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EXECUTIVE SUMMARY 

This study demonstrates the feasibility of estimating link travel time and speeds in real­

time for a rural, mountainous section ofan interstate freeway in Colorado using vehicles 

instrumented with global positioning system receivers, that serve as probes in traffic 

streams. The system configuration proposed and developed includes a cost-effective, 

portable GPS deployment unit, communication links to a PC server, and an integrated 

prototype system for vehicle tracking and estimating statistics on link travel time. The 

system also includes a user interfil.ce. 

The section ofthe 1-70 corridor in Colorado selected to evaluate the system is located in a 

mountainous terrain just east of the Eisenhower Tunnel, gateway to the ski resorts, 

including Winter Park, Vail, and Aspen, from the Denver International Airport. It carries 

a high traffic volume during the ski season and during the summer months. Currently 

there is very limited surveillance infrastructure to monitor traffic conditions on this 

critical corridor. 

This study, funded by the Colorado Department of Transportation and carried out in two 

phases, explores the feasibility of monitoring this corridor using mobile surveillance 

technology. The objective of the first phase was to identifY a cost-effective means of 

monitoring traffic within a rural, mountainous stretch ofthe 1-70 corridor. In addition, an 

algorithm was developed to estimate average link speed, travel time, and the standard 

error of estimates that provides the user with information on the reliability of the 

estimates. The algorithm was tested based on simulated data for different traffic 

conditions and geometric characteristics of links. 
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In the second phase ofthe project, a real-time demonstrational prototype was developed to 

receive, process and estimate link travel time and speed statistics in real-time based on the 

algorithm proposed in the first phase. The system was tested off-line and on-line based on 

field data received from the 1-70 corridor. In addition, GPS receivers were deployed using a 

commercial van pool service. This report presents an overview ofthe demonstration prototype 

developed, the surveillance technology selected, an evaluation ofthe system based on 

simulated and field data, procedures to insta11 and maintain the system, and recommendations 

fur larger sca1e implementation. 
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OVERVIEWOF1HEREPORf 

The first chapter ofthis report presents an overview ofthe specifications ofthe GPS receivers 

and the modem selected. It also includes a description ofthe furm ofcommunication selected 

to transmit the GPS data from the field to a fixed-end centraJ server. 

The second chapter of the report presents details of the components of the real-time 

demonstration prototype system developed to track probe vehicles in the traffic stream, 

methods to estimate link travel time and speed based on probe data and the graphical interfuce 

ofthe system 

The third chapter presents an overview of the network selected to conduct both on-line and 

off,.1ine tests based on simulated and field data to evaluate the demonstration prototype and the 

findings 

The fumth chapter presents conclusions and recommendations ofthe study. 

The appendices include instructions on how to install, run and maintain the prototype system, 

the source code fur the programs written, sample GPS data, sample output ofthe program, and 

the study proposal 
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CHAPTER 1: 

SELECTION OF SURVEILLANCE 

TECHNOLOGY 

L1 GLOBALPOSmONINGSYSTEM (Gps) 

Global Positioning Systems (GPS) allow instantaneous position and velocity of 8 moving 

vehicle to be determined. To provide continuous global positioning capability, 21 evenly 

spaced satellites placed in a circular, 12-br orbit inclined at 55° to the equatorial plane provide 

the desired coverage. This constellation provides a minimum of four satellites in good 

geometric position, 24 hours a day, anywhere on the earth. Depending on the selected 

elevation angie, more than the minimum number ofsatellites are often available for use. 

GPS satellites provide the capability ofdetermining location in tenns ofiongitude, latitude and 

elevation by the simple resection process using the distances measured to satellites. The space 

coordinates relative to the center of the earth of each satellite can be computed from the 

ephemerides broadcast by the satellite using an algorithm. The ground receiver, defined by its 

geocentric position vector, employs a clock that is precisely set to GPS time. The true distance 

range to each satellite may be accurately measured by recording the time required for the 

satellite signal to reach the receiver. Each range defines a sphere with its center at the satellite. 

Therefore, using this technique, ranges to three satellites are needed since the intersection of 

three spheres yields three unknowns (longitude, latitude, and height). GPS receivers use an 

inexpensive quartz clock set approximate1y to GPS time. The clock timing error or clock bias 

is overcome by measuring the distances to four satellites. Other errors include satellite position 

error (ephemeris error), ionospheric and tropospheric refraction, receiver noise, multi-path and 

selective availability, collectively referred to as the UERE, or User Equivalent Range Error. 

The cumulative UERE tota1s are multiplied by a fiIctor of 1 to 6, a fuctor that represents the 

Dilution of Precision, or DOP. DOP is a measure of the geometry of the visible satellite 
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constellation. The ideal orientation of the constellation would require all satellites to be 

equally spaced around the receiver, and one directly above. This would result in a low OOP. 

Selective availability is the highest source of error, an intentional error, imposed to limit 

accuracy to 95% probability of328 ft. (100 m) or less. 

Instantaneous velocity of a moving vehicle is determined using the Doppler principle ofradio 

signals. Due to the relative motion ofthe GPS satellites with respect to a moving vehicle, the 

frequency of a signal broadcast by the satellite is shifted when received at the vehicle. This 

measurable shift is proportional to the relative radiaI velocity. The radiaI velocity of the 

satellite is known, therefore the radiaI velocity ofthe moving vehicle can be deduced from the 

Doppler observable. The acruracy of velocity is ± 0.16 kmIhr (0.1 mph) for receivers with 

location acruracy of 100 m. (328 feet), and with selective availability turned on. Since May, 

2000 selective availability has been turned off and the accuracy has been reported to increase 

tenfold. The instantaneous GPS velocity reporting is independent ofposition fixes. Prices for 

GPS receivers range from $100-$50,000, depending on the additional features available and 

the reporting accuracy ofthe receivers. The GPS receiver selected for this study are capable of 

reporting location within a 100m acruracy, providing data in a non-proprietaIy format and is 

compatible with a Cellular DigitiIl Packet Data (CDPD) modem (Trimble Navigation Limited 

1996). 

Figure 1. Placer 450 and Magnetic Antenna. 
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1.2 MODEM 

The Cellular Digital Packet Data (CDPD) is a wireless, public access, packet data standard 

designed to operate over existing analog cellular phone systems. The Uniden Data 1000, a 

CDPD modem, was selected for this study. The selection ofa modem is based on: 

• Cost 

• Reliability 

• Compatibility with the GPS receivers selected. 

Figure 2. UDideo Data 1000, CDPD Modem. 

1.3 COMMUNICATION 

CDPD is a connectionless network setVice that overlays the cellular voice network to 

wireless1y transmit data to mobile and fixed-end computing devices. The CDPD network 

operates as an extension ofthe TCP/IP data communication network. TCP/IP is the method by 

which data on the network is divided into packets ofbytes. Then the CDPD network transmits 

the GPS data from the conidor to a PC server in an end-to-end system. 

Key components ofthe end-to-end system used are the mobile system and the fixed-end host 

system. The mobile equipment, installed in the vehicle, comprises of a GPS receiver and a 

CDPD modem. The fixed-end host system, a PC, runs FleetVision (Trimble Navigation 

Limited 1998b). The PC server is connected to the internet and therefore the PC connects to 
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the CDPD network through the internet. Messages received by the cellular from the GPS are 

processed and routed to an IP address. Additionally, the cellular carrier providing CDPD 

services accepts TCPIIP transmissions for IP addresses for units that are registered and operate 

in its CDPD network and passes those messages on to the units. The GPS receivers come with 

a SLIP interface driver to communicate with the CDPD modem and a TCPIIP stack to enable 

it to exchange messages over the CDPD network The CDPD modem is registered with a 

CDPD service provider and configured with the IP address. The modem comes with software 

to allow easy setup. Figure 3 below shows the configuration ofthe communication network. 

CDPD Modem GPS Rc:ceivcr 

Radio Tower 

l_ the Internet -.:=~_JI 
Figure 3. Communication Network. 

1.4 PORTABILITY 

The GPS receiver, CDPD modem, and their antennas assembled in a box provide a portable 

unit as shown in Figure 4. This unit is easy to install in a vehicle by slipping the adapter into a 

lighter/power source and mountiD8 the magnetic antenna on the rooftop ofa vehicle. 
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Figure 4. Assembled GPS Unit. 

1.5 COST 

The cost of the portable GPS receiver unit shown in Figure 4 was less than $1500 per unit 

during the study. Currently, the same unit could be assembled for less. The breakdown of 

costs per unit is presented in Table 1. 

Table 1. Cost Breakdown Per Portable GPS Unit. 

Costfor StIIdy Current Costs 

GPS Receivers $800 $599 

CDPDModem $350 $350 

Antenna Kit $180 $45 

Cables $60 $50 

Antenna for Modem $50 $50 

Cigarette Lighter Adapter $45 $45 

CashBox $10 $10 

TOTAL $1 ,495 $1149 
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CHAPTER 2: 

DESCRIPTION OF THE DEMONSTRATION 

PROTOTYPE 

2.1 mMPONENI'S OFTHE PROIOTYPE 

The real-time demonstration prototype system developed to receive GPS data from probe 

vehicles in real-time, process the data and estimate link travel time and speed consists ofthree 

integrated modules. They are: 

I) Probe Vehicle Tracking Module 

2) Link Travel Time/Speed Algorithm 

3) Graphica11nterface 

Figure 5 shows a schematic ofthe components. A brief desaiption ofeach module is provided 
below: 

PROBE 
TRAYB.. TIME F.RAPlUCALVBlIClE 

i Ai.OORIIHM INn!RFACE
TRACKING I 

I
( ! 

D D D 
lWei B Program I'ragram 

r .mdb) (UnkTT1.exe) (AeeIPIotxIs) 

• S1Dres long navJgaIIocl8l • CcnverIs GPS lime to local lima • FronH!ndfllr user 
pooition fix time, • Eslimales inktravel time and • Graphically presenIs 
1onsjIude, speed, ell:. at speed CIIIer a gIVen V1IeIvaI dL 

'"resutsprIHIpIiciIied inteMII "!).mil. or 1!).min 
OOBC· \- EslimalesslatiAcs. 1,........L:..1..J)\

'rmfaoe,f. output. 

Figure 5. Components of the Real-Time Demonstrational Prototype System. 
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2.2 PROBE VEIllCLE TRACKINGSYSfEM 

The Probe Vehicle Tracking Module receives GPS data in real-time from all vehicles 

instrumented with GPS receivers or probe vehicles operating within the test corridor using the 

communication network described in the previous section. This infurmation is received as a 

data string at pre-specified time intervals and includes: Report Time and Position Fix Time in 

GPS time, latitude, longitude, ahitude, horizontal and vertical speed, number of satellite 

vehicles used, and satellite vehicle ID. The navigational message may be received every 

second. For the prototype, the reporting interval is set to 5 seconds. This data is stored in a 

database file (*.mdb) and is passed to the Travel Time Estimation Module. Probe vehicles 

may be tracked and displayed on a map ofthe netwOIK using FleetVision (Trimble Navigation 

Limited 1998a). 

2.2.1 Fleet Vision 

FleetVision (Trimble Navigation Limited 1998b) tracks a fleet ofvehicles equipped with GPS 

receivers in real-time. It also reports and stores the data, such as vehicle location and time, to a 

base computer via the CDPD modem The reported GPS data contain vehicle ID, longitude, 

latitude, ahitude, and speed fur each vehicle every pre-specified interval The reporting 

interval can be set to as frequent as I second. For this test network, the reporting interval was 

set to 5 seconds. 

2.3 TRAVELTIMEAND SPEED ESTIMATIONALGORITHM 

The link travel time and link speed are calculated by using a program written in Fortran 

language. 
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2.3.1 Fortran Program 

The Fortran program has been developed to : 

• Extract the GPS data fur a selected network. 

• Convert GPS time to Denver local time. The daylight saving time change and leap 

year are also taken into account. GPS time is the number ofseconds elapsed after 

00:00:00 AM January 6, 1980. 

• Estimate the link travel time and link speed based on data received from probe 

vehicles that complete their journey through a link. The link travel time and link 

speed can be determined as fo11ows: 

(1) 

where, 

LTT;j = Travel time fur probe vehicle i for link j 

Tin., = Time probe vehicle i enters the Iinkj 

T...... = Time probe vehicle i exits the Iinkj 

y = Length oflink j 

L·
LSPD-=-I­ (2)

'I LTT.o 

where, 

LSPD. = Travel speed fur probe vehicle i fur link j 

The probe vehicles completing their journey on a link within a given interval are used to 
estimate average link travel time and average link speed. For example, to estimate 15-minute 
average link travel time, all probe vehicles that complete their journey through the link are 
included Probe vehicles are checked every 2.5 minutes, that is, the update interval is 2.5 
minutes. 
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(3) 

-- LI 
LSPDI == 

LTT 
(4) 

where, 

LTTl = Average travel time fur link j 

LSPDj = Average travel speed for linkj 

n = number ofprobe vehicles fur linkj 

For any given interval, the exact time a probe vehicle enters and exits a link is estimated by 

first converting the longitude, latitude, and ahitude at any time to Earth Centered Eartb-Fixed 

(ECEF) coordinates and estimating the distance traveled. This procedure is described in the 

next fuw sections. 

2.3.2 Transformation from Geodetic Coordinates to Earth Centered, 

Earth-fixed (ECEF) Coordinates 

The GPS reports data in longitude and latitude. To calculate the 1inear distance ofthe vehicles 

between two report locations, the longitude ( ; ), 1atitude (A. ), and ahitude (h) are converted to 

Earth Centered Eartb-fixed (ECEF) Coordinates «x,y,z) coordinates) (Figure 6). 

zp 

obouI Z -
• 

Geodetic 
Ellipse 

Figure 6. Geodetic Coordinates Transformation. 
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The flatness ofthe geodetic ellipsoid is defined as: 

a-b
/=-=0.0034 (5) 

a 

where, 

a = Semi-major axis length = 6378137.0 m 

b =Semi-minor axis length =6356752.3142 m 

The eccentricity ofthe ellipsoid is defined as: 

e = ./1(2-f) = 0.0818 (6) 

The length ofthe nonna! to the ellipsoid, from the surface ofthe ellipsoid to its intersection 

N (J.,) a (7)
~I-e' sin(J.,)' 

The Iinear position in (x,y,z) coordinates is calculated as: 

x, = (N +h,)cos(J.,)cos(;,) (8) 

y, = (N +h,)cos(J.,)sin(;,) (9) 

z; = [N(I-e')+h,)siD(..1,) (10) 

where, 

J., = Latitude at time t 

;,= Longitude at time t 

h, = Ahitude at time t 

2.3.3 Estimating the Entry and Exit Time For Probe Vehicles 

L, 

I L, I 
Ll 

L. i 
I 

~ = Tin 

l.;,~ = \ =~ ~:~, ~,.~, ~ 

\ Linkj-I I Linkj I Linkj+J ~ 

Figure 7. Probe Vehicle Entering and Exiting a Link. 
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The locations of vehicles in longitude (;), latitude (~), and altitude (h) are converted to 

(x,y,z) coordinates based on equation (8) , (9) , and (10). The time a probe vehicle enters and 

exits a link is estimated based on linearly interpolating between two consecutive 5-second 

reporting oflocation as fullows: 
, 

4 ; [(x., -x.,j' +(y., -y.,)' +(z" -zSI (11) 

, 
L, ; [(x. -xS+(y. - y.,)' +(z. -zS]' (12) 

, 
L, =[(x, -x.... )' +(y, -y••J +(z•• -z••..}'J (13) 

, 
L, =[(x.. -x.~)' +(y•. -y.~ )' +(z.. -z••.)']' (14) 

where, 

L, = Distance a probe vehicle travels between time tl and t2 

L, = Distance from upstream node fur linkj to the location ofa probe vehicle at 

timet2 

L, = Distance a probe vehicle travels between time t" and t.+1 

L, = Distance from the location ofa probe vehicle at time to to node j+1 

t, = Last reporting time befure entering linkj 

t, =First reporting time after entering linkj 

t, = Last reporting time befure exiting linkj 

t.., = First reporting time after exiting link j 

A.. ,A",A". ,A,~ = Latitude at time t1.t2,t",arui t.+1. respectively 

; , ,;, ,;, .;.... = Longitude at time t1. t2,t",and t.+h respectively 

A
J

• ~j+' = Latitude for node j and j+1, respectively 

;)' ;j+, = Longitude fur node j and j+1, respectively 
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Therefure, the time a probe vehicle j enters and exits the link j are as estimated fullows: 

_ L, 
T...~ -I, +(1,-1')1; (IS) 

(16) 

Based on equation (3), (4), (IS) and (16) the average link travel time and speed are estimated. 

In addition, the standard error ofthe average link travel time estimates are estimated based on 

the average variance and covariance ofthe probe vehicle estimates as fullows: 

(17) 

where, 

u:" (to) = standard error ofaverage travel time estimate fur linkj, fur a given analysis, 

period (e.g. S-min or IS-min) 

vi (10) = average variance ofaverage travel time fur linkj" fur a given analysis 

period 

Tfj(I.) = average covariance ofaverage travel time fur linkj, ,fur a given analysis 

period 

n(lo) = uumbel: ofprobe vehicles that travellinkj, fur a given analysis period 

Similarly, the standard error fur average travel speed estimate is also calculated.. All estimates 

fur every link in the network are stored in a file (*.csv) and passed to Graphical IDter1ilce 

Module. 

2.4 GRAPIDCALINTERFACE 

To display the average link travel time and speed estimates, their statistics and individual 

probe vehicle data in a user-friendly environment, a graphical interfuce was developed.. The 

routines ofthis module use the Open Database Connectivity (ODBC) interfuce to receive data 

from the Travel Time Estimation Module. 
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2.4.1 FleetPlot 

FleetPlot has been developed as an Excel application. The FleetPlot is used to plot vehicle link 

travel time, vehicle link speed, vehicle instantaneous speed, average link travel time and 

average link speed. The plots show the data for the test network. The plots are automatically 

updated every 2.5 minutes. This update can be stopped or restarted. The plots only show the 

time of the last update and the number ofprobe vehicles in a given analysis period. The plots 

or data display are delayed approximately by a maximum of 2.5 minutes. Figure 8 shows a 

snapshot of the Graphical Interface. 

Figure 8. Sample Interface Showing the Integration of the Three Modules. 

2.5 PROTOlYPE INTERFACE 

The prototype consists of three modules: Probe Vehicle Tracking, Travel Time Algorithm, 

and Graphical Interface. The three modules are connected using Open Database Connectivity 

(ODBC) interface. The Travel Time Algorithm module receives data from the Probe Vehicle 

Tracking system. The Graphical Interface module receives data from the Travel Time 

14 
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Algorithm as shown in Figure 5. The external program perfonns all the calculations such as 

time conversion, link travel time, link speed, etc. (Figure 9). 

Probe V<lriclcTradcing Database 
(avlU JO.mdb) 

GraphicalllUrtlu:e modul. impodsGPS dolaJiom Probe Vehicle 

Tradcing database by using ODOC"""'" (Open Database , 
Connectivity) and ~ daIa as CSV files.. Tbe CSV files serve as :" 
input forTravel TIlDe Algocithm module. t 

i , .. ..: . ..,,c•• , c, :.",""",'It '"''',.....","i ,., .....; , ;........"'-"" 3 

Tra\lcl Tune Algorithm module performs the followingtasks. 

• TIIl'IC OOIlVcm.on 

• Calcul""'link 'J'COd 
• Cakulate link travel time 
• Ca1wlate average link speed and link travel time fer 

vehicles within IS mios. interval 

• Process 0U1pu1 fil~ i.e. 1i:rL'ilcsv. 11ink.~, ... 

Graphicallnltrlace module imports the data by using ODBC 1 
mter1loce and plots g,aphs. 

• TI1vel time ra Jinkj for (X'Obe vehicle no. 1ton 

• Speed for link j for probe vthiclc no. 1 to n 
• Vehicle speed for vehiclc no.l ton 

• Average travel time

•A_I"* 'J'COd 

Figure 9. Flowchart. 
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CHAPTER 3: 

EVALUATION OF THE DEMONSTRATION 

PROTOTYPE 

To perform a comprehensive evaluation of the demonstration prototype, a section of the I-70 

corridor between the Denver International Airport and the ski resorts was selected. The next 

few sections present details of the test section selected, a simulated representation of the test 

network, off-line tests conducted, on-line real-time field data collection procedures, and 

findings ofthese tests. 

3.1 TEST NElWORK 

Interstate 70 westbound between US 40 Exit (Winter Park) and US 6 Exit was selected as the 

test section. The length of the 2-lane test network is approximately 15.8 miles. The average 

grade is about 3% upgrade, with a maximum of 6%. The on-ramps and off-ramps within the 

test network include US 40, Georgetown, Silver Plume, Bakerville, Herman Gulch, and US 6. 

Figure 10 shows the test network. Figure 11 shows the elevation ofthe network. 
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Figure 11. Elevation Profile. 
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3.2 NETWORKREPRESEN1ED IN SIMULATION 

To develop and test the algorithms under different flow conditions, probe vehicle deployment, 

and probe report interval, the test net\mrk was l'irnuJated using CORSIM,. a microsirnulation 

model Field data collected may often be limited. Therefore, a simulation provides extensive 

data fur testing under a variety of operating conditions. The simulation model was calibrated 

based on field data to ensure that the network was well represented by the simulation model 

3.2.1 CORSIM 

CORSIM (CORidor SIMulation) (Federal Highway Administration 1996), a micro­

simulation, developed by the Federal Highway Administration (FHWA) consists ofNETS1M 

and FRESIM and is used to simu1ate a surfiu:e street and freeway network, respectively. 

The traffic environment ofthe network is represented to include the topology ofthe roadway 

system, roadway geometry, lane channelization, driver behavior, traffic control, traffic 

volumes entering the roadway system, twn movements, and fleet characteristics. A schematic 

ofthe representation is shown in Figure 12. 

3.2.2 Calibrating CORSIM 

To calibrate CORSIM, traffic flow was recorded at US 40 and Bakerville using video ~ 

as shown in Figure 13. A video image processing system was used to estimate traffic flow rate 

and speed at these locations. In addition, volunteer drivers with GPS receivers were deployed 

to collect travel time data along the same section as flow data was recorded. 
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Figure 13. Cameras at US 40 and Bakervllle to Monitor Tramc Flow on the 1-70 Corridor to Calibrate CORSIM. 
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3.2.3 Results of Calibration 

Details ofthe calibration results are presented in several papers. «Khan (m preparation)), 

(Khan 1998), (Khan2000b), and (Khan2000a)). 

3.3 OFF-LINE TESIlNGOFTIlEAVERAGE LINK TRAVELTIME 

ESfIMATIONALGORl'IHM 

Analysis of the standard error of the estimates of average link travel time based on Eq. (I7) 

and probe vehicle data shows that increasing the IUJmber ofprobes beyond a certain level does 

not improve the accuracy ofthe estimates as shown in Figure 14. Here the curve flattens as the 

IUJIDber of probes traveling a link increases, with very little marginal improvement in 

accuracy. In addition, the marginal improvement in the estimate of average link travel time 

also varies based on flow conditions and link characteristics. Details of these findings are 

reported separately (Khan 2000b). Figure 14 shows the standard error for a 833.63 m. 

(2,735 ft) link with a 3% grade between Bakerville and Herman Gulch for two flow 

conditions. Figure 15 shows the standard error for a short weaving section between an on and 

off-ramp. Figure 14 and Figure 15 show that the marginal improvement in error is higher for 

the weaving section for less than 5 probes, compared to a longer section. 

Link 557-558 

• '8.-________________ -, 
~ ':14 t-li't...-.----------------I 
!I! E'2 t\."""""_iiiii________~lct. 
'li E10 +------------------1 
~ i= ;- 1-0- Low Aow!! - • -F"'~-----------------j
w!l! t-I'I....':9I:Q:a:b:Q:IlIDlIllZl:l"""""""".....--1 ....... Medium Aow 'D;;1-! 6 

~ 4+------------------1 
II)s 2+------------------1 

Number of probes 

Figure 14. Standard Error ofAverage Link Travel Time Estimate for Link between 

BakerviJle and Herman Gulch. 
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Figure 15. Standard Error of Average Link Travel Time Estimate for 

Link between US 6 On and Off-Ramp. 

Therefore, using link travel time functions, average link travel time estimates based on probe 

data for an analysis period, and the IllIDber ofprobes used for the estimate, the standard error 

of the average travel time estimate may be reported. For example, for probe data collected 

within a IS-minute analysis period and using Eqs. (1) to (16), the average travel time for Link 

# 316416 may be estimated. Based on the link travel time function as shown in Figure 16, the 

flow level may be identified as "Medium". Using standard error cwves such as Figure 15 and 

the DUmber ofprobes within the analysis period, the standard error ofthe link travel time may 

be estimated. 
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Figure 16. A Link Travel Time Function. 

3.4 OFF-LINE AND ON-LINE lESflNGOF lHE DEMONSlRATION 

PR01UIYPE SYSTEM BASED ON CONlROIJED EXPERIMENfS 

Several vehicles were equipped with the assembled GPS unit (Figure 4) and volunteer drivers 

were deployed for several weekends: March 25, April 1, and April 15, 2000. The data 

collection was perfonned during 7:00AM to 10:00AM. During this period traffic volume 

varied from 700 to 2200 vph westbound for the test network. 

For the field study, the test network was divided into 10 links based upon the location ofon­

ramps and off-ramps. The length oflinks varies from 0.12 to 4.12 miles. The upstream and 

downstream locations and lengths are as follows: 

1. US 40 off-ramp to US 40 on-ramp, 1.11 miles. 

2. US 40 on-ramp to Georgetown off-ramp, 3.16 miles. 

3. Georgetown off-ramp to Georgetown on-ramp, 0.22 miles. 

4. Georgetown on-ramp to Silver Plume off-ramp, 2.11 miles. 

5. Silver Plume off-ramp to Silver Plume on-ramp, 0.16 miles. 

6. Silver Plume on-ramp to Bakerville off-ramp, 4.12 miles. 
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7. Bakerville off-ramp to Bakervil1e on-ramp, 0.21 miles. 

8. Bakervil1e on-ramp to Herman Gulch off-ramp, 2.73 miles. 

9. Herman Gulch off-ramp to Herman Gulch on-ramp, 0.24 miles. 

10. Herman Gulch on-ramp to US 6 off-ramp, 1.73 miles. 

3.4.1 GPS and Modem Coverage 

Extensive testing of the prototype system has shown that the GPS coverage varies on the test 

network on 1-70 depending on the season, with better coverage during the Slimmer months. 

Based on a 5-second reporting interval, the GPS coverage statistics are summarized in 

Table 2. As shown in this table, the average consecutive seconds either the GPS signal or 

modem coverage is lost due to inadequate satellite coverage, mountainous terrain, or any 

obstructions is less than one minute during winter and approximately half a minute during 

sununer. The average total duration signal is lost fur a one-way, 16-mi1e trip is a little over two 

minutes during winter and less than two miroJtes during SWDDJer. 

Table 2. Statistics on Loss of Probe Vehicle Data for the Test Network. 

Wmter Smmner 

Average Average total Average Average total 

consecutive duration signal consecutive duration signal 

seconds GPS ar or modem seconds GPS or armodem 

modem coverage connectionfor a modem coverage connectionfor a 

is unavailable one-lm)' tripfor is unavailable one-lm)' tripfor 

(seconds) lest network is (seCQnds) test network is 

lost (seconds) lost (seconds) 

53.5 134 34.5 104 
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3.5 ON-LINE, REAL-TIME JESTING BASED ON mMMERCIAL 

VANPOOL SERVICEAS PROBES 

There are several van pool services from Denver International Airport (DIA) to ski resorts 

such as Colorado Mountain Express (CME) (Figure 17). For this study, Colorado Mountain 

Express was contacted to explore the feasibility of deploying several assembled GPS units 

from DIA to Vail to test the demonstnttion prototype in real-time. CME has 150 vans in their 

fleet operating on this route with an average headway VlII)'ing from 20-30 minutes to an hour 

for winter and summer season respectively. CME agreed to participate in this study and 5 

units were deployed between June 27, 2000 to July 17, 2000. 

Figure 17. CME Vanpool Service. 

Extensive on-line testing revealed a few software problems that were later resolved as part of 

this process. The demonstration prototype is now debugged and is fully operational and 

running in the Colorado TransLab. 
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CHAPTER 4: 

CONCLUSIONS AND RECOMMENDATIONS 

The study demonstrates the feasibility ofestimating link travel time and speeds in real-time for 

a rural, mowrtainous section of an interstate freeway in Colorado using vehicles instrumented 

with global positioning system receivers, serving as probes in traffic streams. The system 

configuration proposed includes a cost-effective, portable GPS deployment unit, 

communication links to a PC server and an integrated prototype system for vehicle tracking, 

estimating statistics on link travel time and displaying the information in a user friendly 

environment. 

Extensive testing of the prototype system has shown that the GPS coverage varies on the test 

network on 1-70 depending on the season, with better coverage during the summer months. 

Based on a 5-second reporting interval, the GPS coverage statistics show that the average 

consecutive seconds either the GPS signal or modem coverage is lost due to inadequate 

satellite coverage, mountainous terrain, or any obstructions is less than one minute during 

winter and approximately half a minute during summer. The average total duration signal is 

lost for a one-way, 16-mile trip is a little over two minutes during winter and less than two 

minutes during summer. 

The study also shows that average link speed, a measure independent oflink length, is a better 

estimate to display and for an operator of the system to quickly draw inferences about traffic 

congestion. Link travel time estimates are also required for targeted traveler information for a 

given origin and destination pair. The design ofthe most efficient and user-friendly front-end 

to the prototype was not part ofthe scope ofthe study. This study may be further extended to 

address these issues. 
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A final project presentation was made on July 20, 2000 to the Project Manager, traffic 

engineers from the Mobility Group, DID, ITS Group, Headquarters, Region 1 and Region 6, 

CDOT, and the Denver Regional Council ofGovernments (DRCOG). The prototype system 

presented was very well received by the attendees. Interest was expressed by several groups 

within CDOT to further extend this study for other applications. The groups that expressed an 

interest included: GIS, Mobility, ITS, Region 6 and Region 1. Several fullow-up presentations 

were scheduled. One of the meetings arranged by the Mobility Analysis Group on August 

23n1
, 2000 included 20 attendees from the GIS, Mobility Analysis, ITS, and Region 6, COOT. 

A separate meeting was scheduled by Region 1 to be held in October, 2000. 

4.2 EXTENSION OFnHS STIJDY 

A proposal was submitted in December, 1999 to COOT as part of the 2001 Problem 

Statements to extend this study to use the Regional Transit District (RID) bus fleet already 

equipped with Automatic Vehicle Location System (AVL) to estimate freeway traffic speed. 

The proposal was very well received and has been recommended for funding. This new study 

is titled "Using RID's Transit Vehicles as Probes to Develop Speed Maps for Colorado 

Freeways". Bruce Coltharp from the ITS Office, CDOT will serve as project manager. 
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APPENDIX A: 

INSTALLING AND RUNNING TIlE PROTOTYPE SYSTEM 

B.l SYSTEM REQUIREMENTS 

• Pentium 200 MHz class or higher with CD-ROM drive 

• 96 MB of memory 

• 2.0 GB hard disk drive 

• Microsoft Windows 98 

• Microsoft Excel 97 

• A fixed-end host server with a static IP address 

B.2 INSTALLING FLEETVISION 

• Insert the FleetVision installation CD in the computer's CD-ROM drive. 

• Click on Start and select Setting/Control Panel. 

• Click AddlRemove Programs. 

• In the AddlRemove Programs Properties dialog box click on Install and 

follow the on-screen instructions. 

B.2.1 Communication Cbannel Setup 

1. In F1eetVision Taskbar, Click Tools and then Channel Setup. 

2. Data layer should be set to TAIP as shown in Figure A-I. 
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Figure A-I. Channel Setup Dialog-Data. 

3. Protocol layer should be set to TCP/1P CDPD and the IP address is for the fixed­

end host that will receive the GPS data. 

' 

~' 

Figure A-2. Channel Setup Dialog-Protocal. 

B.2.2 Vehicle Configuration 

l. In F1eetVision taskbar, Click Fleet, Vehicle ConflgBration, and then Create 

a new vehicle or edit an existing vebicle. 

2. Click Continue... 
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Figure A-3. Configuration Manager Dialog. 

3. Enter Physical ID (a number to represent the vehicle), Name and select icon by 

clicking Icon. 

Figure A-4. Vehicle Configuration Dialog. 

4. Enter communication infonnation by clicking Setup to access to Vehicle 

Communication Configuration Dialog. 

'-;-::---"'.,.--....,,....,.--
I 
, 

Figure A-5. Vehicle CommuDieation Configuration Dialog. 

5. Select CDPD in Select Protocol and then click Setup to entel" the CDPD 

modem IP address. 

A-3 



B.l.3 Installing FleetPlot and Fortran Program 

1. Insert the FleetPlot&Fortran program installation CD in the computer's CD-

ROM drive. 

2. Click on Start and select Setting/Control Panel. 

3. Click AddlRemove Programs 

4. In the AddlRemove Programs Properties dialog box click on Install and 

follow the on-screen instructions. 

B.Z3.! MS-Dos Prompt 

MS-Dos prompt must be set to minimized as follows: 

1. Click Start, Programs, and then MS-DOS prompt. 

2. Click m1MS-DOS Prompt Propaties dialog. 

3. Set Run to Minimized. 

Figure A-6. MS-DOS Dialog. 
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Figure A-7. MS-DOS Prompt Properties. 

B.2.4 Installing GPS Receivers 

HZ4.} JnstoJ/ing GPS in a Probe Vehicle: 

L PM GPS assembled unit (Figure 4) the GPS box in your car close to the 

cigarette lighter socket. The GPS unit may be placed on the front seat The 

data modem's antenna should be in an upright position. , 

-+__ TXLED 

----+-- _LED 

RS232 _PorI 
'--____ AI; Adopa-Porl 

Figure A-S. Data Modem. 

2, Attach the magnetic GPS antenna on probe vehicle's roof 
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Figure A-9. GPS Unit (placer 450) and GPS Antenna. 

3. Plug the power cable to probe vehicle's cigarette lighter socket. 

4. Tum the modem power switch on. 

5. Check the data modem by following these steps: 

•Power LED- Solid red indicates power on and no light indicates 

power off. 

• TX LED indicates modem operational SUl1us. 

• Solid Orange indicates trying to acquire a CDPD channel. 

• Blinking Orange indicates trying to register on an acquired 

CDPD channel. 

• Solid Green indicates registered. 

•Flashing Green indicates transmitting while registered. 

While operating, check the CDPD modem to make sure: 

Powe£ LED - is red all the time. 

TXLED -is green most ofthe time. 

D.3 SETTING UP THE MODEM 

The fixed-end host computer receiving the probe vehicle data must be on the internet service 

with a static IP address. The power ofthe modem should be on. In order to set up the modem 

to report GPS data to the compute£, the following steps should be performed: 
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1. Click Start, and then click Run. 

2. Type TrJnet and then click OK 

3. Click Connect and then click Remote system. 

4. Enter the modem IP address. e.g. 166.130.7.3 

5. Enter port 59100 and Tenninal type vt100. 

6. Click Connect 

7. Type> sdaOcOnLnx.xn: xn:< , replacing XXX.XXX.xxx.xxx with the fixed -

end host computer's IP address i.e. > sdaOdll32.194.0l4.007 < 

8. Type >qda< and then press Enter. A message should be displayed similar to 

the following. >RDAOCOl32.l94.0l4.007;ID=OOO3< 

9. Close teinet dialog box. 

l Uf'Ilt'l t :.

" 16&.1300703 3· 
f.i9101 
~Fuiil ::if 

: 
' ' "' " ': 

Figure A-lO. Telnet Dialog BOL 

B.4 RUNNING THE PROTOTYPE 

To run the prototype, the FleetVision and FleetPlot program should be open while the external 

program is called by FleetPlot. The windows oftwo programs: FleetVision and FleetPlot will 

be displayed. The Fleet Vision tracks the vehicles. The FleetPlot displays the plots. 

B.4.l FleetPlot 

In order to start FleetPlot, the macros should be allowed to run by clicking Enable Macros. 
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Figure A-H. Exeel's Macros Protection Dialog. 

B.4.1.1 F1eetPlotmenu 

The charts show the vehicles traveling on 1-70 from exit 232 (Winter Park exit) to US 6 off­

ramp for a test network. The number of probe . vehicles is currently set to 5 vehicles. 

Additional probe vehicles may be added as needed. 

M'C:IIJ~n 

Figure A-12. Fleetplot Menu. 

Link Travel Tune andLink Speed 

Under the FleetPlot menu, this selection allows a user to view the bar charts oflink travel time 

(minutes) and link speed (mile per hour) for probe vehicles 1 to 5. The link travel time and 
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link speed charts show data fur the last westbound run. For any link if the data from the last 

run is not available, the data from previous run will be shown instead. The charts also show 

the last updated time fur each link or the last reported time befure the vehicles move across the 

link to the next link. The link travel time and link speed fur each link is represented in different 

color. 

Vehicle speed 

Under the F1eetPlot menu, this selection allows a user to show a plot of speed of the probe 

vehicles every 5 seconds. Each color will represent the data fur each link. There are currently 

10 links on the test network. The charts show the GPS speed data for the last run on WB 1-70. 

The upstream links are on the right of the chart and downstream links are on the left of the 

chart. 

Average Lost 15 min. 

Under the FleetPlot menu, this selection allows a user to show the average speed and average 

travel time of the vehicles fur each link within a I5-minute analysis period. The number of 

vehicles on the link within a I5-minute period is also shown on the table below the chart. 

StopAutoUpdate 

Once the FleePlot starts, the data is automatically updated every 2.5 minutes. This fiux:tion 

may be disabled by clicking "StopAutoUpdate". 

Under the FleetPlot menu, this selection allows a user to enable the auto update function. The 

data may be automatically updated every 2.5 minutes. 
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UpdaieNow 

Under the FleetPlot menu, this selection allows a user to start update function immediately. 

The updated plots are displayed after 2.5 minutes. The automatic update function is disabled. 

To automatically update the charts, click "RestartAutoUpda1e". 

Network Map 

Under the FleetPlot menu, this selection allows a user to show a map ofthe test network on 

1-70 from US 40 off-ramp to US 6 off-ramp. 

Help 

Under the FleetPlot menu, this selection allows a user to show information about the FleetPIot. 
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APPENDIXB: 

NUUNTAUflNGTHEPROTOYPESYSTEM 

C.l FLEETVISION AND FLEETPLOT MAINTENANCE 

The Probe Vehicle Tracking module runs F1eetVision (Trimble Navigation Limited 1998a) 

and its database. The Graphical Inter1ilce module runs a program FleetPlot Depending on the 

frequency of probe data oollection, the database may require reguIar maintenance. The 

maintenance routine requires the probe data to be exported as text files and saved. The 

schedule for maintenance depends on the number ofprobe vehicles in the fleet. The following 

steps are reoommended: 

• Click Fleet on FleetVision taskbar (Figure B-1). 

• Select Database Management and Export or Delete data from the database and 

then click Continue button in the Configuration Manager dialog box.(Figure B-2). 

Figure B-1. FleetVision Taskbar. 
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Figure B-2. Configuration Manager Dialog DoL 
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C.I.I Export Data 

• To export data, click ~ button (Export Data to Text Ydes) in the Database 

Administrator dialog box (Figure B-3). 

• Enter the export date for one day ofdata in the Export Date (Figure B-4) and 

then click OK. 

" 

:; , 

','. 

Figure B-3. Database Administrator Dialog Box • 

,. ' ~ .... 

Figure B-4. Export Date Dialog. 

C.I.2 Delete Data 

• To delete data, on the Database Administrator dialog box, enter number ofdays 

i.e. enter 0 days to delete all the previous data from database. 

• Click III button on Database Administrator dialog box to delete data. 
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• When finished, Click Done on Database administrator dialog box. 

C.l.l Compact AVL Database 

• Click Start, and then click Programs. 

• Click FleetVisioD, and then click Compact AVL database. 

To maintain the database, pelfurrn the following on a regular schedule' 

• Export data from datalvJse to text files. 

•Delete data from database . 

• Compact AVL database 
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APPENDIXC: 

EXTERNAL PROGRAM 

! Lar;tc:blqe; T 13DecI!199 1:44pm 
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CHARACI'ER.~REALl1MF.(9999).LIR'IIME(9999),L2R 

I,l.3RTIME(99!l9).L4R1lME(9909).LSR11MFlI"9").L6~ 

1.L7R~11ME(9!I99).l.9'l'IME(9!i199).1OR.m.tE(!l999) 

1,2:2' zn zn Z24 725 n6m~731 

REAL"~~1(2OOJO) 

l~l(2DDOO) 

1,1MOI(I8lOO),'IREP(lIllOO),1LA(J8OOO),1l.0(UKKlO).TALT(J8OOO) 

1,TSPF.(I8000),MOJDI(9999),REP11MEl(9999),LATI(9999) 

1,LONGI(9999),.ALmtml(9!I99),SPEEDI{9999),RLONCXII),RLAT(II) 

1,1D(ll.>.PIXI 1),lTN(1l),T(l1) 

I,LTnJ,SPI,L'ITI,LSP'l,L1T3.LSP3,LTI4,LSP4,L'ITS,LSPS,L"IT6,LSPt'i 

l,LlTI,LSP7,L1T8,LSP8.LTI'9.LSP9,LTnO,LSPlO 

l.A.B.X1,YI,cl JlI?l,P3J'PL,PP.1,PP3,dk(lI(lOOOO) 

1,IlLCl2(>XMIO) 

l.LISPI=-:IOIIOO),L2SPD(lIllOO),l3SPIX1011lO) 

I,.IASPIXIlJIK)()),L55PD(lIlllOD),L6SP1XJOIIlO) 

1,L7SPIJ(10III0).L8SPIl(I1IiOO),L9SPD(I00I0),L10SPIl(UIOlO) 

1,DIFIlME,4IJImo 

l,ll Z? 13 U\Z5,Z6.Z7,l8,Z9,ZlO 

1,z11,zJ2,Z13.Z14,ZU,Z16,Z17.z18,Z19,l;21) 

1,231 ZJ2 rn N,Z35,Z36,Z37,l.38,2'39.oo 

lJIDEN(JOlKlO) ,HDEN2(10800),HDEN3(1111OO) 

l,GPSHOOR(IOIKlO),GPmME(JIXIOO).DENH(IOIKID) 

1,RX(II),llY(11),RZ(11),X(ICBIO),y(10IKl0).Z(l0800) 

l,DLATI(1C8OO).DLONGI(l(llOO),lEElGHT(OIIOO). m(l(BOO) 

1NTEGERDENYEAR(IIlIIlO).DENMON1I_TIl(I_ 

1,DENHOUR(1aKlCJ),DENMINUTE(10lkI0).DENSa:.'10IIJ0) 

1.MCJIa:13).J, NN(IO) 

c 
C PARTI EXIRACTINGWESTBOUNDLASTRUNDATA 

C 

C 00lOOP.. nMESDUE TO 'IHEREARE' oovrFlLES(S VEHICLES) 

00 NNNN=l.5 

C Fn.E I-INPUI'Fn.E 

C FILE IOANDII AREOUIPUI'FIl2S, 1JIERESTARETEMP.FILES 

1NFlLE(1)- "VEHICLEl.CSV" 

INFII.E.(2F "VEHlCLE2.CSV" 

INFILE(3)= "VEHICLE3.CSV" 

lNFIl.E(<t)oo-vEHlCLE4.CSV" 

1NFILE(S)= "VEHICLES.CSV" 

0UIFILE1(1)"" "llNST.cs\1" 

OUJFn.El(Z)- "2INST.CSV" 

OUIPILEl(3)""3INST.CSV" 

OlTIFILEl(4)""4INST.CSV" 

OU1FD...EI(j}-"jINSJ'.csv" 

0U1F1LE2(l)"""1lJNK.CSV" 

OUIFILE2(l)-"2LINK.CSV" 

OUI'FU.E2(3)="3LINK.CSV" 

0UI1'ILE2(4)= '4LINK.CSV" 

OUJFn.E2(S)- "SLINK..CSV' 

C OT..Tl1'UDSARE1HEf1LES1HATroNTAINImKSPEED.LOOC.'IRAVEL 

TIME,AND 

C a.ocKTIME FRDMPREVIClJS UPDA1E. nlEDATAFRDMPREVIOUS 

UPDAlE WD.L BE USED IF 

C lHElJNKSCXJNTAlNPAR11ALDATA(R)R,PRESENTRUN,LINlC. 

1RAVEL. 1lMEAND 

C LINK SPEED WIlL BE CALCULATED FORONLYFUILDATALINKS. 

OUI1'ILE3(1)"'''PILNK.txl'' 

0UIFILI!3(2)- 'I'2l.NI(M' 

0UIFILE3I.3)="P3LNK.txl" 

0U1'FILB3(4)= "P4LNK.txr 

0UIFIlE3(5)-"P5lJIIK.txl" 

1'EMPl(1)""-IWBLAST.csV" 

TEMPl(l)- "2WBLAST.c&V" 

1EMPl(3)-"3WBLAST.csv" 

'IEMPJ.(4)=~4WBLAST.csv" 

TEMPl(5,l"'''5WBLAST.csv'' 

'rnMP2(1)= -1WBAU.R.CSV" 

TEMP2(2)- '2W8ALIJ<.CS\" 

TEMP'1(3)- '3WBALIJtCSV" 

TEMPl(4)--4WBALLR.CSV"' 

TIlMP1(S)-'SWBAl.LR.CSV" 

TEMP3(1)=-IWBLR.T.'IXI" 

TEMP3(2)= "'lWBLRT.1XT" 

TEMP3(3)"""3WBLR.T.TXT" 

1EMl'3(4)" -4WBLRT.'IXI'" 

1EMP3(S)- ";SWBLRT.'IXT" 

OPEN(I,FILE -INFILE(NNNN)) 

OPEN(2.PILE=-1EMPI{NNNND 

0PEN(3,FILE-T1lMP2(NNNN)) 

0PEN(S,FILE- T£MP3(NNNN)) 

OPEN(1().F'IL!POU'IFILEI(NNNN)) 

0PEN(l1,FlLB=OU'I'FR.B2(NNNN 

0PEN(12,FILE=0IlIFILE3(NNNN) 

C BELOWARELClNG'LATCFEACHNOCE l - US4OOFFRAMP,lO=--RLONG(I)""-I0S647973 

RLONG(l)--IOS663047 

RLONCJ.3)= -105CJ96491 

RLONG(4)--I~ 

RLONG(S)--IOS7l4T.ZO 

~6)--1057273S0 

Rl.ONG(1).. -10Sl!03200 

~--105ll06990 

~--1058:5S212 

RLONG(IO) --I~ 

RLONG(II)- -la&S218 

RLAT(l) -3976IS5 

RLAT(7) - 39751714 

C-l 
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RLAT(3) -39717166 tepl(i) - 1qI(I) 

JlLAT(4) -39714134 ....--­IU.A1{S) - 3969St44 

RL\T(6) - 39694400 

1UAT(7) - 396!8I(J6 

RlA1'(1) ..3969'l28S 

1tU'I\9) - 397019$1 

IUAT(UJ)-39101109 

1U.A1l11)-=3SI6IS1l3 

C (X,Y,lJ3ARlHCEN'IEREDEAJ.1H-fIXB)(E:CEF)CXXIUXNAlES fOR 

NODEI11)n 

RX(1)--1324716.371Jt14104;Ry(1)--47195592S316lD6 

KZ(1)'-405!ZZ79.ool97l36 

ltX(Z)--ll2Im4.ll10957'1,1l~.oczJS'C2IIS

-,,""'"
RXO)-ll29E62.ll1l554S;RY(l)0-4731SlS.96(!lIJ71 

JtZ(3)-«)S55«.IIXI6671 

RX(~1329156.46M3JW;RY(4>-m1719.3SC1M24 

R.l(~I5S85IQ5 

RX(5)--1llW2.4S5W716;J."Vt5)"o-47l2S11.6!ml6l8 

J.2(~ll.2nrll:52 

RX(6)--1332611B.BS7738'79-,RY(6)-f7l25IB~S7 

RZ(6)-40S3719.21S199B:5 

JUCmoo-.I3J9019.1«i6J&19;R~~ 

~­
JOC(I)-I339349.522564Sl;RY(I)--47J09S7.7937l9II7-1lX(9)--1].(J115.-.I42O:S272;Il~J5I6796J 
RZ(9)-4OS4S94.I7W9S3 

RX(J~Il4l5S1USJl561tUlY(lO)-wl729I93.'J079S196 

RZ(XI)-«IS45&7.olOS1a64 

RX(ll>-l34j11)1.) . W'~Y(ll-,....rrzsrm.l1921l5lJ 

R.l(11)-40S328S.5I7207l6 

C END(F~LONG'lAT 

C RESETAU.. 1I£VAUESm.lEJlO 

DO J .. l,.9999 

~1RH'(I)o<>;~1LO(l)o<>;TAL__""~­
Yl~1\I)-_ 

LlSPll(l)o<lO;L2SRl(J)oO.lI;LlI!ftl(I)o<~~ 

U!I'Il(l)-O.O;L7SPll(J)oO .~_.'J.l_.' 

LIR~,L2I.~;LlR~;.IAl~UR_-;l1il_;L"'_.LR_ 
Ua'l1ME(I)=""",l..10Il11ME(l)-"" ;Po«)IDl(l)-O.O; reptilncl(i.)-O 

ENDDO 

READIV_1D,IRE'11MI\1LAT ,JLONG,IALT,ISPB!D 

C PAllTU 

C I'ftITDATA WEltBFl.1BUI>TOOOTAIN 

C LCNXATIN m.DYAREA.ANDlODlS1INGUlSHWBFRDM 

C WB.EB ..... 
0-' 
DO J- I, 20000 

RE.\D(Lo_l(l),REl'(I)J.A_ 

c LDWowwill bellllll ifPaI:FkT_it --.(VtIbid: it 

c: IIIII:~ lbe.....ofilllCDllls • .,npDIliaa"¥lllwili. 

c: belddld.,POIFbaime. lf'nrponiatsYII d\III8C,1biI....t1O 

c: bect.Jpl.WIIIII.~, ..toS""" 

j"(fIIII(I).cq.III!p(I-I»­

rll'I(l:)-RpI{l-I)+"1O 

"" 

dk(i)- O 

dlol(i)-O 

IF lLQ)) LE IU...Ol«i(J) .AJIO. LO(I) .(E.IU.ONG(IJ» 1HEJIl 

IF(LA(I)..LE.IU..AT(I) .AM>.LA(I) .GE. RLA1(JIJ)"DIEN 

DID(i)- (LO(I}LO(I-I» 

dIol(i)-~3» 

-'l- (LO(I-3)W(><» 

c diI!timc- ftiI)l(l)«pI(l-I)_1(llIo\(J),LD(l_If«dIo(i) LT.Q.O).AND. dIDl(i) LT.O.O.AND. DL02(l) .LT.Q)'mEN 

M-M+l 

20ENDIF 

END1F 

EIO>F 

" ENDDO 
25 FORMAT(6(F14.3"."'» 

C FllBlCOlTAlNSWBDATAIUlAlLRUN 

C IBDNlSroOBTAJr(I'JO..WB(H.YLASTJU> 

NEWRUN- I 

REW1ND(3) 

OOI- I.M 

aEAD(l,.~1RB'(I).UA(Q,UO(I),TALT(I),~ 

1REP(O)- O 

DIF11ME - "DB'(I)-1JtBI(i-1) 

c dilbebdcJw il1betilne bctMea UII 1H(JU)SIDeE"M.YlASTmJII 

C 

1F(DlF1lME .Gr. l.SOO.AND. UO(l)l.E. UO(I-I»'DJEN 

NEWJn~ - 1 

""11' 

JlI(1LO(I) .GB.1LOO-l»"UIEN 

NEW1UlN - J 

IN>F 

MQIDl(I)-1MOJ{I) 

REl'11ME1(J)o 1lUlI'(l) 

lAn(l)-lUt(I) 

La«iI(J)-1lO(l) 

AL1TItJDEI(I)-TALT(I) 

SPPEDI(I)-lSPIl(J) 

27llNJ1)() 

1EWlND(3) 

C 

NI~~~IO-O 
NN(1)_'__ 

NN(1) -__lOjoO 

DOJ_ 

e ~1H£DATA roEACHLHC(WlJHIN"lHEBl..IXX} 

C UNK I lJS*)CI'F-RANP AND l.5«Ic:JN..ItAM" 

1F«(LONGI(J}ltLONG(2).GE.O).AND.(l.ONG:I(l}RLONil:I) .LE.O))lllll. 

~lDl(J),RB'11MB.l(l).LAn(l').LONGl(J) 

I,AL1II1.lIEl(Jl,SPm)l(J) 

NI-N1+1 

ENOIF 

C 1...: 2U540ON-ItAW AND<B:.RmIOWNOFF-RAMP 

• ((LONGI(J) lE. RLONG(2) .AMl.(tAn(J) .GE. KLA1{l»} lIEN 

~1D1(J).REP'lIMEl(J),LA.n(ll.WNGI(J) 

l,ALmulBlQ),SPEIDlQ) 

N2-N>'1 

EWIF 

C UNK l GEIlR.GE1OWN CfiI-RAMP ANDON.aAMP 

C-2 
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---

IF «(lAn(J) .u.1UA1(3».AND.(lATl(J).GE RLA~4») mEN 

~}(J).RWlWEI(J).Un(J).lDNGlQ) 

l,AL'ITIUEI(l').SPeEDIQ) 

_>0+1 

ENDIF 

C LINK 4GEOR.GElOWNON-RAMP AND S1LVPJtPLUMECft"-ItAMP 

IF ((lATl(J).u. RI.A1(4» .AND4.oNG1(J).GE. IU.ONG(5») 'JHEN 

~J)J(J).~l(J).LAn(J).LONGl(J) 

l,ALtJIUE(J')..!ftEDIO) 

N4 - N4+1 

ENDIF 

C LNC. 5S1LVEllPLUMEa:F-ItAMP ANDONJtAMP 

IP «(LDNJJ(J) .lElUDNO(S» AND. (lDNG1(J) IE. .lU..OJIIJ(6») 'mEN 

~.JdODl(J).REP'JDEI(J).LAn(J).LONOl(J) 

l,Al.1JIlJIEI(JlSPfED1(J) 

N"""I 

ENDIf 

C LINK. 6S1LVFJlPLUMEON-RAMP AND BAKERVIU.ECFF-ItAMP 

1F((LONG1(J).u.RLONG(6»AND.(LONG1(,J) .GE..1U..ONO(7)))1HEN 

~D)(J).JlSI"mtEI(J).LATl(J),LONGJQ) 

l.At.lIllIlEl(J),SPI!H>IO) 

N......I 

ENDIF 

C LINK 7BAKElt.VJlLBOFP·RAMPANDON-ItAMP 

1F((LONG1(J).u.RI..IN)(7)AND.~I(J)mlWHJ(l))~ 

~1(J).REll"mfEI(J).LAT1(J).LONOI(J) 

I.AUmJDE1(J).SPI!ED1(J) 

N>o""1 

ENDIF 

C LlNKIBAKEltVllLEON-RAMPANDHBtMANGLtcHCFF-RAMP 

IF«(LONGIQ) LH.~) AND.(LONGI(J) .GE..1U.DNG(9))nIEN 

~J(J).REP1IMBl(J).LATl(J).l..ONGJO) 

1.At.lI1lIlEl(J).SPEBll(J) 

N""'I 

ENDIF 

C LINK 'HERMANGLlDIOfJI-RAMPAWONIlAMP 

IF ((I...ONGl(J) LH. aLOI«i(9) .ANO.(L(NlJ(J).GE.. ~O))) 'IHE1II 

~1(J).ltEJI'mfElO).LAn(J).LONGl(J) 

I,AI.1IItDEI(I),.9EB)I(J) 

N_I 

ENDIF 

C LINK IOHERMANWDlON-ItAMPANDUS6 

1F«(LONGI(J)lE.IlLONG(IO}).AND.(LONGJO).GE.JWNJ(II»)'DfEN 

~J(J).lEJI"J-.m1(J).LATl(J).lDNOJQ) 

l.ALnntEl(J}.SI"EIDl(J) 

NI~NI0+1 

ENDIF 

lC. - MAX(NJ.N2,Nl.N4,NS,N6,.N7,NB,Hl,NIO) 

NN(J)-Nl 

_-NN(I)<fQ 

NNO)-~ 

NN(4)"NII(J)-t-N4 

NN(5)-NJI(4)tNS 

NN(6) - N>O:51'N6 

NN(7) - N>O:6J"" 

NN(9)-_"" 
NN(IO) " NN(9)+NIO 

C }IfNI-NlMBBl a: PCHNTS ATE'IIDOF LJNK J..NN2ooENDOF LINK2 

...,00 

REWIND('Z) 

C AB(JVJ;-ooo> WB 1MTA FCa US'TIUfiWBtESAVB>~ fIJi 2 

c 
c PAllT) ~TCPSJIMErolENVBl D.E 

C 

IF (NN(tO) Sl·0) 1HEN 

0010"" 

""IF 
DOl-l,NN(IO) 

REAIl(1,-..,.,..~1{I).SI'IlI) 

ENJIl() 

C ,a:SECONDSlO OOOIH112~1HRS.--S)6J37lOOSB:0Jl 

148921HRS. 

c DIy Iiabt.ms:bct-=n t_...tay ofApril and IIIII:M1dIiy ct'0cIriIa' 

c Idd IIIOIb.-I hcu'. 

30 DOJ " !.NN(IO) 

~-RFl'(I) 

~-G'S'IIMf.(f)'ll48927 

N - O 

MN-<> 
M-O 

OOD. -~176O 

N-N+I_-D 
OOm"o,9'J99,4 

1F (N .8). ID) mEN 

~ ..Iftl4 

""11' 
1Hl00 

IF ([&Gf(I).LT.<i'SIDIt(I) mEN 

MN-MN+I 

ELSE 

001032 .,.,., 
_00fi(I) 

ENDOO 

J2 IENYEAR(,l)- I991tMN 

1IIENl(lI- <J'SHOlJII(I)HI 

C IBnEARmFINES YEAR 

C ID!'JrrQ -,a: RXItS(MAX. . " (FotR I'J1HA.TYEAll) 

OOIC.-l,M'\4 

IF(IK B'J.MN) 'BIEN 

M - I 

ELSE 

M-<> 
END .. 

.,.,00 

C IFM- IINDICAlESLEAPYEARQ66DAYSA YEAR) 

IFtM.EQ.0) mEN 

~)-o.O 

~)-744.o 

~)- MJ6.0 

~)"'2160.0 

t.«JIa:4)- lIS).0 

MOli(5)- J624.0 

~6)"4344.0 

r..«JD(7)- 50lIl.0 

..:m!(I~ >II32D 

~-65S2.0 

MOtIf(JO)-7'2.96.0 

M01H(II)- 1016.0 

MOlH(I7)- 17rIO.0 

ENDIF 

Wew .S) l)lHEN 

C-3 
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t.«mI(O)- a,o 

M01H(l)-144.0 

M01H(1)- I4«l.O 

MOTfI(l}- l I1l4.0 

~)-2904.o 

MO'IH(S)- 1648.0 

M01H(6)"'4l6I.O 

MOu.,,- Slll.O 

~-,,~ 

M01H(9)- 6SM.O 

MQ'm(IO}- 7m.o 

MOlH(II)- 8040.0 

M01H(I2)- I7M.o 

"..,IF 

DOL-l.,ll 

~ 
IF (HIEN2O) LT. J.«JlH(L))1HEN 

00'1014 

END" 
ENDDO 

C HDEN3 -'OFHOUlSIN'DIAT~-IOFDAYDlllHAT 

MIMIf'l<) 

14N -~1 
HIENl(I)-_~ 

IJENDA1E(I)-1N1{HIlEN:W>4»' 
1lI>lHOUt(I)- lNT(HllENl(l»24DENDA11!(1)'>4) 
_"""l_~ 

DENSIIXNl(J)ot«_J(l).IlO>OlA~r<o 

0-DENMlNl1ll@'6l) 

c Add 11nIrcb::"dl:Yisbt..ww 
i"(~..4.-ldcaBolltJ(i)"'10}_ 

dr:abcu(i)..dGlbcu(i)tl ..., 
if(~Ml· 2IXD)1bIII. 

if"(dIiammIIh(i) .... o4.and. ~ ..t.l)1bcII_-_I..., 
if"(ciczImod\(i).cq.l0.aad.~"2!1)1bIII. 

ckdKm(i)- cIIIIhmar(i)-l.... ..., 
if(~.GI.200I)1hm 

if(dcamaal(l).aj. IO ...... daIdG(i)..2B)1haa 

dDru(i)-~1 .... .... 
i"~).eq. 2tlIZ)_ 

l"(dIImmb(j).cq.4.1111l ~L7)­

dcnbo.B(i) - dcIahcu(i}l ..., 
if(~.8II. IO.md.~",27)_ 

dcnbtu(i) - dmbcu(i).1 ...,.... 
, 

if~...Iq. 2OID) 1ta 

if(dcmnanlll.i).cq.4 ...... ~L6}.... 

dcnIlcu(i) - O:IIttcIu(i}-I.... 
if(dcnmallllll».cq. 10.aad.. ~ ...26)-

dcnbcu(i) - deIbaII(i}l ..., 
..., 

i"(~.cq.2DIM)k1 

if(dlnmoalb(i) Aq. 4 MId. da!dIII:(i) .... 4)1haI 

df:nhcu(i) - dG:JJK:u1i)-1 

...,.... 
_-_I< 

if(~.eq.2OOS)tbcin 

if(cIcnnadb@.oq.4.and..dmdIrIli).It.l)dtCIII 

..... 
if(~.oq.10.md..~-AtJO)1hIII _-_I
....,.... 
if(~.oq.1JJ06)1bca 

if(~".eq.4.md. ~.l..2)dIal 

...._-_I 
i£(denmaat&@.oq.IO.and . ~)l!J-29'J1ha!. 

dmhou:I(i)- dmhcIII(i)- J ....... 
if(deIyeIr(i) .cq. 7H1) 1hcn 

if(~.oq. 10.and. daIdu::(i) ...28)1haI 

cImIaII(i)-lIIIIbcuti}l .... ..., 
c 

if"(~ .a:j . DX)1bIII. 

if~.cq.4.-t~.l.6)_ 

.... ---'
if(~.oq. 10.lDd. dcindIo:(i)#- 26)1hcn 

dI:nbcu(i) - daIbwr(i}-l ...,.... 
c 

if'(~.fIIJ. DJ9)1h1ll 

if~Aq. 4 __~i.S)" 

cI!dIrAlr(i) - dcnbwr(i}1 .... 
if(clcImImtI(i).eq. 10.1IId. ~.gt. 2S)1bIII. 

...._-_I 
..., 

c 
if'(dcayeIr(i).cq. 2010)'" 

.~.cq.4.md.~.l.4)" 

dcnIIruI(i)- daJhwr(i)--1 ..., ..., 
c 

dflIIbouI(i)- dmau(i} 

IF (IBMJNnI(I) LT.IO} 1HEN 

WImE(~"""'I(I),REI'\I),LAT(I).SPI!(J),Il 

'~~'~~~HOO~9Moom~~aoo~ 

C-4 

https://if'(dcayeIr(i).cq
https://if(clcImImtI(i).eq
mailto:i�(denmaat&@.oq.IO.and
https://if(~".eq.4.md
https://if(~.oq.10.md
mailto:if(cIcnnadb@.oq.4.and..dmdIrIli).It
https://if(dcnmallllll�.cq
https://if~...Iq
https://if(dcamaal(l).aj


15 FOlMA.1(Tl,FS.o. TID,F 14.1.12S.f14.l, T41)'14.3, T56,Plo.~'JiO,FIQ.l 

I,DUI:r.m.r:z.or.'I16.l4.D1,I2.~:".1W)2. ~~,1V1.12) 

ENOl' 

IP([E»f~.OE JO)'UiEN 
_,.....,I(I).IIEI'!I)M(T(I).~ 

1.DI3NDA~ 

l~ 

16 RlII.MA1{T1,FS.o.TIO,F14.l,TZS,F14.l,T41,F14.1,:rS6.F1O.7.~IQ.J 

l,lIl,I2,"r,114,rz:r,1I1,M,19l,I2,":",195,1Z.":",1'J8.I2) 

END IF 

ENDOO 

C ENOOFTlMEc::oNVmI.1INO:WBLASTRUNDA.TA WJ1HIENVER 11ME 

WERE SEVB> INFILE 5 
, 

, 
C OODE1-lB4OANDNODBIl- lS6 

..,...,(~ 

00 l - l.NN(IOj 

lE.\D\>....-1Q)MIP1l><El(l),lATl(lllJlNOl(l) 

1.AL1rIUIEl(l).SPlE)I(I)JtEAL~ 

-49 FaWAl(Tl,A'.o,TIQ,114.1.1l5,F14.l,T4l,F14.1.TS5110.2,T'7O.FIo.1 

1,1I1,A2S) 

END1lO 

C CONVFR'I1NGI.CJHG.lAT TO X.Y,.l.(MElE1lS) 

DOI-I.l"f'i(Klt 

DtA11(r,-lAn(Jf'3.141~IIO'J.OOOOOO 

m.oNGl(1)-LONGI(I)"'3.14159'l6W1m'IOOOOOO 

I:IIEDfIt1)-AL'D'IlIDEI(l)IIOO.O 

lNO) -6371137.~1t(I.(I.C81..~n(l)r-z)) 

X(l) - (IN(l)ffiHElCHJ{l) )"COS(DLATl(l))'COS(IlLONGl(l)) 

Y(l)-{lN(l)~n(1)_l(l)) 

Z(I'J -(1N(I)*(1~.08lr~""SlN([LAn(l)) 

ENDDO 

c CQNVBlllNGlNSTANTANEQUSSPPEDFROMCMlSIDMPH 

IF(NN(I).NE. O)1HEN 

50 DO 1- 1,NN(1) 

LISPD(I)- SftB)IWJBi:/I6C9:W.4 

LII.1Hi(I) - aEAL1IME(I) 

ENDOO 

END" 

JF(NN(2).N&O)UIEN 

OOI-NN(I)+I,NN(7) 

J.2SPD(I)- .!ftEDW3(iO)']fi09J4.4 

UR.'INQJ)-REAL~ 

ENDDO 

ENDIF 

IF O'O'(.J) NE. OJ mEN 

001-NN(l)f I,.NN(J) 

l3Sl'D(Z)- 5PEB)I(J)"l6CX)'!(O}K4 

L3R1NE(I)-llFAL11ME(IJ 

ENDDO 

ENDIF 

IF (NN(4) .NE. OJ rum 
DOI-NN(l)+,I,NN(4) 

1ASPD(1)- SPfE)WJ6(016Oil4.4 

l.AR~-ItEAL11ME(l) 

...,DO 

ENDIF 

IF (NN(S) NE. 0) 1HEN 

DOI-NN(4)t'1.NN(5) 

USPD(I)-SfHlD1(IY"l6QY16OI1J4.4 

UIl1'lMP{l)- REAL11MaI) 

""00 
1Hl.. 

IF(Nl(6).NE.. 0) mEN 

00J..NN(5)+1,NN(6) 

l./Q'D(I)-SPEEDl(l)"l6(X)'lfiOl.lJ4.4 

l1iIl'l'lME(I)- REAL 'nME(I) 

ENOOO 

....1F 

IF (NN(7).NE. 0)1HEN 

DO I .. NN(6)H, NN(7) 

L7SPD(1)- SPliEDJ(I}"l6OO'I609'J4.4 

L'JIt~ -REAL~ 

""00 
.... F 

IP~NE.O)nIEN 

OOI-NN(7)H,~ 

L8SPO(I)- SPEEDll1r36OO'1«m4.4 

LIR'DME(I)-REALnM!!('.O 

""00 
£10) IF 

IF (NN(9).HE. 0) mEN 

DOI- NN(8)t'I.NN(9) 

L9SPD(I)- SPm!DI{I)"l6OO'l609J4.4 

1.A11MB(I)-REAL~ 

""00 

""IF 
IF CNN:.10).NE. 0) 'BIEN 

OOI-NN(9)+'l,Nl'(IO) 

LlQSPD(J,) - SPfEDl(l)'"16OO'160934.4 

LI(Il~-REAL'INI:(I) 

£10)00 ...... 
C OUIPtTl"INITANT.ANE'.OlB SPB:D FalEAalLINK 

WRnE(1Q,S1)'U)fD"."lIX).1","LINK1TNE"."lS«l(~ 

1."NO.r,"LINK211ME".~~ 

1,"NOY,"'l.OOOTNE","<HlItCE ~ 'JOWNIPNY 
1."Nl. .... '1..I'«4DE"."CIUUETOWJ~}SI..vBt.JILlttoE({I'FT 

1,"N).","U«SDiIr,-sL\B.~VE1~ 

1."NO.6".'UNK611ME":SlLVEIlPLUME(ON}BAKBlVIl.U(Off')" 

1."NO.7"."LINK7l1ME"."BAICEJl~VlIJ.J3(ON)" 

1."NO.r,"LINKBl1ME"."BAICEJlVILUi(ON}HERMANru..at:(OFF)" 

1."NO.9","LlNK9'I1ME".'HERMAN~~ 

l,"l«>..1O", "l.HtIO'IDllE".'HD.MAN~ 

l.~ 

5IfmtMA1(ll(A:,").A) 

DOI- I,k 

JI-NN(I)+,Jn-_ 
D-NN(>'" 

14-NN(4}tI 

rs - NNC')tI 

J6-NN(6)+I 

[7" NN(7)+I 

. - NN(I)+f 

,,--
1I0 - NN(KI)+'I 

~1Q,S2~I(l)..lLIR.1lME(J,),LISI'D(J) 

1.I1.L2RTIME(Il),.L2SPD(ll) 

l,lZ.L3R~ 

1.D.LA1l~) 

l......,..~ 
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1.lS,I1il~ 

1)6J.7RTW£(I6).L7SPD(J6) 

l,17lJ11l~UISI'<l(In 

1,ll,L!Ol1lMl{l1),L9SPll(i1) 

1,l9,L11Il1JME(l9},L10SPD(l9) 

SlFORMAl(F14J,U':','JlO,','A"AMPM"::.F14.3» 

".,00 

C CALClIlA.1E 11MEJIOREACHNO!JEBYIN1BPOlA11ON 

C lm-lOTALDlSTANCBBEI:a05LOCAUlNBfJalEANDAFlBt 

NCIE I OlE 

C PDl-DISTANCEBET.GPSBB1OR£!o::mANDlO)E2 

C TIN2-n.EBElWE'EN'a'SBBO\ENCI)E2AM>NCI>m 

PI.. .... 
".. 

C NtI)E I AND NCR II ARE CALCU.A.1ED BY.EX'IRAfOLA"JDIl 

1lI(lr~T(lX(7)-X(I)r~\'(I~I))"2) 

A- (X(NN(1O)}X(NN(IlJ}J),.·l 

B-(Y(NN(lO)-Y(NN(1O)-I>r·l 

C-~IO~II~.I)'OZ 

'lD(11)-S(Jl'I(A+B+C) 

IF (UNl1(NN(1O))1iQ. 0) 1HfN 

1D(1I)- O 

END IF 

C PDI-~f1lCI,fl«D:~mFllSTP()(NT 

C lDl - DfiTANCEBEIWENN 1STAND2NDPOIN'IS CFGPSDATA 

PIl(I)-SQRll(lU!(l)JC(l)r"2«R\'(I~YQ)l'~l-'Illr'"2) 

Pl'1-(JtX(JI}JqN;N(IO}»)"'2 

PP.2 -(R.Y(II) Y{NI'(JO))"l 

fill- (RZ(II~~)"~ 

PD(ll)-SQRT(PPlifl"'MP'J) 

1F(l.ON01~IO).EQ. O)lHfN 

PD(U)-O 

ENDIF 
nNQ)-(IUFIIIIEI(7}RfYIM!IQ))'PD(I)'ID(I) 

TI1\lII)- (REP1JMEI(NN(1O»).RPP11MEI(NN(llJ}J)rmc:J 1)'1D(11) 

IF('ID(I1)Bl.o)1HPN 

Tn(ll)-o 

END" 
C ENOEX1KAJ'OL.\11ONOFMUS 1 AND 11 

001 - 1,9 

IF(NNll+I).NE. NN(I)) 1HEN 

C·.. IfDlATUl«.OlNTAMFlll..DA.TA __ u.::nANlUNX.Sf£B> 

WD..LBE CALCl.LA"IED 

Xl -(X(NN(I)+"I)-~.,-z 

YI ...(Y(NN(Z)I-I)-~~ 

cI - (Z(NN(I)+-I}2l.NNO)>r-l 

1D(I+1~1tX}+Y1+(:1) 

PI -~I}-X(NJI(m)'''"2 

P2- (llY(l+I}ytNN(I.))'''"2 

P3-(R2(t+I~r" 

PIl(l<I)-SQRTIn"""'l 

)II (l..(Nll(NN(l)) Bl. O.OIl LAn(NN(I) BJ· 0) nD 

~l)-O 

ENDlP 

TIN;l+1)-(R.EP1M!I~I~I(NN(I)))"PJl(h-IYID(l+I) 

IF(PD(l+I).EO. O.OJt.. 1D(lt-l)B).0)1JIDrI 

nN(l+-1)-o 

ENDF 

,..,IF 

READOl,.51)Z1 nZl74zsUn~IO 

READ (12,!J1)Z1l,Z12,7Jl,Z14.z15,z16,.Z17,z11,Z19,220 

JtEAD(1l,51)Z21,122,ZD,ZM71S l'Z!Ii.m~ 

READ (1l,S~1,Zl2.ZJ3,.ZU,z:J5,lJ6,Zl7;cJ8,ZJ9,z40 

57 FORMAT(IQ:F7.3» 

~ FORMAT(I~l9)) 

59 PORMAT(IQ:F14.3) 

REWlND(I2) 

(l.()Of(12) 

C --eNDINlERPOLA'JlON-uNJC. CON"rAINSPAIlu.\LDATA -I..INKlT 

AMllJNl<SPalD 

c-wJlLBESETlO2ERO 

DOJ"Z.1l 

1W" llB"mmI(NNt;J-J)+TJN(J) 

ENDoo 
)II(PD(I) .<E.lOOO)1HEN 

T{I)- O ..... 
1l1)--1(I~nN(1) 

ENDIF 

C IF1HBtEISNODA~ 001HA.TUNIC. t{N)'" "ltN-l), L"IT AM> LSP-O 

C LIT-LINK 1It.AVi!U! TM3(MINt1IES),1.SP=UI« SPEi6D(MPH) 

1F (NN(I) .NE. 0)mEN 

F~I).NE.O.AMl. NN(2).ar.~I).JIHEN 

i"~I).kO.-w:t.IIII(2) ... O)_ 

IF (1{1).NE. arDEN 

LlTt-(It2}1tI))(jO 

LSPl=(S843.42WSZlIO)'Lm~ 

END" 

END' 
ELSE 

Lm - ZI 

LSPI-ZlI 

LII.11ME(Nl(I» - 221 

RS>'JIMEJ(Ifi(I»" 231 

ENDIF 
...,IF 

c 
IF (NN(2) .NE. 0)1III!N 

1P~ .GT.N}r(I)ANl~).GT.~2»nEN 

if(un(2).DC. 0 .and..1In(3) JlC. 0) 1hcm 

Lm=(IlJ~1l2))'60 

LSP2=(1572S~S21!O)/LTI2"'60 

END' 
ElSI! 

LlTMl 

'-"'>-212 

L2R.lBoE(MII(2)-Z22 

REP1IME1(NN(l))-Zll 

ENDIF 

END .. 

C 

F (NN('J) .l'CE 0,mEN 

1P(NN(3) .GT~.AND. NN(4).GT.NN(3)}'nIEN 

if(e(.J) __ 0 .-.d.1II(4).1It. 0) Ibm 

LTD-(T('l-1\llY'O 
LSPl11139.121fS28O)'Lm·(iI 

".,. ..... 
L~ 

LSP>-ZI3 

J.J8.~»-=Z1J 
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REP1'IMEI(NN(JD" 131 if(tIn(S).nc. 0 .and. tID(9) JIlt O)thot 

END IF L1TI"~1{!))'CiJ 

INlIf LSP8=(14421.61615l8O)1L11lI'"6O 

C E<D~ 

IF0'I'(4} l\IE. q, DEN WE 

1F~4).OT. ~.AND.NN(S).OT.NN(4»'mEN Lm'" 

if'(aa(4) .... 0 .md..-cs>_ q, iIIIcIi LSI'WI' 
Ln .... (1(5)-1'(4»)'(10 L8R'DME(NN(8) -XlI 

J..SP4oo(III58..l9M3))t.m-tlO REPlDotEI~ -ZlI 

END~ ENDIF 

ELSE ENDF 

Ln4 - 2'A c 
LSN-Zl' IF(NN(9)1£ 0) mEN 

lAl~»"224 If' ~ .GT.NN(8).AND. NN(10) .GT.NN(9) mEN 

REP'DME1{NN(4» - Zl4 if(a(9).oe. O.lnd.1III(I00..oe.. 0)_ 

ENDF LTJ9-(T(JO}'Jl9))a) 

ENDIf 1...SPJoo(1267~~ 

C END~ 

F (NN(S).NE. 0) lHI:N ELSE 

1F(NN(S).ar. NN(4)ANO. NN(6) .ar.NN('l)1HEN LT19"2S1 

if'(ca(S) .... Oacl..~..O)_ .......... 
L"""'O'(6)-1($))'«I UR1lME(NN(9))'-Z25I 

'-"""\'l&45lI>2IO)L1TNO JUi'11MEJ(NN(I))'"739 

END~ E<DIF 

ELSE IN>F 

Lm..., c 
LSP5-Zl$ F(NN(IO)l£O)'D£N 

UIt'llJdE(Nl'(S)) " zzs IF (NN(10) .m.NN(9J .AND. NN(9) .or.NN(B) 1HEN 

REP'I1MEl(NN(S» '"" .l3S if'{1b(10) .DD. 0 .awl. ':11)..0) Ibm 

El<D,. LmOo(T(JJ)-1'(IO))'60 

ENDIF 1...SPl.00001S6.00IJma)t.T'I1(nJO,..,.
C 

If' (NN(6) :HE. 0) 'IHBN WE 

If~6)ar. ~5).AND. NN(7) .ar.NN(6»neJ: Lmo-zw 
if(u.(6)-. O.aDd. -m_0)1IxIn LV'OOZil 
L~(l'(7)-1(_ Ll(1l11M(NN(to))-ZlO 

l.SI'6'(2J1762I~1T6*6O REPltMEI(NN(IO)-Z40 

SNOif E<DIF 

WI>: ENDIF 

L1T6.... c !FUNK TRAVEL lIMEFROMPREVlJUSRLNBJtW1i 101BlODIEN 

I..SP6- ZI6 C SEfrr8lllAL lODATAFJta.tPllEVD..6RLN. 

L6a.~6» -226 JF(LlTIBJ. OANO.NN(I).NE. O)ntEN 

REP1IME1(NN(6» - ZJ6 Lm .... 

ENDIF lSPI-ZlI 

ENDIF LlIt.1IMEt,NN(1))- Xli 

C ENDIP 

IF (NN(7) :NE. 0) 'IHEN IF (Lm.PQ. 0 AND. NN(I) .NE. 0) 1HEJIl 

F (NP'(7).ar. M(6).AKl. ~') .or.Nl(1)) lHEN Lm..Xl 

if(ao(7).De. 0 _1III(8).ne. 0) !hen LSP2-Z12 

L'I17- ('T(I)-1(1))fJO UIt~-222 

I..Sn-(1134.6WSl8O)'1..'lT7-60 ENDIP 

END< tf(LTD Sl·O.AND. NN(I).N£ 0) DEN 

ELSE LITl-'Zl 

LTr>'l:1 lSP3-Zi] 

LSPT-Z11 UR'IIME(NN(3»..zn 

LlIl~"Xl7 ENDIF 

J.Bt'ID.£1(M(7))- 137 F (LlT4.B:l. O.AND.NN(I)..NE. 0) 'JHfN 

ENDIF L1T4"lA 

ENDIF ........z .. 
C UR1IME(NN(4)) -Z24 

IF (NN(B) .NE. 0) 'IHEN .,.,IF 

F(NN(B)m. N(7).AND. NN(9).GT. NN(1))1JIEN JF(Lm.8l. 0 AND.NN(I).HE. O)lItEN 
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LID"" WRrIE(I1.7OJ.SP1,LSP2,l.SP3lSP4,LSP5,LSP6,.IS"7,l..SP1.,LSP9,uPIO 

LSPS-ZIS WlU'lE(ll,'(A,"Mftf')'J..JIlD.E(NN(lll 

LSR.~S» - ;as WRlIE(11 .,{A.·~1JME(NN(2» 

ENDIF WRJIE( 1 1 ,'(A,·AMI'M')'J.lll~») 

EF(Lm~.O~. ~I).MiO)~ WRI1F(II,,{A,"AMPM")'JARlIME(NN(4» 

Lm- Zfj WIU1E(ll.'{A,·~'IIME(NN(5» 

LSP6-:Z16 WlUlE(ll.'{A.·~6» 

Uit'IJMFQm(6» -.D; WlU'IB(II,'(A,"AMPM")'J.7R'IJME!(NN(7)) 

END IF WRlIE(II,'{A,·Aloftf")'J.a~ 

IF (LmlQ.O.AND. NN(l).NE. 0)1HEN WRJIE(II,'(A,· AMl'M")'J.!I!.1lME(NN(9» 

L1TI-Z7 WRrIE(11 .~"AMPM"YJ.ltIlTlME(NN(IO}I 

..".,.." opea (12. file "'ClUItiIel(lIIlI» 

L7.RTIME(NN(7) " 127 WlUlE(l2,S7J..m,LTIl,Lm,L1T4,LTJ5,.LTn,LTT7,LTlI,LmJ,.TI'IO 

WRIlE(I2.,S1J.SPI,LSP'1,.LSPlJ.5,LSP6,LSP7.LS1'8.LSP9,LSPIOEND" 
IF (Lm.EQ.O.AND.NN(1).NE. 0) 1HEN WRJIE(12,5SJ.IJl~»,L2ll~» 

LTII - 21 IJ.1K~»JAI._'»"""_») 

l.SPO-Zl. 1,l.Ql_6)),l.7R'l1ME(NN(1))......~)) 

1&'IIMf(NN(l) -221 IJ3Il~).LD.~IO) 

"""IF WRJIE(_I(NN(I»,REFIIII1!1C)<NI;Z) 

IF (Lm.EQ.O.AND.NN(J) .NE. 0) tHEN 1,Ilf7DMB~».aEJ'1MiI~.c))~,,) 

Lm-19 1.REPml&1(NN(6}),IEP"J1MEl(NN(7)},REP'DME1(NN(8) 

LSP9-Z19 1,llEP'DME1{NN(9»,REP'DMEl(NN(IO}) 

9S FtIlMAT(9(F7.l,",").F7.l) ""~Z19 
ENDIF 96 FORMAT{9{AI9.".").AI9) 

IF (LTIIO,Bl. O.AND. Nfrr(J) NE 0) 1I£H 'R PaQwfAT~I4.1:. ").YI4.J) 

Lm00<Z10 lOOFORMA1(9(All).Al8) 

a..os£C,.STATUi~) 

a.osE().sTArus-~) 

Cl.OSE(5,STArus-~ } 

_I) 

C NODE 1- U'i4OOFP ,NOJE I J .. tJS6CIIF _10)_12)
6OKIlMt\1(lI(FI5.3, ",-.J aEWHl(1J) 

7OFtltMAT(I((":,F15.3)) 

_1"')'1M!~·,~ CLai£(1) 

1,-.-<JN)(lltG1WN(<H)" WJSF(lO) 

1,'aG~'IWN{ON1' a.ose(lI) 

I ."(JUE'JWN(~VR~ _12) 

l:SLVJl~VRPLM(ON)'" c cbe(lS) 

1,"SL\IIl~VlJ..(tft'T ......do 

1,"BKRVlL(OFF}BKRVl1(ON)" CAlLOI<S() 

1,"BD.~a.QI;Of1T C A8QVBEK)OO ISJOl 'D£~1OREADS lNPUTFUESVEIIIC£J­

1."HRMN~~ ' .CSV 
1."HRMN~1B5((Ill'}" ...,.......... 

IOfORMA1!...~·:,A» c SUBROtJ11NE!iNS BElOW IS 10CALCULAlE SPACEMEAN SPfED IN 

9OF<lWAT(9(A2S,"AMPM":."}.A2'-.AMPM") CASEKlKEDIAN 1 VEIIC1EEXIST 

001"1,10 C ONmATLlNX.WI'IHIN ISMINUIES. 

IF (NN(I) B). 0) 1HE'N SUllROIJJlNB ""'0 
NNIl)-1 I)(){B£J'lUIlSI)N 'I1MEl(S.IO),Sm(5.IO),G'DMF(5,10),DD(IO) 

LlR.11Mf(l) - 'IlIOOIXIO 0IlQ):00' l.ATIIME(lO),ASPEED(J.O).LAS'IJU.nIl(10),1'IIME(10~10).apd(10) 

L2ll'IlMB(l)- 'O1lOOOO 00:00:01 OWtACIERJllWQ:S.lorI9. 'DtDtoflll~19 

LlIl11Ml!{l)- 'OO1XO) InOOOO omN(2O,FII£" "PILNJtIXl") 

lARlIMBJ)-'MXmOooooro 1I.EAD(2O, I l~I~~mE(I,J).~1,4) 

UR1NI!(I)- 'OOOOOO 00:0000' 1 ,1lME(I",,~,6).~,7),1lME(""1lMl;(I~) 

UiR1lME(I) -~OO;1lQ:OO 1,'-',10) 

L1R~-'Q(l(lOOOOO1JO.oo lUiAD (2O.JJO)SPD(l,1),.SPD(1,2},SPD(1,3),SPD(1.4).SPD(l,5) 

LIIl'llMEW- '00'000O OO:OOro' 1,5PD(l,6),SPD(I.1),SPD(l.,l),SPD(I,9).SPD(I,IO} 

~-tWMIJOOc».oo:oJ' READ(2O,I_'IlME(1,1)R~'JIMI(I,.3),ll~4) 

LJtJlnMa,l) " 'OOIOOXI 00110:00' 1,R11ME(l.,S),lt.1IME(1,6],RTIME(I,7),R1IMf(I,1),It.11ME(1,9} 

REPllMEl(I)-o 1,klNF(J,IO} 

EWIF lEAD (lO,13O)OtIME(1, I),G11ME(I'z)'OT1ME(I,3),G1IME(I,4} 

ENDDO 1,G1IMI(I.S),G1JNE(I , 6),.GDoE(I .~I,8),~1,9) 

~J l .-;v).nl,L117.LTn.Ln4,LTJ~.l:n~Lm.Ll1'I,1.Tl'9.L1TIO 1,o11MB(I.IO} 
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c 
0PfN (21, PIlE- "P2I.J«Jd') 

READCZI,IIO)'moIECZ,I)TIIIE(2.:z),lMW)TIIIE(2.4) 

l,lIME(2.'),1IMB(2,6),1IMB(2,7).1IMB(2,B),1tME(1,9) 

I,~IO) 

READ(21,ll~2.I).SfD(l,2).SPDC).SP0(2.4).Sl'D(l,5) 

1,SI'II(2,6).SP11(2.1)SI'!I(Z.8).SPII(2,9).SI'll(1,10) 

READ CZ"lO)RTIIIE(2.I).R~~).R_4) 

1,Il11ME(2,5),R11ME(l.6).RTIMB;>.7).Il1lME(!,8),Il1tME(1,9) 

1,llmE(l,IO) 

READ(2l,llO)G'11MB(2,l),.GI1MF(2,2).G'Il).~() 

l,O'I1MQ;Z.$),.(16),G11ME(2,7}.G11ME(2,I),G'I1M6(2,9) 

1,GIIMf.(I,1OJ 

c 
(ftN (27. FILE- "Pll«.1d') 

READ (l2,.1 to)1lME(l, I),11ME(3,2),1lME(3.l).1IME(3,4) 

1,~.s>.1IME(l.6),1IME(l.7).~I~3,') 

1,DdE(J,lO) 

JtEADc;22.11~3.1).SPD(3,2),SPD(3.3).Sl'D(J4).S11D(3.5) 
1_1).SftI(>__,10) 

READ(12,I>IJl11MB;>.I),Il1IIdE(l,2).1lME(J,J).R1IMEQ.4) 

1,Il1lMFO,s).Il~,6),Il1lME(l.7).Il~,B),RTIME(3~) 

J.lDE(l.1O) 

READ (22.13O)G'l1MFQ.l},GDMFQ.2),G'J1MB(l,3),GlIMf(3.4) 

1.011MI(l,S),01IME(l.6).G11ME(l.7}.G~I).G~9) 

1.<nNE(J.1O) 

c 
CI'EN (23. FD..B- '?-Cl«.Jd') 

READ (23.IIO)TlMll(4.1),'l1Ma:4,2),l1ME{4,3).1lME!(4,4} 

1,'J1ME(4.5),'DMB(4.6).l1ME(4."''IlMa:4,I),'I1MQ:.,9) 

1.1IME(4.to) 

READ (23.110)SPD(4,1),SPD(4,2),S1'D(4,3).SI'D(4,4).Sl'D(4,.s) 

1_~7)SI'II(4,I),SI, 9).S>Oj(~10) 

READ(12,I>IJl~~I).R~~1lME("').Rmoa:~4) 

1,Il1lME(',s).Il~,6),Il-'-~7).Ilmoa:~1lME(4,9) 

1.R1IME(4.lG) 

READ (2l.1~11ME("'I).G1lME!(4,.2)..G'11ME(4,3~4) 

1.omm;~~7).G1lME(~B),"'-4,9) 

J.GIIME(4,l0) 

c 
OFEN (24, F1I.E... "PSI.l«.tId") 

RBAD (14.110)11ME(5.1),llME(s.2).TIME(S,J),1IME(5,4) 

1,,-'.s>._5,6),11MB(5,7).11MB(5,8),,-5,9) 

I,~~IO) 

llPAD C24,11CfJiPD(S.I).,SPD(S.2),SJID(S.,3).SPD(S,4),SPD(S,5) 

1,5PD(5.,6).SPD(5,7),SPD(1.I),SFI9).SPD(S, 10) 

READ~I>IJl1lME(~I).Rmoa:>,2),Ilmoa:..,).R1IME(l.4) 

1,Il~-,-',6),Il11MB(~7).Il1lMF(S,B),R1lME('.9l 

1,IlllME(5.10) 

READ (24,l3O)G11ME(S,I),G'JlMF(5,7l.G'I1ME{5)).GIIME(5.4) 

1~_6),~7)."'-5,8),"'-~9) 

I,GIIME(5.10) 

110FOJtMAT(IO(F7,l» 

l2OFaWAT(Kl(AI9» 

1lOPORMAT(10(F143) 

c satT(Jl'S DotE FJl(»of LASlESTTO EAU:ST 

(lIEN (Jo,PIlE-"A VGLTI.csv-) 

00(1) E(5I4)'42&'52*J) 

DO(2)"(16725~ 

rooo-(ID9.IZlSlm) 

00(4)-(1 IISV5I6'5~ 

DD(5) -(831.4$715280) 

00(6) " (2117621ge'S2IO) 

00(7) '" (1134.646'5210) 

mt;I)"(1442I.61~ 

DD(9) " (1267.546'52110) 

DD(JO)=(94(n.86'52m) 

DOJ-loKI 

TTlME(J)-O.o 

N(J)..O.o 

LASlIlUN(])'o MAX(011ME(I,J),Ol1ME(2,J),OtlME(l)).GllME(4)) 

1.GllMF(S,J» 

001- 1) 

e ~15 MINU1ES(SlOO'SECONDS)AF'IER.u.5YIlUN 

IF (lAS'Dtl.N(l}GlDEM.LR 9OOacl. **W) .Kt!) 1H!iN 

11IMF(I)- TIlMI'Q»1IMf(J.l) 

_)--'lj)+-'l 

N(J) -N(~-lO 

"" - - *"0) 
-'Ij)--'lj) 

oli)-.;) 

""F 
1F((LAS1I!.~)EQO)1HFN 

'IRa£O)"'ll~ 

I!NDIF 

ENDDO 

C CALCUA.lEAVG. mlEtoEANSrlEDarvaua...EWlnm I.HI'G. 

RAN(lI! 

ATI1MEQ)- TJlMI!(J)N(I) 

ASPfEII(J)- (lIII(J)'<&A11IMF(I) 

if(ciDe(j) Aq. O.O)'Ibm _ -00 ..., 
i'(aO)..cq..Q.CJ)'"_-00 

1IIimc(j)-o.O ..., 
if(a(j)-I.O~ . O)IbcD 

_>--'Ii)..., 
ENDDO 

c 
~\A.IO(":,A»))"IIME(IJS<OU6)',~ON)' 

1,~1W>(OfF)" 

I,"GRG1WN(CJPf)(IW 1WNlON)" 

I,"GRGE 1WN(ON)-SLVRI'lM(ORJ' 

1."SLVR.~VRPI.M(ON)· 

1,-sLVRPLM(CJN).BKRVl1.(OfF)" 

l,"BKR~VLL(ONj 

1."8IalVl.1.(ON)-HRMN~ 

1."HRMNGLCH(OFF}HR.MNGLQl(ON)" 

l.~~ 

_A~),ATI1MI'(:z),ATI1ME(3),A11IME\4),A11IME\~ 

1,ATllME(6),ATI1ME(7).A111ME(I),ATIlME(9),ATIlME(10) 
__I~4) 

1,.ASPl!B)(5).ASPEED(~10) 

~1~4).N(S)N(_I~ 

WRI1E(3O,3lJ)lIl1JME(J) 

WItnE(3O)OI)1R~ 

WItnE(3O)OI)1RTIME(3) 

WItnE(3O)OI)1R1IME(') 

WItnE(3O)OI)1R1IME(~ 

WItnE(3O)OI)1R1IME("J 
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APPENDIXD: 

SAMPLE GPS DATA 

'BeJtjl~·."""l.D·,"'.sd_·."..'bf_·.~·.""j""·,"'..j""·.·I1"~·,,,,,.,·,·
:eou..-• .,...n.,.,-s..rlabc·. ' .....1'. ' ....2:'. '''.u'I''--,......U·. •...etl·. 'WU:r:',...tfJ 
· .·~H·,'"tftGfi. · ,"Oattil·,"Oatff'·,·WU.· ..................~l·.~·.....~·, ....u.t 

a" "L-...-*","''''''', .., ... m , ·n.... • 
]'PI,.... , ....,UlIlJ,t4IlIUN••,.,.,fttf'.-1I'14t1'P1•..LII.W,tt7I,t.n.~,l ,. , -1. I,,, •• ,, II II"., ,0. ,0,0 
",'••,t,ItIJl1511.WJ.lJ,lIl,.,."O....'.-1O.l.Ihll••OH11 ,.'0,11'1,1.t, •• -1, ••• u., U It., .. HO. ,0,' 
]"'NI,s.....1I11lJ••tlUlSl••••U'...'.,-Ullttln.l67I'PO.ttlt.I5••, l.,2 ••• -1. 0, ••• ,.",0 •••• ,0. ,0 ,0 
nlnu.,t.,.tllIJ.5U.ltllll.tU,O,."••U',-1011I.to'",'HO,t241.. "t,l. t ••• -1,••••••••••1., •• , •••0,' 
J'Jf?It ,Sol f4I.l.lUlI.....UUH•••tntI...., -JO.lt2tOe,J.I1ttl,a.~ ",.,l,t, ,,-~." •• , , , • , 0, • " "'" ,I 
"".t.'.ftIl.I1J18.....lIu:IO,O........O.-lOllIl.Il•••OIOO.,:tUO.....1.,l., ,-.1.••",. I" "".,." ,0,0I 

),..,..,J,f4I,1IUIl, ....UU••••tnt,.... -lO'l-tMn,.1I6»',ntl, ~$",.1, It, •• -1.- I, •• U. It,o,." .0"••' 
n.'tIS,l.ftllIJ,SI3:••tllIlttO,••all.tI'l,-lO'lI'f1",aoeo,o,Wl,ler:,l, I." -1••• , ••• , •• ,0.", .0. ,0,0 
J1f1t.,I .....J.lJ.Iat.IIIU1.Ml, ••"TM'Hl., -J.l.llAItH"Wflt,.I"UI,J,;It",-1,', I.",., ,t,." ". ,0,0 
I'M'",t,.tllI.UIt••tllIUII,.,t.....1a ,-lOllt'UZ...tI..., " ...4I:,lOlI,l,t,. ,-1,•••• ,'", ,1,. u ••• , •• ' 

J'II'ttI,t,,.,lIlIH,ItJUU",',tM"',, -.lOIJ.I4IN.'Nm,.O, J.OtIP ,J...It". -1.-0 ••• ".,. ,0.. ,. ,.t. ,0,0 
)""',I.I45lJ"••,.tlUlt,O,O,'I1UO., .-lOU.4IOn,1II111.H'0,UII,1.1t" .-1,1."".,.,0••• , .0,".' 
n."..I.....JJ1I«I.....UUU,.,ttntHI, -lII1.......JI.Nt.,,.,..••n.1,t., ,-1. t, ••"", ,1.... ,0, ,0,0 
,,,".l.t.l4U.IlIto,.tIollUU,••tI...' ..,-lO.ltU......,...,aotO,lIU.,,L.t,, .-1,0, • • ,.,., .1,." •• , ,0.0 
]'Pf?H.I,NJ.lI.I4I,.tllI1.Ht,'."''HI'',-1Nlt11O,J.UlPJ,n'tO•• n',1..It" ,-1,0 •••• , •• , ,0,." ,0. ,0,0 
)1I"',t••tllIUlII.ltlUl.t",O.t'IOUfl, -1O.ltO.....'II••11I••1.811.1,t•• ,-1,., ••• ",. ,0, •• , , •••••• 
J'N'n.... ...lIUIt,...UIN', •• tm.,.,-10.1l••,.,.lf,S11••H ...&2',1.rl,. ,-1.1" •• ,." ,0,. I. ,G•••,0
"m•.t,...JJlIn....1u...........t.1O,-lO.1.'.1'.,IOIHt,Ht' ,W4.1,t" ,-1, 0. " ", •• II,." ,0, ,.,0 
m".•.t.Itf.llUI., ...l.U.a,.~I.H'NU.J,,-J.O.l"4tf.IN.., ,IU'.10".1.1t., ,-1. 0, •• ".,.,0 II It ,0..0,0
"1"'.S,ltIlIlJll.ltlUl.t'O.O.'''''UI,-lO.J.t.ttn.II.5H.,nl',to'.l. t,., -1,1, •••••• • ••• , •• ,0. ,0, 0 
J'Nn1.I~fllJI..IIIt,I"1IJ.t1. , I.tlH.1nI,-1H1,..~JtoKll,tue.lItt.J,;.t, ••-1••••• , •• ,. ,1,." ,0, ,0,0 
,,,,,.,.,.tllSlJia••tllIUf••••••.,,.loIl ,-lAll.tl.tIO.1II114,Uta. In.1.,I" ,-.1."'" " " .0, •• , ••• ,.,. 
J'H1'tO,a,ftI1,I.J,SI.,ltIlI.1I",I.,m.,",-1O'.1IH'I.1NN1.nl' .111,1.,2., ,-1,1", •• ,. ",0, II ,,0, .o.e 
'''''1.1,ltIloSJ,SII••.y1ll.tIlO••••II01U' ,-1011,••••toIlIO,wo,.ea,l, t., ,-1,1••••• ," ,."" ,0, ,0,0 
,ffftt, t,ltilIlIn,1111IWI~ I."".111" -W1t"N,M,.,,:l1.'O . 'U,1,t, , • -1. ' •••••• , , •••• , • ,0, .0,0 
'f.'PtI,I....lIJ,51t,.tll.U..II,•••mtfIM,-lA..atI...u ......,.,....... l,t." -.1,'.,.,.", ••• , •• " ••0,' 

0.1 

https://1O'.1IH'I.1NN1.nl
https://J'Nn1.I~fllJI..IIIt,I"1IJ.t1
https://S,ltIlIlJll.ltlUl.t'O.O.'''''UI,-lO.J.t.ttn.II.5H
https://10".1.1t
https://l.U.a,.~I.H'NU.J,,-J.O.l"4tf.IN
https://tm.,.,-10.1l
https://J.lJ.Iat.IIIU1.Ml
https://O.-lOllIl.Il
https://Ullttln.l67I'PO.ttlt.I5
https://BeJtjl~�."""l.D�,"'.sd
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APPENDIXE: 

SAMPLE OUTPUT 
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Figure E-l. Average Link Travel Time_ 

Figure E-2. Average Link Speed. 
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Figure E-3. Link Travel Time for Vehicle No.4. 
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Figure E-4. Link Speed for Vehicle No.4. 
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Figure E-S. Instantaneous Vehicle Speed fo r Vehicle No.4. 
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