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Optical flow and landmark fusion method for
unmanned aerial vehicles indoor navigation

WU Qi, CAI Zhi-hao†, WANG Ying-xun
(Science and Technology on Aircraft Control Laboratory, School of Automation Science and Electronic Engineering,

Beihang University, Beijing 100191, China)

Abstract: Combining optical flow with landmark localization, we propose an indoor navigation methodology fusing
camera, inertial measurement unit (IMU) and ultrasonic range finder, for the navigation of unmanned aerial vehicles (UAV)
in global navigation satellite systems (GNSS)-denied environment. We employ the differential optical flow algorithm
compensated with the angular velocity to determine the small shift between the frames, and use the forward-backward error
algorithm to detect the reliable trajectories and avoid the tracking failure, which improves the precision of the optical flow
velocimetry. Optimizing the obtained optical field by using the mean shift algorithm, we determine the peak values of
the flow field histogram, from which we can calculate the optical flow velocity. Furthermore, we propose in this research
the consecutive landmark-localization algorithm with no error accumulation to measure the position of the UAV in real
time. By means of the multi-rate Kalman filter, we optimally estimate the information of UAV position and velocity with
un-uniform observation periods. Comparing the experiment results with the laser and PX4FLOW data on multi-rotor UAV
platform, we find that the proposed methodology can suppress the localization hopping and reject the measurement noise
of optical flow, and provide precise estimation of position and velocity.
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1 FB

Fig. 1 Pixels of optical flow after applied FB error

2.2 (Optical flow
field optimizing using mean shift algorithm)
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Fig. 2 Trajectory of mean shift vector in

optical flow optimizing

2.3 (Motion
estimation of UAV using optical flow with com-
pensated angular velocity)
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Fig. 3 Space relation among different coordinates
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2.4 (Monocular
odometry using landmark)

,
, .

,
,

,
.

,
[10]. ,

, .

, .
: 1) .

,

; 2) .
,

; 3) . ,
. Canny
; 4) .

Hough . Hough
, l

p1, p2 (u1
l , v

1
l ) (u2

l , v
2
l ),

(14) ,
.

u− u1
l

u2
l − u1

l

=
v − v1l
v2l − v1l

. (14)

4 ,
Hough ,

.

4
Fig. 4 Crossing point of floor tiles obtained by

image processing
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(Fusion of optical flow and landmark localiza-
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3 (Experiments and analysis)
3.1 (Experiment condition)
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Fig. 5 Multi-rotor UAV used for experiments
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3.2 (Experiment results and
analysis)
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Fig. 6 Trajectory of flying experiments
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Fig. 7 Height and attitude status while flying
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9 FX4FLOW
Fig. 9 Figure of optical flow velocity and PX4FLOW velocity

in y axis
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Fig. 10 Landmark localization error compared to SLAM

10 SLAM .
,

. , 70 s ,
,

; ,
, 0.4 m , 30 s

,
, y

35∼39 s , 20 m×20 m
, .

4 (Conclusions)
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