and low flow 
measurements. The presented method is especially more advantageous over the other field 
measurement methods in case of flood disaster, because of its non-intrusiveness and safeness. 
Unfortunately, the flood movie used in this study was not intended for PIV measurements with not 
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enough recording time and resolution, but still the present system yielded reasonable results. The 
presented system would become more effective if the images were taken while hovering above the 
target area using a video camera with higher resolution. 

Acknowledgement 
This research was supported financially by the committee on Hydraulics JSCE and the Bureau of the 
Ministry of Land, Infrastructure and Transport. 

References 
Fujita, I. and Komura, S., Application of Video Image Analysis for Measurements of River Surface Flows, Proc. of Hydraulic 

Engineering, JSCE, 38 (1994), 733 (in Japanese). 
Aya, S., Fujita, I. and Yagyu, M., Field-observation of Flood in a River by Video Image Analysis, Annual Journal of Hydraulic 

Engineering, 39 (1995), 447 (in Japanese). 
Fujita, I., Aya, S. and Deguchi, T., Surface Velocity Measurement of River Flow using Video Images of an Oblique Angle, 

Proceedings of the 27th Congress of IAHR, Environmental and Coastal Hydraulics,  227 (1997). 
Fujita, I., Muste, M. and Kruger, A., Large-scale Particle Image Velocimetry for Flow Analysis in Hydraulic Engineering 

Applications, Journal of Hydraulic Research, IAHR, 36-3 (1998), 397. 
Ettema, R., Fujita, I., Muste, M. and Kruger, A. Particle-Image Velocimetry for Whole-Field Measurement of Ice Velocities, 

Cold Regions Science and Technology, 26-2 (1997), 97. 
Fujita, I. Hara, M., Morimoto, T. and Nakashima, T. Visualization and PIV Measurement of River Surface Flow, International 

Conference on Optical Technology and Image Processing in Fluid, Thermal, and Combustion Flow, on CD-ROM, (1998). 

Authors profile 
Ichiro Fujita: He received his MSc(Eng) degree in Civil Engineering in 1979 and Ph.D. degree in 1990 
from Kobe University. He worked in Gifu University from 1982 to 1999. He was a visiting associate 
professor in the Iowa Institute of Hydraulic Research, the University of Iowa from 1995 to 1996. He has 
been working as an associate professor in the Research Center for Urban Safety and Security, Kobe 
University since 1999. His research interests are image measurement of river flow, open-channel 
turbulence, and numerical simulation of rapidly varying flow. 
 
 
 
 
Tomohiro Hino : He received his MSc(Eng) degree in Civil Engineering in 2002 from Graduate School of 
Science and Technology, Kobe University. He has been working at Kinki Regional Bureau of the 
Ministry of Land, Infrastructure and Transport as an engineer after graduation. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages 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 true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [7200.000 7200.000]
>> setpagedevice


