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THE GOES DATA COLLECTION SYSTEM PLATFORM ADDRESS CODE

Wilfred E. Mazur, Jr.
Office of System Engineering
National Environmental Satellite Service
NOAA, Washington, D.C.

ABSTRACT. This paper describes the theory and imple-
mentation methods involved with Data Collection Platform
addressing. For the most part, this paper is intended
to convey the GOES-DCS capabilities as they will exist
after installation of the Data Collection System/Data
Processing System (DCS/DPS) computer system (early

CYy 1977), It should be noted that the DCS design is
evolutionary and will likely be modified to suit users”
requirements, Therefore, the iIinformation contained
herein should be treated as a timely design plan rather
than a policy statement or requirements document.

BACKGROUND

The GOES Data Collection System (GOES-DCS) is designed to
collect a large variety of environmental data from virtually
any location in the Western Hemisphere. The system is a data
relay network consisting of thousands of individual data-
gathering devices (or platforms) which can transmit their data to
one of two Geostationary Operational Environmental Satellites
(GOES). These platforms transmit their data in response to an
interrogation or poll originating from a Command and Data Acqui-
sition (CDA) Station located in Wallops Station, Virginia. Both
the interrogation signal and the reply data are relayed between
the platform and the CDA Station via GOES, A second type of
platform iInitiates transmission to the CDA Station as scheduled
by a timer or clock within the unit. These "self-timed" platforms
do not require a receiver and, thus, do not use the interrogation
signal from the CDA Station,

The Platform Address Code
In an effort to expedite the cataloging and identification of
data received by the GOES-DCS, as well as to implement the

re%uired polling procedure, a 31-bit code was adopted to identify
(address) each platform uniquely.

The 31-bit BCH code selected belongs to a class of cyclic codes
discovered by Bose and Ray-Chaudhuri (1960) and Hocquengheirc (1959),

BCH coding is named for Bose, Ray-Chaudhuri, and Hocquengheim.



and has the following iImportant properties;

1. All addresses (code words) have a minimum ""hamming" dis-
tance of five; that is, no two addresses agree by more than 26
of the 31 bits. Therefore, the probability of transmitting an
address assigned to one platform and having it be received as
another platform®"s address is extremely low (0.000976 Pe, where
Pe is the bit error rate (BER) of the channel)

2. The structure of the BCH code and its corresponding hamming
distance provides the mechanism for error correction. It is
possible, therefore, to correctly determine the intended platform
address even though one, two or no bits had been corrupted in
the transmission process. This has the effect of improving the

channel"s error rate significantly (at 10--% BER, an uncoded
address error rate would be about 2 x 10“", whereas coded the

address error rate is about 10~-12).

3. The code selected provides for 27(2,097,152) addresses
out of a possible 221 — hence, the sometimes-used designation
""21/31 BCH Code.”™ This allocates a sufficient number of
addresses for most GOES-DCS applications.

4. The implementation of the BCH code can be effected in a
variety of ways. (See Appendix A.) NESS generates the platform
addresses through the use of a matrix multiplication computer
program. Through this program, a unique 2l1-bit sequence is mul-
tiplied by a 21 by 31-bit binary matrix, which results in a valid
21/31 BCH code word (Ffig.l1). The code words produced are 31-bit

sequences and are ''systematic,” that is, the Ffirst 21 bits are.
identical with the original 21 bits. Thus, all of the iIinformation
contained within each code word is in the Ffirst”"21l bits -- the

remaining 10 bits are redundant or '"check bits."

mm
*HIM!
mm =<(00010101110010001110001110011U>
<(000101011100100011100)/ .
(21 INFORMATION BITS) (31-BIT BCH ADDRESS)
Figure 1. -- Generation of address by matrix multiplication
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Field Definition

As stated, the 21/31 BCH addresses consist of 21 information
bits followed by 10 check bits. Although the primary use of
the address is to uniquely identify a platform, an ordering or
grouping of these addresses has been adopted to "encode' other
descriptive information relating to the platform.

Figure 2 shows how the 31-bit addresses are internally coded.
The 31 bits are divided into four fields consisting of a 9-bit
user field, a 2-bit priority field, a 10-bit platform index field
and the 10-bit check field.

USER 1D PRIORITY PLATFORM INDEX ,x BCH CHECK
(9 bits) (2 bits) (10 bits) ; (10 bits)

Example: Address: 0001010111001000111000111001111
Meaning: USER: #43
PRIORITY: Operational
PLATFORM:  #284 (primary)

*For platforms with both primary and secondary address,
the 21st bit is a 0 and 1 respectively.

Figure 2.--Information fields within an address,

The 9-bit user Tfield provides 512 possible sequences, which are
used to identify up to 510 individual users of the GOES-DCS.

Zii™ni?I"\Se(*uences are reserved to designate command addresses
(110011010) and a miscellaneous user group ((000101011).

The 2-bit priority field specifies the priority associated with
that platform: Emergency (01); operational (10); and experimental
(11). The sequence '"00" 1is unassigned.

The 10-bit platform index Ffield is used to uniquely define the
user s platform -- this assignment is generally left to the user"s
discretion. The last bit of the Ffield ("the 21st bit'") IiIndicates
whether the address is a "primary"” (zero) or a ''secondary' address
tor the platform; this bit is not interpreted by the GOES-DCS
The user may choose to assign one or two addresses, and thus
accommodate 1024 or 512 platforms, respectively. The 10 bit check
field contains the extra 10 bits generated by the matrix multiplication.
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USE OF THE 21/31 BCH CODE IN THE GOES-DCS

As described previously, the GOES-DCS makes use of the 21/31
BCH address in a variety of ways and for a multitude of purposes.

Assumptions

To organize and, where necessary, to standardize the use of
address codes, a number of assumptions were made in the system
design:

1. As a minimum, every platform will be assigned a unique
“"primary' address. No two platforms would recognize or be
associated with the same primary address.

2. All data transmitted by the platform, either self-timed
or interrogated, will be accompanied by its primary address.
Platforms which are both self-timed and interrogated (and,
therefore, transmit on two different channels) should be i1denti-
fied by two different primary addresses, and will be considered
as two platforms

3. All interrogations which result in data being transmitted
to the GOES-DCS (replies) will contain the primary address.
Command sequences (described below) also begin with the primary
address.

4. A unique secondary address may be assigned to individual
platforms. Unlike the primary, the use of a secondary address
is not mandatory; however, a number of system capabilities are
available for use with platforms iImplementing secondary addresses.
For platforms utilizing a secondary address, the 21st bit of the
secondary address will always be a 1. Further the first 20
bits of the primary address will be identical to the first 20
bits of the secondary -- the 21st bit of the primary will always
be a 0. This does not prevent primary addresses from having
a 1 in the 21st bit; however, in such cases, secondary addresses,
and those features associated with them are no longer available
to that platform. See sections concerning command and test mode

(reply-verify).

5. At most only two addresses (primary and secondary) will be
assigned to any individual platform.

6. The 21/31 BCH addresses may be represented iIn two ways.
First, the address may be expressed in binary form (e.g.,
0001010111001000111000111001111, in which case, the bits will
be designated left-to-right in order of transmission (i.e., in
this example, a 0 is transmitted first and a 1 last). Second,
the address may be represented in hexadecimal notation by sepa-
rating the binary sequence into groups of four -- with a 0
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added to the end of the 31-bit sequence to make it come out even.
For the example given in Figure 2, the address would represent
""15C8E39E"™ in hexadecimal.

Address Assignment

Platform addresses are assigned by NESS on a user-by-user basis.
For each user having, or likely to have, a large number of plat-
forms, a block of 4096 21/31 BCH code words (1024 possible
addresses) is reserved. All addresses for a given user have the
same First nine bits. The tenth and eleventh bits are reserved
to indicate the priority of the individual platform (0l-emergency,
10-operations, 1ll-experimental and OO-unassigned); the rationale
for the assignment of priority iIs not discussed herein.

The remaining ten "information”™ bits of the BCH address are
reserved for assignment to specific platforms by the user (and
conveyed to NESS prior to platform activation). The 1024 possible
BCH addresses available to each user will generally be assigned
in pairs (one primary and one secondary) providing for up to 512
platforms -- 1024 platforms can be accommodated if secondary
addresses are not required. Factors to be considered in choosing
not to implement secondary addresses include future requirements
for single command functions or reply-verify (test mode) uses.
Users implementing exclusively self-timed platforms should con-
sider the reservation of secondary addresses if there is a future
possibility of adding or replacing platforms with the interrogated
type. In addition, the availability of low-cost, Tield-portable
interrogation receivers will, in the future, make it possible for
a technician to 'check out”™ platforms during field installation
effectively and expeditiously by using the test mode.

A platform is uniquely determined by the user and the platform
index fields; therefore, no two platforms may have identical user
and platform index fTields regardless of priority.

INTERROGAT IONS

The polling or iInterrogating capability of the GOES-DCS is
implemented by the use of primary addresses. Figure 3 shows the
data format used on the two 468 MHz i1nterrogate channels.

NSpecifically 468.825 MHz for the Western GOES and 468.8375 MHz
for the Eastern GOES.



BCH ADDRESS TIME CODE MLS BCH ADDRESS TIME CODE
(31 bits) (4 bits) (15 bits) (31 bits) (4 bits)

Figure 3.--Interrogate link data format

This format consists of repetitive sequences of: a Time-Code”

(4 bits); a Maximal-Length Sequence (MLS) Frame Sync (15 bits -
100010011010111); and a 21/31 BCH address. An interrogation of

a platform is effected by the transmission (once) of the platform®s
primary address. Every transmission from the CDA of a platform®s
primary address (self-timed platforms excluded) is expected to
produce a reply. Conversely, no message is expected (or permitted)
from a platform unless the primary address is transmitted from

the CDA (except from self-timed or emergency platforms). Speci-
fically, transmission of the secondary address to the platform
should not produce a response. Not only does the GOES-DCS expect
a message every time a primary address is transmitted, the system
expects this message to begin immediately after the address is
sent. (See section on platform replies.)

Error-correcting properties of the 21/31 BCH code can and
generally should be used for interrogating. Specifically, a plat-
form should recognize its own primary address in spite of one or
two errors, and should respond with a reply using its correct
address

PLATFORM REPLIES

Data transmitted by platforms to the GOES-DCS are called ™"replies™
and may be triggered by the receipt of an interrogation or by self-
initiation. The transmission format illustrated below (fig. 4)
consists of: Ffive seconds of carrier (nhominal); 2.5 seconds of
alternating 1/0 data bits; 15 bits of MLS frame sync; the primary
address; data formatted in ASCII (8 bits per character, odd parity);
and three ASCIl1 EOT characters. All reply data must use the
platform®s primary address.

3See Cateora, Davis, and Hansen (1976).

6



CARRIER ALTERNATING 1/0 MLS PRIMARY ADDRESS
(5 sec nom.) (2.5 sec nom.) (15 bits) (31 bits)

DATA (ASCII, odd parity) 3 EOT CHARACTERS
(8 x N bits)(24 bits)

Figure 4_.--DCS platform reply format.

Replies to interrogation are expected to begin Immediately after
the address is received by the platform. Snecificallv, the plat-
form™s reply is expected to complete transmission of its address
within 11 seconds after it received its address on the interrogate
link. (Note: Both addresses are the same primary address.)

This specification is necessary so that the GOES-DCS can efficiently
schedule future messages for that channel. This scheduling is
based on the ability to accurately predict the channel occupation
time for each iInterrogation.

Data received by the GOES-DCS is time-stamped (or tagged) when
the address portion of the reply is received at the CDA Station.

The GOES-DCS currently does not provide for full error correc-
tion if the address in the reply is corrupted; the computer will
provide for address correction only if the platform had been

scheduled. IT the received address is within two bits of the
address expected, the message will be routed to the user with the
correct address. IT the received address differs by more than

two bits, the user will be told, but the message will Be delivered
uncorrected.

COMMANDING

The transmission of data over the interrogate channel, which
elicits a change in platform status, configuration, or operating
mode is referred to as a command. The GOES-DCS supports the
commanding of platforms in two ways:

Single Address Commanding

The simplest method of commanding involves the use of a platform
secondary address and provides the capability for only one command.
A platform designed for this purpose,therefore, monitors the inter-
rogation channel for two addresses: its primary, after which it
is always expected to reply; or its secondary, after which it is
expected to perform its command function and not reply. As with
interrogations, secondary address commanding can be implemented
to permit up to two errors. This is optional, however, since
some users may insist that their commands be received perfectly.
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Since replies are not expected from secondary addresses, command
verification (the ability to see that the command was received
properly) is not implicit in this technique.

Two Address Commanding

A second and more generalized approach to commanding through the
GOES-DCS is by the use of two addresses transmitted sequentially.
The TFfirst address sent is the platform®™s primary address and the
second address is a valid 21/31 code word beginning with a unique
user ID (110011010). This second address, sometimes referred to
as the command data word, may be any one of 4096 different BCH
addresses. The use of one special user ID exclusively for
commanding makes it impossible to transmit a platform address
inadvertently. The priority field associated with other addresses
is not contained within the command data word -- rather, the
remaining 12 information bits are variables making possible the
4096 different commands

Figure 5 shows a typical data stream on the interrogate channel
containing a two-word command. As indicated, platform 15C353B8
which is to be commanded must TFfirst recognize its own primary
address , then examine the next address to determine whether it is
a command data word. IT the second address is a command data
word (identified by 110011010), the platform should take the
appropriate action; if the second address is not a command data
word, the platform should simply reply with its normal-length
message. Whether commanding or not, the platform must respond
with a normal-length message after receiving its primary address.
Multiple commands, if required, will necessitate the transmission
of another pair of addresses (the primary) and the next command
data word. The GOES-DCS supports commanding on an individual basis.
Successive commands (pairs) are not possible since the system will
not send a primary address for that platform (or any other platform
on that channel) until after the Tfirst platform®™s reply message
has been completed. Strings of more than one command data word
will not be supported.

Comments on the Use of Commands

The capability to command platforms can be used in a variety of
ways, which are left to the user®s own imagination or the platform™s
sophistication. The way in which these 4097 possible commands
(single and double word) are to be iInterpreted is defined on an
individual platform basis and the GOES-DCS is "blind” to the
effect these commands have on the platform. The implications of
this fact are considerable when one considers the types of commands
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likely to be sent. For example:

1. Commands which change the transmission schedule of a platform
(i1.e., change the channel, self-timed transmission time for repeti-
tion interval, activate or deactivate a platform, etc.) will
generally cause some type of error notification to be generated
by the GOES-DCS computer. This is the case because the GOES-DCS
maintains a projected schedule of the system®"s activity. Through
this schedule, unexpected or missing messages are detected and a
notification is sent to the user. Therefore, a command affecting
a platform®™s schedule will inevitably flag such a change, unless
the projected schedule is correspondingly modified. Therefore,

the user must inform the GOES-DCS of the impact of these schedules
at the time these commands are requested.4

2. Commands which change the length of a message can cause
scheduling difficulties or iInefficiencies. For example, 1if a
platform®s message length were unknowingly iIncreased, the GOES-
DCS would detect this as a failure mode in the platform since the
message would appear to be '"too long;" this may cause another
platform on that channel to not be interrogated as previously
scheduled. On the other hand, a command shortening a platform®s
message length would have little effect on the GOES-DCS, except
that the channel would be used less efficiently since another
platform would not be interrogated until the first one had been

expected to finish.

3. Commands addressing more than one platform are conceivable,
where a user may wish to get a "snapshot™ of data over a wide
geographical area at the same instant in time. This type of com-
manding cannot be accomplished with one command. As with normal
interrogations, the GOES-DCS transmits primary addresses assuming

a message will reply on that platform®s designated channel. There
are no provisions within the schedule to accommodate more than one
reply to a single interrogation. Within this constraint, group

sampling is possible, however” the platforms must contain some
memory and each must report its data individually on subsequent
interrogations

4. Command verification is a desirable capability which the
user may choose to implement in his platform. In such case, the
platform would include some indication in its reply message that
it received the command -- i1t could even be an echo of the command
data word. Such information would enable the user to determine
whether the platform had, iIn fact, received the command. The GOES-
DCS does not iInspect messages for a verification; the user must
perform this check after the .message is subsequently disseminated.
Note: The current design of the GOES-DCS does not support

At present, neither commanding nor the associated rescheduling
iIs automated beyond a manual operator function.
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re-commanding in the event of a missed or bad reply -- it will
be reinterrogated a user-specified number of times; however, the
command data word will not be included.

5. It is conceivable that some requirements may indicate a
need for commands which are to be separated by a fixed amount of
time -- one command to start a measurement and one to stop it.

Such commands should be avoided, where possible, since the dynamic
scheduling properties of the GOES-DCS (which tries to accommodate
many channels, not just one) cannot guarantee a rigid spacing
between iInterrogations (or commands). Such requirements can be
satisfied by providing the platform with memory that will always
provide data for the last fixed measurement interval, or by
transmitting a command which specifies the measurement interval
and then holding the data until a subsequent interrogation .

Note: Emergency schedules which supersede normal scheduling
activities could provide a greater level of regularity between
interrogations; however, absolute spacing still cannot be guaran-
teed.

6. The occurrence of errors on the interrogate link is possible,
but not likely except in marginal-link situations. Users should
consider whether commands should be executed in the presence of
errors. This capability (to correct command word errors) could
affect the reliability of the platform and would most certainly
increase its complexity. It is recommended that the platform
respond to the primary address with a message whether or not it,
or the command data word, contains an error.

TEST MODE (REPLY/VERIFY)

The principle use for the secondary address is for the test, or
reply-verify mode. This function is provided by the GOES-DCS for
use in situations where it is necessary for a platform to be told
by the system that a previously reply had been received without
errors. This function is described as a "mode'"™ because the GOES-
DCS will provide the service only if previously instructed to do
so; any or all platforms may be supported. The GOES-DCS supports
the test mode in the following manner: As a message iIs received
at the CDA Station, it is checked for parity errors. IT the message
contains no errors (up to the TfTirst EOT character) and the plat-
form is in the"test mode” that platform®s secondary address will
be transmitted on the iInterrogate channel. If, on the other hand,
the message contains one or more errors, the secondary address will
not be sent.

This mode of operation can be used with either self-timed or inter-
rogated platforms, whether or not the reply message was scheduled.
In the latter case, however, the secondary address will generally
be delayed by an additional minute, since the system must determine
whether or not this platform was in the test mode. The test or

11



reply/verify mode can be used in a number of ways:

1. As the name implies, the test mode feature may be used as
an aid in the field testing of radio sets (platforms). For example,
a user could notify NESS that a particular platform was to be
installed or serviced in the near future, and request the platforms
be put In the test mode. Later, when a technician is at the Tfield
site checking out the platform, he could trigger a transmission,
(either manually or by waiting for an interrogation) and wait for
subsequent reception of that platform®"s secondary address. All
current commercially available iInterrogatable radio sets (April
1976 and earlier) effect a relay contact closure when the secon-
dary address is received. These contacts could be connected to
a light, logic probe or other device to act as a signal. A receipt
of this secondary address in the test mode goes a long way toward
assuring that the platform will work operationally since the entire
data path, i1ncluding data formatting, will have been tested. To
be most effective, several '"shots'™ should be possible; this can
be arranged with NESS through prior scheduling. It is important
that the Tfield technician be aware of the schedule for his plat-
form®™s channel to prevent inadvertent interference to other platforms.
In the case of interrogated platforms, the best procedure is to
schedule additional interrogations and not self-initiate. For
self-timed platforms, the technician can be given a test schedule
from NESS for the channel(s) involved.

2. The test mode described above can be used with self-timed
as well as iInterrogated platforms. Since self-timed platforms do
not generally have receivers built into them, the technician must
bring one with him. Through the use of a diplexer, the existing
antenna can probably be used. A useful addition to such a receiver
design is a time-code decoder which can provide the technician a
very accurate time reference for setting the platform®s timer.

3. Platforms being used as message relay terminals (such as
teletypes or tape-reading devices) may find the reply/verify func-
tion useful. Such applications, involving manual preparation of
messages, will find the "message received" feedback of the test
mode to be good human engineering. An operator at such a terminal
appreciates knowing the message has been properly received.

4. Platforms designed with data storage sufficient to ride out
even severe GOES-DCS outages may find the reply/verify mode useful.
Such designs, with storage, have the inherent problem of not
being able to discern whether any given interrogation is a request
for new or old data (the GOES-DCS reinterrogates platforms if
messages are bad or not received; these platforms cannot determine
whether to re-send the old data or not). Use of the reply/verify
mode permits such platforms to know whether the previous block was
received by simply interpreting the secondary address as an acknow-
ledgement of the previous message.
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5. Some requirements may suggest that a platform should not
Ffully execute a command unless it has been verified by the GOES-
DCs. In this case, the secondary address could be considered the
execute command. The command verification, iIn this case, is not
an inspection of the message contents, but rather a check that
the message was received and was without parity errors.

EMERGENCY OPERATION

An "emergency” functionally pertaining to the GOES-DCS is any
situation during which platforms must be interrogated and the data
disseminated as soon as possible. One method for triggering an
emergency interrogation schedule is by the receipt of a message
(by the GOES-DCS) from a platform transmitting on an 'emergency
channel. Such platforms are able to determine when an emergency
situation exists and are programmed to initiate a spontaneous or
alert, transmission (sometimes called "thresholding').

Since these emergency channels are shared among all such platforms
and are used only in emergency situations, they are sometimes called

random access channels Use of these channels diffeis somewhat
from the normal operations scenario. When a platform senses an
alarm condition for which an emergency message should be scheduled,
it begins transmitting on the emergency channel. The message
transmitted consists of a standard reply using its primary address
but with no data Transmissions are to be repeated every 15 to
20 minutes -- this is necessary because statistically there is
a possibility that two such platforms could transmit at the same
time on the same channel. The GOES-DCS computer will receive the
message and, after determining this unexpected message was on an
emergency channel, it will schedule a number of future interro-
gations. The platform initiating the emergency schedule will
always be reinterrogated on its primary address. This interrogation
serves two purposes. First, it provides sensor data from that plat-
rorm to be transmitted on its normal channel (hot an emergency
channel). Second, this interrogation serves as an acknowlegement

that the GOES-DCS recognized the alarm situation and the platform
should stop further transmissions on the emergency channel.

Since the emergency schedule is prepared especially for the
emergency condition, commands may also be included (either one or

two word types). Whether or not commands are to be sent, the
thresholding platform must adhere to all address and channel usage

conventions previously defined.
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APPENDIX A: ADDRESS GENERATION AND DECODING SCHEMES

The BCH code is a binary cyclic code which may be generated as
the product of two polynomials

FOO = g(x) alx)

where g(x) 1is a generator polynomial of degree of n-k, [?(x): a,,
+ a] X + az + ... an-kXfc-RI q(Xx) is an information poly-
nomial of degree k-1 [q(x> = b0 + bx x + ... bMNIx™-1] and F(xX)
is the code polynomial of degree n-1 [F(xX) = CD + ("™: +C™x2+ ..
cn-1 xn-i]. Therefore, any sequence of k information bits may be
represented as a polynomial which, when multiplied by a specific
generator polynomial, will yield a valid code word of n bits.

The 21/31 BCH code used in the GOES-DCS utilizes a generator
polynomial of 1 + X + X2 + xX™ + x™ + X7 + x*0 and all arithmetic
is modulo-2 binary (-0 =0, O0-1=0, 1-1=1, O+0=0, O+1=1,
1+ 1=0).

In specific, a sequence of 21 information bits may be expressed
as a polynomial and when multiplied by g(x) will yield a polynomial
whose coefficients are the 31-bit code word. For example, the
binary sequence 000111010000101010010 can be written as x-* + X +
XN+ X'+ X2 + X114 + x16 + x1'9.  When multiplied by g(x) the result
iIs XM + XN + X? + xN + x™ + x12 + x16 + xM-7 + x19 + XN + x22 + x™N9

or, 0001010111001000110101100000010 (= 15C8D604) -- a code word.
_This multiplication can also be expressed as a matrix multiplica-
tion:
F=Q -6
Where F is [cO, ci, c2, cn_I], Q is [bQ, b~ b2, ..., bk_i],

and G is a 21 by 31 matrix (fig. 6).

0111011010010000000000000000000

Figure 6.-- 21 x 31 matrix.

15



By virtue of two properties of cyclic codes, namely, that the
set of all possible code words is a group closed under addition
(i.e., the sum of two code words is another code word) and that
any code word shifted to the right or left (with rotation) is also
a valid code word, i1t is possible to construct an "equivalent”
generator matrix which is systematic (fig. 7).

0000000000001 mootng:

HHHH

Figure 7.--Systematic 21/31 BCH generator matrix

Thus, for any valid code word generated by G, the same code word

can be %enerated b¥ G* utilizing an information vector identical

to the Tirst 21 bits of that code word. G* is the matrix used to
generate the 21/31 BCH addresses for the GOES-DCS.

Error Detection

All code words may be considered as the product of g(x) and some
information polynomial gq(x). Conversely, any valid code word poly-
nomial divided by g(x) will yield the original information polynomial
q(xX) with zero remainder. Thus, it can be shown that any received
sequence (expressed as a polynomial) divided by g(x) will yield a
polynomial with zero remainder if, and only if the sequence is a
code word. Further, all detectable errors will yield a non-zero
remainder
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For the 21/31 binary BCH code utilized by the GOES-DCS, this
division can be implemented by the following digital switching
circuit (fig. 8):

IIHERE; IS A MODULO-2 ADDER (EXCLUSIVE-OR)

IS A ONE-STAGE SHIFT REGISTER

Figure 8.--BCH codework error detector.

In this simple implementation, each bit of the received code word
(9oclc2---) is shifted into the circuit at the input. After the
first ten shifts the quotient starts shifting out at the right.
After 31 shifts, the division is complete and the remainder is

contained within the ten storage registers. IT the received code
word does not contain an error (detectable) the contents of all
the registers will be zero. If an error had occurred, at least

one register will be non-zero.

This simple code word checker may be used whenever it is necessary
to determine if an error has occurred in an address. Platforms uti-
lizing a large number of command addresses may find this circuit
less complicated than a direct compare with all possible addresses.
NOTE: This circuit does not indicate the number of errors contained
within a received code word, but merely whether one or more errors

exist

Address Generation Utilizing a Shift Register Circuit

The circuit shown in Figure 8 can also be used to generate the
ten BCH checkbits from the 21 information bits. In this case,
however, the 21 information bits are clocked into the circuit
followed by ten 0°s. After the 31st clock, the contents of the

shift register will contain the ten check bits.

A justification for this implementation is very straightforward.
As before, any valid BCH 31-bit code word can be expressed as a
polynomial c(x) Further, consider a new polynomial, r(x), which
is defined to be the ten check bits of c(x). Thus, the expression
CX) - r(x) represents the sequence of information bits (the code
is systematic) Tfollowed by ten 0"s. Recalling that the circuit

17



in Figure 8 is a polynomial divider, the division of c(X) - r(x)
by g(x) can be expresses as follows:*

c(xX) - r(x) _c(x) r(x)
ag(>x) gtxT 7gtxX7

Since the division of a valid code word polynomial by its generator
is always zero, c(X)/g(x) 1is therefore zero. Because r(x) was
defined to be the ten BCH check bits, r(x) is always of degree

nine or less. Therefore, the expression -r(x)/g(x) is always zero
with a remainder of -r(x). Since in modulo-2 arithmetic -r(x) =
r(x) , the contents of the shift register will, therefore, be the

desired ten check bits. QED.

Secondary Address Determination

A secondary platform address is defined to have the same Tfirst
20 bits as a primary address, with the 21st bit a 1 rather than a
0. By inspection of the generator matrix G*, it can be seen that
a 1l in the 21st bit of the input vector | will cause only the 21st,
22nd, 23rd, 25th, 26th, 28th, and 31st bits to differ. Thus, the
secondary address can be calculated from the primary address by
adding (modulo-2) the sequence 000000000000000000011101101001.
Since modulo-2 addition and subtraction are the same, a primary
address can be calculated from a secondary by exactly the same

procedure.

Appendix B: 4096 COMMAND DATA WORDS

The next eight pages contain a computer printout of 4096 command
data words.
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