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ABSTRACT

The new NASA near-earth orbit tracking and data acquisition network will be made up of
a network of two, synchronous orbit, tracking and data relay satellites plus an in-orbit
spare. The principal ground components are the TDRSS White Sands Ground Terminal
(WSGT) near Las Cruces, New Mexico and the Network Control Center at NASA GSFC
in Greenbelt, Maryland. Communications between the sites are handled via the NASA
Communications Network (NASCOM) through the NASA Ground Terminal (NGT)
located at the WSGT.

This paper will discuss the control of the TDRSS Network for User Spacecraft Tracking
and User Data Acquisition.

INTRODUCTION TO TDRSS

Two active TDR satellites are positioned in geostationary orbits with a longitudinal
separation of 140 degrees centered around the White Sands Ground Terminal (WSGT)
near Las Cruces, New Mexico. This positioning of the east and west TDRSs will provide
85 percent coverage of earth orbiting users and continuous visibility to the WSGT.

Figure 1 illustrates the positioning of the two active TDRSs (east and west) along with a
centrally located spare which, if necessary, can be moved into either the west or east
position to replace a malfunctioning satellite. This design is intended to provide service to
the NASA network for 10 years.

TDRSS is designed to support a wide range of user communication characteristics through
S- and K-band service with data rates ranging from 100 b/sec through 300 mb/sec. The
ground station performs all the modulation/demodulation functions for (simultaneously) as
many as 19 forward (to user spacecraft) and 32 return (from user spacecraft) data channels
at K- and at S-band. TDRSS is transparent to the data itself; it passes synchronized bit



streams directly to/from NASA. TDRSS tracking and data relay services are available 24
hours/day, 7 days/week. Individual services using a single TDRS may be maintained for
up to 24 hours. Using 2 TDRSs, a user satellite may be serviced continuously. Up to 26
users may be serviced simultaneously with a user community of 100 available to be
supported.

The remainder of this paper will discuss the TDRSS Control Network and how a user may
obtain the services available from the TDRSS Network.

ELEMENTS OF THE TDRSS CONTROL NETWORK

The major elements of the TDRSS Control Network are shown in Figure 2 and discussed
in this section.

Tracking and Data Relay Satellite System (TDRSS)

This element consists of the TDRSS ground segment at White Sands (WSGT) and the
TDRSS space segment including two operational and one in-orbit spare TDRS.

NASA Ground Terminal (NGT)

This element is collocated with the WSGT and provides the interface between TDRSS and
the NASA system. The NGT performs two major roles in support of the TDRSS
operations. One of these is to provide fault isolation and data monitoring capability at the
closest point at which data is received from the WSGT. The other role includes data rate
buffering (to reduce data rates to match Domestic Communications Satellite (DOMSAT)
circuits), data blocking, line outage protection, and interface to the common carrier.

Bilateration Ranging Transponder System (BRTS)

This element consisting of unattended ground-based transponders to provide signals from
known ground reference points for accurately calculating the TDRS’ position. Five BRTSs
are presently scheduled for implementation.

Network Control Center (NCC)

The NCC, located at GSFC, provides the focal point for NASA operations with the
TDRSS and other NASA elements. The NCC schedules, controls and ensures the
reliability of the Spaceflight Tracking and Data Network (STDN). The major functions
performed by the NCC to carry out STDN management include the following:



• Network scheduling
• Monitor network performance
• Monitor status of network resources
• Verify network support configurations
• Provide users STDN performance data
• Ensure that predicted user spacecraft position data is made available to network

facilities
• Service accountability
• Orchestrate fault isolation procedures
• Manage ground configuration commands which change network configurations

Operations Support Computing Facility (OSCF)

This element provides the network with orbital predictions and definitive orbit calculations
for user spacecraft and the TDRSs. The OSCF will receive all network metric tracking
data and perform the necessary processing to provide orbit determination and perform
computations required for developing trajectory information, acquisition data and
scheduling aids for the network.

NASA Communications Network (NASCOM)

This element is the common carrier interface at network locations and consists of
Domestic Communications Satellites and interfaces through earth terminals at GSFC,
White Sands and JSC. On the ground, the network includes a Control and Status System
(CSS), Multiplexer-demultiplexer System (MDM) and a message switch system.
NASCOM provides for transmission of all return, forward, tracking and operational data
between network elements.

Project Operations Control Centers (POCC)

This element (considered the user) is the prime facility for control of a user satellite.
POCCs can be either general purpose, such as the GSFC Multi-Satellite Operations
Control Center (MSOCC), or mission unique, such as the Shuttle POCC at JSC and
Landsat POCC at GSFC. A POCC will be responsible for experiment status processing,
command generation, telemetry processing, attitude data handling, payload operations and
control, experiment sensory analysis and control, and payload planning and analysis.

TDRSS NETWORK RESOURCE SCHEDULING

The previous sections of this paper describe the elements of the TDRSS Control Network
which must be available for a user to obtain a service (forward, return, tracking,



verification or simulation) through TDRSS. The following sections describe the scheduling
process and interactions between the NCC and WSGT to achieve said services.

Operations System Interface Document (OSID)

The OSID defines and controls the logical (software) interfaces between the TDRSS
White Sands Ground Terminal (WSGT) and NASA at the NASCOM System Control
Interface (NSCI). The OSID defines and controls the operational concepts gound rules,
and strategies for TDRSS/NASA operational message content, transmission control, data
accountability and message formatting.

The logical (software) interfaces are described in the OSID in terms of communications
protocol and the detailed data content and format of messages exchanged between the
TDRSS WSGT and NASA. The physical (hardware) interfaces between the TDRSS
WSGT and NASA are defined and controlled by the SSTDRSS Ground Segment/
NASCOM Interface Specification (WU-02-06). Operational procedures for controlling
these interfaces and coordination functions between TDRSS and NASA are defined in the
Operation Procedures Interface Document (OPID, WU-02-18).

The messages (as defined in the OSID) which use the operational interfaces are
constructed by means of 4800-bit data blocks (600 8-bit bytes). The 600 bytes which make
up the 4800-bit data blocks are individually numbered as shown in Figure 3.

Schedule and Control Interface Designation

There are three (3) 56 Kb/second interface lines between NASA and WSGT as shown in
Figure 4. Two of these lines (D1 and D2) are for schedule control and data messages
between NASA and WSGT. The third line (D3) is reserved for tracking data transmission
to NASA for use by the OSCF.

The user spacecraft command data and user spacecraft telemetry data are routed separately
through the MDM but the scheduling and interface port selections are performed over
these interface channels.

Schedule and Control Messages

Schedule and Control Messages are designated as two types:

• NASA (NCC) to TDRSS (WSGT) Messages
• TDRSS (WSGT) to NASA (NCC) Messages



NASA to TDRSS Messages

Schedule and Control Messages which are transmitted from NASA to TDRSS are
Schedule Orders (SHOs,) and Operations Messages (OPMs). Each of these are discussed
in more detail below:

Schedule Orders (SHOs) - Schedule Orders are used by the NCC to schedule user service
through TDRSS to allow a user to command and receive data from his spacecraft, to allow
the OSCF to schedule tracking services to a selected user and allow simulation of services
and verification of services. Within the 4800-bit data block, bytes 23 through 596 are the
message subfield. Scheduling data contained in this subfield, in one or more 4800-bit
blocks, are used to specify all of the support services requested for a single user for a
given support period. A SHO is made up of a Header, followed by a data set of selected
Subheaders and other fixed or reconfigurable parameters for each service (Forward,
Return, Tracking Simulation and Verification) to completely specify the service type,
subtype, the TDRS to be used, start/stop times and the parametric values to be employed
by the TDRSS in establishing the support service. Figure 5 shows the typical structure for
a SHO for a given user.

The user may schedule services from the user POCC via the Mission Planning Terminal
(MPT). The MPT is a console, located in the POCC, which has access to the TDRSS
schedule data base in the NCC. Through this device, the user can access the existing
scheduled services for TDRSS and develop a candidate schedule for this specific needs
and submit a candidate schedule in the users request for service to the NCC.

The user may request service in two ways; 1) request services generically or 2) request
services specifically.

A generic service request by a user means that the user requests a service (say K-band
forward service and a K-band return service) for a period of time (say 30 minutes) between
selected times (say 0900 to 1200 hours) on a given day. Generic scheduling is normally
used if the user has no preference as to the period of time on that day he receives as long
as he receives a service(s) of the requested length.

A specific service request by a user means that the user requests a specific service (K-band
forward and K-band return) for a specific period of time (say 30 minutes) at a specific time
(say 0900 to 0930) on a specific day. The user is then saying that this is the only
acceptable schedule for a service and no other will suffice.

Of the two schedule requests (generic or specific), the generic schedule is the more likely
to be accepted and scheduled by the NCC. In periods of low load factors on TDRSS,



specific scheduling is possible and the requested services will probably be granted. As the
load factor on the TDRSS increases, the likelihood of a specific schedule being accepted
will decrease.

Once a user’s request for service has been accepted and a schedule accepted, the NCC
may schedule the service through TDRSS in three (3) ways; 1) transmit a Periodic SHO;
2) transmit a Routine SHO and 3) transmit an Emergency SHO.

1) Periodic SHO - A Periodic SHO is used by the NCC for a service with a start time
between 24 and 48 hours in the future. A Periodic SHO can be replaced (modified);by
a Routine SHO.

2) Routine SHO - A Routine SHO is used by the NCC for a service with a start time
between 30 minutes and 24 hours in the future. A Routine SHO is used by the NCC
to modify a service already scheduled or for a new service which falls within the
above time frame.

3) Emergency SHO - An Emergency SHO is used by the NCC to schedule services with
start times within 30 minutes of current time. An Emergency Service will be initiated
as soon as possible (within 5 minutes) after receipt of the Emergency SHO at WSGT.

Operations Messages (OPMs) - Operations Messages (OPMs) are used by the NCC to
provide information to the WSGT which supports achieving and operating services
requested by users and scheduled by the NCC. There are 18 different OPMs used by the
NCC for this purpose. Table 1 lists the OPMs transmitted from NASA (NCC) to TDRSS
(WSGT) along with a brief description of each.

TABLE 1 - NASA TO TDRSS OPMs

OPM TITLE OPM DESCRIPTION

1) Special Instructions or Requests This OPM is used for administrative
communications with WSGT and consists of
free-form alphanumeric text.

2) Reacquisition Request This OPM is used by NASA to initiate user
reacquisition. Within 15 seconds of receipt of
the message, TDRSS will initiate the related
acquisition procedure.



3) User Reconfiguration Request This OPM is used by NASA to change the
characteristics of an ongoing service. Changes
such as change in data rate, data format, data bit
jitter, polarization are accomplished in this
manner.

4) Forward Link Sweep Request This OPM is used if NASA is unable to
accurately define the forward link reference
frequency (fo) for a user spacecraft resulting in
the need to sweep the forward link carrier
frequency. Forward link sweep will be initiated
within 15 seconds of receipt of the message at
WSGT.

5) Shuttle/Payload Reconfiguration The TDRSS is capable of changing from service
support for shuttle to service support for
payload. This reconfiguration is accomplished
by changing from a link supporting the shuttle to
another supporting a normal user which is either
within the shuttle bay or near the shuttle. This
OPM is used to accomplish this change and will
be initiated within 15 seconds of receipt of the
message at WSGT.

6) Forward Link EIRP This OPM is used to set the SSA and KSA
Reconfiguration Request  EIRP to normal or high power. The change will

be accomplished within 15 seconds of receipt of
the message at WSGT.

7) Expanded User Frequency If NASA is unable to accurately predict the user
Uncertainty Request transmit frequency for DGI, Mode 2 and DG2

(non-coherent turnaround), NASA will transmit
this OPM to TDPSS. The required
reconfiguration will be accomplished within 15
seconds of receipt of message at WSGT.

8) TDRSS Service Level Status The TDRSS will provide NASA housekeeping
Data Request status data for equipments affecting service at

WSGT. This data will be supplied in response to
this message.



9) User Orbit Prediction Force This message transmits to TDRSS the elements
Model of the user orbit prediction force model that will

be used to provide services to user spacecraft
with an orbit capable of being defined and with
no orbit changes in progress. The model
includes four forces that perturb the orbit: solar
and lunar gravitation, solar radiation pressure
and earth’s graviatational field. A force model
must be in place (at WSGT) for a user prior to
scheduling service for a user. A force model is
not required for a ground based user.

10) Spacecraft State Vector NASA will use this message to send TDRS and
user spacecraft state vectors to the TDRSS. For
users with unchanging orbit (stable), the user
state vector is propagated by TDRSS to
establish an emphermeris file for user support.
For users with changing orbits (unstable), the
data is supplied by NASA as a string of state
vectors at 0.5 second intervals in support of the
user service. User state vector data must be
present prior to scheduling a user service.

11) Doppler Compensation Inhibit NASA will use this message to terminate
Request forward link doppler compensation. Within 15

seconds of receipt of this message at WSGT,
processing to inhibit forward link doppler
compensation will begin. Forward link
frequency will then be fixed for the remainder of
the service unless doppler compensation is
reenabled.

12) Cancel SHO Request This message is used to request cancellation of
either an ongoing or pending SHO.

13) TDRS Maneuver Approval NASA will use this message to respond to a
TDRS maneuver request and will either deny or
approve the requested maneuver.

14) Acknowledgement of Message This message is used by NASA to acknowledge
Received receipt of a message.



15) Spacecraft Emergency State NASA will use this message to send Emergency
Vector state vectors to TDRSS. The same types of

messages are sent as for spacecraft state vectors
except that the class is 15 rather than 10.

16) MA Return Null Assignment TDRSS provides the capability to null an MA
return interference source for an MA Return
service. This message is used to assign or de-
assign an MA Return null location to a TDRSS.

17) MA Return Null Control NASA starts and stops the nulling operation for
specific ongoing MA Return services through
the use of this message. The nulling will be
started or stopped within 15 seconds of receipt
of this message by TDRSS.

18) At Adjustment This message is used by NASA to adjust the
time parameter associated with a selected user
state vector.

The TDRSS Network is scheduled and controlled through the use of the Schedule Orders
(SHOs) and Operations Messages (OPMs) described above. Preparation of these messages
is performed by the NCC in response to requests from users for services and from the
OSCF for tracking data. The NCC also schedules the interface ports (between WSGT and
NGT) over which the user data will flow (forward and return). The NCC also requests the
transmission lines (by submitting schedules) from NASCOM to establish the links for user
data.

TDRSS to NASA Messages

TDRSS supplies four types of messages to the NCC, through which the NCC can
determine schedule status - ongoing service status and service level equipment status - and
through which the OSCF can receive tracking data for the user tracking services
scheduled. The four message types are as described below:

• Operations Messages (OPMs) - Operations Messages (OPMs) are transmitted from
TDRSS to NASA in response to messages from NASA to provide data requested, to
transmit acceptance or rejection (with reason) of SHOs and for general administrative
information. A brief description and definition of the 15 TDRSS to NASA OPMs is
contained in Table 2.



TABLE 2 - TDRSS TO NASA OPMs

OPM TITLE OPM DESCRIPTION

1) SHO Status This message is used by TDRSS to notify
NASA of the status of SHOs transmitted to
TDRSS requesting service. This message will
either state that the SHO has been accepted or
that the SHO has been rejected for any one of
19 reasons. With the rejection code, the NCC
can determine whether to correct the condition
or delete the service and notify the POCC.

2) Return Channel Time Delay When a SHO includes a request for return
channel time delay (from the antenna feed to the
interface port between WSGT and NGT), this
message shall be used to transmit that data to
NASA. The time delay, if requested, will be
calculated at service start and service stop.

3) Preventive Maintenance Request This message is transmitted by WSGT to
request time to perform preventive maintenance
on specified equipment. The request must be
made at least one week in advance of the
requested block of time.

4) Special Request or Information This message contains primarily administrative
data and is free-form alphanumeric text.

5) Results of Routine Verification Routine Verification can be scheduled by NASA
using the normal scheduling process. These tests
are the rapid service verification tests, and as
such, are fully automated employing built-in test
equipment. The results of these services are
reported to NASA by TDRSS via this message.

6) Results of 24-hour Verification 24-hour verification is a scheduled process
which is performed manually at WSGT. A set
test procedure is followed. The results of these
tests are transmitted to NASA via this message.



7) Service Terminated This message is transmitted from TDRSS to
NASA to notify the NCC of either normal or
abnormal termination of service.

8) Service Available This message is used to notify NASA that the
services are available in response to an
Emergency SHO (i.e., the equipment
configuration is complete).

9) TDRS Maneuver Request When the TDRSS ground terminal desires to
perform a TDRS maneuver which might have an
impact on providing service, approval must be
requested via this message.

10) Acknowledgement of Message This message is sent to acknowledge receipt of
Received an NCC generated message at WSGT.

11) Spacecraft State Vector/Force Upon receipt of a force model or before
Model Rejection propagating the ephemeris data from a received

state vector, TDRSS performs acceptability
checks. If any of these checks should result in
the detection of an

12) OPM Rejection OPMs received from NASA by TDRSS will be
checked for validity. If any of these validity
checks should fail, this message will be sent
along with an error code which defines the
reason for rejection.

13) Acquisition Failure When an attempt to provide a return service
requested in a SHO does not occur due to an
inability to acquire the user spacecraft, this
message will be sent by TDRSS to NASA.

14) State Vector Propagation This message is used by TDRSS to inform
Completed NASA when the propagation of a state vector

for a stable orbit user has been completed.

15) At Adjustment Rejection This message is used by TDRSS to notify
NASA that the requested )t adjustment has not
been implemented and the reason for rejection.



• Service Level Status Reports (SLRs) - Service Level Status information is sent from
TDRSS to NASA via the Service Level Status Report (SLR). The purpose of these
messages is to keep NASA up to date as to which services are available at WSGT
from an equipment standpoint. An SLR is sent when a piece of equipment at WSGT,
which affects a service, changes state (from operational to failed or from failed to
operational). This message contains the following information:

1)  Status code - operational, inoperable

2)  Service Support Type - Forward, Return, Tracking, Ground Antenna, TDRS

3)  Service Support Subtype - MA, SSA, KSA, other, S-Shuttle, K-Shuttle

4)  Equipment ID

5)  Estimated time to repair

When the NCC receives this message, the WSGT status at the NCC will be updated
and the list of available services modified. As the services scheduled are prepared at
the NCC for transmission to TDRSS, this information is taken into account and
services which cannot be supported because of equipment outages are not scheduled.

If, for some reason, the NCC loses track of the equipment status at WSGT, a request
for service level status data can be transmitted from NASA to TDRSS. In response to
this Service Level Status Data Request, TDRSS will transmit a complete Service
Level Status Report which lists the status (operable or inoperable) for each piece of
equipment affecting service in TDRSS.

• Operations Data Messages (ODMs) - Operations Data Messages (ODMs) are sent
from TDRSS to NASA every five (5) seconds from scheduled service start to
scheduled service termination. The DOM is the message through which TDRSS
provides NASA the required information relating to scheduled services during the
time frame in which a service is active. The staleness of the data at the
TDRSS/NASA interface will not exceed five (5) seconds. Separate ODMs are
prepared and transmitted for SA, MA and Simulation services (if two TDRSs are
providing both SA and MA services, four ODMs are required to report these data).
The operatons data provided in the ODMs is as follows:

1)  TDRS ID

2)  TDRS orientation



3)  Time tag

4)  Service type

5)  Interface channel ID (TDRSS/NASA interface port)

6)  RF beam pointing angles

7)  Link status

8)  Lock indicators

9)  Signal strength indicators

10)  Bit error rate status

11)  Other service specific data, as required for the specific service

From the data provided, NASA can determine the quality of the service in operation
and, if warranted, can take corrective action through the controls provided for
manipulating ongoing services as described previously (Operations Messages
(OPMs)).

• Tracking Data Messages (TDMs) - User spacecraft tracking services are scheduled
by NASA in conjunction with other user forward and return services. TDRSS is
capable of providing one-way doppler measurements and two-way range and doppler
measurements. One-way doppler measurements are available on all return channels.
Two-way doppler measurements are available for all user spacecraft for which the
coherent transmit/receive carrier frequency turnaround ratio is within the specified
value. Two-way range measurements are available to all user spacecraft for which the
transmitted PN code is time synchronized to the PN code received from TDRS.
Tracking samples can be supplied at 1, 5, 10, 60 or 300 seconds between samples.
TDRSS can provide the following simultaneous tracking services on a continuous
basis:

1)  One-way doppler measurement for any 10 return links.

2)  Two-way range and doppler measurements for three multiple access links.

3)  Two-way range and doppler measurements for six single access links.



Each tracking data sample is formatted in accordance with the NASA Universal
Tracking Format. All tracking data messages consist of one or more 4800-bit blocks,
with each block containing at least one tracking data sample. A dedicated
transmission line is provided to transmit tracking data from TDRSS to NASA.

All other data which flows to and from user spacecraft is controlled by NASA. NASA
specifies an interface port at the TDRSS/NASA interface and TDRSS performs the
connection of the required link to the identified port on the TDRSS side of the interface.
NASA performs the required switching on the NASA side of the interface to connect the
identified port with its user (JSC, User POCC, NCC, OSCF, etc.).

Through the use of the above, the TDRSS Network Resources are scheduled, controlled
and monitored. NASA (NCC) is the principal scheduling agent with the other network
resources (NASCOM, TDRSS, OSCF, User POCCs, JSC) acting in response to and/or
causing activities in NCC.

SUMMARY

The TDRSS Network of the 1980’s is made up of a set of complex elements. The control
of the TDRSS Network is highly automated with numerous computer-to-computer
interfaces with a minimum of human activity required. This paper has described the
mechanisms available for control of the TDRSS Network as seen from the primary control
point, namely, the Network Control Center (NCC) at Goddard Space Flight Center in
Greenbelt, Maryland. User requirements for service are communicated to the NCC. The
NCC, in response, merges all user requirements into a unified, conflict-free schedule. The
NCC then schedules the requested services through TDRSS, schedules the data flow paths
through NASCOM, and responds to real-time user changes to services by modifying
ongoing services as required.

The TDRSS Network will provide the user with greater coverage, the ability to capture
more data, and to provide more real-time monitor and control capability of his spacecraft
than is presently available from ground-based tracking stations.



Figure 1. TDRSS  System Concept



FIGURE 2.  ELEMENTS OF THE TDRSS CONTROL NETWORK



FIGURE 3.  STANDARD 4800-BIT BLOCK STRUCTURE



FIGURE 4.  NASA/TDRSS SCHEDULE AND CONTROL INTERFACE



FIGURE 5.  SCHEDULE ORDER (SHO) STRUCTURE
(.NASA TO TDRSS)


