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Extrinsic Camera Parameter Estimation from Video Images
Considering GPS Positioning Confidence
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<Summary> This paper proposes a method for estimating extrinsic camera parameters using video
images and sparsely acquired GPS data. Although the extended bundle adjustment methods which fuse
vision and GPS data have been already proposed and they work finely if GPS data are accurately acquired,
existing methods have the following problems: (1) The accuracy of estimated camera position largely depends
on the confidence of GPS positioning data because they do not consider the GPS positioning confidence.
(2) Solution often converges to local minima when GPS data can not be acquired for long time. In order
to solve these problems, we add weighting coefficients depending on the GPS positioning confidence to an
energy function for extended bundle adjustment. In order to avoid local minima, estimated camera positions
without GPS data are fitted to GPS positions before optimization.
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1. D000

gboooooobooboobobooboobooboo
gboooboooboobooobooooboooooobooo
goooooboobobooboboboooooboooobo
gbogoboboboooobooboobobboobooboobo
goodoboooboobbobboboooboooboobobo

coooobooboooooooooboooooooobooooo
cooooooobooooooooboooooooobooooo
ooooooooooooobooooobooboooooo
cooooboooooooooooooooobooooooo
cooooooooooobooOocoOoooobOoOoboOoooo
cooooooooooooooooooooboooooon
oooboooooooooobooooooooooobooo



O Structure from Motion 0 V0 Visual SLAM O 2 [Wisual
Odometry 130 00000000000000000O0O
00000000000 0000000000D000000
00000000 0O0Oo0oO0

000000000000000000000000 GPS
00000000000 D0000000000D00000Dn
0000000000000 0ODDDOooooY"Yooo
000000000000 000000000D000000
GpPSOOOODOODOOOOY"®noOooOOOO0On
ooooo?"900000000000009Yoooon
ooo

00000000000 GPSOOOOOOOOOOO
oY oooo00o00000DO0ODOoooonoonoo
0Do0Y000000000%99000000000000
000000 GPSOOOODOODOOODOODOOD
00000000000 0000000000000000
000000000000 000000000000000
00000000000 0000000000000000
ooooooo

000000000000 oO?PY9000000 GPSO
0000000000000 000000000000000
0000000000000000000000000000
00000000000 0000000000D000000
000000000000 000000000000000
0000000000 00000000000000000
00000000000 0000000000000000
oooog

O000O00oDoooooYYogoooooooood
0000000000000 D0000000000000D
000 GPSOOOODOODOODOOODOOODOOD
000000000 D000D00000O0D0O0O0 GPSOOD
000000000000 000000D000000000
OD0ooooooopoooo0oo0o00o0oDoooon
00000 GPSODODOOODOO GPSOOOOOOD
000000 GPSOOOODOOOOOODOODOOD
00000000000 D00000D00000D00000Dn
000000000 LWillier V0000000000 D0ODO
00000000000 0000000000D000000
00000000 000O0OGPSOODOOOOOOOOD
0000000000000 D00000D000D00000D
000000000000 0D0000D0000D0O0O0 GPS
00000000000 00000000000OO0Yon
oooooooooooloYgooooooo 20000
oooo

(i) GPSOODOOUO0DODODDOUODUODUOODOO
oooo GpPSOOOOOOOODOOOOODOODOO
00 GPSOOO0O0ODOOOO0OOOOOOOOODOO

cooooooooooooon

(i) J0O0O0DO00UO0O0OD0ODO0OODODDOOOOoDOOooOOOO
ooGpPSOOOO0OOODOOOOOOOOOODOO
O00o0o0ooGPSOOO0OO0OOOOOOOODOOO
cobooobooooooboOoooooobooooo
oooGpPSOOO0OO0OOOODOOODOOOODOOO
ooooo

00000000000 D00000000D0000DDOO
0o0o0o000GPSOOO0O000DDOOO00O0OOOO0O00
ODO0GPSOODOOODOOODOODOOODOY. oDOo
0000000000000 0oo GPSODOOOOOO
00000000000 D000000000000000DO
000000 GPSOO00O0O0O0OOOODOODOO0OOO0
0000000D0000D00000D0000D0000000
00 12)000000000000000000000GPS
000000000000000000000 12)0000
000D000000000000O00

0000000000 0000D000D0D0O000DOO
00000000000 0000D00000D00000Do0O
000000000000 000000000000DOO
0o0o0Do00ooooon

2. GPSO0O0OD0OOODOODODDOODODOD
oog

0000000000 GPSOO0O0O0OOODOOOOO
0000000000 GPSO00O0O0OOGPSOOOOO
000D 60000000000000DDODOO0O0OOOD
0000 GPSOO0O0O0OOODDODDODODOOOODODOO
0GPSOO000O0OOOOOOOOOOOOO

00000o000000000 GPSOO0OO0D0O00O0OO
0oYooooooDO00 GPSOODDOOODDDOO
0000000000000 000D0000Noooooo
0000000000000000000o0o0oo0g GPS
000000O000000000000000000100
0000000000000000000000000O0O
0000000000A00DODOODOOO0O0O0O0OD0O000
00000OO0DO0OO0BOOOOY®OoOOOODOODOOODOOO
fO0000D00O0OOGPSOOOO0OOOODOOOGPSO
0J0000000000odoooooono GO fO00
0000000000000 00000000 GPSOOO
00000000000000000CO0O00O00GPSO
000000000000 D00DO0000D0000OnCO
000000 GPSOO00O0DDODO0OODDD GPSOOO
0000o00oo0oo0o00000000 GPSOO0000000
O00000 Grecoverea b f 0000000000000
00000000 (A)D(D)0D00000Dooonooon
000000000000o0oDDoooooonoooo



y

| (A) Camera parameter estimation by feature tracking |

| (B) 3D position estimation of feature points |

| (C) Parameter fitting to GPS positions |
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| (E) Global optimization using GPS positions |
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Fig.1 Flow diagram of the proposed method. f is a
frame number0 G is a set of frames in which GPS
data are observed Grecovered 1S a set of frames
in which GPS positioning is recovered after GPS-
denied section.
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Fig.2 Energy term with respect to GPS positioning
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Fig.3 Parameter fitting to GPS positions
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01 0000000000 10 [m]
Table 1 Comparison of position errors
(Experiment 1) [m]

Method  Average Std. dev. Max
RTK-fix 0.003 0.003 0.010
RTK-float 1.844 1.093 6.641
A 1.553 1.182  6.326

B 4.298 3.944 14.041
C 1.217 1.070 4.073
D 37.189 13.033 69.388

02 0000000000O000D (000000000
0000 10 [m]

Table 2 Relationship between [ and average position
errors (Experiment 1) [m)]
l 50 100 200 400 800
13.431 1.284 1.217 1.232 1.219

Avg. error
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Table 3 Comparison of position errors
(Experiment 2) [m]

Method  Average Std. dev. Max
RTK-fix 0.006 0.009 0.038
RTK-float 1.315 0.989 2.594
C 3.593 3.617 14.935
(e} 60.299 67.829 277.530
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