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Figure 1. Color graphical display of traffic information.

Whereas TCAS is an airborne system that constantly monitors nearby traffic, TIS is a
ground-based system that is only available when the requesting aircraft is under Mode S
surveillance. The requesting aircraft must be equipped with a Mode S transponder and a Control
and Display Unit (CDU), as shown in Figure 2. (When the service is unavailable, the pilot is
informed of the situation by a message to that effect on the graphical display.) Algorithms for TIS
are incorporated in the Mode S sensor and are therefore based on a ground coordinate frame.
After a data link connection is established with a given aircraft, the Mode S surveillance track files
are evaluated on each scan to determine the locations of traffic aircraft relative to the requesting
aircraft. The trajectories of the traffic aircraft are then checked to determine whether the traffic
poses a collision threat to the requesting aircraft. The intruder’s ground track is relayed to the
requesting aircraft. If the requesting aircraft has an onboard directional gyroscope, the onboard
TIS algorithms can compensate for the requesting aircraft’s crab angle and then present the
location of the traffic in the pilot’s field of view. (This allows the pilot to interpret the location of
the target on the display directly as a search direction.) If the crab angle is not taken into account,
the difficulty of the pilot’s search task may be increased (depending on the magnitude of the crab
angle).
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Figure 2. Airborne equipment and ground systems necessary for TIS.

Aside from the change in internal coordinate frames, the reliance of TIS on the Mode S
sensor also has other consequences. One consequence is that the update rate of the airborne
display is limited by the scan time of the radar, which is approximately five seconds. To
compensate for its slow update rate, TIS uses aircraft velocities to predict locations one scan ahead
in time; the predicted information is shown on the airborne display unit. (Parameters for the TIS
alpha-beta tracker, which is used in the horizontal plane, are given in Appendix A. TIS employs
the TCAS altitude tracker in the vertical plane [9].) Another consequence of the use of the Mode S
sensor is that timely delivery via the data link system requires that the relayed information be
quantized into a small number of bits (56), which constrains the precision of the surveillance
information that can be sent. Bearing information is quantized into 6-degree intervals (thus
requiring a maximum of 6 bits) and range information is sent in a nonlinear scale that requires

11




































































