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Address |Channel (Baud |Signal |Phase Moise |Msg Quality |Freq. Dev. |ARM |Carrier Time End Time Ms=g Time |Data Length |Data
1 |D10BET4E 173 300 (46,8 1.9 100 251 G 11/89 17:35:51,531 |11/89 17:35:57.249 |5.718 155 EST@EN@MA@MNR@Em@MLUID |,
| AAAZDEFE (30 Jo0 39,9 3.0 L] 145 G 11/89 17:35:50.395 [11)89 17:35:57.227 |6.629 227 +2011,,+08%.0,+12 ..,
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| 360441448 | 152 Jo0 (45,9 1.9 100 -0.5 G 11/89 17:35:52.289 1189 17:35:56.402 |4.113 125 bE M@ @Oc@OE@OE@ @ ...
17886512 |105 300 138.2 3.8 97.4 -5.3 G 11/89 17:35:53.516 |11/89 17:35:55,963 | 2,447 62 4,914,924, ...
| DDECFODS (83 300 43,9 2.2 100 -16.6 G 11/89 17:35:53.510 |11/89 17:35:55.823 | 2.313 S5 "BCT@EY @EU@ER@EOC@EM@ ..,
1 |DD1SCZFD (109 300 (47 2.1 100 171 G 11/89 17:35:52.484 |11J89 17:35:55.569 | 3.085 g6 TW6296.085...
1 | 4560362 | 137 300 [45.1 2.2 100 -0.4 G 11/89 17:35:50.295 [11)89 17:35:55.491 |5.194 166 "HEz 3 #151.0051. ...
1 |DEDZONAZ |202 300 448 2.1 100 17.4 G 11/89 17:35:54.146 |11/89 17:35:55,338 | 1.242 17 *BlE@Hv@Hv@Hv@HvH
| 17ECSIES |153 300 443 2.1 100 -85 G 11/89 17:35:50.524 |11/89 17:35:55,176 |4.652 146 03/30 12:00 19,48 ...
+ | 17DF6364 | 157 300 [41.6 2.6 100 11.2 G 11/89 17:35:53.4586 1189 17:35:54.591 |1.405 23 BCT@Cr@DF@OL@DN@D o ...
32743016 |46 oo [47.5 1.7 100 -33.5 G 11/89 17:35:46,609 [11/89 17:35:54.710 |&.101 g2 21,47 006 1640 ...
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Message Stats — Who, What, Where & Why

» Why Are They Important
» Message Data versus Message Quality
» Proactive Monitoring versus Reactive Troubleshootin g
» Where Do They Come From
= NOAA/NESDIS
* Via the DADDS Website
= Beginning with the DAMS-NT System
» What Are They
= Time, Frequency, Amplitude, Phase
= What do they mean?
= What do they tell us?
» Who Needs to Know About Them and Can Access Them
= DCS Users, Managers, etc.
» Field Techs, Service Depot Techs, etc.
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Message Data versus Message Quality

» Isn’t getting the Message Data is what is most

Important?
= Certainly!
= The environmental data being collected is often cri tical
and in some cases life-saving (e.g. flood, tsunami, etc.).

» However, these Data Collection Platforms (DCPSs)
are satellite based because ...
= The are in remote locations.
= Often difficult to get to (some require a helicopte r trip).
= Have no other communication option.

» For reliable message data reception it is
Important to know the quality of the “received”
message.
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Proactive versus Reactive

» Users should proactively monitor message quality.

» Failure to do so could result in loss of data when it is needed it
most.
= Data lost from a garbled or missed message typicall  y cannot

be recovered in real time.
» Reactive troubleshooting is possible on a garbled m essage.

= Message statistics are available and can usually ex  plain why
message was received with errors.

> A “missed” message is not received at all.

= No Data = No site troubleshooting information is received,
e.g. battery voltage or transmitter power readings.

» No Message Quality or Statistics are available.
= Cannot troubleshoot a missed message.

» Proactive Monitoring of the Message Statisticsisk ey to
ensuring reliable message reception.

mcom/ Microcom Design, Inc.
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GOES DCS Overview

GOES GOES
SPACECRAFT SPACECRAFT
WEST (135°W) EAST (75°W)

16 METER
ANTENNAS
]

9 METER ANTENNAS

. ; "
Primary Pilot || %

: =
LY —pm, |

Backup Pllot (WBU) N\ IO AA/NESDIS WCDA

REMOTE DCPs

Geostationary Satellites: GOES East @ 75°W and GOE S West @ 135°W
WCDA - Primary Receive Site NSOF — Alternate Receive Site

DCPs Uplink in UHF Band (~402 MHz) & DCS Downlink in L Band (~1694 MHz)
Primary Pilot:  Uplink = 401.850 MHz Downlink = 1694.450 MHz

Backup Pilot:  Uplink =401.700 MHz Downlink = 1694.300 MHz
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GOES DCS - A Shared Resource

» FDMA: Frequency Division Multiple Access
» Each DCP is assigned a specific number channel.
» Channel are shared by multiple DCPs and/or Users.
» TDMA: Time Division Multiple Access
= On a given channel, each DCP is assigned a specific time window.
= Time windows are typically 5-15 seconds.
» Power Sharing

= All active DCP signals are received at the satellite, translated in
frequency, and retransmitted as a composite signal to the Direct
Readout Ground Stations (DRGS).

= The composite signal’s downlink power is held constant, i.e. each
active DCP shares a portion of the total power.

» GOES DCS Pilots
» Provide an Amplitude and Frequency reference for all DCPs.
= Critical to system operation. No Pilot = No DCS.
= Pilots have special frequency (channel) and share downlink power.

mcom/ Microcom Design, Inc.




GOES DCS Rail at WCDA

e GOES DCS Rail at Wallops Command and Acquisition Station
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DAMS-NT System - DigiTrak Demodulator
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» Every GOES DCS Message is received by a
DAMS-NT DigiTrak DSP based
demodulator at WDCA and NSOF (and the
USGS EDDN at EROS).

» As messages are received, the message
data and message statistics are collected in
real-time by the DAMS-NT Server
application

E’CCM N/ Microcom Design, Inc. 11




DAMS-NT DigiTrak Message Statistics

% Slot History [all]

o PTG B <«chowdsoizmmys e 1
Slot| Chan | Baud | AddiCor | AddiOhg | Carier Time | Frame Time | End Time |Msa Time(S | Len |EBER |GDP |PHN |[SNR | CoPFilot |CoMois | Par | Bad |55 | FO MiDalFL | 4]
D 100 165EAZ9A  1RSEAZ9A  0B/06T19.38:11.322 08/061 19:38.12457 08/06119:38:18.295 R.973 66 i T D 0 454 338 M Moo
|73 47 EEE s35ra3F2  335F3F2 08/06119:38:15.265 08/06113:38:15875 08/06119:3817.985 2700 72 211 ] 0 441 11 N N 00
|85 171 BEEEN BCE253CE  BCB253CE  0B/051 19:3310.276 08/06113:38:10.878 DB/0B1193817868 7532 255 sk ) 0 383 413 W ONY oo
es 1z BEEEN 17e472rz 17647272 OB/ORT 193810297 08/051 193510876 DBA0GT193817360  7O0RI 236 214 i 0 431 31 W OMY oo
|76 153 [MEEEMN 17EDROED  17EDEOE0  0B/051 193871275 0B/08] 195811873 D8/M0611593817.317 6042 197 21 0 0 471 42 M ]
RS 100 16FDA3C2  1EFDAZC2  0B/0F1 13.38.00.273 08/061 19:38.01.392 08/061 193816908 16635 189 25 0 0 431 13 N Mo
|80 1eiE SN CE4sFeds  CE4SFE4A  08/061 193875264 0B/061 193815871 OB/06119:38716.488  1.224 16 00 0 0 435 B4 N N 00
|77 15 BEEEM DDECF760 DDBCF7R0  08/06119:3574.266 08/051 19:38:14.871 08/06113:3816.154  1.808 41 03 0 D 435 06 M (N o00
A 1438 AN 45651214 4BGS1Z1A 0B/061 193511736 08/051 19:38:12340 0G/061193:3815330 353 105 M7 0 0 G504 433 N N 00
|7a i5se EEAN S3e50428 33659428 OB/0R1 193212202 08/081 193512874 D8A0G1 193814934 2892 72 M7 0 0 473 27 M W o0
R 100 | DD14FEA0  DD14F530 08/051 19:3310.052 08/081 13:35:11.240 DB/0G1 193814997 43905 41 2G| 0 445 -354 N N 00
|53 1ove  MEEEM 17DC3vE  17DC3416  08/051 193810501 08/061 19:33:11.095 08/061193314566 4065 123 07 0 0 444 340 MW M 00
|78 157 WEEE 17E0FOF0 17EO7OFD  0B/061 19:38:12.263 08/051 19:38:12.872 08/0E11938:14156  1.893 4 i 207 0 0 413 M OM o
i | 300 | : 4 | 08/051 15:35:10.285 | 0 | 03/051 13 75 101§ i [ R L 207 [ 0 | 0 [41.4] B 00 |
15 3IE 100 CE756R78  CE7SE78  OBADG1 19.38.07.531 08/051 193505654 0R/061 193612255 4724 40 OES onol zes [ZE Fom @ 0 454 473 N Moo
IDEF‘MSGDATA DAPS1/D0S | DAMS-NT HER-&5C1 | APPLY WIEW FULL M5G HIDE STATS |
"P86388631CFv~[@@ " 0DHS1ATK@VCALA? >ATH3ARDOAd4A05AT6at7Cz<BN2@f "AYA"@fb3AYDKAc=Up=BG oTSbRB1BpBqBuBrBy
STAT _EOM 00 =]
BAUD RATE 300
BIT ERRORS RECEIVED 0
PARITY ERRORS 0
FREQUEHCY DEVIATION +12.8 +12.3
AVERAGE POWER +41 .4
NOISE POVER +28.1
BIT ERROR RATE 0E—9
SIGHAL-/NOISE +13.3
SYHBOL TOTAL 432
CARRIER RHS 2.75 61
GOOD PHASES 388 424 91.5
PHASE STATS 0 DEG (+60) —-0.30 4.77 52
45 DEG {—60) +0.76 4.65 47
90 DEG -0.08 5.07 53
135 DEG +0.12 3.64 53
180 DEG +0.54 5.15 59
225 DEG +0.38 4.73 56
270 DEG +1.77 5.14 48
315 DEG +0.62 4.56 56
HOD INDE-/PHAS NOISE +0._48 4.71 +1.77
MESSAGE CARRIER TIME 08-061 19:38:10.285
MESSAGE SYNC TIME 08,061 19:38:10.756
MESSAGE FRAME TIME 08-061 19:38:10.873
MESSAGE END TIME 08,061 19:38:13.757
4] 'l
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DADDS/DAMS-NT Message Statistics
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Home Charnel Staks . Process Stats Meszage Daks Platformes Channels Radins . Groups
curert iew: | Al Msg Dsta »] | Load |select 2 view to ses relsted resubs. ankert fibers » glear fiters = save Curret fiter » delete crrer view = G sxport * FOF export
Address |Channel |gaud |signal m‘:; Eusgﬁtr Ereq. Dev. |aRM | Cavrier Time End Time tsg Time |Data Length |Data
4 (4414710 | 168 0. [4m4 |22 oo, 2.8 & |11/83 13:32:45.976 [ 1183 133051 127 5,751 185 PCRASTIFST .,
ol |s47oToc (170 30 386 |29 100 1.2 5 |1ys3iEazEss0 (1 1nsns0asy (20 =3 bEIBDH TGRS .
4 |2easee0n | 139 o f4s a7 LOD 2662 |6 |11ja3 135,001 | 11783 13032:50,243 4,492 2 OOk B EEUM R .,
+ {asesFicE |159 3 |4l jza 100 0 G |11/83 133248,290 1153 13:32:90.317 | 2,019 47 "P45295 1 1BPE@EE@EL ..
! | 15070708 | 117 0 f4el f25 10D 167 5 |13E313E2as.3es (10 130,081 4,88 145 BOTAEE CUNBERE-~TST ...
4 |s1es02e0 | 144 0 458 (o 100 0.5 & |11ja313azas.con (1 1naee0.00e 2.4 L4g bEIBEASEAIBAEEEEEE .,
4 |assqa054 fee 1o f41e 5.3 {00 1.3 6 |11j8313:3000.290 (11083 13Eeae el (19501 |2es NEHT435 1 AL~ 2@ E@EE ..
ol |iTooR0s 157 30 |37 |59 B7.6 I7.7 & |11E3 13520508 (11653 135047 | 38 D3f24/11 08:30:00 ..
H |eoloces | 185 1200 (455 |24 EER ot & |11j8% 15:52:40,303 11783 13seee 77 247 1255 it [T T BN L ..
i+ |sigeraEs {178 0 4z 2 100 1.9 6 |11/83 13:32:45,307 11483 1332043760 | 2,482 101 BB EREEEDEDEEEE ...
o f44s1E076 (146 O PEU P 1oo R G |11fe3 1326310 | 1183 13:32048.59 |2.2608 56 ":HEZ £15 17,3691 ...
‘.‘.: 4T 2545F0 |67 300 479 Lad oo 9.5 e} 11783 13:32:45.367 | 11/33 13:32:145.576 |3.209 al “BBEOEADESIFEEDE Al ...
i+ |simocTas f11s 1o f4rt (18 100 2 6 |11983 13:3230.270 1193 153048.500 9,120 14 2B@HESEHY D]
o |oonciez 153 30 fied |1 100 35.4 & |13/83 13:32:45.530 { 11/83 13:32:48.350 | 2 820 77 BCTERHGEHHEHF @HEEHFE , .
A CE4DDAoD [ TS 300 456 2.0 oo -39.¢ 5 11J83 13:32:96. 53¢ | 11/53 1 3:32:495.143 | 1 .614 32 15880685 15.9...
|
Changepage: ] 1234567830, o Charge page:i 3 Page size lis Change Cisplaying page § of 12068175, bems 1 to 150F LB128622.
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Message Statistics — The Final Four

» Four Most Critical/Useful Message Statistics:
= Time
» DCP transmissions must stay with NESDIS window ort  ime slot.
« Straying outside the window can cause interference with another DCP/User.
» Transmission start and end times should be monitore d.
= Frequency
* Transmissions must be within 500 Hz of center of 15 00 Hz channel.
» Future changes will tighten up frequency requiremen ts.
» Straying outside of channel can affect other transm Issions.
= Signal Strength
» Ensures that the message can be received in a noisy radio environment.
» Upper and lower limits must be observed.
» Phase Measurements
* DCP Transmitters use Phase Modulation (PM) to conve vy information.
» Phase statistics can single handedly identify the r eliability of signal
reception and message data processing.
» Maintaining these four in acceptable ranges will vi rtually
guarantee valid message data reception.

ECDI N/ Microcom Design, Inc. 15




Message Statistics — DADDS versus DAPS

&l DAMS-NT Client r0-41 [Microcom DDS Demo] - |EI|5|
File Simulate Decode  Client  indow  Help

%i [DDS - LRGSEDDN1][152.61.129.81][16003] Connected
DDS Data I Diagnusticsl

ey o e @ e » w ﬂ B

Chan AddiCaorr Carrier Time Frame Time
167VE MAd | DDACTEES MAA, 11/083 21:54:14.000

1n7Tr ATOACCE A

EE R Ta et N =F FE I W o TaTy] I Ih A cn

DCP M5G DATA I DAPST/DDS DAKMS-MNT | DECODED | HE=-ASCH APPLY WIEW FULL M5G |

DDAC7oEANRNIE P TR e S )1 6 7EFFO0030 " BCTESpESr @@ @@ p@@=E@r@@r@@tg

| CPU Usage: 1% ﬂ divg [2) Cores - Total CPU: 2% || [Mem Current: 14,544K] [Peak: 14.548K] [Tot Allocs: 36,75 UP SINCE: 1140831752209 | 11/0831800:05

» DAPS Legacy Stats Still Used by DDS

11083215414G48+2NN
YYDDDHHMMSS Time: YYDDDHHMMSS (Frame Sync)
T Type: G = Good ? = Parity Errors (ARM)
SS Signal Strength: dBm EIRP

+X Frequency: Sign & Digit (£F times 50 Hz)
M Modulation Index (Phase): Normal, High, Low
D Data Quality (Phase): Normal, Fair, Poor
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Message Statistics — DADDS versus DAPS

Meszage Data

Platformes

Channels Radins Groups

arddiect fifers = clear fifers = sone carrant Fiter = delete corrert visw = CEW axpart « FOF export

Msg Time
5731
2 0FF
4442
2019
4,666

4,754

Data Lergth

185
53
36

47

Hz

Home Charnel Staks Process Stats

Current Yiew: [AII MsgData =] Logd |Select 2 view to see relsbed recuks,

Address |Channel |gaud |signal m.“:: &S;M Ereq. Dev. |aRM | Carrier Time End Time
HOp4H14TI0 | 1EE 300 j43.4 2.2 Q99,9 4.4 G 11183 13:32:45.376 | 11183 13:32:51 127
EET0T0EC | LT 300 |EE6 j2.a Loo Vi G 11J83 13132148310 | 1183 153:32:50,457
HI2B33E6R9A F134 1o fd1.8 f2.7 tao -266.2 e 11733 13:32:45.900 | 11583 15:52:50.343
Hl PAIEFICE £159 30 R4l j2.8 oo ] B 1183 13:32:48.293 | 1183 13::32:90.317
HOEEDT00E [ 117 00 R4E.1 23 oo -16F G 1383 13:32:45.385 | 1153 13:32:50,051
+ |51551:|26D 144 200 l45.3 |E.9 |t1:||:I -0.5 |G 11783 13:32:45.200 | 11153 13:52:50.044
> Time: “Carrier Time” (Start) & “End Time” to 0.001 s

“Msg Time” in seconds to 0.001 seconds

» Frequency: “Freqg. Dev” from channel center to 0.1
» Strength: “Signal” dBm EIRP to 0.1 dB
» Phase: “Phase Noise” in degrees RMS to 0.1°

Type:

“Msg Quality” in percent to 0.1% (aka “Batting Averag

“ARM” is same as in DAPS legacy stats
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EBLE@ETGURGEGIEGT ..
QoEgRPAD@EUME T
*PRASZASLIBP@@EEHL ..
boTAE:NG SUNSEREP~TST ..,

bE | BEASEAIEABSE{EEND ..,
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Message Stats - Time - Relative or Absolute?

> Absolute
= Each DCP has a defined Time Window.

= Time windows and time stamps are in UTC (Universal Time
Coordinated), which is same as GMT (Greenwich Mean Time).

» Time stamps down to the millisecond.
> Relative
= ~(0.24 second travel time (72,000 km / 300,000 km per sec)
= How close are we to our neighbor?
» Message length versus window size.

‘Channel 158 Message History

Data Subsets

¥ PDTWindows (8544)
v Received Messages (5059)
¥ = 7 Parity Error (17)

¥ A T: Time Error (18)

¥ A U Wirong Window (58)
WV < F:Intetferer (0.

W & W 'Wrong Channel (65)
W & N POT Incomplete (77)
¥ & Corrected &ddr (0]
W & B Mon-Correctable (5)
W [= L Unknown Address (7)
¥ B W Missing Msg (89)

[ e urrent Time

5 e
o =
=1

172 Hour Segrmerts (MM
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Message Stats — Time - Keeping Synced

» Monitor for Time Syncs in Data Stream
= Flag Byte or Character is a required part of certification.

= All GOES transmitters must send this byte after GOES ID and before user’'s
data.

» |dentifies:
* Message format - ASCII or Pseudo-Binary (Binary in future)
* Whether or not there has been a GPS time sync since the last transmission.
» Deciphering the Flag Byte/Character:
= ASCIlI Message:
* No Time Sync: Space (0x20)
* GPS Time Sync: “ Double Quote (0x22)
= Pseudo-Binary:
* No Time Sync: " Tic Mark (0x60)

 GPSTimeSync: b (0x62)
YOV TDOEDES (157 33 fa47 |63 B7.6 \7.7 G 11/83 13:32:40,508 | 11/83 13:32149.776 |2.265 als 03)24/18 08:30:00 ...
£l loolocesd f1es =00 (455 |28 90,8 0.1 G 1183 13:32:40.303 | 11/53 13:32:458,777 |8.474 1255 ) _[@ASETTI[BHNON L ...
| 5ISET4ES f17s 300 f43 2.3 111] B9 G 1183 13032045307 | 11083 133248, 769 | 3,462 101 B BRI AT T D E D
HOHSIEDTG | 146 ) p474 J2.2 oo “Fal G 11783 13:32:496.310 | 1183 13:32:48.598 | 2,255 ] "HE2#1517.3691 ...
t14F2545F0 for 30 479 Ead toh a.5 ] 11/83 13:32:45.367 | 11/33 13:32:43.576 | 3,209 a1 "@ECEAISIFEBL@ADAlD ..
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Message Stats — Time - Making Sure

> “To Center or Not to Center”

= Until DADDS, message centering was not advisable due to latency
in DAPS time stamping.

= Centering ensures maximum time guard bands at start and end of
transmission

[N Microcom Design GTX Utility =] 1

Eile ©ptions Advanced Abouk

Configuration I:Iptiu:unsl General Setup “ Transmizsion Setup Equatiu:unsl S01-12 Senzors | Intemnal Sensursl

Senzor Min Max deg | Timed Data Buffer | R andorm [ ata Buffer |

¥ Enable Self Timed Transmissions
~Timed Transmiszion Setup

Charnel  T# Interval First Transmizzion \wWindow  Operation Flags
[175 4] |01:00:00 00:15: 20 [10 % Center Tr. a1 in W indowy
—Bit B ate [BFS Interleane Preambl L] Dump T!med Buffer T_':' 35'232 Part
[ Durp Timed Transmiszion Status To BS-232 Part
100 i hlone & Short e o
& ~ [ Lag Beginning of Tranzsmizsion
+ 300 =hart oL [1 Log End of Transmission
1200 " Long o [ Log GPS Calibration
Diata Farma Data Sourc Dats Orde [ Send "Butfer E!'npt_l,l If Timed Data Buffgr g Ernpty
& Ascll [ Do Mat Clear Tirmed Buffer &fter Transmizzion
{~ RS5-232 % Mewest
" Pzeudo
" Binary {* Senzar { Oldest
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Message Stats - Frequency - Where Are You?

» DigiTrak DSP Demods currently allow 500 Hz error from
channel center.

= 300 BPS Channel is 1500 Hz.
= 1200 BPS Channel is 3000 Hz.
» Outside this designed limit, messages will not be received.

» Most transmitters today have little trouble meeting this limit.

= Loss of data due to frequency is usually the result of a faulty
transmitter.

» Good idea to monitor “Freq. Dev.” for excessive deviation from
channel center.

No Reception

Channel X-1 Channel X+1

| | | I
0 +250 +500 +750 -500 -250 +250 +500 +750 -500 -250 0
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Message Stats-Frequency-Today & Tomorrow

» Certification Standard 1 (CS1) versus Certification Standard 2 (CS2)

Current (CS1) Future (CS2)

Channel Capacity 220 440
Total Frequency Bandwidth 330 kHz 330 kHz
Basic Channel Bandwidth 1500 Hz 750 Hz
100 bps Bandwidth 1500 Hz N/A
300 bps Bandwidth 1500 Hz 750 Hz
1200 bps Bandwidth 3000 Hz 2250 Hz
Tx Allowed Uncertainty +400 Hz +125 Hz
Tx Frequency Stability +1 ppm +0.3 ppm

» CS1 versus CS2 Channel Mapping

1 |2 | 3 | 4 | s | e | ..obp.[| 215 | 216 | 217 | 218 | 219 | 220 |
| 1 [301] 2 [302| 3 [303] 4 [304] 5 |305] 6 [306] . NEW .. |514|215]515|216]516]217|517|218]518| 219(519] 220 520

» Transition to CS2 will most likely require reducing demodulator
acquisition range to £150 Hz making frequency monitoring more
critical in future.
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Message Stats - Signal Strength - Bad?

> Too Low

= Missed messages - DigiTrak DSP Demods have
programmable reception threshold of 30 dBm EIRP.

» Poor Signal-Noise-Ratio (SNR)
« Signal Strength relative to RF Noise.

e Lower Signal Strength = Higher SNR = Increased Phase
Noise = Worse Performance

» Too High

= Demod overload - DigiTrak DSP Demods have maximum
reception threshold of 56 dBm EIRP.

= Violation of certification and use agreements.

= Not being a good neighbor — excessive transmit powers
Increases noise which lowers SNR for others.

» Unnecessary battery discharge.
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Message Stats - Signal Strength - Good? @

» Measured in dBm EIRP (Equivalent Isotropic Radiated Power)

» Three Components:
« Transmitter Power — Usually specified in Watts
* Antenna Gain — Specified in dB (typical 3-11 dB)
« Cable Loss — Between Transmitter & Antenna (0.5 — 1.0 dB)

= dBm = Decibel (logarithmic) scale relative to one milliwatt,

Watts | 1 2 3 4 5 6 7 8 9 |10 |11 |12 |13 |14 (15 (16 (17 |18 |19 | 20

dBm |30.0|33.0(34.8 [36.0|37.0 [37.8 |38.5[39.0 [39.5 |40.0 [40.4 |40.8 | 41.1|41.5|41.8(42.0|42.3|42.6(42.8|43.0

» Example: Microcom GTX (12 Watts) with Microcom UBS8 (8 dB).
= 40.8dBm + 8dB —-0.8dB =48.0dBm EIRP

> Certification Levels:

= CS1I: CS2: GOES-13 and Higher (GOES-12)
300 BPS: 48 dBm EIRP 300 BPS: 39 dBm EIRP (44 dBm)
1200 BPS: 51 dBm EIRP 1200 BPS: 45 dBm EIRP (50 dBm)

= Reported variations of + 3 dB are normal since Signal Strength is measured
relative to GOES DCS Pilot.
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Message Stats — Phase — The Ultimate Telltale &

» What Is Phase?

» GOES DCS Transmitters use Phase Modulation, as opposed to
Amplitude Modulation (AM) or Frequency Modulation (FM).

= Modulation = Change in a Deterministic Pattern.
= Phase is Measure in Degrees = Think of Position Around a Circle
» Transmitters send one of Eight Phase Symbols to convey message
information (0° 45° 90° 135° 180° 225° 270°  3159.
» Two Components Determine Quality of Phase Modulation
= Absolute Phase — Average — How close is average to nominal?

» RMS Phase Noise — Standard Deviation — How much do the phase
symbols vary around the average?

» Under Normal Circumstances ...

= Average Phase is strictly a function of the transmitter.
» Phase Noise is a function of the Signal-to-Noise Ratio (SNR).
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Message Stats — Phase - Average

I
File Preferences Yiew Report About
TestSetl Message Summaryl GPFS | bodulation Errorsl Amplitude ” Fhase Amplitude  Branch Metricsl =T Freg Driﬂl Microcom GTH
rScale
Fhase with Amplitude
10 25 a0 78.75° 5
o o i} —0.73deg
20 125 675 45 -1 34deg
12375° 490 -1.03deg
# 135 0.47deg
135" #1580 -0.73deg
# 225 -0 .18deg
o a /270 1. 00deg
14525 3375 8315 0 7ldeq
15 < ; ]
157 5° - . y ) 2250
168.75° 11.25°
€0 180° o
191 .25° 34575
35 025 T
21375 326257
3 236.25° 303.75°
247 5° 292 5°
258.75° 27 281.25°
IW Awegy Errar = | Tatal Errorl ShDWRMSPhaSBr Legend On ¥ Frint
TestSet [ COMI GTx M |COM MNone
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Message Stats — Phase - Average

File Preferences Yiew Report About
TestSetl Message Summaryl GPFS | bodulation Errorsl Amplitude” Fhase Amplitude  Branch Metricsl =T Freg Driﬂl Microcom GTH
rScale
RS Phase with Amplitude
10 25 a0 78.75° 5
. . 0 -0 73deg & 3ddeg HNS
£ 20 1125 B7.5 #45 -1 34deg 4.71deg RMS
12375° 490 -1.03deg &.Z24deg RHS
# 135 0.47deg 5.59d=g RMS
135" # 180 -0.73deg 4.63d=eg RHMS
# 225 -0.18deg 4.87deg EMS
145.25° /270 1.00deg 4.85deg EMS
- 4 315 0. 7ldeg 4.53deg RHS
15
157.5°
168.75°
10 T80
191.25°
5 02.5°
21375°
e 236.25° 30375
247 5° 292 5
258.75° 270 281.25°
I Polar Awg Errar FiS | Total Errorl Show BMS Phase¥ Legend On [# Frint
TestSet [ COMI GTx M |COM MNone
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Message Stats — RMS Phase Noise

» Standard Deviation of Phase Symbols Relative to Average
» Designated by Greek Symbol o (sigma).
" 68.3% of received symbols should be within £1o
= 95.4% of received symbols should be within 20
= 99.7% of received symbols should be within £30
» Good, Fair, and Poor ...
= 300 BPS: Good < 6.0°< Fair < 8.0°< Poor
= 1200BPS: Good < 5.5°< Fair < 7.5°< Poor
» Lower Limit
= Can never be lessthan 0
= Typically, never less than 1.5°- 2.0°
» Upper Limit
» Reception barely possible around 11°- 12°(short mess ages)
= Beyond 13°highly unlikely.
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Phase Noise vs. Signal Strength

Phase Noise, degrees RMS

Phase Noise versus Signal Strength for 500 Messages @ 300 bps
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Message Stats - Phase - Batting Average

» Also Known As — “Good Phases”
» Percentage of “Good” phase symbols relative to total.
= Combines phase average and standard deviation into one metric.

» Used to determine DAPS Data Quality:
e Good: 100%-85% Fair: 85%-70% Poor: Below 70%

» What is a “Good” Phase Symbol
= Any symbol received within ~ £8.4° of nominal phase (0° 45°, etc.).

337.5° 22.5° 67.5° 112.5° 157.5° 202.5° 247.5° 292.5° 337.5

» “Good Phases” versus RMS Phase Noise with Perfect Average
= 85% = ~1.440=8.4°= 0=5.8°
= /0% = ~1.040=84°=0=8.1°
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Good Phases vs. Phase Noise

Good Phase Percentage vs. Phase Noise for 500 Messages @ 300 bps

100 -
Iy ‘g
. * "?}

9.0 i s
s
©
ey
=
[Ty
2
[
o
2
o
-
(=]
=}
(0}

1 D 3 4 5 6 7 8 9 10

Phase Noise, degrees RMS
Chart Area

Elcom/ Microcom Design, Inc.

31




Good Phases vs. Signal Strength

Good Phases versus Signal Strength for 500 Messages @ 300 bps
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Message Stats - Signal Strength - Optimum?

» 300 bps

= 38-42 dBmi yields consistent good phase percentage in
upper 90’s to 100%.

= Optimum range is independent of CS1 or CS2.

= Point of diminishing returns is ~42 dBmi
» Good Phases consistently at 100%.
* Phase Noise below 3 ° RMS.

« Signal performance at peak = increasing signal strength
provides little benefit while negatively affecting battery drain.

» 1200 bps

= ~44 — 48 dBmi should produce equivalent results to graphs
shown for 300 bps.
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Message Stats — Summary - Thumb Rules

> Time:
= Verify Message (Start-to-End) is in Window
= Use Window Centering if Available
= Verify Transmitter Clock is Being Synced to GPS (UTC)
» Frequency:
= Verify Frequency Deviation is within £400 Hz Now
= +150 Hz In Future
» Signal Strength:
= Not Too High (< 53 dBm EIRP) and Not too Low (> 33 dBm EIRP)
= Best If Within Optimum Range
» Phase:
= RMS Phase Noise Should Be Less Than 5.5°
» Message Quality Should be Greater Than 85%
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“THANK YOU” FOR YOUR ATTENTION

END OF PRESENTATION




