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ABSTRACT: Traditionally, study of river environment has mainly focused on riparian works
and flood controls. Howevergcently, it is very important to understand river environment
along the river channel for conservation of river ecological system. For river management to
consider flood control as well as the river environment, it is necessary to monitor vegetation
assocated with detailed geographic features.

Usually, satellite and aerial remote sensing data is utilized for river monitoring, but the spatial
and temporal resolution is not enough for detailed information. That is, several surveys are
conducted from the growl, such as using a laser scanner, a total station, and GPS, but these
techniques take a lot of laboexpenses, and times for the surveying. Therefore, there still lack
areliable, easy, and cheap method for acquiring data with higher resolution adaccu

In this research, UAV borne mapping system is developed for surveying river environment.
Digital camera, IR camera, and GPS are mounted on an UAV to acquire detailed information
from low altitude which is different from a satellite or a plane. Timwey is carried from the

sky, but the resolution and accuracy is the same level of the ground surveying. The data of the
river environment can be easily acquired collectively with safety and mobility, because of the
utilization of an UAV.

1.INTRODUCTIO N

Safetymeasuresand iparian works such as construction of dam awmdr improvement work

have maderemarkable progress on the one hand agdavelbar area which istypical
environmental type ofthe middle reachesf a riveris reducing on the other. Aordingly,
severalgravelbar restoration projesthavebeen conducted, anlde purpose of this project is to
regenerateaiver ecological systerand protecwildlife, such as fishes and waterfombat is

typical characteristics ahegravetbed river(Shimatanj 2003)

For river monitoring two kinds of ordinary surveying methods are conducted, an aerial survey
and a ground survey. An aerial survey is conducted from the sky by using satellites and aircrafts
(Takahashi and Yasuoka003) On the other hand, aaund survey, by using a laser scanner or

a total station, and GPS, is carried out to acquire detailed data on the actual spot by the people
onthe ground.

Aerial survey ha become very valuable methém mappingand environmentalmonitoring

Remote sengg, such as an image sensor or a laser scaanegny instrument that gathers
information about an object or area from a distaiibey can cover widely target araad some
archived data is availabl®ut the spatial and temporal resolution is not ehofgy detailed
monitoring Ground surveying utilizes an instrument called a total station (a small telescope
equipped with an electronic distanteasuring device), GPS, a laser scanner, digital camera
and so on. Ground surveying is conduabedhe groungso generally it is very close to, or on,

the targetsThey can get detailed and accurate informatinn, these techniques take a lot of
labors and expenses, and times for the surveying.



UAV (UnmannedAerial Vehicle) borne mapping system is developed &arveying river
environment In this experiment, all the measurement tools are loaded on the unmanned
helicopter, RPH2, which is made by Fuji Heavy Industries lasishown in Figure 1Digital
camers, IR camerg, and GPS are mounted on an UAV to acqdiegiled information from

low altitude which is different from a satellite or a plane. The survey is carried from the sky, but
the resolution and accuracy is the same level of the ground surveying. The data of the river
environment can be easily acquiredllectively with safety and mobility, because of the
utilization of an UAV(Nagai Kuroda, etc., 2006)

Figure 1.RPH2

2.SYSTEM CONFIGURATION
2.1Sensorsand system

List of sensors which is used in this research is shown in Talle drder tomonitor river
environment easily,tiis necessary teonsiderto use handy equipmentsuch as consume
equipumentto processautomatially, andto getaccurateresult Integration of GP&nd image
sensotis very effective for mobilenapping Digital image which is processed 8D model is
acquired by digital camerand vegetation indexes &cquire by IR camerdrom the same
platform simultaneously.
In this monitoring system, imaggensors and GPS acentrolled by one laptop PC with the
control program. GPS time is recorded on #€ and all the sensors agnchronizedoy GPS
time.

Table 1. Sensors
Sensors Model Specification
3,072x2048 pixels

L Canon
Digital Camera Focus length: 24.0mm
EOS 10D Price: $1,500US
2,048<1,536pixels
Tetracam Green,'Red and NIR sensitivity with bands
IR Camera ADC3 approximately equal tdM2, TM3 and TM4.
Focus length10.0mm
Price: $5,000US
Ashtech Accuracy Differential: 40cm

GPS G12 Velocity Accuracy: 0.1(95%)
Price: $4,000US

2.2 Settingsand calibration

In order to cover wide area from low altitudeyo digital cameras and two IRamerasare
mounted inparallelat angleof ten degreelt means that 40% overlap of image is estimated from
150m altitude.All the image sensors are tightly fixed othe iron plateto have constant



geometric relationship in all circumstanaes shown in Figure.Zalibration of digital camera
andIR cameras conducted to estimatelative position and attitudgy taking common control
points, as shown in Figure 3.

All the sensors, GPS receiver, laptop PC, and battery, are mounted on UAV, as shown in Figure
4. Video camera is set for sendingaiges to ground base station on real time.
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Figure 4. Setting on UAV
3. DATA PROCESSING
3.1 Experiment

The measuremenbf river environmenttook place atKinugawa River which islocatedin
Utsunomiya city, JapariThe experiment is conducted by UAV from 150m altitude, and the
purpose of experiment igerification of the systems angsefulnessalso 3D modeling of gravel

bar area and surveying of vegetation distrifmutiMonitoring aredas approximately300m x
300m.Acquireddata is processed by post processing, but in the future, real time processing is
consider bydevelopmenof datacommunicatiortools.

3.2GPS
In order to measure the position of the platform seisors, GP$ utilized. At first, GPS post

processing isonducted by using GrafNav softwargroduced byaypoint. Figure 5 shows
that result of GPS post processing, which is the trajectory of UAV, on Google Maps.



Figure 5. Trajectoryof UAV
3.3Mosaic

Fourimages arecquiredat the same time, as shown in Figure 6. Those imagenasacked

by usingcalibrationdata and GPS data. Relatieeéentation offour cameras isapplied for
rectification of images, as shown in Figure 7. Images are waszshape becauseur
cameras are set atgle of ten degree. Also, imadistortionis corrected by usingalibrationresult.

Rectified images are mosaicked by GPS data. Ino&gdap isestimated by GPS altitude information.
Then, image matching alverlappedarea is conducted and mosaic imageaisstructedOriginal image

size is 6 megaixels, but after mosaicking, image size is approximately 9 mega pixels. Mosaic images
can cover morgvide even though flight altitude is no so high.

Figure 7. Rectification of images

' Figure 8. Mosaic images



3.4 Stereo Image Processing

A series of images are taken frddAV and mosaiked. Meanwhile,absoluteorientatiors of
mosaicimages are determined by bundle block adjustment. Bundle block adjustment is a non
linear least squares optimization method usingptimts of inside block. Bundle block
adjustment is used for the determination of the orientation parameters of all images. Bundle
block configuration increases both the reliability and the accuracy of object reconstruction. An
object point is determined by intersection from more than two images, which provides local
redundancy for gross error detection and which makes a better atitansggeometry as a result.

So, in this research, digital camera images are taken for more than 60% overlapping in forward
direction, and more tha#0% overlapping in side. GP&lows automatic setting of tigoints

and it reduces the number of-peints and searching time of tigoints by the limitation of
searching aredn this study, 10 groundontrol points are setanually Figure 9 shows image
matchingwith tie points Resolution of those images is approximately 3&dumdepending on

flight altitude This is super high resolution imadgo it is not difficultto detect small gaps or
cracks

Stereo image matching e®@nductedy using absolute @ntation result for 3D modeGrid size

is 10pixels The result of stereo image matching is shown in Figure 10 and Figufeglide 10

showvs 3D model from the top and there is no data on water. Figure 11 shows 3D model from the
side, and it showgrecise geographieature.

Figure 9.Image natching

Figure 10 3D model(1) Figure 113D model(2)



