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$5,295 installed [61). For a portable ATIS system that will be used al multiple work sites, 
however, a se lf-aligning dish may be acceptable. 

J.J.2.2.1. VSAT Applications 

VSAT Systems uses Telstar 14 and G-28 (IA-8) satellites located at 63° Wand 89° W longitude 
respectively [7]. Typically, VSATs arc relatively small and, usually , very robust. Dish antennas 
are roughly 3 to 4.5 feet in d iameter and the entire dish mecha11ism. weighs less than 150 pounds. 
Smaller units may be available in the near future. VSAT can handle 3 Mb/s uplink at1d 1.5 Mb/s 
down, which might make them a viable TMS to TMC link for several field e lements in a small 
LAN, for example. 

1.1.2.2.2. Intelsat 

lntelsat is a network of 53 geos tationary satellites, 8 teleports and more than 20,000 miles of 
terrestrial fiber [8). Intelsat was the first comm erc ial global sate llite communication system 
launched in 1.965 and provides remote site and VSA T suppo rt through lntelsat General 
Corporation. For poilll-to-point uplink service Intelsat provides 64 kb/s to 2 Mb/s (higher 
downlink rates) using C band and Ku band satellite capacity [9]. Intelsat VSAT dishes can be in 
the 3 to 4 feet d iameter range. "Il1eir services are provided through VSA T service providers. 
Lntelsat is a wholesal.ir of satellite transponder capacity [l OJ. 

J.J.2.2.3. Inmarsat 

lnmarsat is a network often geostationary satellites that provide high bandwidth communication 
for aeronautical, marine and other mobile applications. Only Inmarsat 4 sate lJj te F-2 (53o W) 
and lrnuarsat 3 satell.ite F-3 (I 8 1.80 W) are available for use in the United States. Current 
coverage in certain areas of Cal ifomia is marginal at best (11 ]. H!owever, lmnarsat is plruming 
to add a new satellite in 2008 that will cover the West Coast and, in particular, Northem 
Califomia [12). Inmarsat also p rovides wideband communication with a sma.11 mobile tenninal 
that is roughly the size of a pizza box. The antenna is integrated into the router and does not 
n:qui.re precision pointing. lnmarsat equipment. monthly subscription charges, per minute/MB 
usage fees, and activation fees are very expensive when compared other GEO services such as 
1-JughesNet. However, if [rnnarsat is the only viable form of commuuication at a given location, 
the expense may be justified based on U1c need for infonnation. 

I.I .2.3. Satellite JSP 
1l1ere are several satellite ISPs. most of which operate VSAT uetworks. Typical upload speo::ds 
are 128 to 256 kb/s and download speeds are 512 kb/s to 1.5 Mb/s. Dish antenna sizes are 
typically 3 .2 to 3.9 feet in diameter, depending upon signa l level requirements. Individual 
satellite ISPs W ildBlue and Hug.hesNet are discussed below. 

Tvpica.l costs !for services: 
Monthly cost for 700 kb/s down/ 128 kb/s uplink is $59.99 [13). Virtual Private Network (VP f) 
capabi.lity is also available from companies such as Ground Control [14]. A five nod.i VPN lists 
at $6.19/mo nth (Galileo plus 4 - 1544 Kbps Down/256 Kbps Up, 4 GB monthly transfer 
a llowance, I year contract) [ 15 J. Costs vary from system to system but are typically 
significantly less than those of a VSAT system. 
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Introduction 

Wilc!Blue is a geostationary satellite-based ISP operating in the 20- 30 GHz K. band, which 
enables use of a 26-incb diameter satellite mini-dish [ 16). 'Ilte Anik F2 and Wildblue-1 satellites 
are above the Equator at 11 l.l O W longitude [I 7, 18, 19). ll1e operating K, band frequency is 
such that transmission can be affected significantly by rain or snow. so during rainfall or 
snowfall transmission can be interrupted. During a significant rainstonn it might be necessary to 
transmit warnings lo a CMS. obtain critical weather infonnation from ru1 RWIS or cover an 
affected area with a CCTV for example [20]. Also because of the satellite location and the 
irregular terrain in some areas of California. tl1ere may be oilier serious questions as to WildBlue 
viability. Many field elements may be shielded by mountains or forestation, particularly since 
tl1e wavelength of the K, band frequencies is close to tl1e length of redwood need les, causing 
them to absorb a significru1t runount of power. TI1e problems associated with the Ka band ( e.g., 
rain or snow com1pting Ille sigrial) probably call for careful consideration regarding the use of 
WildBlue for any field element site in certain geographic areas since TMS-TMC coverage during 
a rain or snow stonn might be cmcial. In the absence of other options, it might be decided that 
Wild.Blue is a viable option. Note that in areas in Califomia with limited precipitation WildBlue 
would be more viable. WildBlue does not provide mobile service ruid is therefore not available 
for use as part of a PA TIS unit a:t this time. Note th at aligning the site antenna to the satellite may 
be complicated. 

1.1.2.3.2. HughesNet (fomwrly DirecWay) 

HughesNet prtwides a,1 lnlen1el service on a VSAT platfon11. U111ike WildBlue, which operates 
in the K, band, HughesNet operates on the Ku band (tliat is not significamly corrupted by rain or 
snowfall) and offers service v irtually everywhere in the United States. HughesNet uses seven 
satellites for Internet coverage of the lower 48 states (10]. Tue seven satellites are identified as 
Galaxy 26, AMC-9. Galaxy 28. Galaxy 16, Satmex 5, Galaxy II , and Horizons l. HughesNet 
does not use a spot beam techno logy which makes it highly portable and usable as long as the 
satellite footprint offers adequate signal strength. Aligning the dish to the satellite is non-trivial 
and may prove to be challenging and time consuming forthe non°icchnical user. 

TypicaJ costs foi• services: 

HugbesNet offers five service plans as shown ill Table l [13,21]: 
Table 1: HughesN.-t Service P lans 

Packag~ Dat a Rates Mont hly Cost 
Home Service Plan 700 kb/s down/128 kbls Ul)[ink SS9.99 
Pro Service Plan IMb/s down/200 kbls uplink $69.99 
Pro-Plus Service P lan J .5 Mb/s down/200 kb/s uohnk S79.99 
Small O llice Service Plan 1.5 Mb/s down/300 kb/s uplink $9999 
Business lntcmet Pinn 2 Mb/s down/500 kbfs UPiink $179.99 

Tvpical costs for equipment hardwarn: 

1l1e first three plru1s listed in Table I require a 2.4 foot dish, .74111 antenna, I W radio, mid an 
HN700S mode m at a cost of $399.98 for equipment and installation (with a two-year service 
plan). The Small Office an.d Busi11ess Internet plans require a 3.2 foot dish, .98m antenna, 2W 
radio, and all HN700S modem at a cost of $699.98 for equipment aud installation (with a two-
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Summarv: 

Introduction 

I-lughesNet accessib ility is limited only by v iew of the sky. Whenever the use o f satellite 
communications is appropriate. this would be a viable choice. HughesNet was chosen as an 
example, among several GEO sate llite systems, s ince its footprint essentially covers the entire 
State of California. HughesNet, as well as other satellite service providers, can provide a VPN 
that would allow simultaneous access to several PATIS sites. Note that some GEO satellite 
systems provide limited access to California and o ne, WildBlue, does not provide mobile service 
and operates in the K, Band which is more susceptible to rain and snow interference. Again note 
that a ligning the site antenna to t he satellite is non-triv ia l and may be problematic. We note that 
lrunarsat currently provides inadequate coverage of Califomia, but is launching a new satellite 
later in 2008 that will provide coverage in the Pacific Coast a rea. lmnarsat provides a mobile 
lntemet Protocol (IP) based service, Broadband Global Area Network (BOAN), which would 
also be appropriate for work zone access when the new satellite is in place. 

1.1.2.4. Low Eaith Orbit (LEO) Satellite Systems 

LEO satellites are placed at d istances closer to lhe earth 's surface and hence have significantly 
smaller footpriints than a GEO. Antennas directed al LEO sate! lites must either track th.i satellite 
o r be non-directive. LEO satcll ite systems have lower data transmission rates and a re good for 
mobile applica tions pat1icularly in locations where GEO is no t available. LEO systems have 
substai11ial limitations re lative to fie ld elements, pa1ticularly in areas with irregular terrain or 
den~e forestation. ll1ere are three systems in operat ion; Global.star, Iridium and Orbcomm 111ey 
have l imited footprints thal vary as the LEO satellites rotate in orbit and probably w ill limit the 
time o f contact with the user un its, particularly in irregular terrain. TI1ey operate in a frequency 
band (S-band - 2 to 4 GHz) such that the lcngU1 of some conifer need les may be c lose to 1/4 
wavelength of the operating frequencies and, Urns. may absorb considerable RF energy. All 
LEOs have limited data rates and may experience periods of o ut ages due to sky obstmction 
particularly in irregular terrain. lfowever, LEO service is available w henever a v iew of the 
satellite footprint is available. In flat t errain (e.g., a large valley) th is is almost always Uie case. 
1l1e tradcoff may be v iable if tto other services are available at a pa1ticnlar locatiou. All LEO 
systems are v.iry portable and might be applicable to set up an initial response to a highway 
emergency such as a lands lide . 

l .J.2.4.J. Itidium 

Iridium is a LiEO satellite system with 66 satellites. TI1e system offers a data communication 
rate of 2.4 kb/s upli.nk and downlink, which could possibly be used for low data rate Intelligent 
Transpo,1atio11 System (ITS) applications (24]. Note that the data rate is relatively low and 
might not be v iable for access to some field elements . 111e data rate should be sufficient for 
communication with a CMS or other low data rate device. 

t .J.2.4.2. Orbcomm 
Orbcomm is a LEO sate llite system comprised of 30 sate llites. ·111is system is specifically 
intended for machine-to-machine conm1unication. The system allows short messages ranging 
between six b)>tes and several kilobytes to be sent and received in near real-lime [25). 
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• In niral areas where unticensed frequencies may not be appropriate, radio fr.:quency 
(RF) m odems, particularly in the VHF high band, may provide good intra-zone 
comnumications. Note, however, that V HF high band typically is limited to 9.6 kb/s, 
wh.ich way be inadequate for some applications such as ccnr cameras for viewing 
traffic. Higher RF frequencies (e.g., 700 and 900 MHz) with higher data rate capabil ities 
may all.so be used. However, in mountainous and/or heavily forested areas (reforred lo as 
"irregular terrain"), which are common in Califomia, RJ propagation may be affected, 
particularly in the higher frequency bands. l.n such cases it may be necessary to place 
one or more portable repeaters between the endpoints of the work zone. It is: here where 
VHF high band, whenever 9.6 kb/s is adequate, will provide U1e best propagation 
coverage. for example, in a five mile constmction zone un very irregular te rrain, VHF 
high band would typically require one or two repeaters whereas the higher bands might 
require as many as four or five. 

• Iu more urban areas, where interference to unlicensed frec1uencies would be more likely, 
RF modems in the 150 - 900 MHz licensed frequency bands could be used for intra-s ite 
communications. If higher data rates (greater than 9.6 kb/s for VHF or UHF and 19.2 
kb/s for 800 MHz) were required, the 700 (384 kb/s) or 900 (768 kb/s) MHz bands 
might ibe required. 

We do need 10 note that equipm~nt vendors are continually improving data rates in RF modems, 
typically at the expense of receiver sensitivity, however. with more advanced modulation 
schemes or higher RF bandwidth. Currently at least one vendor, for example, lists a VI-ff h igh 
band Rf modem with 19.2 kb/s digital bandwidth, but requiring 25 kHz RF bandwidth. Since 
FCC "Refanuing", which reduces bandwidth limits by a factor of two, will occur on January 1, 
2013. this would uot be a v iable long tenn option. 

1.4. HAR Equipment 
One HAR equipment provider. ISS, for example, manufactures a ruggedized portable system that 
is easi ly transported and can be- set up or taken down (for ovemight storage, for example) in a 
maner of minutes [32]. ll1ey also manufac ture a solar-powered, trniler-mounted portable HAR 
system. 
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F1gure 2: ISS Portable HAR System -Image Courtesy ofRadioSIAT and The Radio Source 

Quixote Transportation Technologies offers two portable solutions. Solar Max is a portable, 
solar-powered HAR system (see Figure 3). Alert Max is a portable, solar-powered CMS/HAR 
system (see Figure 4) [33]. 

Figure 3: Solar Max System - Image Courtesy of Quixote Transportation Technologies 

Western Transportation Institute Page 13 



Figure A1ert s,m.m- Courtesy echno rJ.es 

86 

 Concept of Operations for Portable ATIS   
                     

CCAALLIIFFOORRNNIIAA  CCEENNTTEERR  FFOORR  IINNNNOOVVAATTIIVVEE  TTRRAANNSSPPOORRTTAATTIIOONN  
 

c ....... --1 
c -

Catltomla Cente r 
fo, lnnovallv8 

Transporni:tlon 

Supporting Inforrration for the Concept ofOperations Introduction 

Both vendors also manufactl.["e solar powered, stand-alone, portable CMS systems. Quixote 
systems are designed for cellular message changes. ISS systems are designed for telephone or 
computer IP-based controlled message changes. Another manufacturer, ADDCO, markets a line 
ofttailer mollllted CMS, either solar or batteiy powt:red, that are message controlled either by a 
hanclheld tenninal or a cellular modem. Two that seem most appropriate for this discussion are 
the IV!id-SizeFull Matrix unit and the IVIini Adjustable Graphic (MAG) Si~. as seen in Figure 5 
and Figure 6 [34]. 

Figure 5: ADD COMid.-!fue Full Ma.trix Pond, .. CMS Unit- Image Courte.y of ADDC O 
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Figure 6: ADDCO MAG Sign Portable CMS Unit - Image Courtesy of ADDCO 

Introduction 

Security may be an issue with portable HAR writs, particularly regarding theft or vandalizing. 
Hence, it may be advisable to consider system protection (e.g., portable fencing system with an 
intrusion alarm). The placement of a portable HAR and/or portable CMS along a highway 
requires that they can be protected from either intentional or accidental damage. 
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2. MULTI-DAY INCIDENT CASE STUDY 

Po11able Ad vanced Traveler Informatiou Systems (PATIS) iuvolve several options iucluding 
A TIS systems operated by Caltrans. by contractors or by a Caltrans-contractor team . Typically 
they may invo lve; 

• Fixed or portable CMS a nd/or porta ble H.<I.Rs to i11fonn travelers of road constmction or 
eme rgency highway conditions (uoting that HARs may only be operated by 
govenunental agencies - see Section 1.2), 

• Communication links from a TMC or local control point to the CMSs and/or RA!u; to 
keep traveler messages up to date, 

• Local area communication networks to advise travelers, via a portable CMS, of traffic 
de lays (e.g., approximate arrival time of a pilot car). 

Au example of how these various options might be implemented involves a landslide on 
California SR 96 in Humboldt County w hich is discussed in Section 2.2. 

2. I. Background Information - State .Route (SR) 96, Califor ni:1 
SR 96, also known as the Bigfoot Scenic Byway, is a 147 mile (35] rnral, two-lane, mountainous 
roadway that follows the Trinity and Klamath Rivers in northwestern California through lhe 
Marble Mountain Wilderness (36). SR 96 originates in Willow Creek (Junction 299), and 
tenninales on the outskirts of Hornbrook where it merges with interstate 5 (1-5). ' l11ere is a 
junction with SR 169 at Weitchpec. Figure 7 shows a map of SR 96. 
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Figure 7: Map or SR 96 - Courtesy or Google Maps 

The SR 96 roadway traverses Humboldt and Siskiyou counties. It services several recreational 
areas in the Klamath National Forest. SR 96 is the primary entry/egress route for the recreational 
areas and several towns. In 1992, the average daily traffic volume ranged between 500 and 
3,800 vehicles per day [36]. Given the geographic features of the area through which the 
roadway passes, landslides in the rainy season and summer wildfires are not uncommon. Fires, 
landslides, or other major incidents can severely impact visitors and local area residents. 
Alternate routes are not readily available. Reliable communications, timely response, accurate 
traveler information and traffic control are essential components needed to address public safety 
in such a situation. PA TIS systems would play a key role in any emergency situation such as a 
fire evacuation on SR 96. 

2.2. SR 96 Post Marker (PM) 17 Incident 
The following information was supplied by Caltrans District 1. In the early morning hours of 
December 20th, 2007, a major landslide occurred on SR 96 post marker 17 approximately 3 
miles north of the town ofHoopa, California in Humboldt County at latitude 41°07" l l.27'N and 
longitude 123 °41" .20.12'W. Figure 10 shows the approximate location of the landslide. 
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.l<'igurc 8: SR 96 Landslide Location - lmagoe Courh,~)' of Google Earth 

Caltrans estimates that 1200 cubic yards of rock and debris fell, damaging and blocking the 
roadway in both directions (see Figure 9 and Figure 1.0). 
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Figure 11: RF Coverage Plot frnm the nm rc>i State To"~r Operating in lhc 700 MHz Band 
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Figure 12: RF Coverage Plot from the Nearest State Tower in VHF High Band 

One alternative to a standard RF link between the landslide construction zone and the TMC 
would be a cellular link. Figure 13 indicates that cellular coverage from a Verizon cell site 
would be very good at several locations close to the landslide. Although coverage at the 
landslide is questionable, a control site with good coverage could be located close to the 
landslide. In general, cellular communication from the TMC to/from the work site may be a 
good option in many cases where cellular providers have adequate coverage along highways 
where coverage by a Caltrans RF system does not exist. When good cellular coverage is 
avai lable it may be the least expensive option. 
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Figure 13: Verizon Cellular Coverage Hot 

Figure 14 is an augmented display of the ComStudy propagation plot overlaid onto a Google 
Earth map. Based on the figure, it is not clear whether or not coverage is available at the 
landslide location, although it is available at sites near the landslide. Measurements would need 
to be taken at the site to determine the availability and quality of cellular coverage at the 
landslide location. 

Figure 14: Augmented Coverage Display 
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