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Abstract: Aiming at the problem of relative localization among members of unmanned air vehicles
(UAVs) under global navigation satellite system (GNSS) denied environment, an initial relative
pose estimation algorithm based on the combination of on-board inertial measurement unit (IMU) ,
barometric altimeter and data link ranging is studied. Firstly, under the circumstances that the
barometric altimeter stably outputs relatively accurate altitude information, the three-dimensional
motion of UAV is decoupled into two-dimensional horizontal motion, and the equivalent model of
the horizontal coordinate system projection of the three-dimensional acceleration, angular velocity,
and ranging information is given. Secondly, based on the horizontal coordinate system, a new
state quantity to be obtained is constructed containing relative position and heading angle in a non-
linear form, and the nonlinear solution problem of relative position and heading angle is trans-

formed into the linear least squares (LLS) problem of the new state quantity. Thirdly, the real-time
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output of the relative pose solving algorithm is established in recursive form by introducing the re-
cursive least squares algorithm (RLS), which effectively reduces the load of real-time on-board
computing. Then, the observability analysis of the proposed algorithm is performed, and several
forms of relative motion between UAVs that make the state quantity of the system unobservable
are given. Finally, numerical simulations of the proposed algorithm are performed. The
simulation results show that the proposed algorithm can effectively and quickly solve the initial rel-
ative pose estimation problem. The position and heading error are within 10% and 1% of the
initial relative distance and heading, respectively.
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Fig. 1 Coordinate system definition and UAV ranging diagram
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error of UAV B relative to UAV A when both UAVs

are flying in straight lines
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Tab.3 UAVS’ trajectory and simulation result
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