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Tlonyuenue uzobpasricenuii 6b1COK020 paspeuteHus ¢ NPUMEHeHUeM Maloil aguayuu uzpaem éce boiee
3HAYUMENBHYIO POJIb 8 0OACHU RPUMEHEHUS (homozpammempuu u OUCIAHYUOHNO20 30HOUPOBCAHUSL.
Jlna Koppekyuu 0aHHBIX OUCHAHYUOHHO20 30HOUPOBAHUA 0€3 ONOPHBIX MOUEK HEeOOX00UMbL HOYHbLE
OanHble eHeutHe2o opuenmuposanus. Hauanvuvie oannvie opuenmuposanus mozym ovtmo noy4enslt ¢
nomowsio GPS/INS. B dannoit cmamve npogodumcs ananu3 ouuboK OGHHBIX OPUESHMUPOBAHUSL U
npeonazaemcsa Memoo 6bICOKOMOYHOU KOPPEKUUU He3 UCHONb306AHUA ONOPHBIX MOYEK.

As an important way to obtain the high-resolution remote sensing images, the unmanned aerial
vehicle (UAV) aviation remote sensing plays a more and more important role in the area of
photogrammetry and remote sensing application. The correction of the UAV remote sensing images
without the ground control points needs high-resolution attitude data. The original attitude data can be
obtained from the UAV airborne GPS/INS.

The attitude data error analysis and correction method is proposed, and the corresponding error
calibration mode is established in this paper to realize high-precision correction without the ground
control points.

I ntroduction.

With the rapid development of civil remote sensiagently, the demand for remote sensing image
IS increasing, especially large-scale and highlutism remote sensing images.

At present, the main information acquisition platis of the world are still satellite and manned
plane. The shortcomings of the satellite remotesisgnplatform are high price and long return cysle
when high-resolution images are got, the updatedsmd the images is slow. While the manned-plane
remote sensing system is mainly limited by risiageing and safety condition, it is unable to sptthe
users’ requests about safety.

As a new and effective type of earth observatiostesy, the UAV remote sensing information
platform is proposed to obtain remote sensing imaggresent.

Its main characteristics are as follows:
1. Without considering human factors by auto-cdritight;
2.The flight mode is flexible and have long flighme;
3.High flight trajectory precision;
4. Flying under the clouds.

These characteristics enable the UAV aviation rensensing information platform to become an
effective supplement way to the satellite and mdrplane remote sensing UAV can realize auto-control
flight as an aviation remote sensing platform, #imel position and attitude data of the airplane lban
obtained directly through the airborne GPS/INSgrai¢ed navigation system. But if we regard thisugro
of posture data as the corrected exterior oriemtagéiements for the images, it must carry on coarte
transformation and systematic error compensatioardter to convert the aircraft attitude data olsdin
from inertial navigation system to the high-prearsiexterior orientation elements for the imagessTh
systematic error mainly refers to the spatial dispments and the deviation angle error. Thougbkpheal
displacement between the GPS antenna phase cextrie camera projection center is easy to get, the
deviation angle error can’'t be determined direttisough the traditional method. This error serigusl
affects the correction precision of the UAV remséasing images.

At present, in aerial photogrammetry assisted by thanned plane airborne GPS/INS, two
calibration methods are generally used to cortrexteviation angle error:



- one way is that the ground control points istlir laid out in the survey area, then each photo's
exterior orientation elements directly obtainedhfrGPS/INS as weighted observation value participate
the photogrammetry block adjustment. So we canilbigher precision exterior orientation elemeruts f
the images;

- another method is that the region which incluttés (or more) flight strips in or near the survey
area as calibration field is firstly selected, thbe exterior orientation element of each aeriadtphis
exactly determined through the method of aeriahntyulation. After that, matrix operation is carriewot
using the exterior orientation elements computea/aland observation values including deviation engl
error obtained from the GPS/INS system, then thgatlen angle error can be got. This way is called
direct orientation method.

The first way needs to lay out ground control poiint the whole operation range, which not only
restricts operation range, but also decreases &ftidkency and enlarges the cost of operation.

Based on the second way, according to the UAV'saim standard and corresponding instrument
indexes, in this paper the attitude data correat@thematical model of the UAV aerial remote sepsin
image is established and the right deviation aagler is calculated.

So the original aerial attitude data obtained friln® GPS/INS system can be transformed to the
images’ exterior orientation elements which aredeéefor direct georeferencing in aerial photogrartnyme
(Hongying, 2008).

Systematic error correction model for the UAV airborne GPS/INS.

The UAV airborne GPS/INS integrated navigation eystis a position and azimuth determining
system composed of GPS receiver and Inertial Measemt Unit (IMU), it can be used to obtain the
moving vehicle’s spatial three dimensional posio attitude data.

- Coordinate System Transformation:
The original attitude dated (, ,y ) acquired from UAV airborne IMU is the corresporgl coordinate
axes’ angles between IMU Coordinates System andgisiion Coordinates System (moving); while the

exterior orientation elements of the imagesd,x ) is the corresponding coordinate axes’ anglewdymt
image Coordinates System and terrestrial photogetnyraoordinates system.

Therefore, we must first transform the UAV airboriU attitude data € ,¢ ,v ) from navigation
coordinates system (moving) to terrestrial photogretry coordinates system in order to obtain the
exterior orientation elements of the images (Baunk@02).

Figure 1 shows the concrete conversion process.

- Deviation Angle Error:

For apparatus installation technology’s reasons,atkes of IMU coordinates system aren’t exactly
parallel to that of camera coordinates system wimstalling. Generally there exists exiguous angle
deviation (< 3deg ) between the corresponding atdhis two coordinates. We call it deviation angle
error usually (Figure 2).
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Fig. 1. The flow chart of coordinate transformatimm UAV attitude data.




In Figure 2, xb, yb, zlrespectively represents three axes of IMU cootdisgstem, andc, yc, zc
respectively represents three axes of camera cwdedisystem. Camera coordinates system separately
rotates a, ay, axaround the z axis,y axis and x axis relativelyMdJ coordinate system. This group of
deviation angle error can't be determined direttly the conventional measurement method, so other
methods are needed to use to obtain them.
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Fig. 2. Deviation angles (az, ay, ax) from camevardinate to IMU Coordinate.

- Deviation Angle Error Correction Model:

Images’ exterior orientation elements obtained raéieordinate system transformation are still
affected by the deviation angle error. This eran’'tbe acquired through the conventional measunéme
method, so the images which have known exteri@ntation elements can be utilized to obtain thisrer
indirectly.

First, one calibration region which has enough tjtiarand precision ground control points is
selected to proceed calibration flight, then theegar orientation element of each image is catedady
the conventional method.

Finally, the best estimated value of the deviatmgle error ( ax,ay,az ) is calculated using the
exterior orientation elements computed above amdditiginal attitude data obtained from IMU. The
concrete computing process is as follows.

According to this group of deviation angle error(ay , az), the rotation matrix Rbc from camera
coordinate system c to IMU coordinate system bsialdished. And because az, ay, ax are all less tha
3deg , this matrix can be simplified according hie telated knowledge of inertial navigation (Skalou
2003).
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According to the flow chart of coordinate transfatron in Figure 1, the rotation matriRlc from
camera coordinate system c to terrestrial photogretny coordinate system L is set uRlbis the rotation
matrix from IMU coordinate system to terrestrialopbgrammetry coordinates system. Thus, we can get
formula (2) and (3)



Rlc=RIb- Rbc=Ry® - Rxo - Rzx (2)
Rlb=Ry# - Rx¢ - Rzy 3)

In formula (2), the other parts can be all compurceptRbe, and the elements iRRbcare just the
deviation angle error, which are we want to caleul@dfter expanding this formula, we can get adfet
observation equationsAX = L about (ax ,ay ,az ), wheke= (ax ay AzY' is the unknown quantity, and
the corresponding error equations is V=AX-L
For each image i, a set of Vi=AiX-Li can be l@it. According to s the related knowledge of suingy
adjustment, we can know

X=(AT-A-1-AT- L
Supposed that there are two images, then:
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Thus the deviation angle error (ax ay az) betwd&d toordinate system and camera coordinate system
can be obtained.
We can use this group of error through formulat@)xorrect the IMU attitude data which have been
transformed in the terrestrial photogrammetry cowigs system, in order to acquire the higher praci
exterior orientation elements of the UAV images.
Thus we complete correcting the original attitué¢éadobtained from the UAV airborne GPS/INS inertial
navigation system (meanwhile, the accuracy of dewisangle error is affected by other systematiorer
of the GPS / IMU, such as the error of gyro ranalift etc.).

Test of UAV- low-height remote sensing images octiom model showed upper will be executed in
the future practice studies of landscape architegtoagery with small, unmanned aircraft.

1. Baumker, M., 2002. New calibration and computingthod for direct georeferencing of image
and scanner data using the position and angulaadsdtan hybrid inertial navigation System. Inte@t
Sensor Orientation, 43, pp. 197-212. 2. Hongying2b08. The error analysis and correction method
research of the attitude data for the UAV remotessey images. ISPRS-2008 — China, Beijing.. 3.cRint
L., 2005. Experimental tests on the benefits ofoaemigorous model in IMU/GPS system calibration.
ISPRS Commissionlll , WGIII /1. 4. Skaloud, J.,@2@Rigorous approach to bore-sight selfcalibration
airborne laser scanning. ISPRS Journal of Photogreatty & Remote Sensing, 61, pp. 47-59. 5. Skaloud,
J., 2003. Towards a more rigorous boresight calilma. ISPRS International Workshop on Theory,
Technical and Realities of Inertial/GPS Sensor @Gagion, Commission 1, WGI/5, Castelldefels, Spain,
22-23.



