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Binary Protocol - A Brief History @

» ASCII and Pseudo-Binary (a subset of ASCII characters) have been the standard for
DCS messages for decades.
= Use of ASCII characters and prohibition of certain non-printable ASCII codes dates back to the teletype
days, and was a requirement of the NWS.
> Binary is referenced in both the original and second generation High Data Rate
Certification Standards (aka CS1 & CS2), but was never fully defined.
= (Sl included the statement ... “precise format and error checking for HDR binary transmissions is TBD".

= (CS2 noted that a Binary Protocol Specification would to be “published separately’ and would then be
appended the to standard.

= Implementing a Binary Protocol would open up new possibilities for data compression and reliability.
= Several approaches to come up with a Binary Protocol have been previously attempted, but the last
major discussion occurred in 2012.
> In November 2021, NOAA decided it was time to move forward with Binary and
authorized Microcom to review prior recommendations, propose a preliminary
standard, and develop a prototype implementation.
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DCS CS1 ASCII Character Set
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DCS CS2 ASCII Character Set
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DCS Pseudo-Binary Character Set
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DCS Binary Character Set
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Binary Format - Recommended Goals and NOAA'’s Priority @

» Prior recommendations focused on four potential advantages:

Efficiency: same information to be transmitted in less bytes; shorter messages.
Reliability: error detection and/or correction schemes could be added

Compatibility: compaction of ASCII/PB data at the transmitter and expansion at the
demodulator to allow existing DCP configurations and decoding schemes to be utilized.

Commonality: require a common message structure or data format, which would make it
easier to implement decoding software.

» However none of these completely aligned with NOAA's top priority which is to
offer the User’s the option to use binary with as few restrictions as possible.

NOAA/NESDIS mission with regard to the DCS is to provide users with a reliable satellite
telemetry capability to gather the user’s environmental data.

NOAA/NESDIS does not own or use the data so they should not specify the data format.

Instead, the Binary Protocol Format should be much like the existing ASCII and Pseudo-
Binary specifications with just enough specified to allow the data to be reliably collected.
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Binary Protocol - Key Features @

» Message Length
= Use message length in place of EOT.
= 14-bit message length field handles maximum message length of 16,000 bytes.
= BCH protected message length and original Flag byte.

» CRC-16

= Append 16-bit CRC to data field to replace Odd Parity bits in each byte as was used
in the Pseudo-Binary and ASCII formats.

= Use the code polynomial 0xd175 = x16+ x5+ x13+ x°+ x7+ x0+ x>+ x3+x+1
= Applied every 4,000 bytes
» Reduced Flush
= Current HDR specification requires 32 bits of flush.
= Using Message Length in place of EOT allows reducing flush to 16 bits.
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Binary Protocol - Comparison to ASCIl/Pseudo-Binary

Current 300 & 1200 bps ASCII and Pseudo-Binary DCPRS Message Format

" Carrier Clock Flag DCP DATA Encoder
0.5s/ States 1|;Sbists G3?2Ek)Sit;D Word Max: 32,000 bits @ 300 bps 8E 8; Flush
0.25s 30-1 8 bits 128,000 bits @ 1200 bps 32 bits
Proposed 300 bps Binary DCPRS Message Format
Carrier Sctgt‘;'; Fss | GOES ID Vf/'g‘? ) | Msg Length BCH DCP DATA CRC nguosdher
0.5s 30-1° 15 bits 32 bits 3 bits 14 bits 10 bits Max: 32,000 bits 16 Bits 16 bits
Proposed 1200 bps Binary DCPRS Message Format
Carrier gtgt‘;‘; FSs | GOES ID Vf/';‘rg ) | Msg Length BCH DCP DATA | CRC DCP DATA CRC nguosdher
0.25s 30-1" 15 bits 32 bits 3 bits 14 bits 10 bits 32,000 bits | 16 Bits Max: 32,000 bits | 16 Bits 16 bits

[Ecom/

|

BCH Encoded
31 bits

|

Maximum of 128,000 bits which will be split into
four sections of 32,000 bits each with a 16 bit CRC
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Binary Protocol - BCH Protected Length

» BCH Details:

= DCP address currently utilizes Bose-Chaudhuri-Hocquenghem (31,21) encoding scheme.

= This error correction/detection code can correct all 2-bit errors and detect most 3-bit errors.

» Flag Word and Message Length are combined to produce the 21-bit information portion,

which is then used to generate the 10-bit check field.

= (Odd Parity bit of the Flag Word is still included in the overall 32-bit (4-byte).
= Parity/check bits provide a high reliability of correct reception of this critical info.

» Flag Word:
= The 7 information bits in the Flag Word will not be changed.

= Two of the bits (FW6 & FW5) identify the message as ASCII, Pseudo-Binary, or Binary.
= QOther unused bits may be utilized to identify special Binary formats; Compact PB and ASCII.

Flag Word Message Length

Parity

7 6 5 4 3 2 1 0 13 12 11 10 9 8 7 6 5 4 3 2 1

6 5 4 3

[

Odd Parity Bit 21 Bit BCH Encoded Block
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Binary Protocol - Proof-of-Concept Demo @

» Once NOAA accepted the preliminary Binary Protocol recommendations, Microcom
developed a proof-of-concept demonstration using the NOAA’s Pilot/Test Transmitter.
= Virtual demonstration was provided to NOAA in late February 2022.
= Primary goal was achieved by confirming the binary messages can be implemented in
addition to the existing ASCII and Pseudo-Binary formats.
» In addition to sending some test legacy ASCII/Pseudo-Binary messages, the Demo
consisted of two main binary examples:

= A binary “fill” message that consisted of all 256 8-bit binary values to demonstrate that the
implementation would not be confused by key values (e.g. the ASCII EOT character — 0x04).

= A Compacted Pseudo-Binary (PB) example using a typical PB message to demonstrate how
Compact PB can reduce message size while still conveying the same information.

= Both examples demonstrated use of new BCH protected Flag/Length and CRC fields.
» PB Compaction is a simple technique of discarding the 2 formatting bits in each

Pseudo-Binary byte, retaining the 6 information and compacting the information bits
across multiple PB bytes to formulate a Binary message.
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Binary Protocol - Compact PB Example

» Example message consisted of a 5-second message of 155 Pseudo-Binary characters.

Slot[Mode | Chan Baud | AddiCor | AddiDig | Camier Time | Frame Time | End Time | MsgDw | Len [BER [GDP [PHM [SMR | Pilat [ Moize |[Fmt | Par [55 [ FO [FS [MI (DO [ARM |
B0 052 495w 77100614 | 77100614 | 22/04% 21:26:44749 22/043 21:26:45332 22/04821:2648743 4000 122 4?0 132 EP n 409 24 H N uu

g0 C52 495w EDOMN FFI0061A  FRIO0R1A 22048 21:26:15.214  22/048 21:26:15.790 | 22/048 21:26; 2. 940 7726 262 [0E9 996 282 40 22

3 C52 495w FFI00G1A | 77100614 | 22/048 21:25:55.534 | 22/048 21:25:56.121 [ 22/ -----nm-m-m
B0 £S5z 495w WEOOM 77100618 | 77I00G1A | 220048 21.25.390.935 | 22/048 71,2539 540 | 22048 21 2540 G50 1.915 40 (0E9 989 266 [234 463 13 406 2E R N [N O

DCPMSGDATA  DAPS/DDS | DAMSNT | DECODED |  HEXASCH FULL MSG | HIDE TATS |

> Compacted PB message: 116 bytes of compacted data; 4 Flag & Length bytes (C4 01
D1 AE) and 2 CRC bytes (16 F5) = 122 bytes total.
= 25% raw data reduction (116/154); 21% total byte count reduction (122/155).

» Total message duration ended up being 4 seconds (20% overall reduction).

Slot | Mode| Chan Canet Tme Frm Yme

EndTme Msg Dur BER GDP PHN SNR Pilot Notse | Fmt

Ch 0 Pat
yEN cs2 4w | 77100614 | 77100814 | 22/048 21:26:44.743 | 22/048 21:26:45.332 | 22/04¢

SS

0080: 30 14 01 30 14 01 10 11 01 10 11 01 10 11 04 BO |
0096: 49 04 90 4B 04 CO 4E FF FF FF FF FF FF FF | I.. K. .N.........
0112: A3 40 1E FB 11 09 34 A0 |

m corm/ Microcom Design, Inc.

80 €52 45w I 7710061A 77100614 22/048212615214 22/048212615790 22/048 21:26:22 340
|80 €52 45w I 77100614 77100614  22/04821:25:55534 22/04821:25:56.121 22/04821:26:00438  4.954 155 470 178 P 408 23 N NN 00
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[ DcPMsGDATA  DAPS/DDS |  oamsar DECODED HEXASCII APPLY VIEW FULLMSG | HIDESTATS |
0000 C4 01 D1 AE P2 80 1E 03 CO 46 05 00 46 09 50 9D | ......... F. F.P. A
0016 : 0 AO 01 40 OA 00 A0 14 01 EO 14 01 | .p.. ..@........
0032: EO 1B 00 A0 13 01 00 OF 08 20 78 OA A0 BE 10 40 | ......... x....@
0048: E6 09 00 8D 09 90 9B OB 70 A6 03 20 1E 01 40 32 | ........ p.. ..82 =
0064: 02 80 14 00 EO 19 00 60 07 00 A0 07 01 40 14 01 | ....... SR e..
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Binary Protocol - Compact PB Example - De-Compacted

» De-Compacted message restored Pseudo-Binary characters and Flag byte.

Shot | Moda | Chan Pl Pai

Baud | AddCon AddCing EndTme | Meg Dur |I.en BER |GDP |PHH |SMR | Moize | Frt 55 Ml (DO [ AR | -
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DCP M5G DATA DAPS/DDS DAME-NT DECODED HEXASC APFLY VIEW FULL MSG ] HIDE STATS |
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Binary Protocol - Advantages to DCS Community and NOAA @

» Basic Binary Protocol
= Will allow users to develop new message formats that can convey more information

in their existing time slots.
= More efficient use of fixed time/frequency resources.
» ASCIT -> PB (~50% reduction) -> Binary (~20% vs. PB - ~70% vs. ASCII)

» Compacted Pseudo-Binary
= Will allow quicker transition to binary using existing message coding schemes and

decoding scripts (IT Transparent).
> Compacted ASCIT — An additional possibility
= Will also facilitate quicker transition to binary (also IT Transparent).
= Will provide human readable data wy/o decoding script when using binary messages.
= 45-50% compaction numeric only — 30-35% compaction alphanumeric (reduced

character set).

14
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Questions Regarding the Binary Message
Protocol?
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Latitude/Longitude/Tx ID DCS
Enhancement

Microcom Design, Inc.

16




Lat/Long Tx ID - Goal and Functional Concept @

> All DCS Users are required to update critical fields for their DCPs in the
DADDS Platform Definition Table (PDT).
= Keeping this data up to date is critical to properly managing the DCS.
= However, often PDT information is incomplete, inaccurate, or not up to date.

» Since much of the PDT information has to be entered into or is
otherwise known to a DCP, it has been suggested the platforms could
send a special “Identification Message” upon deployment that would be
automatically processed by DADDS and utilized to ...

= Populate or update key fields in the DADDS PDT.
e Fields such as latitude, longitude, and transmitter type are primary goal.
e Lat/Long could then be used to set/update the Country and State/Province fields.

= Compare key configuration parameters to NOAA assigned values, and generate
notifications to users and NOAA managers of a misconfigured platform.

m corm/ Microcom Design, Inc.
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Lat/Long Tx ID - Fields to Validate, Update, or Calculate

UPDATE PLATFORM - 7710061A

GEMNERAL DETAILS SHEF CODES
ADDRESS TT10061A
GROUP [ MCRCOM |
FRIME CH.I’.HHEL 195 W
SECOND CHANNEL 495 w

S
RATE & FORMAT 300 ~

—

FIRST 00:00:00

———

PERIOD 00:00:00

—

WIN DO 00:00:00

E—

MICHOCOM DEZIGH INC

UPDATE PLATFORM - 7710061A

GEMNERAL DETAILS SHEF CODES

LOCATION MICROCOM TEST
-

LATITUDE 392846
L ]

LONGITUDE -TE3538
L ]

COUNTRY CANADA
L ]

STATE/PROV HOVA SCOTIA
L}

RADIO MICROCOM — GTX-2.0
L ]

CATEGORY OTHER

NWS DESC HO w

ASSIGN 10252002

DEPLOY Q1A22008

» GREEN: Fields that are known to a platform that could be checked in the database

» RED:

Fields that are known by a platform that can be updated.

» BLUE: Fields that could be calculated from the Lat/Long fields by DADDS (not by DCP).

[Ecom/
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Lat/Long Tx ID - Initial Suggested Message Fields

&

» Initial look suggested 11 fields that should definitely be included, and 5 possible additional fields.

= Additional fields in YELLOW are not currently in DADDS, but should be added or would be useful.
> ASCII messaging requires 69 bytes (77 if separators are used); PB could reduce to 37 bytes.

Num or ASCIl  ASCIl ASCIl PB
Field Alpha Min Max Res Format Chars Sep Chars Notes
ID Format Type N 1 9 1 n 1| N 1 [To Allow for New Messages Formats
Latitude N -90 +90 [0.00001] sll.ddddd 9| N 5 |Approximate distance accuracyis 4 feet
Longitude N -180 +180 |0.00001|slll.ddddd| 10| Y 5 |Approximate distance accuracyis 4 feet (at equator)
Transmitter|D N 1 99 1 tt 21 Y 2 |[NOAA to assign Tx ID Numbers to CS2 platforms
Serial Number N/A 6 Y 3 |Not in DADDS; would need input from manufacturers
Firmware Version(s) N/A 8| Y 4 |Not in DADDS; would need input from manufacturers
Prime Channel N 0 | 566 | 1 | cce 3| N 2
Prime Rate A 1[ N 1 |H=1200,L=300
Prime Format A 1[ N 0 |A,P,B (Combined with Rate in Pseudo-Binary)
First N 00:00:00[23:59:59|00:00:01 hh:mm:ss 8| Y 3
Period N  |00:00:00/12:00:00]00:00:15| hh:mm:ss 8| Y 3
Window N 1 120 1 WWW 31Y 2 |Seconds
Second Channel N 0 | 566 | 1 | ccc 3[ N
Second Rate A 1 N 1 |H=1200,L=300- Not in DADDS, needs to be added.
Second Format A 1 Y 0 |A,P,B-Not in DADDS, needs to be added.
CRC Check | A | 4 3 |Reportedas Hexadecimalin ASCII

Totals

m corm/ Microcom Design, Inc.
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Lat/Long Tx ID - Proof-of-Concept Demo @

» NOAA authorized a proof-of-concept demonstration, but work was put on hold
due to other priorities; work is expected to resume in near future.

» ASCII message will be implemented in prototype for simplicity.
= Proposed message structure is small enough to fit in existing 300 bps random length.
=  ASCII would make reports human readable and therefore easy to checkin the field.

= Switching to Pseudo-Binary (or even Binary) would not be too difficult at receive end if future
decision dictates new format.

= If a switch is made to PB or Binary in the future, DADDS could show decoded message on
website in place of or in addition to the raw message.

» Will use Decimal Degrees to five decimal places for Latitude and Longitude.
= Not current format for DADDS, but can be readily converted.
= A future DADDS enhancement could make use of higher precision.

» Will include 5 additional fields in demonstration message, but these fields will
not need to be processed in DADDS as part of proof-of-concept.

L'JCC" N/ Microcom Design, Inc. 20




Lat/Long Tx ID - Message Constraints and Decisions @

» Cannot use a self-timed approach, must be random messages.

» Current Random Message Limitations ...
= 300 bps: 3 second max message, which equates to just under 80 bytes.
= 1200 bps: 1.5 second max message, which equates to 175 bytes.
= Presently there are no 1200 bps random channels.
= Could allow longer duration for random ID Messages since they won't be sent often.

» Dedicated or normal Random Channel for Tx ID? (S&ill TBD)

= Dedicated channel would simplify ID Message determination.

= Use of DCP’s assigned Random channel will require another mechanism to distinguish ID message from
normal random message with user’s environmental data.

= Utilization will depend on typical number of platforms getting deployed per day and whether or not it is
decided to repeat ID Messages periodically (e.g. weekly or monthly).

» Other Useful Data?

= Platform Altitude (typically available along with Latitude and Longitude from GPS receiver).
= Manufacturer Specific data — could be appended after CRC so it would not processed by DADDS.

L'JCC" N/ Microcom Design, Inc. 21




Lat/Long Tx ID - Advantages to DCS Community and NOAA @

> Will help ensure PDT records are entered and kept up-to-aate.
» Would eliminate need for users to enter this PDT information.
» Could help identify DCP-to-DCP interference.

= Miss entered channel andy/or time slot info in DCP will most likely cause one DCP to
Interfere with another.

= [nterference can be between users or within a single user’s network of DCPs.

» Enhancing DADDS and ID Message to include transmitter
Serial Number and Firmware Version will facilitate necessary
future upaates (e.g. GPS WNRO).

> Allowing Manufacture Specific data could be highly useful to
manufacturers.

L'JCC" N/ Microcom Design, Inc. 22




Binary Protocol & Lat/Long Tx ID - Common Themes

@

» Both enhancements provide numerous advantages to DCS
Community at large.

» Both enhancements will require an update be made to the
current Certification Standard (CS2).

» Both enhancements are expected to only require firmware
updates to certified DCPs.
= No hardware changes will be required to implement.

= Will not require a complete re-certification of previously approve
transmitters.

= Will allow field updates to deployed systems.

5'—7 corm/ Microcom Design, Inc.
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Summary and Next Steps @

» Summary
= Initial binary message protocol has been defined and demonstrated.

= Initial ID Message with Lat/Long Tx ID and other info has been defined, but still
needs to be and demonstrated.

= The Binary Protocol and Lat/Long Tx ID enhancements to the DCS are readily
achievable and offer significant advantages to the community and NOAA.

= The Binary Protocol and Lat/Long Tx ID will both require amendments to CS2.

> Next Steps
= Resume work on Lat/Long Tx ID.

= NOAA to begin and oversee task of Certification Specification updates that will then

be shared with DCS community for questions and comments.

= NOAA will begin adding a Manufacture Day to future TWG meetings to specifically
discuss these two enhancements and focus on reviewing proposed changes to
certification specification.

5'—7 corm/ Microcom Design, Inc.
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Thank you for your attention!

Questions?
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August 2022
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