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Fig. 1 Unmanned Helicopter
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Tab.1 Parameters of POS AV310

POS AV % 4%
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M REBE /m e s ! 0.05 0.05 0.010 0.010
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Fig. 2 Control Points Distribution

of Sensing Calibration Field
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Fig. 3 The Track Schematic in

Geometric Calibration Field
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Tab. 2 The Fight Condition in Songshan Calibration Field

gl

35 H 2H
AT (] 2015-10-13
UL HE X Ik 2 JLA S BRSA (5 km X5 km)
AT /m 500
H T 73 B /m 0.05
i ) T2/ %% 80
1B/ Y 50
N [ Poskcti |
L 5 R
EECEEE I
T ——
2 KB e SR P 2 i
“;. Fr
‘ B3 77 | [ 66 2 4 e
‘ for %t 2 || £ o 3 [ (MU B A

B4 B b 2 2
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Fig. 5 The Distribution of Check Points
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Fig. 6 The RMS of Check Points of Direct Georeferencing
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Fig. 7 The RMS of Check Points of Free Net Adjustment
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Tab.3 The RMS of Check Points/m
3 x y 2
Ta B 2% 0.0304 0.0736 0.1383
Bauer 51 %l 0.038 6 0.056 1 0.083 0
Ebner & # 0.031 0 0.049 3 0.086 5
Brown #i I 0.030 7 0.049 0 0.087 4

x4 BEMAFMALITE/ mm

Tab.4 The Interior Orientation Elements/mm

LAY S Zp Yp
AR R A 55.501 9 0.026 0 0.224 6
Bauer #i 7 55.2784  —0.0329 0.169 2
Ebner i 55.2753  —0.0313 0.169 4
Brown ## % 55.2723  —0.0237 0.157 0
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Fig. 9 The Object Residuals of Check Points in no

Additional Parameters Bundle Adjustment
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High Precision Positioning of Unmanned Helicopter

with Area Array Images
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Abstract: To improve the accuracy of unmanned helicopter, geometry calibration is compulsory. Direct

geo-reference experiment is first carried out to verify system’s accuracy without any calibration; and
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then the free network bundle adjustment experiment is undertaken to verify the positioning accuracy of
the system without ground control points; finally, a self calibration bundle adjustment is undertaken
to calibrate and compensate the camera distortion, interior elements changes, IMU alignment angle.
Experimental results show that the unmanned helicopter has high positioning accuracy. The accuracy
of direct geo-reference can meet the requirements of emergency mapping, and can be aided by a few
ground control points, the positioning accuracy is much better than that of 1 : 500 mapping require-
ments, which can be used for conventional surveying and mapping production. After system error
compensation, the direct geo-reference accuracy has improved significantly: the planar accuracy has
improved by 46. 37 % and the height accuracy has improved by 62.49%. The flight test of Songshan
calibration field shows that the method of calibration and compensation is correct and effective, and
the unmanned helicopter has a good prospect for surveying and mapping applications.

Key words: unmanned helicopter; positioning on the earth; system error; calibration; compensation
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Present-day Crustal Deformation in Arc-Continent
Collision Zone of the Southeastern Eurasia Plate
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Abstract ;: Based on the systematic collection of the GPS observations in China: Fujian, China: Taiwan
and Philippine: Luzon, this paper obtains the current crustal horizontal velocity field of the arc-conti-
nent collision zone. Targeting the specific areas whose super-long span is more than 1 000 km, this
paper builds the least squares collocation model on the basis of ellipsoidal coordinates, uniformly cal-
culating current GPS strain distribution of this collision zone. The results show that china: Taiwan
province has the strongest crustal deformation, followed by Philippine: Luzon and China: Fujian re-
gions respectively. The Philippine sea plate at the east Taiwan, China collides intensively with the
Eurasia plate, and the collision is severely consumed through the central mountain’s uplifting, the
thrust napping and the tectonic escaping. The overall deformation characteristics is closely related to
the structural variation of the Philippine sea plate. While the relative deformation in Luzon region is
mainly involved with the relative sliding of the Philippine fault.

Keywords: arc-continental collision zone; Eurasia plate; the Philippine sea plate; GPS strain field; the

Luzon arc volcanic
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