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1. Introduction

Realtime in-\ehick navigation is a significant trave Br inform ation service added t te
TransGuide sysem during tte Model Depbyment Initative (MDI). The TransGuide In-
\£hick Nawvgation (IW) sysem inclides an I'™MN unit t at promMdes trave Brs wit rout
guidance, \ehick position, and regionall point of inkrest information. Unit currently
avaibb B on tie marketuti Bze a database oftransittimes for each road segmentt cakulbt te
shorest ranve Bime from where te \ehick is bcakd © a point te driver input a te
destination. These databases are static, as tey contain typicaltransittimes tatby definition
cannot account for realltim e congestion caused by traffic accident, rush hours, pub lc exent,
etc. The MDI im p Ementation of N addresses @ is shortcom ing by proMding te unit wit
realiim e traffic data. The sysem inclides te infrastructure necessary t© de her te realitime
inform ation © \ehicls in te San Antonio area and te initialldep bymentof 590 IMN unit
tatutilze te reallime traffic data.

1.1 Purpose of Systm

The purpose oftie N systm is t© comm unicat realtime traffic inform ation m aintained at
te TransGuide Traffic Management Centr (TMC) b tave brs in te San Antonio
metropolMan area and present te information in a manner usefull for making navigation
decisions.

1.2 OperationalIConcept

Sexeral types of traffic speed inform ation are colced by te TransGuide sysem: actual
highway traffic speed coliced by bop detctors ;acuallhighway and artriall traffic speed
coliced by te automatic ehick identification (AM) detction sysem ;prediced artrial
traffic speed based on observation of traffic over a period of time straffic incidentinform ation
coliced by te San Antonio Pollce Department;dai¥ schedu Bd road/Bne chbsures ;and
railvay crossing inform ation. This inform ation is stored and m aintained by te MDI Data
Sener (DS) atte TransGuide TM C.

The IMN Sysem consist oftie fo lbwing four m ajor com ponent:

NN mastr com putr,

Subcarrier Traffic Inform ation Ch anne I(STIC) m essage encoder,
STIC receiner,

In~\ehic B navigation unit

The N master compukr obtains informaton from te Data Sener and format te
inform ation into efficientmessages. The mastr com putr ten com m unicaks te dat owr a
diallup m odem connection © e STIC message encoder.

The STIC message encoder and STIC receiver comprise a commerciall avaibbl data
broadcast sysem . The STIC message encoder is bcatd in te transmission room of a
com mercialFM radio station. The encoder receives messages from tie master com putr and
encodes tiem into a baseband signalt atis m odu lkd and broadcastas a sub-carrier o e FV
radio signall The FM subcarrier may coexistwit oter subcarriers on te sane FM radio
signal

The STIC receiver and a commerciall avaibb B in-\ehick navigation unit are installd in
ehicls in te San Antonio metropo Han area. The STIC receiver receives e FM radio signal

In-\£hic B Namvigation Systm 1 Design Docum ent



and decodes te subcarrier. The STIC receiver passes tie messages © te navigation unitover
aserialdata Ink.

The namMgation unitdecodes te messages, disphys te realtime inform aton abng wit te
map data 0 tie trave Br(s) in tie \ehicl, and cakulbks te quickestrout 1 a trave br-entred
destination using te reallime and m ap data.

The operationaBconceptis i Bistrakd in Fgure 1.
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1.3 Systm Ob gctives
Three obpctives oftie VN sysem are:

0 enab B San Antonio area trave Brs © reach destinations more quick ¥ by
awiding traffic congestion,

© reduce San Antonio area traffic congestion by guiding trave brs trough
uncongestd roadw ays, and

 increase and dem onstrak te eflectiveness oftie TransGuide ITS.

1.4 Referenced Docum ents
The folbw ing docum ent are referenced by tis design docum ent

Texas Departm ent of Transportation, Requestfor Ofer (RFO) for e Mode IDep byment
Initiative Sysem Inkgration, 60115-7-70030, Specification No. TxDOT 795-SAT-01,
O ctober, 1996.

Soutwest Research Institute, Proposalfor tie 6015-7-70030: Request for OfEr, Mode 1
Depbymentinitatie Syseém Inkgration, SwR | ProposallNo. 10-20342, Nowem ber, 1996.

Soutwest Research Insttute, In-\éhick Nawugation Sysem Mode IDepbyment Initiatie
Pre Iminary Design Document, \Mérsion 1.0, February 14, 1997.

Soutwest Research Institute, TransGuide In-\ghick Nawvigation Sysem H igh Speed FM
Subcarrier Communications Protocoll Mrsion 1.0, May 29, 1997.

Soutwest Research Institute, In-\ghick Nawugation Sysem Mode IDepbyment Initiatie
\£rsion Description Document, M rsion 1.0.

SoutiwestResearch Institute, Automatd \hick Identification Syse€m Mode IDepbyment
Initiative Design Document, \érsion 1.0.

Scientific-Athnta, Subcarrier Traffic Information Channe I Inerface Controll Document,
Rewsion A.
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2. Extrnalintrfaces

The IMN sysem extrnall inerfaces wit te MDI Data Sener, public switched & Bphone
netwvork, an FM radio station, and m any \ehicls. These intrfaces are i Mstratd in Fgure 2.
A detai bd description ofeach intrface is inclided in Section 4.

Public
Switched
Telephone
Network

FM
Radio
Station

MDI —pp»| Master Computer

Data Server |«f—

ty

Vehicle

STIC Message | STIC Receiver/
Encoder IVN Unit
IVN System

Hgure 2. IM\N Systm Externallintrfaces
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3. Systm Requirements

The folbwing IMN sysem requirement are derived from te Requestfor Ofkr for e Mode 1
Depbyment Initiatinve Sysem Inkgration writkn by TXDOT and te Proposalfor te Request
for Ofkr for tie Mode IDep bymentSysem Intgration writen by SwR 1.

3.1 Systm Lewe BRRequirement

MN-1 The sysem shallcom m unicat te fo bwing types ofrealltim e traffic inform ation
1 moving \ehiclls:
Ink speed data,
incidentinform ation.

NN-2 The realtim e traffic inform ation sh albe derived from te Data Sener.

NN-3 The systm shal communicatk te realtime taffic information using te
Subcarrier Traffic Inform ation Channe I(STIC) systm tatconsist of a message
encoder/FM subcarrier generator and FM subcarrier receiners.

MN-4 The systm shaButilize conmerciall avaibb B N unit © disphy tie realltime
traffic inform ation © trave brs.

MN-5 The systm shaButillze te IMN unit ofat Basttwv o m anufacturers.

3.2 Mastr Com putr Requirements
The folbwing requirem ent are subordinat © requirem ent \VN-2.

MN-2.1 Softw are running on an I'MN m astr com putr shallbe used 0 extract realltime
inform ation from te Data Sener.

NMN-2.2 The IMN mastr com puter shalbe a Sun Microsysem s U lra SPARCStation w it
tie folbwing com ponent:
- 167 MH z SPARC (RISC) CPU,

128 MB RAM,
4.2 GB hard disk space,
Fbppy disk drive,
Sun CD-ROM drie,
Turbo GX+ graphics,
2077co br m onitor,
8 portm odem sener (SCSI attach ed),
Dualeternetintrfaces, and
DualISCSI channe .

NMN-2.3 The mastr com puter shallbe becakd in te TransGuide Operations Centr.

3.3 I\VVN Unit Requirements
The folbwing requirem ent are subordinat © requirem ent \VN-4.

IMN-4.1  The IMN unitshallbe com posed oftie fo Bbwing com ponent:
m icroprocessor,
reconfigurab B LCD cobr disp by,
rem onab B media for data storage,
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gyroscopic sensor, and
GPS receiver.

MN-4.2 The IMN unitshaMacceptrealitime traffic data inputfrom te STIC receiver.

NN-4.3 The IMN unitshaBlprovide ameans for te trawve Ir © entr a destination ofthe
fo Bbw ing types:
address,
intrsection,
p kee or pointofintrest and
previous destination.

NN-4.4 The MMN unit shallcakbulbt te shorkst time rout, based on te realtime
inform ation from te STIC receiver, from te current bcation of tie \ehicl ©
te trawve Br-entred destination.

NN-4.5 The IMN unitshaBlcom m unicak te rout inform ation using a m ap disp hy, guide
disp ky, and audib B prom pting.

IMN-4.6  The IMN unitguide disp by shaMpresentte fo Bbwing inform ation:
distance  an upcom ing trn, and
direction ofan upcom ing trn.

MN-4.7 The IMN unitshalprovide tie fo lbwing audib B prom pt:
warning ofan upcom ing turn, and
indication o m ake a twrn.

NN-4.8 The IMN unitmap disp By shalshow te current bcation of tie \ehiclk and te
cakuhtd rout on an annotatd m ap oftie surroundings.

NN-4.9 The inform ation used 0 generat tie map disp hy shaMbe derived from te San
Antonio, Texas Metropo Han Area database supp led by Nawvigation Tech no bgies.

3.4 Mastr Computr Softvare Requirements

The IMN mastr computer softvare (MCS) requirement in tis section are subordinat ®©
requirement NN-2.1. These requirement are derived from softvare design decisions
described in Section 4.2 and were used © guide tie deve bpm entofsoftw are subcom ponent.

IMN-2.1.1 The IMN MCS shaBtransm it \MN process status inform ation © e Data Sener
every 60 seconds.

NMN-2.1.2 The IWMN MCS shaBextract Ink ID inform ation from te Data Sener Reallime
Subsystm .

NMN-2.1.3 The IWMN MCS shaBlextract Ink bcation inform ation from te Data Sener
Realime Subsysem .

IMN-2.1.4 The N MCS shaBextract Ink speed inform ation from te Data Sener Reallime
Subsystm .

MN-2.1.5 The N MCS shaBextractincidentinform ation from te Data Sener Reallime
Subsystm .

IMN-2.1.6 The MN MCS shaBltransm it Ink speed inform ation © e STIC message encoder
every 60 seconds.
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MN-2.1.7

MN-2.1.8

MN-2.1.9

MN-2.1.10

MN-2.1.11

MN-2.1.12

MN-2.1.13

MN-2.1.14

MN-2.1.15

MN-2.1.16

The N MCS shaBtransm itincidentinform ation © te STIC m essage encoder
every 60 seconds.

The MN MCS shaBltransm it bca W referenced Enk speed inform ation © te
STIC message encoder in accordance wit te messaging protoco ldefined in te
TransGuide In-\£hick Nawvgation Sysem H igh Speed FM Subcarrier
Communications Protocol

The N MCS shaBltransm itg bbal¥ referenced Enk speed inform ation © te
STIC message encoder in accordance wit te messaging protoco ldefined in te
TransGuide In-\£hick Nawvgation Sysem H igh Speed FM Subcarrier
Communications Protocoll

The MN MCS shaBtransm it bca ¥ referenced incidentinform ation © tie STIC
message encoder in accordance with te messaging protoco ldefined in te
TransGuide In-\£hick Nawvgation Sysem H igh Speed FM Subcarrier
Communications Protocol

The VN MCS shaBltransm itg bbal¥ refrenced incidentinform ation to te STIC
message encoder in accordance with te messaging protoco ldefined in te
TransGuide In-\£hick Nawvigation Sysem H igh Speed FM Subcarrier
Communications Protocoll

The MN MCSshalgenerat a tab B of TransGuide Enk inform ation ¢ atinc lides
Ink ID, starting coordinat, ending coordinak, and streetname.

The N MCS shaBlprovide adisp by oftie process status, which shalbe
updated every 60 seconds.

The N MCS shaBbe capab B ofbeing stared and stopped t© rough te IMN
process status GUI.

The N MCS shaMprovide adisp by oftie status of com m unication ©
peripherallsystms with which itexchanges data.

The N MCS shalbg inform ationa Im essages, w arning m essages, and error
messages o astatus bg fi k.
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4. Systm Design

The systm design is described in te folbwing to sections. The sysem architcture section
inc bides a description of tie hardware com ponent and teir installktion and intrconnection.
The software design section describes tie design oftie mastr com putr softw are.

4.1 Systm Araitcture

The sysem architcture is documentd in a setofengineering draw ings t at accom pany tis
design document Reduced size copies of tiese drawings are inchided in Appendix A & a
reference for tie reader. This section of the design document provdes a description of the
sysem architcture tatis i Bistratd in te draw ing pack age.

The sysem consist of four sub-sysems: te N mastr computr, te STIC message
encoder, te STIC receiver, and tie N unit Drawing num ber 8684-5000 is a sysem el
b bck diagram tat indicats te associakd drawing and bcation for each of tie four sub-
sysems.

4.1.1 N Mastr Com putr

The IMN master com puter executs softw are t atextract realtime traffic inform ation from te
Data Sener. The softvare encapsulbts te realtime traffic data intb messages tat are
de Nered by te STIC transmission sysem t te VN unit The formatand conent of tie
messages adhere © te communications protocoll described in te TransGuide In-\ghicl
Nawvigation Sysem H igh Speed PV Subcarrier Communications Protocol document The
softvare sends tie realltime traffic inform ation m essages © te STIC message encoder using a
modem sener and standard diallup & Ephone HEne. The IMN mastr com putr software design
is described in Section 4.2.

The IMN mastr computr is bcatd in tie “Com putr room >”of tie TXDOT TransGuide
Operations Centr (TOC). The mastr com putr and associatd com ponent are mountd in a
23””equipment rack . Drawing num ber 8684-5003 shows te equipment part num bers, rack
configuration, intrconnection of com ponent, and extrnall connections. This drawing allo
shows te com ponent oftie Autom atd \ehicl Identification (AM) systm mas&r com putr.
Refer o te Autbmatd \hick Identification Mode IDep byment Initiative Design Document
for furter inform ation aboutt atcom putr.

The NN mastr computr is a Sun Microsysems U lra SPARCStation witt te folbwing
com ponents:

167 MH z SPARC (RISC) CPU,

128 MB RAM,

Two 2.1 GB hard disks,

Fbppy disk drive,

CD-ROM driwe,

Turbo GX+ graphics intrface,
2077co br m onitor,
Dualeternetintrfaces,

DuallSCSI channe I, and

16 portm odem sener (SCSI atiach ed).
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The IMN mastr com puter extrnalle Bctricalinterfaces inclide an etiernetconnection, m odem

connection, and power connections. The I\VN mastr com putr comm unicaks wit te Data
Sener over an eternetnetwork shared by oter workstations at TransGuide. The NN m astr
com puter com m unicats with e STIC message encoder over a diallup m odem connection t at
is achieved by connecting a standard switched & Bphone One © te modem sener. The IMN
mas®r com pukr, monitor, and modem sener each obtain e Bctricalpower from a standard
110VAC 60H z power outht

Additionalinform ation on te detaild operation and m ainknance of e Sun SPAR CStation,
monitor, and m odem serer may be obtained from te operator manuall which accom pany
t ose pieces ofcom mercialequipment

4.1.2 STIC Message Encoder

The STIC message encoder, m anufactured by Scientific-Athnta, receives te messages senthy
te IMN mastr computr over tie modem connection, and depending on te command from
te mastr com putr, tie encoder adds or de Bes messages from amessage queue. The encoder
modu s te messages in tie queue into a baseband signaltatis centred at 72 Khz and
output tis baseband signallto ke FV excikr of tie radio station. The FM excitr adds te
baseband signalfrom tie STIC encoder © te reqgubr audio program and oter subcarriers.
The com posit signallis ien m odu bied by te FM transm itier and broadcast over tie entire
San Antonio m etropo Han area.

The STIC message encoder optim izes tie data transm ission t rough putby em bedding forw ard
error correction information in tie messages. A 15-byt Reed-Sobman forward error
correction code accom panies exery 228 byts of broadcast data. In addition, te encoder
continuous ¥ cycls trough te message queue, rebroadcasting messages tatare notde bted
by te mastr com puter. This rebroadcastallo im proves transm ission success.

The encoder is bcatd atte Tower oftie Americas in te radio transm ission room of KTFM
102.7FM . The encoder and associatd com ponent are mountd in a 19 >”equipment rack.
Drawing number 8684-5004 shows te equipment part numbers, rack configuration,
intrconnection of com ponent, and extrnallconnections.

The STIC message encoder is a rack mountab B environm enta hardened IBM com patib ¥ PC
wit te folbwing com ponent:

486 66MH z CPU,

28.8k bps intrnallm odem

STIC subcarrier m odu ktor I1SA board,
GPS receiver,

GPS antnna,

hard disk drive,

3.5 fbppy drive,

Bui EEin m onitor,

rack mountkeyboard, and

rack mountsurge prokctor.

The STIC message encoder extrnalle Bctricalintrfaces inclide a subcarrier output, m odem
connection, and pow er connection. The subcarrier outputis connecttd © an SCA inputofte
FM excitr of the radio station by a coaxiallcab B. The encoder com m unicaks wit te VN
mastr com putr by connecting te intrnallmodem t te publlc switthed & Bphone network.
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The STIC message encoder obtains e Bctricalpower from a standard 110\VAC 60K z power
outltpromMded by te accom panying surge proector.

The software tatis executd by tie STIC message encoder was allo provided by Scientific-
Athntazhowewer, SwRI enhanced tis software by adding a batch fil tat configures te
message encoder for proper and re lab B operation. When tie message encoder is bootd, te
batch il autom atical configures tie modem and starts e STIC message encoder softw are.
The In-\ghick Nawvigation Sysem Mode IDepbyment Initiative M rsion Description Document
describes te proper configuration of tie message encoder incliding te message encoder
softvare and SwR I added batch fi k.

The message encoder softvare has onl one twnab B parametr. This parametr controll te

m agnitude ofthe 72Khz subcarrier signall This param e®r can be used © adjustte ingpction

e lor “deviation””of e subcarrier. This param e®r is m odified by typing an uppercase “G””
atte message encoder keyboard and using te up and down arrow keys for e adstment A

deviation of 10% is recom mended by Scientific-Athnta for optim um perform ance. This is te

signalhe Ibattie message encoder is currently ingcting into e KTFM broadcastsignall

The message encoder allo inclides a GPS antnna and receiver tatis used by te encoder ©
generak differentialGPS data. This DGPS data is broadcastin te subcarrier abng with te
traffic data, butas a differentdata stream . The DGPS data is separatd from te taffic data by
te STIC receiver in tie \ehick and is not processed by te IMN unit. This feature of te
STIC message encoder is notused by tie IMN sysem .

Additiona linform ation on te detai Bd operation and m aintnance oftie STIC message encoder
m ay be obtained from te accom panying docum entation supp Bled by Scientific-A thnta.

4.1.3 STICRecei\er

The STIC receiver, allo manufactured by Scientific-Athnta, continuous ¥ searches all BV
radio frequencies for a station broadcasting te STIC subcarrier signall When te receiner
tnes © 102.7FM, itfinds te STIC subcarrier and begins © receive the messages broadcast
by te message encoder. The receiver uses te forward error correction codes transm ited by
te encoder  correct transmission errors. Afer error correction, tie receiner sends te
messages © te IMN unitower an RS-232 serialdata Ink .

The time required by te STIC receiver 1o search tirough e FM frequencies can vary. The
receiver is speciall designed o find 102.7FM quick ¥, and in te presence of a strong FM
signall te receiver wilbegin © decode data witin 30 seconds. Ifte receiver bses bck due
toaweak FM signall itwiBregain bck witin 30 seconds from tie time tatte FM signallis
re-estab Ished. In te eventtat tie broadcastsignallm oves o anoter frequency, tie search
wilbe much sbwer. The STIC receiver coull require as bng as 3 minuts © find a subcarrier
on a frequency otier tan 102.7FM .

The STIC receiver T abilty © bek onto te broadcastsignallis dependentupon te qualty of
te signallatte receiver input Seneralfactors can affectte signallqualty. The strengt ofthe
receiver inputsignallis greath dependentupon tie type of antenna used, tie m ounting of t at
antnna, and antnna position. For good reception ofthe STIC subcarrier, itis im porantt ata
qualty antnna is used and is proper ¥ installd, incliding a connection o a sufficient ground
p hne.

For conenience and aestetics, itis often desirab B © inputte same signalfrom te existing
vehicl FM antnna © bott te STIC receiver and existing FM radio using a power sp Iter.
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This approach, howe\er, resulks in reduced signallstrengt © te STIC receiner and can affect
te receiver T abily to bek onto te broadcastsignal

The bcation of tie receiver is allo an im portant factor for reception. Abough te KTFM
signall approaches an om nidirectionall co\erage patiern, tie signaldoes not cover tie San
Antonio area uniform ¥. The primary bbe ofthe KTFM signallis centred in asoutiweserl
direction from te Tower of Americas, and reception of tie STIC subcarrier wiBbe beston
tatside ofte city. In addition, te specific e Bctrom agne tic environm entofany particu br sit
may affect data reception. This is especiall true of sits tat are witin hrge structures
containing metal(such as com mercialbui Bings and parking garages) or in te “$hadow ””of
such structures. Atsits where reception is difficul, moving tie receiver anknna by onk a
few etcanmake tie diference between good and bad data reception.

In any case, tie reception oftie STIC subcarrier shou B notbe com pared wit te reception of
te KTFM audio program using a FM radio. The carrier signall tat contains te audio
program is &n times stronger tan e STIC subcarrier. The audio program is allo cbser ©
te AM pibtsignal which greath im proves reception. For tiese reasons, tie STIC receiver
wilnotreceive data in some phces where tie audio program is char¥ received.

The STIC receiver is typical mountd in a\ehick adjpcentto tie contro Mr ofte VN unit
Drawings 8684-5001 and 8684-5002 are instalhtion draw ings tatshow typicallinstalktions of
tie receiver and IMN unit in a passenger \ehick.

The e Bctricalintrfaces oftie STIC receiver inclide an FM antnna, data, power, and ground
connection. The receiver eiter shares te signallfrom an existing FM antnna wit te radio
using a power divider, or is connectd directh 0 a dedicakd FM antnna. For data
com m unication, an RS-232 cab B connect © a 9 pin RS-232 connector on te receiner and
sim i kr connector on e VN unitintrface. ABo required are switthed power and ground
connections t atare typical# made wit \ehick ignition circuit

The STIC receiver allo decodes e DGPS data broadcastby te message encoder. The DGPS
data is outputon tw o unused pins oftie RS-232 serialnk Ziowe\er, tis data is notprocessed
by te N unit.

Additiona linform ation on te detaiBd operation and m aintnance oftie STIC receiner may be
obtained from te accom panying docum entation supp Bed by Scientific-A thnta.

4.1.4 IMN Unit

The IMN unitis one of two commerciall avai kb § product. A bine E Bctronics Research of
America and Z exe BJUSA each supp ¥ a namgation unitcapab B of receiving and using realitime
traffic data from te IMN sysem.

Bott te Abine and Zexel navgation unit inclide a controlr and disp by head. The
contro Br houses a microprocessor, GPS receiver, removab B PCMCIA hard disk or CD-
ROM, and gyroscopic sensor. The disp By head on te Zexe IIMN unithas keys tat te
trane Br may use © enter inform ation. The disp by head on te A bine unithas an infrared
sensor and is accom panied by ahandhe B rem o contro It atprovides tie trave Br a means for
data input

The IMN unit accepttie realltime traffic messages from te STIC receiver. The messages are
unw rapped by te navgation unitsoftw are, and te realltime inform ation is incorporatd into a
map datebase maintained by te unit. The nawvgation unit disphy te map datbase
inform ation and realltim e data © traxe Brs on the LCD disp hy.
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Bot te Zexe land A bine NN unit hawe graphicalluser interfaces t atalbw destination input
by address, intrsection, pointofintrest, or previous destination. The A bine unitallo albws
te trawve Br 0 se Bctadestination by m ap input

The N unit cakule a rout from te current bcation oftie \ehicl 0 te trawe Br-entred
destination. The trave Br may se Bcta com putation of tie shoresttime rouk or te rout tat
inchides te Bastuse of freeways. The VN unit cakulbk te shoresttime rouk using te
reallime inform ation broadcast by te NN sysem. Additonally, te Abine IMN unit
provides rout calkubtions for te fewestturns and Bastto W ays.

The IMN unit presentte realtime traffic and rout inform ation using a m ap disp By, guide
disp ky, and audib B messaging. The map disp by shows amap of tie area around te present
bcation of tie \ehick. The map disp by inclides geom etry of roadw ays, streetnames, and an
icon indicating te current bcation oftie \ehicl. The trave Br may zoom in or out achiewe
te helof detaillin te disphy tathe requires. The map disphy high Igh® te roads
appearing at te currentzoom ke ltatare on te cakulkid rout and high Bght areas of
traffic congestion by cobr coding road segm ent.

The guide disp ky provdes trn-by-turn navigation directions © tie trave Br. The guide disp by
indicats te direction of an upcom ing turn wit a krge arrow pointing in te direction ofthe
twrn. The guide disp by allo present te distance 0 te upcom ing twrn as detrmined by te
cakuhted rout and \ehicl position.

The N unit generak audib B messages in te form ofa woice prom ptindicating te distance
and direction ofan upcom ing rn. When a turn is pending, anoter audib B prom ptsignall te
driver o make te wrn.

The IMN unit determine te bcation and heading of tie \ehiclk using a GPS receiver, a
gyroscopic sensor, and map m atching. The GPS receiver provdes coarse position inform ation
tatis compared © map data, tien tie measured position is “Snapped >0 te map using m ap
matching. The gyroscopic sensor proMdes accurat \ehiclk heading inform ation © te VN
unis.

The e Bctricalinerfaces of te IMN unit inclide GPS antnna, 9 pin RS-232, speed pulle,
back-up Nght ignition, power, and ground connections. The connecting cab }# of te GPS
antnna, which accom panies te NN unit, pligs into a jack on te IMN unit CPU. For traffic
message comm unication, an RS-232 cab } conneck © a 9 pin RS-232 connector on an
inerface © e VN unitand sim i br connector on te STIC receiver. The IMN unithas a wire
harness tattaps into tie \ehicl speed pulle near e powertrain controllm odu k. In addition,
te IMN unitwire harness taps into tie back-up Bght ignition, power, and ground in tie most
comenientp lce near tie unit The bcation of these connections vary greath from wehicl ©
ehick. Drawings 8684-5001 and 8684-5002 are instalktion drawings tat show typical
instalktions ofthe VN unit and STIC receiver in a passenger \ehick.

Additionalinform ation on te detaild operaton and mainknance of tie VN unit may be
obtained from te accom panying docum entation supp led by A bine and Z exe I
4.2 IMNMaster Com puter Softw are Design

The function of the IVN Master Computer Software (MCYS) is to extract real-time data from the
MDI Data Server and transmit the data to the STIC message encoder, which broadcasts the data
via FM radio to the receivers and IVN units in vehicles. The IVN MCS runs on a Sun
Microsystems Ultra SPARCStation. The hardware components of the computer system are
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described in Section 4.1.1. The configuration of the IVN Master Computer and MCS are
described in the In-Vehicle Navigation System Model Deployment Initiative Version Description
Document. The architecture of the IVN MCS is described in the following sections and includes
descriptions of the external interfaces, the high level system design, the low levd functional
decomposition, and the format of the primary data structures.

4.2.1 Extrnalintrfaces

The IVN MCS runs as a single UNIX process. This process has five external interfaces as
depicted in the figure below.

Data
Server

Heartbeat

Formatted Link
Speed Data

STIC
Message
Encoder

Formatted
Incident Data

Real
Time
Data
Subsystem

Link Speed
Data

Incident Data

Process Status
Data

Equipment
Status Data

Status
GUI

Log Messages

Status
Log

FHgure 3. IMN M CS Extrnalintrfaces

The external entities to which the IVN process communicates include the Data Server which is a
process running on another workstation, the Real Time Data Subsystem which is a process running
on the IVN Master Computer, the Status GUI which is a process running on the IVN Master
Computer, the Status Log which is a text file maintained on the IVN Master Computer fixed disk,
and the STIC message encoder which isa PC ingtalled at an FM radio station. These are described
further in the following table.
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External Entity

Description

Data Server

Real Time Data
Subsystem
Status GUI

Status Log

STIC Message
Encoder

The Data Server is the central repository of information generated and maintained by the MDI
subsystems. The IVN process sends its process status information to the Data Server at regular

intervals.

The Real Time Data Subsystem provides the current speed and location for each of the TransGuide
links. It also provides the type, start time, and location of each currently active incident.

The status GUI process is the graphical user interface which provides the visual description of the IVN
process. The status GUI indicates the overall process status and also provides a detailed status of the
peripheral equipment with which the IVN process communicates. The IVN process can also be started

or stopped through the status GUI.

The Status Log is a text file stored on the IVN Master Computer fixed disk drive which contains
timestamped log messages for the IVN process. A log file for each day of the week is maintained and
files are kept for the current week. The status log can be viewed with a text editor.

The STIC message encoder is a PC installed in the transmission room of a commercial FM radio station.

The STIC message encoder incorporates hardware and software designed to

receive messages from the IVN Master Computer and encode them into a baseband signal that is
modulated and broadcast as a sub-carrier to the FM radio signal. The STIC message encoder

communicates to the IVN Master Computer via dial-up modem.

The data fbws between the NN process and te extrnallentities © which itcom m unicaks are
described in e folbwing &b K.

Data Flow

Description

Equipment Status
Data

Formatted Incident

Data

Formatted Link
Speed Data

Hearbeat Data

Incident Data

Link Speed Data

Log Messages

Process Status
Data

The IVN equipment status data describes the status of communication to external devices including the
Real Time Data Subsystem, the modem, and the STIC message encoder. The status of each device is
defined to be either OKAY, ERROR, or UNKNOWN. The IVN equipment status information is

transmitted to the Status GUI process through shared memory.

The formatted incident data includes the incident type code (major collision, minor collision, etc.), the
incident location (latitude, longitude and level or link ID), and the incident start time of each active
incident formatted according to the IVN communication protocol. The IVN process transmits the incident
data to the STIC Message Encoder through dial-up modem interface as defined by the STIC

communication protocol.

The formatted link speed data includes the current speed (in meters per second) and the location
(starting and ending latitude, longitude and level) of each of the active TransGuide links formatted
according to the IVN communication protocol. The IVN process transmits the link speed data to the
STIC Message Encoder through dial-up modem interface as defined by the STIC communication

protocol.

The Heartbeat Data is the IVN process status which is transmitted to the Data Server at regular intervals.
The IVN process status is defined to be either OKAY, WARNING, or ERROR. The Heartbeat Data is
transmitted to the Data Server via a socket interface.
The incident data includes the incident source code (ATMS, SAPD, etc.), the type code (major collision,
minor collision, etc.), the incident location (latitude, longitude and level or link ID), and the incident start
time of each currently active TransGuide incident. The data is communicated to the IVN process

through a socket interface.

The link speed data includes the current speed (in miles per hour) and the location (starting and ending
latitude, longitude and level) of each of the TransGuide links. The data is communicated to the IVN

process through a socket interface.

Log messages are text strings which are written optionally to the status log file and/or the standard
output. The log messages include the message type (debug, informational, warning, or error), the
message timestamp, the module (function) reporting the message, and the message text.

The IVN process status data includes the current IVN process status which is defined to be either
OKAY, WARNING, or ERROR. The IVN process information is transmitted to the Status GUI process

through a shared memory interface.
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4.2.2 Systm Design

The IVN software runs as a single process. This process has four distinct components or stages of
operation as described below: startup, main loop, shut down, and asynchronous signal handling.

V7

Signal Handlers
main

AN
Start Up Shut Down
Main Loop
FHgure 4. NN M ain Procedure
[component | Description
Startup Process initialization and startup operations for main loop.
Main Loop Main loop which continuously reads and transmits real time data to STIC.
Shutdown Process shutdown operations and program exit.

Signal Handling | Asynchronous signal handlers.
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4.2.2.1 Startup

The startup procedure includes the IVN process initialization operations and the allocation and
initialization of the data structures for maintaining the real time data and communicating it to the
STIC system.

()

< ‘ >
InitializelVN SetProcessStatus
DayOfWeekw ogWarn
Defined LinkID ‘ LogDebug
AccessActiveIncidents < CreatelncStmFrame
CreateLinkDat CreatelncData CteLinkSthrame

Hgure 5. I'¥N Initiallzation and Startup

| Function | Description |
AccessActivelncidents | Real Time Data library function. Returns a pointer to the list of currently active TransGuide incidents.
CreatelncData Creates a local copy of the TransGuide incident data.

CreatelncStmFrame Creates the array of incident STMs which contain the incident type and location for a predefined
number of incidents, formatted according to the IVN communication protocol.

CreateLinkData Creates a local copy of the TransGuide link data.

CreateLinkStmFrame | Creates the array of link speed STMs which contain the link speed and location for each of the
TransGuide links, formatted according to the IVN communication protocol.

DayOfWeekNow Returns the current day of week.

DefinedLinkIDs Real Time Data library function. Returns a pointer to the list of TransGuide link IDs.
InitializelVN Performs the operations required to initialize the IVN process.

LogDebug Logs debug messages to the status log and/or standard output.

LogWarn Logs warning messages to the status log and/or standard output.

SetProcessStatus Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).

4.2.2.2 Main Loop

Upon com p ktion of the startup procedure, te NN process begins executing tie main bop.
The main bop is te normaloperationallmode of e NN process. The basic operations
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performed by te main bop inclide reading and updating te realtime data, form atling te
data according ©© tte I\VN com m unication protocoll and transm itting tie form atied data © te
STIC systm. The main bop runs continuous ¥ unti litis stopped by te user (by €rmination
signa®or a fatalerror occurs.

~ L
IvnProcessStopped SetProcessStatus
SetWatchDog LogWamn
DayOfWeekw SdSthrame
Loglnfo 4 SetFirstStm
3
Res etSequenceNuer SticMessage
RenumberStmFrame UpdatelncSthrame
CheckModemConnection UpdateLinkStmFrame
UpdateRealTimeData LogReaIeData AccessActivelncidents Lobug InitincData

Hgure 6. NN M ain Loop
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| Function

Description |

AccessActivelncidents
CheckModemConnection

DayOfWeekNow
InitincData

IvnProcessStopped
LogDebug

Loglnfo
LogRealTimeData

LogWarn
RenumberStmFrame
ResetSequenceNumber
SendStmFrame
SetFirstStm
SetProcessStatus
SetWatchDog
SticMessage
UpdatelncStmFrame
UpdateLinkStmFrame
UpdateRealTimeData

4.2.2.3 Shutdown

Real Time Data library function. Returns a pointer to the list of currently active TransGuide
incidents.

Checks the connection between the IVN and STIC modems and establishes the connection if it
is down.

Returns the current day of week.

Initializes the local copy of the TransGuide incident data array with the current incident data and
determines which incidents are locally referenced and which are globally referenced.

Returns true if the IVN process has been stopped.

Logs debug messages to the status log and/or standard output.

Logs informational messages to the status log and/or standard output.

Logs the current values of the real time link speed and incident data to the status log and/or
standard output.

Logs warning messages to the status log and/or standard output.

Re-numbers the STM sequence numbers in an STM array.

Resets the STM sequence number counter.

Transmits either a link or incident STM data array to the STIC system.

Sets a field in the header of an STM to mark it as the first STM in the superframe of STMs.
Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).

Sets the IVN process watchdog timer flag.

Issues a message to the STIC system and reads and verifies the STIC response.

Updates the incident STM array with the current incident data.

Updates the link speed STM array with the current link speed data.

Refreshes the real time data and checks the timestamp of the data to verify that live data is being
received.

The shutdown procedure is executd upon €rmination of tie main bop, eiter due © user

command or fatl error.

The shutdown procedure consists of chbsing com m unication

connections, updating tie process status, and exiting tie program .

)

ShutdownIVN exit

Hagure 7. IMN Siutdown

| Function |

Description

exit
ShutdownIVN

In-\£hic B Navigation Systm

C library function.
Performs the operations required to gracefully shut down the IVN process.
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4.2.2.4 SignalH and Brs

The IVN signal handlers capture and respond to the asynchronous signals received by the IVN
process. Special handlers are defined for the Data Server heartbeat timer signal and process
termination signal which are the assigned signals for the IVN process. Unassigned signals are
handled by a general purpose signal handler.

O,

m

GeneralSignalHandler KillSignalHandler SendHeartBeat

FHgure 8. I'N SignalH and Brs

| Function | Description |
GeneralSignalHandler | Catches and handles unassigned signals.
KillSignalHandler Catches and handles the SIGTERM signal which causes the IVN process to gracefully shutdown.
SendHeartBeat Timer handler for Data Server heartbeat timer. Transmits the IVN process status to the Data
Server.

4.2.3 Subsystm Design
The subsystem design describes e bwer Bve Bcom ponentfunctions oftie N softw are.
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4.2.3.1 Initalzation

The IVN initialization procedure executes once at startup and performs a number of functions
including assigning signal handlers, loading configurable parameters, opening the status log, and

initializing communication interfaces. The initialization procedure and its component functions are
described below.

InitGeneralSignalHandler InitializelVN InitHeartBeat

InitlVNParams CreateTGLinkFile
LogSetAttr StoplvnProcess
OpenLogFile ConnectToRealTimeData
Loginfo ConnectToDataServer

SerialSetAttr UpdateStatus

ModemSetAttr hitStatus

SticSttr h'mKiIISignandIer LoadSequceNumber cinit

Hgure 9. I'MN Initia Blzation
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| Function

Description

ConnectToDataServer
ConnectToRealTimeData

crc_init
CreateTGLinkFile
InitGeneralSignalHandler
InitHeartBeat
InitlVNParams
InitKillSignalHandler
InitStatus

Establishes the socket connection to the Data Server process.

Establishes the socket connection to the Real Time Data process and refreshes the real time
data.

Initializes the CRC tables.

Creates a text file on disk which contains the IDs and locations of each TransGuide link.
Assigns the handler for catching unassigned signals.

Initializes the heartbeat timer and assigns the heartbeat timer handler.

Loads and assigns the values of the IVN configurable parameters from disk file.

Assigns the function to catch and handle the SIGTERM signal.

Creates and initializes the shared memory used to communicate to the status GUI.

LoadSequenceNumber Loads and assigns the last used STM sequence number from disk file.
Loglnfo Logs informational messages to the status log and/or standard output.
LogSetAttr Sets the message logging attributes.
ModemSetAttr Sets the modem control function attributes.
OpenLogFile Opens the status log file.
SerialSetAttr Sets the serial I/O function attributes.
SticSetAttr Sets the STIC communication attributes.
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.
UpdateStatus Updates the status GUI shared memory.
InitGeneralSignalHandler
sigset Print exit
Hgure 10. Initiallze GenerallSignaH and Br
[ Function | Description
exit C library function.
Print Prints message to standard output.

sigset
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OpenLogFile

sl_new Print SetProcessStatus StoplvnProcess
FHgure 11. Open Log FH i
| Function | Description
Print Prints message to standard output.
SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
sl_new Status Logger library function. Creates a new instance of a status log file.
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.
InitlVNParams
ConfigParams Print SetProcessStatus StoplvnProcess
Hgure 12. Initiallze Param eters
| Function | Description
ConfigParams Loads and assigns parameters from disk file.
Print Prints message to standard output.

SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).

StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.
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InitKillSignalHandler

signal LogError SetProcessStatus StoplvnProcess

Hgure 13. Initiallze KiBSignaH and Br

| Function | Description

LogError Logs error messages to the status log and/or standard output.

SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
signal C library function.

StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.

LoadSequenceNumber

fopen LogError SetProcessStatus StoplvnProcess LogWarn

Hgure 14. Load Sequence Num ber

| Function | Description

fclose C library function.

fopen C library function.

fread C library function.

LogError Logs error messages to the status log and/or standard output.

LogWarn Logs warning messages to the status log and/or standard output.
SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.
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InitStatus

config_shm_mgr

InitProcStatus

InitEquipStatus

Hgure 15. Initallze Status GUI Shared Mem ory

[ Function |

Description

config_shm_mgr | Shared Memory Management library function. Initializes the shared memory manager library.
InitEquipStatus Creates and initializes equipment status shared memory.
InitProcStatus Creates and initializes process status shared memory.

strncpy /

InitProcStatus

\

StoplvnProcess

segment_exists

attach_to_segment

create_segment LogError

—

SetProc essStatus

Hgure 16. Initiallze Process Status S ared Mem ory

| Function | Description

attach_to_segment |Shared Memory Management library function. Attaches to an existing shared memory segment.
create_segment Shared Memory Management library function. Creates a new shared memory segment.

LogError Logs error messages to the status log and/or standard output.

segment_exists Shared Memory Management library function. Returns true if the specified shared memory segment

exists.

SetProcessStatus Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.

strncpy C library function.
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segment_exists

/

InitEquipStatus

T

StoplvnProcess

4

attach_to_segment

create_segment

LogError

SetProcessStatus

Hgure 17. Initiallze Equipm ent Status

Function

Description

attach_to_segment

create_segment
LogError
segment_exists

SetProcessStatus
StoplvnProcess

Shared Memory Management library function. Attaches to an existing shared memory segment.
Shared Memory Management library function. Creates a new shared memory segment.

Logs error messages to the status log and/or standard output.
Shared Memory Management library function. Returns true if the specified shared memory segment

exists.

Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
Sets a flag to indicate that the IVN process has been stopped.

UpdateStatus

time

write_segment

LogError

SetProcessStatus

StoplvnProcess

FHgure 18. Updat Status

| Function | Description
LogError Logs error messages to the status log and/or standard output.
SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).

StoplvnProcess
time
write_segment

Sets a flag to indicate that the IVN process has been stopped.
C library function.
Shared Memory Management library function. Writes data to the specified shared memory segment.
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ConnectToDataServer

ds_close ds_init LogDebug LogWamn SetProcessStatus
Hgure 19. Connectto Data Ser\er
| Function | Description
ds_close Data Server library function. Closes the connection to the Data Server.
ds_init Data Server library function. Establishes the connection to the Data Server.
LogDebug Logs debug messages to the status log and/or standard output.
LogWarn Logs warning messages to the status log and/or standard output.

SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).

e

ConnectToRealTimeData

11—

AttachToRealTimeData RefreshRealTimeData LogDebug LogWarn SetProc essStatus
FHgure 20. ConnectTo ReallTime Data
| Function | Description
AttachToRealTimeData | Real Time Data library function. Establishes the connection to the real time data stream.
LogDebug Logs debug messages to the status log and/or standard output.
LogWarn Logs warning messages to the status log and/or standard output.

RefreshRealTimeData Real Time Data library function. Refreshes the link real time data with the current values.
SetProcessStatus Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
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fopen /

CreateTGLinkFile

\D tlose

DefinedLink Ds rint fprintf LogError SetProc essStatus StoplvnProcess
FHgure 21. Creat TransGuide Link ID FH
| Function | Description
DefinedLinkIDs Real Time Data library function. Returns a pointer to the list of TransGuide link IDs.
fclose C library function.
fopen C library function.
fprintf C library function.
LogError Logs error messages to the status log and/or standard output.
rint C library function.
SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.
InitHeartBeat
CreateTimer SetTimer

Hgure 22. Initiallze H eartbeat Timer

[ Function |

Description

CreateTimer Creates a timer and assigns a handler for the timer.
SetTimer Sets timer expiration and interval.
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CreateTimer

-

timer_create signal LogError SetProcessStatus StoplvnProcess

Hgure 23. Create Timer

| Function | Description

LogError Logs error messages to the status log and/or standard output.

SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
signal C library function.

StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.

timer_create C library function.

SetTimer
timer_settime LogError SetProcessStatus StoplvnProcess

Hgure 24. SetTimer

| Function | Description

LogError Logs error messages to the status log and/or standard output.

SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.

Timer_settime C library function.

4.2.3.2 Initallzation of Data Structures

Upon completion of initidlization and prior to execution of the main loop, the IVN process

allocates and initializes the data structures required for maintaining the real time data, formatting it
per the IVN protocol and transmitting it to the STIC system. The four data structures required for

thisinclude: alocal copy of thereal time TransGuidelink ID array, alocal copy of the TransGuide

incident array, the link speed STIC Transmisson Message (STM) array, and the incident STM
array.
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The local copy of the link ID array is a duplicate of the TransGuide link 1D array with an
additional field included with each link entry. Thisfidd isthe link location computed according to
the IVN communication protocol. To reduce the data required for a location reference, the
protocol computes link locations as relative values from an origin location. If alink is not within
the required range from the origin to be defined as a relative location, the absolute location of the
link is recorded. The location references for the links (rative or absolute) must be determined
before the link data can be formatted per the IVN communication protocol. Thelocal link 1D array
includes the TransGuide link 1D data and the computed location reference for each link. The
functions which create the local link data array are described below.

CreateLinkData

AllocLinkData InitLinkData

Hgure 25. Creat Link Speed Data

[ Function | Description |
AllocLinkData | Allocates memory for the local copy of the TransGuide link data array.

InitLinkData Initializes the local copy of the TransGuide link data array with the current link data and determines and
computes the link location reference (either local or global).

AllocLinkData

calloc LogError SetProcessStatus StoplvnProcess

Hgure 26. Albcat Link Speed Data Array

| Function |
calloc C library function.
LogError Logs error messages to the status log and/or standard output.

SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.

Description
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InitLinkData

ComputeLinkLocation LogError SetProcessStatus StoplvnProcess

Hgure 27. Initiallze Link Speed Data Array

| Function | Description |
ComputeLinkLocation | Determines the link's location reference (either local or global) and calculates either the locally or
globally referenced latitude and longitude.

LogError Logs error messages to the status log and/or standard output.
SetProcessStatus Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.

The local copy of the incident array is a duplicate of the TransGuide incident array with an
additional field included with each incident entry. This field is the incident location computed
according to the IVN communication protocol. To reduce the data required for a location

reference, the protocol computes incident locations as relative values from an origin location. If an
incident is not within the required range from the origin to be defined as a relative location, the
absolute location of the incident is recorded. The location references for the incidents (relative or

absolute) must be determined before the incident data can be formatted per the IVN communication
protocol. Thelocal incident array includes the TransGuide incident data and the computed location

reference for each incident. The functions which create the local incident data array are described
bel ow.

CreatelncData

Alloc incData InitincData

FHgure 28. Creat IncidentData

[ Function ] Description
AllocincData | Allocates memory for the local copy of the TransGuide incident data array.
InitincData Initializes the local copy of the TransGuide incident data array with the current incident data and determines

and computes the incident location reference (either local or global).
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AllocincData

calloc LogError SetProcessStatus StoplvnProcess

Hgure 29. Abcat IncidentData Array

| Function | Description

Calloc C library function.

LogError Logs error messages to the status log and/or standard output.

SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.

InitincData

ComputePointLocation LogError SetProcessStatus StoplvnProcess

Hgure 30. Initallze IncidentData Array

Function | Description |

ComputePointLocation | Determines the point's location reference (either local or global) and calculates either the locally or
globally referenced latitude and longitude.

LogError Logs error messages to the status log and/or standard output.
SetProcessStatus Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.

Thelink speed STM array is an array of data structures (STMs) which contain the link speed data
formatted per the IVN communication protocol. Each STM contains the information for a single
Traffic Information Message (TIM). Each TIM contains the link speed data for a number of
TransGuide link IDs. The details of the format of the STM and TIM are described in the
TransGuide In-Vehicle Navigation System High Speed FM Subcarrier Communications Protocol.
The link speed STM array is created at startup, and is updated to reflect changes in link speed
when the TransGuide real time link speed data is updated. The functions which create the link
speed STM array are described bel ow.
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CreateLinkStmFrame

AllocLinkStmFrame

InitLinkStmFrame

Hgure 31. Creat Link Speed STM Array

| Function |

Description |

AllocLinkStmFrame | Allocates memory for the link speed STM data array.
InitLinkStmFrame Initializes the values of the fields of each STM in the link speed STM data array as defined by the IVN
communication protocol.

calloc

AllocLinkStmFrame

LogError

SetProc essStatus StoplvnProcess

Hgure 32. Abcat Link Speed STM Array

| Function | Description

calloc C library function.

LogError Logs error messages to the status log and/or standard output.

SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.
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InitLinkStmFrame

TN

hitLinkTimData

InitLinkTimHeader

LinkStmDataSize

InitStmHeader

Hgure 33. Initiallze Link Speed STM Array

| Function | Description

InitLinkTimData Initializes the data fields of a link speed TIM as defined by the IVN communication protocol.
InitLinkTimHeader | Initializes the header fields of a link speed TIM as defined by the IVN communication protocol.
InitStmHeader Initializes the header data fields in a link speed or incident STM as defined by the IVN communication

protocol.
LinkStmDataSize Returns the size of the link STM data in bytes.
Init LinkTimData
InitLoc alLink InitGlobalLink GetLinkSpeed strncpy
Hgure 34. Initiallze Link Speed TIM Data

[ Function Description |
GetLinkSpeed Returns the current speed for the specified TransGuide link ID.

InitGlobalLink Initializes the fields in a globally referenced link location as defined by the IVN communication protocol.
InitLocalLink Initializes the fields in a locally referenced link location as defined by the IVN communication protocol.
strncpy C library function.

In-\£hic B Navigation Systm

34 Design Docum ent



InitLinkTimHeader

MinuteOfDayNow nitLRHeader

Hgure 35. Initiallze Link Speed TIM H eader

Function | Description

InitLRHeader Initializes the fields in a location reference header as defined by the IVN communication protocol.
MinuteOfDayNow | Returns the current minute of the day.

InitStmHeader

memc py sizeof DayOfWeekNow NextSequenceNumber

Hgure 36. Initiallze STM H eader

| Function | Description
DayOfWeekNow Returns the current day of week.
memcpy C library function.
NextSequenceNumber | Returns next available STM sequence number.
sizeof C library function.

The incident STM array is an array of data structures (STMs) which contains the incident data
formatted per the IVN communication protocol. Each STM contains the information for a single
Traffic Information Message (TIM). Each TIM contains the incident data for a number of
TransGuide incidents. The details of the format of the STM and TIM are described in the
TransGuide In-Vehicle Navigation System High Speed FM Subcarrier Communications Protocol.
The incident STM array is created at startup, and is updated to reflect changes in incidents when
the TransGuide real time incident data is updated. The functions which create the incident STM
array are described bel ow.
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AllocIncStmFrame

CreatelncStmFrame

InitincStmFrame

Hgure 37. Creat IncidentSTM Array

| Function | Description
AllocincStmFrame | Allocates memory for the incident STM data array.
InitincStmFrame Initializes the values of the fields in the incident STM data array as defined by the IVN communication
protocol.

calloc LogError

AllocIncStmFrame

SetProc essStatus StoplvnProcess

FHgure 38. Abcat IncidentSTM Array

| Function | Description

calloc C library function.

LogError Logs error messages to the status log and/or standard output.

SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).

StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.
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InitincStmFrame

e

;

IncLRSeqType

1—

InitincTimData InitincTimHeader ncStmDataSize InitStmHeader

Hgaure 39. Initiallze IncidentSTM Array

Function Description
IncLRSeqType Returns the location reference type of the incident location.
IncStmDataSize Returns the size of the incident STM data in bytes.

InitincTimData
InitincTimHeader
InitStmHeader

Initializes the data fields of an incident TIM as defined by the IVN communication protocol.

Initializes the header fields of an incident TIM as defined by the IVN communication protocol.
Initializes the header data fields in a link speed or incident STM as defined by the IVN communication
protocol.

GetLinkData InitincTimData MinuteOfDay
InitLoc alLink SetProc essStatus
InitGlobalLink InitLocalPoint InitGlobalPoint LogWarn

Hgure 40. Initallze IncidentTIM Data

Function | Description |
GetLinkData Returns the link data for the specified TransGuide link ID.
InitGlobalLink Initializes the fields in a globally referenced link location as defined by the IVN communication protocol.
InitGlobalPoint Initializes the fields in a globally referenced point location as defined by the IVN communication protocol.
InitLocalLink Initializes the fields in a locally referenced link location as defined by the IVN communication protocol.
InitLocalPoint Initializes the fields in a locally referenced point location as defined by the IVN communication protocol.
LogWarn Logs warning messages to the status log and/or standard output.
MinuteOfDay Returns current minute of the day.
SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
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InitincTimHeader

MinuteOfDayNow nitLRHeader

Hgure 41. Initiallze IncidentTIM H eader

| Function | Description
InitLRHeader Initializes the fields in a location reference header as defined by the IVN communication protocol.
MinuteOfDayNow | Returns the current minute of the day.

4.2.3.3 Modem Control

The IVN process communicates to the STIC message encoder via dial-up modem. The connection
between the IVN modem and the STIC modem is checked on each iteration of the main loop and is
re-established if the connection is down. The functions which control the operation of the modem
are described below.

ModemConnected — CheckModemConnection — IvnProc essStopped

GetModemStatus ModembDial

LogWarn SetModemStatus close LogInfo

FHgure 42. Check M odem Connection

Function | Description
close C library function.
GetModemStatus Returns modem equipment status.
IvnProcessStopped | Returns true if the IVN process has been stopped.

Loglnfo Logs informational messages to the status log and/or standard output.

LogWarn Logs warning messages to the status log and/or standard output.

ModemConnected Returns true if the IVN modem is connected to a remote modem.

ModembDial Issues modem commands to dial and connect to a remote modem and waits for the connection to
complete.

SetModemStatus Sets the modem equipment status.
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ModembDial StoplvnProcess

SetWatchDog

SetProcessStatus

ModemReset

LogError

strncpy strncat ModemCommand ModemBaud ModemWaitForConnect close

FHgure 43. DiallM odem

Function | Description
close C library function.
LogError Logs error messages to the status log and/or standard output.
ModemBaud Returns the modem baud rate command for the specified baud rate.
ModemCommand Issues a command to the modem and reads and verifies modem reply.
ModemReset Opens modem serial port, resets modem and returns file descriptor for serial port.
ModemWaitForConnect | Waits for modem to connect to remote modem.
SetProcessStatus Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
SetWatchDog Sets the IVN process watchdog timer flag.
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.
strncat C library function.
strncpy C library function.
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LogDebug

ModemReset

\ LogWam

OpenPort Delay WriteMin ModemCommand close
Hgure 44. ResetM odem
| Function | Description
close C library function.
Delay Delays for a specified number of seconds.
LogDebug Logs debug messages to the status log and/or standard output.
LogWarn Logs warning messages to the status log and/or standard output.
ModemCommand | Issues a command to the modem and reads and verifies modem reply.
OpenPort Opens a serial port and configures the serial communication parameters.
WriteMin Writes a minimum number of bytes of data to a serial port.
ModemCommand
stremp \ LogWarn
strncat LogDebug
strncmp SetWatchDog Flush WriteMin ModemReply
FHgure 45. Comm and Modem
[ Function ] Description
Flush Flushes a serial port.
LogDebug Logs debug messages to the status log and/or standard output.
LogWarn Logs warning messages to the status log and/or standard output.

ModemReply | Reads and verifies a reply to a modem command.
SetWatchDog | Sets the IVN process watchdog timer flag.

strcmp C library function.
strncat C library function.
strncmp C library function.
WriteMin Writes a minimum number of bytes of data to a serial port.
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memset

ModemReply

SystemTime

LogWamn

strstr

SetWatchDog

ElapsedTime

Read

FHgure 46. Read Modem Rep¥

[ Function ] Description
ElapsedTime | Returns the elapsed time in seconds from a specified start time.
LogWarn Logs warning messages to the status log and/or standard output.
memset C library function.

Read Reads data from a serial port.

SetWatchDog | Sets the IVN process watchdog timer flag.

strstr C library function.

SystemTime Returns the current system time.

ModemWaitForConnect
SystemTime / \ LogWarn
ElapsedTime SetWatchDog ModemConnected LogDebug
FHgure 47. W aitfor M odem Connection
| Function | Description

ElapsedTime Returns the elapsed time in seconds from a specified start time.
LogDebug Logs debug messages to the status log and/or standard output.
LogWarn Logs warning messages to the status log and/or standard output.
ModemConnected | Returns true if the IVN modem is connected to a remote modem.
SetWatchDog Sets the IVN process watchdog timer flag.
SystemTime Returns the current system time.
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4.2.3.4 RealTime Data Updat

On each iteration of the main loop the TransGuide real time data is refreshed with the current
values, and the STM data arrays are updated to reflect any changes. For the link speed STM
array, the update only involves modifying the speed fields in the TIMs for any links which had a
changein speed. For theincident STM array, the update involves deleting from the TIMs incidents
which no longer exist and adding to the TIMs any new incidents. The functions which perform the
update of the real time data are described below.

4/ UpdateRealTimeData \D

RefeshRealTimeData SetRealtimeStatus

/ \

ConnectToRealTimeData LogWamn RealTimeLastUpdate

Hgure 48. Updat ReallTime Data

| Function | Description |
ConnectToRealTimeData | Establishes the socket connection to the Real Time Data process (if necessary) and refreshes
the real time data.

LogWarn Logs warning messages to the status log and/or standard output.

RealTimeLastUpdate Real Time Data library function. Returns the last update time for the specified type of real time
data.

RefreshRealTimeData Real Time Data library function. Refreshes the link real time data with the current values.

SetRealtimeStatus Updates the real time data equipment status.
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AccessLinklD

UpdateLinkStmFrame

GetLinkSpeed

MinuteOfDayNow

InitStmHeader

LogWarn

SetProcessStatus

FHgure 49. Updat Link Speed STM Array

| Function | Description

AccessLinklD Real Time Data library function. Returns the data for the specified TransGuide link ID.

GetLinkSpeed Returns the current speed for the specified TransGuide link ID.

InitStmHeader Initializes the header data fields in a link speed or incident STM as defined by the IVN communication
protocol.

LogWarn Logs warning messages to the status log and/or standard output.

MinuteOfDayNow | Returns the current minute of the day.

SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).

RemoveOldIncidents

UpdatelncStmFrame

LogExistingIncidents

AddNewlncidents

Hgure 50. Updat IncidentSTM Array

| Function |

Description

AddNewiIncidents Adds new incidents to the incident STM data array.

LogExistingIncidents | Identifies incidents which already exist in the incident STM array.
RemoveOldincidents | Removes incidents which no longer exist from the incident STM array.
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AddNewiIncidents

IncLRSeqTy pe

InitincTimHeader InitStmHeader

InitincTimData

LogDebug

Hgure 51. Add New Incident

| Function

Description

IncLRSeqType
InitincTimData
InitincTimHeader
InitStmHeader

LogDebug

Returns the location reference type of the incident location.

Initializes the data fields of an incident TIM as defined by the IVN communication protocol.

Initializes the header fields of an incident TIM as defined by the IVN communication protocol.
Initializes the header data fields in a link speed or incident STM as defined by the IVN communication
protocol.

Logs debug messages to the status log and/or standard output.

4.2.3.5 STIC Message Transm ission

On each iteration of the main loop after the real time data has been updated, the modified STM
arrays are transmitted to the STIC message encoder via the modem. The main steps required to
transmit the STMs to the STIC include: packing the STM data arrays to remove white space,
formatting the STM data into transmission packets per the STIC communication protocol, and
transmitting the packets to the STIC via the modem. The functions which transmit the STM data
arrays to the STIC message encoder are described bel ow.

SendStmFrame

e Y

< ¥

11—

SetWatchDog PackLinkStmFrame PackincStmFrame SticMessage LogDebug
Hgure 52. Send STM Array
| Function | Description
LogDebug Logs debug messages to the status log and/or standard output.

PackincStmFrame
PackLinkStmFrame

Invokes the incident STM packing function for each STM in the incident STM data array.
Invokes the link speed STM packing function for each STM in the link speed STM data array.

SetWatchDog Sets the IVN process watchdog timer flag.
SticMessage Issues a message to the STIC system and reads and verifies the STIC response.
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PackLinkStmFrame

e

PackLinkStm LogError SetProcessStatus StoplvnProcess

Hgure 53. Pack Link Speed STM Array

| Function | Description
LogError Logs error messages to the status log and/or standard output.
PackLinkStm Packs a link speed STM, stores the packed data to the STIC transmission buffer, computes and

appends the CRC to the packed data, and performs the zero byte insertion on the packed data.
SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).

StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.
sizeof PackLinkStm Ins ertZeroBytes
Copy Bytes SwapBytes
NumberOfActiveLinks PackLinkTimHeader PackLinkTimData crc_msg_rev_ccitt

Hgure 54. Pack Link Speed STM

| Function | Description |
CopyBytes Copies specified number of bytes from source to destination buffer, checking for overflow.
crc_msg_rev_ccitt Calculates the reverse CCITT crc on a data buffer.
InsertZeroBytes Inserts a zero (0) byte after the occurrence of the first two bytes of the start of message flag (SOM)
in the data field of an STM to eliminate false SOMs.
NumberOfActiveLinks | Returns the number of active links in a link speed TIM.
PackLinkTimData Packs the data fields in a link speed TIM and copies the packed data to the STIC transmission
buffer.
PackLinkTimHeader Packs the fields in the header of a link speed TIM and copies the packed data to the STIC
transmission buffer.
sizeof C library function.
SwapBytes Swaps the bytes in word.
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InsertZeroBytes

memmove LogError SetProcessStatus StoplvnProcess

memcmp

FHgure 55. InsertZ ero Byts

Function | Description
LogError Logs error messages to the status log and/or standard output.
memcmp C library function.
memmove C library function.
SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.

PackincStmFrame

Y T,

PackincStm LogError SetProcessStatus StoplvnProcess

Hgure 56. Pack IncidentSTM Array

| Function | Description |
LogError Logs error messages to the status log and/or standard output.
PackincStm Packs an incident STM, stores the packed data to the STIC transmission buffer, computes and appends

the CRC to the packed data, and performs the zero byte insertion on the packed data.
SetProcessStatus | Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.
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sizeof PackincStm fj——— Ins et ZeroBytes

Copy Bytes SwapBytes

PackincTimHeader PackincTimData crc_msg_rev_ccitt

Hgure 57. Pack IncidentSTM

Function | Description |
CopyBytes Copies specified number of bytes from source to destination buffer, checking for overflow.
crc_msg_rev_ccitt | Calculates the reverse CCITT crc on a data buffer.

InsertZeroBytes Inserts a zero (0) byte after the occurrence of the first two bytes of the start of message flag (SOM) in
the data field of an STM to eliminate false SOMs.

PackincTimData Packs the data fields in an incident TIM and copies the packed data to the STIC transmission buffer.

PackincTimHeader | Packs the fields in the header of an incident TIM and copies the packed data to the STIC transmission
buffer.

sizeof C library function.

SwapBytes Swaps the bytes in a word.
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SticMessage

SetWatchDog

SendSticMessage

StoplvnProcess

SetProc essStatus

ReadSticResponse VerifySticResponseCrc LogWarn SetSticStatus LogError
Hgure 58. STIC Message
Function | Description
LogError Logs error messages to the status log and/or standard output.
LogWarn Logs warning messages to the status log and/or standard output.
ReadSticResponse Reads a response message from the STIC system.
SendSticMessage Formats and transmits a message to the STIC system.
SetProcessStatus Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
SetSticStatus Sets the STIC equipment status.
SetWatchDog Sets the IVN process watchdog timer flag.
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.

VerifySticResponseCrc | Validates the CRC of the STIC response message.
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SendSticMessage

BuildSticMessage LogWarn
LogData Write
LogDataBuf Flush SystemTime SetWatchDog ElapsedTime

Hgure 59. Send STIC Message

| Function | Description
BuildSticMessage | Builds a message formatted according to the STIC communication protocol.
ElapsedTime Returns the elapsed time in seconds from a specified start time.

Flush Flushes a serial port.

LogData Logs process data to the status log and/or the standard output.
LogDataBuf Logs a data buffer to the status log and/or the standard output.

LogWarn Logs warning messages to the status log and/or standard output.
SetWatchDog Sets the IVN process watchdog timer flag.

SystemTime Returns the current system time.

Write Writes data to a serial port.

BuildSticMessage
memc py sizeof SticMessagelLen crc_msg_rev_crcl6
Fgure 60. Buill STIC Message

| Function | Description
Crc_msg_rev_crcl6 | Calculates the reverse crc 16 crc on a data buffer.

memcpy C library function.

Sizeof C library function.

SticMessagelLen Returns the length of a specified STIC message type.
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ReadSticResponse

ReadMin LogWarn

FindSticSOM sizeof SticResponseDatalen

Hgure 61. Read STIC Response

Function | Description
FindSticSOM Detects the start of message flag in a STIC response.
LogWarn Logs warning messages to the status log and/or standard output.
ReadMin Reads a minimum number of bytes of data from a serial port.
sizeof C library function.

SticResponseDataLen | Returns the data length for the specified STIC response message.

FindSticSOM
SystemTime /

SetWatchDog ElapsedTime Read memecmp memmove LogWarn

Hgure 62. FAnd STIC Startof M essage

[ Function ] Description
ElapsedTime | Returns the elapsed time in seconds from a specified start time.
LogWarn Logs warning messages to the status log and/or standard output.
memcmp C library function.
memmove C library function.

Read Reads data from a serial port.

SetWatchDog | Sets the IVN process watchdog timer flag.
SystemTime Returns the current system time.
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sizeof

memcpy /

VerifySticResponseCrc

LogWarn

LogData

SticResponseDatal.en

SwapBytes

crc_msg_rev_crcl6é

LogDataBuf

Hgure 63. \érify STIC Response CRC

Function | Description
crc_msg_rev_crclé Calculates the reverse crc 16 crc on a data buffer.
LogData Logs process data to the status log and/or the standard output.
LogDataBuf Logs a data buffer to the status log and/or the standard output.
LogWarn Logs warning messages to the status log and/or standard output.
memcpy C library function.
sizeof C library function.

SticResponseDataLen | Returns the data length for the specified STIC response message.

SwapBytes Swaps the bytes in word.
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4.2.3.6 ShutDown

Upon exiting the main loop, due either to receipt of atermination signal or the occurrence of a fatal
error, the IVN process shutdown procedure is executed. The shutdown procedure updates the
process status, closes communication interfaces, and exits the process. The functions which
perform the shutdown are described bel ow.

ShutdownlVN

LogInfo SetProcessState UpdateStatus ds_send_heartbeat ds_close

Hgure 64. ShutDown N

| Function | Description

ds_close Data Server library function. Closes the connection to the Data Server.
ds_send_heartbeat | Data Server library function. Sends the process status to the Data Server.
Loglnfo Logs informational messages to the status log and/or standard output.
SetProcessState Sets the process state field of the process status structure.

UpdateStatus Updates the status GUI shared memory.

4.2.3.7 SignalH and Brs

The IVN signal handlers capture and handle asynchronous software signals. The IVN process
includes three signal handlers. A general signal handler captures unassigned signals. Depending
on the signa received, the unassigned signals are either ignored or cause the process to be shut
down on fatal error. Thekill signal handler captures the process termination signal and causes the
IVN process to gracefully shut down. The heartbeat timer handler captures the signal generated by
the heartbeat timer and issues a status update to the Data Server and the status GUI.

GeneralSignalHandler

LogInfo exit abort
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FHgure 65. GenerallSignalH and Br

[ Function | Description

abort C library function.

exit C library function.

Loglnfo Logs informational messages to the status log and/or standard output.

KillSignalHandler

1 >

LogDebug ModemStopConnect SticStopMessage StoplvnProcess

Hgure 66. Ki BSignalH and Br

| Function | Description
LogDebug Logs debug messages to the status log and/or standard output.
ModemStopConnect | Interrupts a modem dial connection if in progress.
SticStopMessage Stops a STIC message transmission if in progress.
StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.
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CheckWatchDog SendHeartBeat IvnProcessStopped
ResetWatchDog A ‘ UpdateStatus
ds_send_heartbeat A A StoplvnProcess
LogDebug ‘ A LogError
B V4 \ <
ConnectToDataServer LogWarmn SetProcessStatus signal
Hgure 67. Send H eartbeat

| Function Description

CheckWatchDog Checks for expiration of the IVN watchdog timer.

ConnectToDataServer | Establishes the socket connection to the Data Server process.

ds_send_heartbeat Data Server library function. Sends the process status to the Data Server.
IvnProcessStopped Returns true if the IVN process has been stopped.

LogDebug Logs debug messages to the status log and/or standard output.

LogError Logs error messages to the status log and/or standard output.

LogWarn Logs warning messages to the status log and/or standard output.

ResetWatchDog Resets the IVN watchdog timer.

SetProcessStatus Sets the IVN process status to the specified state (OKAY, WARNING, or ERROR).
signal C library function.

StoplvnProcess Sets a flag to indicate that the IVN process has been stopped.

UpdateStatus Updates the status GUI shared memory.

4.2.4 Data Structures

A number of data structures are defined within the IVN MCS. The most significant are those
associated with the IVN communication protocol and the STIC message encoder communication

pratocol.

4.2.4.1 NN Com m unication Protoco ID ata Structures

The IVN communications protocol defines the format of the real time traffic data that is broadcast
to the STIC receivers and IVN units. This protocol defines a highly compressed data format in
order to minimize the volume of data transmitted. The protocol has three primary message layers:
the STIC Transmission Messages (STMs), the Traffic Information Messages (TIMs), and the
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Location References (LRs). Data structures defined within the IVN MCS correspond almost

directly to the message components of the IVN communications protocol. The major components
of these data structures are described below, from the highest to lowest level message layer. For a
detailed description of each field within the dructures, refer to the TransGuide In-Vehicle

Navigation System High Speed FM Subcarrier Communications Protocol.

The highest level data structures are the STMs shown below. STM data structures are defined for
both the link speed data and the incident data. Each STM contains a header and a defined number
of Traffic Information Messages (TIMs). For the IVN implementation, only a single TIM is
contained within each STM. Arrays (frames) of link speed and incident STMs comprise the
formatted real time data which is transmitted to the STIC message encoder. The complete set of
STMswhich contain all link speeds and all incidentsis referred to as the STIC superframe.

typedef struct { [* Link STM */
STMHEADER st mheader ;
LI NKTI M |'i nkti nf LNKTI MSPERSTM ;

} LI NKSTM

typedef struct { /* Incident STM */
STMHEADER st mheader ;
I NCI DENTTI M i ncti n| I NCTI MSPERSTM ;

} | NCI DENTSTM

The format of the STM header is shown below. The start flag is a unique byte sequence used to
flag the start of the STM data stream. The sequence number uniquely identifies the STM. Once
an STM is created, the STM sequence number changes only when the data within the STM is
modified, or at midnight of each day when al STM sequence numbers are reset. This allows
receiversto ignore STMs which have been previoudy processed on a given day.

typedef struct { /* STM header */
STMFLAG startfl ag;
USHORT byt ecount ;
USI GN daycode: 3;
USI GN sequence: 13;
} STMHEADER,

TIMs are defined for bot Enk speed and incidentdata. Each TIM contains aheader and eitier
te speed data for a defined number of Enks or te incident data for defined number of
incident.

typedef struct { [* Link TIM*/
LI NKTI MHEADER t i mheader ;
LI NKTI MDATA dat a[ LNKSPERTI M ;

} LINKTIM

typedef struct { /* Incident TIM*/
| NCl DENTTI VHEADER t i mheader ;
I NCI DENTTI MDATA dat a[ | NCSPERTI M ;

} 1 NCI DENTTI M

TIMHEADER structures are defined for both link speed and incident TIMS. The TIM header
contains information that is common to the links or incidents contained within the TIM. Although
the structure of the link speed and incident TIM headers differ somewhat, they both include a
location reference header for the TIM data and the number of data items contained in the TIM.
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typedef struct { /* Link TIM header */
UCHAR nsgcode;
USI GN : 5;
USI GN nsgtime: 11;
USI GN f nt code: 3;
USI GN nunsegnent s: 5;
LRHEADER | r header ;
UCHAR numl i nks;
} LI NKTI VHEADER,;

typedef struct { /* Incident TIM header */
UCHAR nsgcode;
USHORT nsgti ne;
LRHEADER | r header ;
UCHAR num nci dent s;
} 1 NCI DENTTI MHEADER;

The LRH EADER defines te bcation of tie origin used for re htive bcation refrencing of
Inks and incident. The bcations of e Unks and incident witiin a TIM are expressed as
offset from tis origin unlss te distance from te origin requires an absolbe bcation
reference. The kseqtype fie B defines e bcation reference type of e TIM. The origin data
is abitfie M which contains te bngitude and Btitude ofte origin in com pressed form at

typedef struct { /* Location reference header */
USI GN | r nscode: 4;
USI GN I rtype: 4;
USI GN | rseqtype: 1;
USI GN | rseqi d: 2;
USI GN dat um 3;
USI GN ori gi ntype: 2;
ORI Gl NDATA ori gi ndat a;
} LRHEADER;

Each TIMDATA structure contains te Enk speed or incidentdata for a sing# Enk or incident
For Enk speed TIMs tis inchides tie Enk bcation, te Enk speed, and te TransGuide Unk
ID. For incident TIMs tis inclides te incident type, tie incident bcation, start time, end
time (notcurrentld used), te TransGuide Enk ID, and a unique incidentID code. Not tat
tie TransGuide Enk ID fie Bs and incidentID fie B in tiese data structures are used by tie IMN
process butare notpartoftie NN protocoland are notinclided in te data transm ited © te
STIC message encoder.

typedef struct { /* Link TIMdata */
LOCATI ON | ocati on;
UCHAR speed;
TG nkl D |'i nki d;

} LI NKTI MDATA,;

typedef struct { /* Incident TIMdata */
UCHAR i nci dent t ype;
LOCATI ON | ocati on;
USHORT begi nti ne;
USHORT endti ne;
TG nkl D |'i nki d;
int incidentid;
} 1 NCI DENTTI MDATA,;

The LOCATION data structure is a union of data structures defining each oftie four possib

bcation reference types: bcallpoint, bcal Ink, gbbalpoint, and gbbal Ink. On¥ one of
tiese types is valld for a particu br bcation and is indicatd by te LR header ktype fie B.
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t ypedef wunion { /* Location information */
LOCALPO NT | ocal poi nt;
GLOBALPO NT gl obal poi nt;
LOCALLI NK | ocal |'i nk;
GLOBALLI NK gl obal I'i nk;
} LOCATI ON;

Each of the four location data structure types is shown below. The LOCAL location data

structures define longitudes and latitudes that are locally referenced from the origin stored in the
location reference header. The GLOBAL location data structures use global referencing for

longitudes and latitudes, which are recorded as absolute locations. The POINT location data
structures define the location of a point and include a single latitude, longitude and street level
code. Points are used only to describe the locations of incidents. The LINK location data

structures define the location of links and include both a starting and ending latitude, longitude and
street level code. Links are used to describe the locations of links or incidents. Each type of

location data structure contains fields defining street name information which may be optionaly
included in the location reference.

typedef struct { /* Locally referenced point */
USI GN | r nscode: 4;
USI GN I rtype: 4;
short | ongitude;
short latitude;
char |evel: 4;
USI GN : 2;
USI GN streetflag: 1;
USI GN streetdata: 1;
STREET street;

} LOCALPOI NT;

typedef struct { /* Locally referenced link */
USI GN | r nscode: 4;
USI GN I rtype: 4;
short startlon;
short startlat;
short endl on;
short endl at;
char startlevel: 4;
char endl evel : 4;
USI GN : 6;
USI GN streetflag: 1;
USI GN streetdata: 1;
STREET street;

} LOCALLI NK;

typedef struct { /* dobally referenced point */
USI GN | r nscode: 4;
USI GN I rtype: 4;
| ong | ongi tude;
long latitude;
char |evel: 4;
USI GN | rseqi d: 2;
USI GN streetflag: 1;
USI GN streetdata: 1;
STREET street;

} GLOBALPOI NT;

typedef struct { /* dobally referenced Iink */
USI GN | r nscode: 4;
USI GN I rtype: 4;
| ong startl on;
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long startl at;
| ong endl on;
| ong endl at;
char startlevel: 4;
char endl evel : 4;
USI GN : 4;
USI GN | rseqi d: 2;
USI GN streetflag: 1;
USI GN streetdata: 1;
STREET street;

} GLOBALLI NK;

4.2.4.2 STIC Message Encoder Com m unication Protoco ID ata Structures

The IVN Process communicates to the STIC message encoder in accordance with the STIC
message encoder communication protocol. This protocol has the external controller (in this case
the IVN process) as the master which initiates all communications to the STIC (the dave). All
messages received by the STIC result in a response from STIC indicating the success or failure of
the STIC to interpret and respond to the message.

The STIC communication protocol defines two primary message types. forward messages issued
by the external controller and response messages from the STIC. The IVN uses only a subset of
the forward message types available within the STIC protocol: the ADD PACKET, CLEAR
PACKETS, and QUERY MARKER messages. The ADD PACKET message is used to add data
to the STIC broadcast packet. The CLEAR PACKETS message is used to clear all data from the
broadcast packet. The QUERY MARKER message is used to determine when a broadcast packet
becomes active (is being transmitted). The data structures defined within the IVN MCS for the
STIC message types used by the IVN process are described below. For a complete description of
the STIC communication protocol and message types, refer to theSubcarrier Traffic Information
Channel (STIC) Interface Control Document.

The STICMSG dtructure defines the format of forward messages from the IVN process to the
STIC. Forward messages are delimited by byte arrays which are unique byte sequences which flag
the start and end of the STIC message. The message also contains header information, the
message data, and a crc which is computed on the start flag, header, and data fields. Note that the
data field is optional depending on the forward message type. For the IVN application, the data
field isused only for the ADD PACKET message.

typedef struct { /* STIC nmessage structure */
STI CFLAG sonf | ag;
STl CMSGHEAD head:;
STl CVMSGDATA dat a;
USHORT crc;
STI CFLAG eonf | ag;
} STI CVsG

The STICRESP structure defines the format of response messages from the STIC. Response
messages are delimited by byte arrays which are unique byte sequences which flag the start and
end of the STIC message. The message also contains header information, the message data, and a
crc which is computed on the start flag, header, and datafields. Note that the data field is optional.
For the IVN application, the data field is included only in responses to the ADD PACKET

message.

typedef struct { /* STIC response structure */
STI CFLAG sonf | ag;
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STl CMSGHEAD head:;

STI CRESPDATA dat a;

USHORT crc;

STI CFLAG eonf | ag;
} STI CRESP;

The STICMSGHEAD structure defines the unit 1D of the STIC to receive the message (always O
for the IVN application), the length of the message in bytes, and the message type code.

typedef struct { /* STIC message header structure */
UCHAR uni tid;
USHORT byt ecount ;
UCHAR nsgcode;

} STI CMSCGHEAD,;

The STICMSGDATA dtructure defines the format of the data included in the ADD PACKET
forward message. It includes a unigque sequence number which identifies the packet and the actual
message data which for the IVN application is the formatted link speed or incident STMs.

typedef struct { /* STIC nmessage data structure */
ULONG nsgseq;
STI CDATA nsgdat a;

} STI CMSGDATA;

The STICRESPDATA dtructure defines the format of the data in the ADD PACKET response
message. It includes the sequence number of the packet that was added and the number of bytes
available in the broadcast message for additional packets.

t ypedef wunion { /* STIC response data structure */
ULONG segnum
USHORT byt esl ef t;

} STI CRESPDATA,;
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5. Requirement Traceabi ly

The folbwing &b F corre ks te sysem requirement, design e Iment, and acceptance &s&. The &b B dem onstra
requirement are metand \erified.

NUM BER REQUIREMENT SOURCE DESIGN ELEMENT
ALLOCATED TO
NVN-1 The systm shallcom m unicat te folbwing types ofrealtime traffic RF0-33.3.3 M CS/STIC sysiem

inform ation © m oMing \ehicls:
Ink speed data
incidentinform ation

NVN-2 The realtime traffic inform ation shaMbe derived from te Data Sener. P-2.6.2.3.4 M CS

NMN-2.1 Softw are running on an NN m aser com puer shallbe used © extractrealtime P-2.6.2.3.4 M CS
inform ation from te Data Sener.

MN-2.1.1 The IVNMCS shaBitransm it I\VN process status inform ation © te Data Serer | derived M CS
e\ery 60 seconds.

NMN-2.1.2 The IVNMCS shaBextract Ink ID inform ation fron te Data SenerRealime | derived M CS
Subsysem .

NMN-2.1.3 The IVN MCS shaBextract Ink bcation inform ation from te Data Sener derived M CS
Reallime Subsystm .

NMN-2.1.4 The IVN M CS shaBextract Ink speed inform ation from tie Data Sener derived M CS
Reallime Subsystm .

NMN-2.1.5 The IVN MCS shaBextractincidentinform ation from te Data Sener derived M CS
Reallime Subsystm .

NMN-2.1.6 The IVNMCS shaltransm it Ink speed inform ation o te STIC message derived M CS
encoder enery 60 seconds.

MN-2.1.7 The IVN MCS shaBitransm itincidentinform ation © te STIC message encoder | derived M CS
e\ery 60 seconds.

NMN-2.1.8 The IVNMCS shaltransm it bcal referenced Enk speed inform ation © te derived M CS

STIC message encoder in accordance wit te messaging protoco Idefined in
tie TransGuide In-\£hicl Nawvigation Sysem H igh Speed FM Subcarrier
Com m unications Protocol

NN-2.1.9 The IVNMCS shaltransm itgbba B referenced Unk speed inform ation © te derived M CS
STIC message encoder in accordance wit te messaging protoco Idefined in
tie TransGuide In-\£hicl Nawvigation Sysem H igh Speed FM Subcarrier
Com m unications Protocol

NN-2.1.10 | The IVNMCS shaBitransm it bca® referenced incidentinform ation © te derived M CS
STIC message encoder in accordance wit te messaging protoco Idefined in
tie TransGuide In-\£hicl Nawvigation Sysem H igh Speed FM Subcarrier
Com m unications Protocol
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NUM BER REQUIREMENT SOURCE DESIGN ELEMENT
ALLOCATED TO
NN-2.1.11 | The IVNMCS shalitransm itg bba W referenced incidentinform ation ©© te derived M CS
STIC message encoder in accordance wit te messaging protoco Idefined in
tie TransGuide In-\£hicl Nawvigation Sysem H igh Speed FM Subcarrier
Com m unications Protocol
NN-2.1.12 | The IVNMCSshaligenerat a @bl of TransGuide Ink inform ation ¢ at derived M CS
inclides Enk 1D, starting coordinat, ending coordinak, and streetnam e.
NVN-2.1.13 | The IVNMCS shaBprovide a disp by oftie process status which shaBbe derived M CS
updatd every 60 seconds.
NN-2.1.14 | The IVNMCS shalibe capabll ofbeing stared and stopped trough te VN derived M CS
process status GUI.
NVN-2.1.15 | The IVNMCS shaBprovide a disp by of tie status of com m unication © derived M CS
peripheralsysems wit which itexchanges data.
NVN-2.1.16 | The IVNMCS shallbg inform ationa lm essages, warning m essages, and error derived M CS
messages © astatus bg fill.
NN-2.2 The IVNmastr com puter shallbe a Sun Microsystm s U lra SPARCStation P-2.3.2.4.1 NN mastr com puter
wit te folbwing com ponent:
. 167 MH z SPARC (RISC) CPU
128 MB RAM
GB hard disk space
Fbppy disk drive
Sun CD-ROM drive
Turbo GX+ graphics
20””co br m onitor
8 portm odem sener (SCSI atlached)
Dualeternetinkerfaces
: Dua ISCSI channe I
NN-2.3 The master com puker shalibe bcatd in te TransGuide Operations Center. P-2.6.2.3.4 NN mastr com puter
NVN-3 The systm shallcom m unicat te realltime traffic inform ation using te P-2.6.1 STIC encoder/STIC
Subcarrier Traffic Inform ation Channe I(STIC) sysem which consist ofa .
m essage encoder/FM subcarrier generator and FM subcarrier receivers. recener
NN-4 The systm shaButilize conmerciall avai kbl I\VVN unit © disp by te real RFO0-33.4.1 A .)ineﬂ exe
tim e traffic inform ation © trave Brs. . . .
nauvgation unit
NN-4.1 The I'\VN unitshalbe com posed oftie folbwing com ponent: P-2.6.2.3.5 A .)ineﬂ exe

m icroprocessor

reconfigurab LCD cobr disp by
rem ovab B m edia for data storage
gyroscopic sensor

GPS receiver

navigation unit
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NUM BER REQUIREMENT SOURCE DESIGN ELEMENT
ALLOCATED TO
NN-4.2 The IVN unitshaBacceptrealtim e traffic data inputfrom te STIC receiver. P-2.6.2.3.5 A l)ineﬂ exe 1
navigation unit
NN-4.3 'If;hel)l\_/N :;ﬂtshalpm\,ideameans for te trawve Br 0 enkr a destination ofthe P-2.6.2.3.5 Al)ineﬂ exe 1
wing types: . .
address navgation unit
inersection
phee or pointofinkrest
pre\fous destination
NN-4.4 j‘he IVN unitshalcaku bt he_shortstﬁme rout, based on te realiim.e RF0-33.4.2 A l)ineﬂ exe 1
inform ation from te STIC receiver, from te current beation of thie \ehicl © . . .
te trave Br-entred destination. na\/lgallon unis
NN-4.5 Th_e IV_N unitshalcom_ m unicat 1_Je rout inform ation using a m ap disp hy, P-2.6.2.3.5 A l)ineﬂ exe 1
guide disp Ry, and audib I prom pting. navigalion unis
NN-4.6 The I\(N unitguide disp li)_/ shalpresenttie folbw ing inform ation: P-2.6.2.3.5 A l)ineﬂ exe 1
distance  an upcom ing wrn, ioat it
direction of an upcom ing turn. navgauon uni
NN-4.7 The I'VN qnitshalprov‘de_he fo Bbw ing audib ¥ prom ps: RF0-33.4.2 A bine/Z exe I
warning of an upcom ing trn, ioat it
indication o m ake a furn. navgauon uni
NN-4.8 The I\VN unitm ap disp hy shaBlshow te currentl)ca_nion oftie \ehicl and te P-2.6.2.3.5 Al)ineﬂ exe 1
cakulkid rout on an annotakd m ap oftie surroundings. navigalion unis
NN-4.9 The in_form ation used © generat te map disp hy shalbe derive_d from te San | P.2.6.2.3.5 A l)ineﬂ exe 1
Antnio, Texas Metropo lan Area database supp led by Nawvigation ioati .
Techno bgies. navgauon unis
NN-5 The sysem shaButilize e I\VN unit of at Basttw o m anufacturers. RFO0-33.4.1 A l)ineﬂ exe 1

navigation unit
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