
UAV BORNE MAPPING SY STEM FOR RIVER ENVIR ONMENT  

 

Masahiko NAGAI , Tianen CHEN, Afzal AHMED, Ryosuke SHIBASAKI 

Earth observation Data Integration and fusion Research Initiative 

The University of Tokyo 

CSIS, 5-1-5, Kashiwanoha, Kashiwa-shi, Chiba 277-8568, Japan 

Tel: (81)-4-7136-4307 Fax: (81)-4-7136-4292 

E-mail: nagaim@iis.u-tokyo.ac.jp 

 

KEY WORDS: UAV, Digital Camera, IR Camera, 3D Modeling 

 

ABSTRACT: Traditionally, study of river environment has mainly focused on riparian works 

and flood controls. However, recently, 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 

associated 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 ground, such as using a laser scanner, a total station, and GPS, but these 

techniques take a lot of labors, expenses, and times for the surveying. Therefore, there still lack 

a reliable, easy, and cheap method for acquiring data with higher resolution and accuracy.  

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. 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 acquired collectively with safety and mobility, because of the 

utilization of an UAV. 

 

 

1. INTRODUCTIO N 

 

Safety measures and riparian works such as construction of dam and river improvement work 

have made remarkable progress on the one hand and gravel-bar area which is typical 

environmental type of the middle reaches of a river is reducing on the other. Accordingly, 

several gravel-bar restoration projects have been conducted, and the purpose of this project is to 

regenerate river ecological system and protect wildlife , such as fishes and waterfowls, that is 

typical characteristics of the gravel-bed river (Shimatani, 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 Yasuoka, 2003). On the other hand, a ground 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 

on the ground.  

Aerial survey has become very valuable method for mapping and environmental monitoring. 

Remote sensors, such as an image sensor or a laser scanner, are any instrument that gathers 

information about an object or area from a distance. They can cover widely target area and some 

archived data is available, but the spatial and temporal resolution is not enough for detailed 

monitoring. Ground surveying utilizes an instrument called a total station (a small telescope 

equipped with an electronic distance-measuring device), GPS, a laser scanner, digital camera 

and so on. Ground surveying is conducted on the ground, so generally it is very close to, or on, 

the targets. They can get detailed and accurate information, but these techniques take a lot of 

labors and expenses, and times for the surveying. 



UAV (Unmanned Aerial Vehicle) borne mapping system is developed for surveying river 

environment. In this experiment, all the measurement tools are loaded on the unmanned 

helicopter, RPH2, which is made by Fuji Heavy Industries Ltd., as shown in Figure 1. Digital 

cameras, IR cameras, and GPS are mounted on an UAV to acquire detailed 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 acquired collectively with safety and mobility, because of the 

utilization of an UAV (Nagai, Kuroda, etc., 2006). 

 

 
Figure 1. RPH2 

 

2. SYSTEM CONFIGURATION  

 

2.1 Sensors and system 

 

List of sensors which is used in this research is shown in Table 1. In order to monitor river 

environment easily, it is necessary to consider to use handy equipments, such as consumer 

equipument, to process automatically, and to get accurate result. Integration of GPS and image 

sensor is very effective for mobile mapping. Digital image which is processed for 3D model is 

acquired by digital camera and vegetation indexes is acquired by IR camera from the same 

platform simultaneously. 

In this monitoring system, image sensors and GPS are controlled by one laptop PC with the 

control program. GPS time is recorded on the PC and all the sensors are synchronized by GPS 

time.  

Table 1. Sensors 

Sensors Model   Specification 

Digital Camera 
Canon  
EOS 10D 

3,072×2,048 pixels 
Focus length: 24.0mm 
Price: $1,500US  

IR Camera 
Tetracam 
ADC3 

2,048×1,536 pixels 
Green, Red and NIR sensitivity with bands 
approximately equal to TM2, TM3 and TM4. 
Focus length: 10.0mm 
Price: $6,000US 

GPS 
Ashtech 
G12 

Accuracy Differential: 40cm 
Velocity Accuracy: 0.1(95%) 
Price: $4,000US  

 

2.2 Settings and calibration  

 

In order to cover wide area from low altitude, two digital cameras and two IR cameras are 

mounted in parallel at angle of ten degree. It means that 40% overlap of image is estimated from 

150m altitude. All the image sensors are tightly fixed on the iron plate to have constant 



geometric relationship in all circumstances as shown in Figure 2. Calibration of digital camera 

and IR camera is conducted to estimate relative position and attitude by 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 sending images to ground base station on real time. 
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         Figure 2. Camera Setting                  Figure 3. Target acquisition 
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Figure 4. Setting on UAV 

 

3. DATA PROCESSING 

 

3.1 Experiment 

 

The measurement of river environment took place at Kinugawa River which is located in 

Utsunomiya city, Japan. The experiment is conducted by UAV from 150m altitude, and the 

purpose of experiment is verification of the systems and usefulness, also 3D modeling of gravel-

bar area and surveying of vegetation distribution. Monitoring area is approximately 300m × 

300m. Acquired data is processed by post processing, but in the future, real time processing is 

consider by development of data communication tools. 

  

3.2 GPS 

 

In order to measure the position of the platform and sensors, GPS is utilized. At first, GPS post 

processing is conducted, by using GrafNav software, produced by Waypoint. Figure 5 shows 

that result of GPS post processing, which is the trajectory of UAV, on Google Maps. 



 

 
Figure 5. Trajectory of UAV 

 

3.3 Mosaic 

 

Four images are acquired at the same time, as shown in Figure 6. Those images are mosaicked 

by using calibration data and GPS data. Relative orientation of four cameras is applied for 

rectification of images, as shown in Figure 7. Images are trapezoidal shape because four 

cameras are set at angle of ten degree. Also, image distortion is corrected by using calibration result.  

Rectified images are mosaicked by GPS data. Image overlap is estimated by GPS altitude information. 

Then, image matching of overlapped area is conducted and mosaic image is constructed. Original image 

size is 6 mega pixels, but after mosaicking, image size is approximately 9 mega pixels. Mosaic images 

can cover more wide even though flight altitude is no so high.  
 

        
Figure 6. Set of acquired images                               Figure 7. Rectification of images 

 

 
Figure 8. Mosaic images 



3.4 Stereo Image Processing 

 

A series of images are taken from UAV and mosaicked. Meanwhile, absolute orientations of 

mosaic images are determined by bundle block adjustment. Bundle block adjustment is a non 

linear least squares optimization method using tie-points 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 intersection geometry as a result. 

So, in this research, digital camera images are taken for more than 60% overlapping in forward 

direction, and more than 40% overlapping in side. GPS allows automatic setting of tie-points 

and it reduces the number of tie-points and searching time of tie-points by the limitation of 

searching area. In this study, 10 ground control points are set manually. Figure 9 shows image 

matching with tie points. Resolution of those images is approximately 3cm - 5cm depending on 

flight altitude. This is super high resolution image. So it is not difficult to detect small gaps or 

cracks. 

Stereo image matching is conducted by using absolute orientation result for 3D model. Grid size 

is 10 pixels. The result of stereo image matching is shown in Figure 10 and Figure 11. Figure 10 

shows 3D model from the top and there is no data on water. Figure 11 shows 3D model from the 

side, and it shows precise geographic feature. 

 

 

 
Figure 9. Image matching 

 

 
Figure 10. 3D model(1)                                        Figure 11. 3D model(2) 

 


