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¥ 3 FE B Study on an Inertially Stabilized Platform with a Two—axis Passive

Gimbal for an Omnidirectional Vehicle

In this thesis, [ describe the design of a wheeled omnidirectional robot equipped with a
stabilization mechanism that maintains a steady line of sight a payload mounted to if,
despite external motion disturbance. The stabilization method employed is motion isolation
with a two-axis gimbal with passive revolute joints. I introduce a method for the
calculation of the position of the center of gravity of the payload placed on the stabilizing

mechanism.

Chapter one states the concept of inertial stabilization. An inertially stabilized platform
consists of a gimballed electromechanical system that maintains a steady line of sight
(LOS) of a payload with respect to an inertial reference frame. The stabilizing platform is
mounted on a host vehicle, such an aircraft, ship, ground vehicle, or mobile robot, and a
payload (camera, a communication instrument, sensor, etc.} is placed on the platform. The
angular motion of the host vehicle is measured with an inertial measurement unit (IMU}).
The stabilizing algorithm uses this measurement as feedback to calculate the target
orientation of the gimbal to compensate for the changes in orientation of the host vehicle.

In chapter 2, I describe the principle of operation of the inertially stabilized platform with
passive two-axis gimbal. The method chosen to tackle the challenge of latency in stabiliza-
tion response of an inertially stabilized platform is the implementation of a passive gimbal.
In the proposed method, the gimbal is suspended on the host vehicle chassis by freely ro-
tating (passive) joints, with no coupling between the gimbal and the host vehicle chassis.
As a result, the gimbal is isolated from the vehicle chassis angular motion. This eliminates
the need for compensation, therefore eliminates response latency. The stabilizing mechanism
of the inertially stabilized platform with two-axis passive gimbal consisis of a platform lo-
cated above the centers of rotations of the gimbal's passive roll and pitch axes. A counter-
weight is mounted below the centers of rotation of the passive gimbal's roll and pitch axes.
The counterweight consists of a XY stage with omnidirectional driving gear. The rotation of
the stabilized platform about its roll and pitch axes is achieved by actuating the XY stage
to displace the counterweight horizontally. Moreover, the counterweight is mounted on a Z
stage that displaces it vertically. The pitch and roll inclination angle of the passive gimbal
caused by placing the payload on the platform are measured with a nine degrees-of-freedom
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inertial measurement unit. The measured orientation angles of the gimbal are used to dis
place the position of the counterweight in order to align the line of sight of the platform to
be parallel to the ground. The vertical position of the counterweight is adjusted with the Z
stage to locate the center of gravity of the payload-counterweight system at the crossing
point of the orthogonal gimbal axes, eliminating inertia moments induced on the passive
gimbal roll axis and pitch axis by motion of the host vehicle.

Chapter 3 describes the method to calculate the position of the center of gravity of the
payload placed on the inertially stabilized platform. In the proposed stabilized platform, the
weight of the payload is measured with three strain gauge load cells laid out equidistant
from the platform’s vertical axis of symmetry. The horizontal position of the payload’s
center of gravity is calculated using the relationships of the values measured by each load
cell. The vertical position of the payload’s center of gravity is calculated using the
inclination of the passive gimbal resulting from the placement of the payload on the

platform.

Chapter 4 shows the results from fundamental experiments performed on the stabilizing
mechanism. A fundamental experiment was carried cut to measure the maximum linear
speed XY stage and Z stage mechanisms used to displace the counterweight position. The X stage
was found to have a maximum linear speed of 200 mm/s. The Y stage was found to have a
maximum linear speed of 210 mm/s. The Z stage was found to have a maximum

linear speed of 5.7 mm/s. A fundamental experiment was performed to measure the
accuracy of calculation for the horizontal position of the center of gravity of a paylead
placed on the platform. For this experiment, a 1.5 kg calibration weight was used. The
results show an average standard error of 1.2 mm in the calculation of the X coordinate of
the center of gravity. An average standard error of 0.14 mm on the calculation of the Y
coordinate of the center of gravity was found. The fundamental experiment to measure the
accuracy of calculation of the vertical position of the center of gravity of the payload
showed a minimum relative error of 5.94% from the expected value. A fundamental expe-
riment was done to measure the stability of line of sight of a 3.5 kg payload placed on the
stabilizing mechanism. The experiment was done by driving the omnidirectional vehicle
down a 15 degree slope. The payload’'s pitch inclination angle had a max. of 1.9 degrees
and a min. of -0.1 degrees. The payload’s roll inclination angle had a maximum of 0.15

degrees and a minimum of -0.3 degrees.

Chaper 5 shows the summary of the study. The feasibility of the method for stabilization
and calculation of the mass properties of the payload was experimentally tested. It was
found that the method of mass stabilization by center of gravity displacement is feasible.
Furthermore, the method proposed to calculate the three-dimensional position of the center
of gravity of the payload was experimentally tested and found to be feasible.
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