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ABSTRACT

A critical link in the overnight package business is the on-time arrival of trucks at airport
terminals. Truck delays can delay the package sorting and transfer process, which can in
turn delay aircraft departures from the local terminal, as well as aircraft departures from
hub terminals that depend on timely aircraft arrivals. This report models the airport
terminal as a queueing process with random bulk arrivals. The models have been
implemented in a web-based decision support tool (Truck to Air Dispatch, TAD,
available at the website ger309-pc16.usc.edu), which provides real-time predictions for
the status of the sort operation, and decision support for scheduling dispatches.
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EXECUTIVE SUMMARY

This is the final report for the project “ATIS for Ground to Air Connectivity,” which
investigated schedule coordination between ground transportation and aircraft departures
at airport cargo terminals. UPS, Federal Express and other air express companies operate
many local terminals within the Los Angeles region. At the end of each day, trucks
depart from these terminals carrying express shipments, which are processed at Los
Angeles International Airport, Ontario Airport and other local airports in Southern
California. Aircraft depart from these airports according to a rigid schedule, so it is
important for trucks to arrive on time and for shipments to be processed on time.
Otherwise, aircraft cannot be fully loaded by their scheduled departure time, and they
will either have to be held for late arrivals or depart without all of their shipments (thus
creating late deliveries for the affected shipments).

This report models the sorting process at the terminal and the effects of truck arrival time
on the completion of the sort. This paper also models the effects of sorting capacity and
the start time for the sort. The model is implemented as a web-based decision support
tool called Truck to Air Dispatch, or TAD (accessible at ger309-pcl6.usc.edu). TAD is
designed to assist terminal managers in creating truck schedules, both in real-time and for
the future. For instance, it can predict whether a change in truck departure time (either
planned or unplanned) will translate into delayed flights. When potential delays are
revealed, managers can evaluate remedies, such as assigning more workers to the sorting
line, starting sorting operations earlier than normal, expediting truck departures or adding
truck departures. A dispatcher can also assess the impacts of holding a truck, beyond its
normal departure time (e.g., to see whether it is possible to wait for a delayed incoming
shipment). While TAD is not designed to re-route trucks (a decision typically left to
drivers), it can evaluate the effects of the decisions that are typically at the command of
terminal managers.

TAD provides real-time forecasting capability, utilizing data generated at the PEMS site
maintained by PATH. TAD provides both tabular and graphical output, “what if”
analysis capabilities, and the ability to analyze variability in travel times. The site also
provides the capability for users to establish accounts and manage their own data. A user
can also permit remote users to access data in a password protected environment,
enabling them to exchange information through the website.



1. INTRODUCTION

In recent years the fastest growing segments of the goods movement industry in
the United States have been small shipments and air shipments (Bearth, 2000). Federal
Express, United Parcel Service and DHL have prospered in this environment by creating
integrated ground/air networks. Air cargo terminals have also developed a capability to
rapidly unload trucks, sort shipments, load these shipments into air containers, and load
the air containers onto aircraft. These steps can sometimes be completed within a time
span of 1 hour or less. At a destination airport the steps are reversed, allowing aircraft to
be unloaded, and trucks to be loaded, within a short time span. High efficiency in sorting
and loading has made it economical to send shipments across the country with next
morning delivery (Analla and Helms, 1996; Chan and Ponder, 1979; Hansen and
Kiesling, 1993; Jannah and Wilder, 1999; Larson, 1998; and Oster et al, 1995, examine
the economic structure of the industry.)

Taken as a whole, express transportation can often be divided into the 11 steps

listed in Table 1. To meet time commitments, it is desirable to make all of these steps as

Table 1. Express Transportation Phases

Pickup at shipper and transportation to local terminal

Processing shipment at local terminal (unload, sort, reload)

Truck transportation from local terminal to airport terminal
Processing shipment at airport terminal (unload, sort, load aircraft)
Air transportation to hub airport

Processing shipment at hub airport (unload, sort, load aircraft)

Air transportation to destination airport

Processing shipment at destination airport (unload, sort, load truck)
Truck transportation to local terminal

10 Processing shipment at local terminal (unload, sort, load truck)

11. Transportation to receiver and delivery
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fast as possible. And it is also desirable to expedite some of the steps in order to provide
more flexibility in others (e.g., to allow later pick-up times for shipments).

The sorting process at the origin airport is a particularly critical step, as it is
susceptible to random delays in the arrival of work, and because it demands relatively
large investments in facilities and labor. The facilities and labor are only needed within
concentrated time periods, which sometimes makes it uneconomical to provide sufficient
capacity to process shipments as quickly as they arrive. Unfortunately, late truck arrivals
can also delay sorting, with significant repercussions. The issue is especially critical in
Southern California for three reasons: (1) west coast shipments have a 3 hour time lag
relative to east coast, due to the difference in time zones, (2) Southern California is the
dominant population center on the west coast, and (3) congestion in Southern California
has both elongated travel times and made them less predictable. The importance of these
shipments is magnified by the fact that major hub terminals (such as Federal Express’
Memphis hub) cannot release their outbound aircraft until all inbound flights have arrived
and been processed. Thus a single delay to a Southern California flight (due to a few late
trucks) can translate into systemwide delays.

From a customer service perspective, systemwide delays can force an airline to
alter its delivery commitment and pickup cutoff times. Thus, airlines that are better at
managing their ground operations can offer more competitive service to their customers,
and capture a larger share of the express shipment market.

The fundamental unit of analysis in this report is a “sort” at an air cargo terminal.
Some air cargo terminals schedule multiple sorts at different times, and some terminals

have multiple lines that simultaneously complete sorts. Each sort ends when all the



packages have been processed for an individual aircraft, or for a group of aircraft that
share a sort. Because different sorts process different inbound trucks, and because

different sorts feed different aircraft, they can be analyzed independently of each other.

Background Research

Three categories of research are relevant to coordinating ground/air operations.
First, the design of the network as a whole, including route structure and placement of
terminals, has been studied by Hall (1989), Kim et al (1999), and Kuby and Gray (1993).
Second, the operation and design of air terminal facilities, and the aircraft loading
process, have been studied by Ashford and Fathers (1989), Cheung et al (1998), Cornett
et al (1996), Geinzer and Meszaros (1990), Heidelberg et al (1998), Nobert and Roy
(1998), Swip and Lee (1991) and Thomas et al (1998). A last area of research is the
coordination of schedules for incoming and outgoing vehicles at a transfer terminal,
which has been studied by Abkowitz et al (1987), Bookbinder and Desilets (1982), Hall
(1985), and Lee and Schonfeld (1991). The focus of these papers was on ground-to-
ground transfer, especially for mass transit systems.

Although many aspects of air freight operations have been examined, prior
research has not addressed the interaction between the arrival of incoming trucks and the
processing of shipments, as is the focus of this paper. Hall and Chong (1993) did
investigate queueing interactions for banked arrivals of aircraft at a hub terminal, with
focus on aircraft-to-aircraft transfers, rather than ground-to-air transfers. In this case

queueing appeared as a consequence of runway capacity, rather than sortation capacity.



Report Organization

The remainder of the report is divided into three principle chapters. Chapter 2
summarizes prior work (Hall, 2001), in which models were developed for predicting the
arrival of work at a central terminal. Chapter 3 also summarizes prior work, in which
models were developed for predicting the completion of sorting operations at a central
terminal. Chapter 4 presents new research, including the design for the Truck to Air
Dispatch (TAD) website and instructions on how to use the site for analyzing truck
schedules and their impacts on package sorting at air terminals. Conclusions are

provided in Chapter 5.



2. MODELS FOR ARRIVAL OF WORK

The air freight terminal is modeled as a work conserving single server queueing
system. Work arrives in the form of truckloads of shipments, and is processed by a
conveyor sorting line. The amount of work on a truck depends on the number of
shipments and their characteristics. By definition, one unit of work can be processed in
one unit of time. Trucks are scheduled to arrive at a reasonably constant rate with the
goals of keeping the conveyor line productive and minimizing the queue of shipments
awaiting processing. This section models the arrival process; the service process is

examined later.

Let:
n = number of trucks scheduled for a sort
X; = amount of work on truck i

I(¢) = 1 iftruck i has arrived by time ¢, 0 otherwise
X; and I,(¢) are random variables that depend on the characteristics of the terminal sending
shipments, distances, roadway speeds and congestion.

Measures of cumulative arrival of work can be derived from X; and /,(¢). Let:

Wi(t)= work arrived by time ¢ on truck i.
W(t) = cumulative work arrived by time ¢, among all trucks

Then:

W) = 10X, (1a)

ORI WACED WAGYY (1b)



We first wish to compute the expectation of W(¥):

E[W0)] = > ElL(0X,] (2)
i=1
In the special case where /,(¢) and X; are mutually independent (arrival time is

independent of load size), Eq. 2 reduces to:

BV = Y p(OE(Y,) 3)
Where:

pi(f) = probability that truck i has arrived by time ¢
Examples of E[ W(¢)] are shown in Figure 1. Each figure represents 12 trucks, scheduled
at 5 minute intervals beginning at time 0 and ending at time 55 (an arrival period of 55
minutes). The mean load size is 5 in each case. The actual arrival time is assumed to be
normally distributed, with standard deviation shown (o= 0, 5 minutes or 20 minutes). As
illustrated, small o produces a step pattern, with each step representing one scheduled
arrival. But when o is large relative to the spacing between scheduled arrivals, random
deviations in arrival times smooth E[W#(#)]. It can also be seen that the slope is most
nearly constant when o is also small relative to the arrival period (55 minutes in the
example). For large values of o (e.g., when it equals 20 minutes in the figure), curvature
in E[(¢)] extends well beyond the end points (times 0 and 55). By comparison the slope
is nearly constant at the mean arrival rate of 1 (5 units of work per 5 minute interval)
when o=15.

Variance calculations can be more complicated. Let:

o, (1) = covariance between [/(1)X;] and [1{(£)X]]
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Then:

vIrnl= Y o) @)

i,j=1

Computation of the covariance terms can be difficult in this general case, as detailed data
are frequently unavailable for estimation of parameters. Consider the special case where

all random variables are mutually independent. Then the variance can be expressed as:

VIFOL = Y. p,(O[EX?) - p (E*(X,)] (5a)

> P OIVEX,)+ (1= p()E*(X,)] (5b)

Figures 2 and 3 illustrate two cases, again based on 12 trucks scheduled over a 55 minute
interval, with normally distributed arrival times. Figure 2 is based on a standard
deviation in arrival time (o;) of 5 minutes and a standard deviation in load size (o;) of
zero. Figure 3 is based on a standard deviation in arrival time of 20 minutes, with a
standard deviation in load size of 1.25. Each figure shows E[W(¢)], along with E[W(¢#)] £
one standard deviation. For very small values of ¢ (pi(¢) = 0, for all i), V[W(¢)] = 0, and for
very large values of ¢ (pi(f) = 1, for all i), V[W(?)] equals the sum of V(X;). The variance
can be larger for intermediate values, and in some cases stays nearly constant in an

intermediate range.

Model Extensions

The reality is that dependencies do exist among some of the variables /(#). For

instance, trucks that use the same route at similar times also experience similar travel



times as well as positively correlated arrival times (because they are exposed to similar
levels of congestion). Accounting for these dependencies, but still assuming

independence with respect to, and among, the X;random variables:

VI (1)) = [Z P OE(X) ~ p () E2(X,)]

+1DLE(X)EX ) ELL (O, (1)} = p ()0 E(X,)p, (D E(X )]

i#j

(6)

where

E{LOI(0} = P(Ti<nP(Tj<t|Ti<1)

= [[P(T, <t|T)f(T)dT ™

T; and 7; are the arrival times of trucks 7 and ;.

AT;) is the probability density function for 7;.

If, for instance, travel times have a multivariate normal distribution, then

E00) - [ o —H =200 “JHTZ 4 }dT,. (®)
- o 1-p° o;

1

where:

i = E(T)
o; = standard deviation for arrival time of truck i

p = correlation coefficient between arrival times of truck i and truck j

As a practical matter, the usefulness of Egs. 6-8 is limited by the availability of data to
estimate model parameters. For this reason, the models provided in the following

sections will be demonstrated with the simpler case of Eq. 5.



3. SORT STARVATION AND SCHEDULING

Shipments are processed on a belt sortation system, which operates at a constant
rate (defined by the pre-determined belt speed). The sorting process is assumed to begin
at a time 1, corresponding to the time employees arrive for work, and continue until all
incoming work is processed. Without loss in generality, the maximum sort rate is
assumed to be one unit of work per unit time, and the time of the first scheduled truck
arrival equals zero. We assume that incoming loads arrive instantaneously, and that the
sorting process continues at the rate 1 whenever work is queued, and the rate 0 otherwise.

An example arrival and departure diagram is shown in Figure 4.

x 66—
S N
g u v
3 |48 - — Arrived
5 |30 ~-Completed
E 201 —
O |49
4
-20 30
Time

Figure 4. Example Realization of Sorting Process
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Sort Completion Time

Let T represent a practical upper bound on the time when a truck could arrive at a

given sort. Then the end time for the sort can be computed as:

end time of sort

«7)

= t+ WMD)+ S 9

where S is the length of time that the sort is idled due to the absence of queued work. By
making 7 smaller, the expectation of & 7) can also be made smaller, thus allowing aircraft
to depart earlier on average. However, because S is also a function of 7 this effect is non-
linear. In fact, as 7becomes small, E[&(7)] approaches a limiting value, which we denote
by the sum W(T)+S,. That is, when 7 is sufficiently small, there is 0 likelihood that a
truck will arrive earlier than 7, so reducing 7 further has no effect on E[&(7)].

When 7 is sufficiently large, E(S) approaches 0, so E[&(7)] approaches 7+

E[W(T)]. Combining these two limiting cases, the following bound is created:

E[&(7)] - E[W(T)] = min{So, 7} (10)

The right-hand side of Eq. 10 can be viewed as the “excess end time,” meaning the
amount that E[ &(7)] exceeds the expected work, E[W(T)]. (For some distributions, it is
possible for the excess end time to be negative.)

The performance of the sortation system depends on the rate at which work is

scheduled to arrive, along with the start time of the sorting process. If work is scheduled

11



to arrive at a fast rate relative to the sort rate, then work is likely to queue, which has the
benefit of minimizing idle time. But beyond a certain point there is little benefit in
increasing the arrival rate, as the end time will be dictated by the sorting rate and start
time (and not by arrivals). Thus, it may be acceptable to hold back some trucks, reducing
pressure on processing shipments at origin terminals and possibly extending the cutoff
time for pickup and drop-off of shipments. On the other hand, delaying the start time
also reduces idle time (again, because work queues), but has the negative effect of
extending the end time. Overall, a desirable design would be to pace the arrival of work
to roughly match the sorting rate, and to schedule the start of the sort at a time that
balances the objectives of maximizing productivity and minimizing the end time. System

performance is further defined in the following.

Productivity: The productivity is represented by the amount of time that the sort is
functioning (i.e., not idled due to the absence of work). To maximize productivity, it is
desirable to schedule truck arrivals, and 7, such that S is made as small as possible. For
instance, by increasing 7, a queue can be built prior to the start of the sort process,

making idle time smaller. For a given realization of W(¢), the following relationship

holds:

&y

as(z) [L S(x)>0
dr |0, S(r)=0

where S(7) is the idle time for a random realization of the process with start time of .

That is, either there is idle time, in which case a change in 7 causes slack to decrease by

12



an identical amount, or there is no idle time, in which case slack is unaffected by a delay

in 7. It can also be concluded that:

dE[S(D)/dr = — P[S(1)>0] (12a)

E[S(9)] = j_;—P[S(r)>0]dr (12b)

where P[S(7)>0] is the probability that the idle time (S) exceeds zero when the sort begins
at time 7. It should be noted that for large 7, dE[S(7)]/d T approaches 0 and for small 7,

dE[S(7)]/dt approaches —1.

Expected Completion Time: The expected completion time is clearly a non-decreasing

function of 7. For a given realization of W(¢), the following relationship holds:

de(r) _ {O, s(7)>0 13)

dr L, s(r)=1

That is, either there is idle time, in which case a change in 7 has no effect on the end time,
or there is no idle time, in which case a delay in 7 delays the end time by an identical

amount. It can also be concluded that:

dE[a(D)/dt = 1- P[S()>0] (14a)

B[«9)] = jjwl—P[S(r) > 0]dt (14b)

It can be noted that dE[&(7)]/d 7 equals 1+dE[S(7)]/d .

13



Percentile Completion Time: Aircraft are typically scheduled to depart at a set time
that is held close to constant from day to day. To avoid unplanned schedule changes, the
aircraft departure time must allow for a reasonable amount of slack, to cushion against
random fluctuations in truck arrival times and truck load sizes. The performance can be
measured from a percentile of the distribution for & which we denote &,, where « is the
percentile. It should be noted that /" and S tend to be negatively correlated (when work is
large, slack tends to be small). Thus, an increase in 7z may have a smaller effect on ¢,
than on E[&(7)] (i.e., slack may be reduced on average, but reduced very little on the

worst days, which define &,).

Simulations

We now present the results from a series of simulations in which system
performance is estimated as a function of z. The analysis compares different methods for
determining 7, as follows:

1) T= S()
2) Min(7) s.t. E(W(¢)— VW (@) >(t—1), forallT>t>71
3) Min(7) s.t. E(W(¢) -3 VIW(@#)] > (t—1), forallT>¢t>71

For each value of 7, E[&(7)], E(S) and &5 are estimated. In addition, Eq. (15) is evaluated
for values of ¢ =.1, 1 and 10. These comparisons help determine whether any of the
heuristics is sufficiently robust to produce a near-optimal solution for a variety of cases.
The evaluations were completed for a series of cases in which 12 trucks are
scheduled to arrive over a 55 to 70 minute period, with 2.5 to 5 minute intervals between

scheduled times. The cases are further defined by: (1) the standard deviation in truck

14



arrival times (o; = 5 or 10 minutes), (2) standard deviation of the load size (o, = 1.25 or
.25), (3) the length of the time interval over which trucks arrive (7= 55, 61 or 70
minutes), (4) whether or not the scheduled interarrival times are constant. In the case of
non-constant interarrival times, we evaluated a bi-modal pattern, where trucks are
scheduled to arrive in two periods, each of length .5. The two periods are separated by a
gap g during which no trucks are scheduled to arrive (g = 6 or 15 minutes). 50 trials were
completed for each case, producing standard errors on the order of .3 minutes.

Table 2 presents results for six cases. It should be noted that the three methods
result in a fairly tight range of values for average idle time, with Method 1 producing
values between 1.6 and 5.7 minutes, Method 2 producing values between 1.1 and 6.4
minutes and Method 3 producing values between 1.1 and 4.6 minutes. It can be seen that
Methods 2 and 3 are most conservative (i.e., produce smallest idle time) for the case
where 7= 25 minutes. This is because E[#(¢)] has a much larger slope than the 1,
meaning that beyond the first few minutes there is little chance of idle time. Methods 2
and 3 are least conservative when o; = .25 minutes (a small value), as the slopes of
E[W(¥)] — k standard deviations is most nearly constant and most nearly equal to 1,
meaning that the sort can be idled at almost any time. In most cases, it appears that the
solutions produced by the three methods bracket around the optimum for different values
of . In all of the cases, the 95™ percentile for the end time of the sort is substantially

larger than average — varying from about 10 to 15 minutes later.

15



Table 2. Comparison of Performance Measures with Differing Start Times

6i=5,0,=125T=55,g=0

Objective Function

Method | < Ee) | EO) | cw 0.1 05 09

1 6 67.8 3.2 72.0 10.0 371 64.2

2 11 69.8 1.7 76.0 8.6 36.6 64.5

3 7 68.9 2.7 74.0 9.6 37.2 64.7
6t=10,06,=1.25T=559=0 Objective Function

Method T E(e) E(S) €95 0.1 0.5 0.9

1 9 71.6 2.8 83.0 9.9 38.6 67.2

2 14 75.4 1.3 87.0 8.9 39.0 69.2

3 9 716 2.8 83.0 9.9 38.6 67.2
6:=10,6,=.25,T=559=0 Objective Function

Method T E(e) E(S) €95 0.1 0.5 0.9

1 4 68.6 57 79.0 12.5 39.9 67.4

2 6 69.6 4.6 83.0 11.6 394 67.2

3 8 69.9 3.1 82.2 101 38.0 66.0
61=10,0,=125T=275,g=0 Objective Function

Method T E(e) E(S) €95 0.1 0.5 0.9

1 2 62.2 1.1 76.0 7.4 32.2 571

2 3 62.7 1.1 77.0 74 324 57.5

3 -2 60.4 2.6 75.0 8.6 32.8 57.0
61 =10, 6,=.25,T=61,9=6 Objective Function

Method | < Eo | EO) Zos 01 05 0.0

1 10 734 4.2 84.0 115 40.9 70.2

2 15 754 1.6 86.0 9.1 39.3 69.4

3 15 754 1.6 86.0 9.1 39.3 69.4
6 =10, 5,=.25, T=70,9=15 Obijective Function

Method T E(e) E(S) €95 0.1 0.5 0.9

1 18 83.4 6.4 96.0 14.7 481 81.5

2 23 86.0 3.7 98.0 12.3 46.6 81.0

3 19 83.5 57 92.0 14.0 475 80.9

16




4. WEB-BASED DECISION SUPPORT TOOL

The models developed in this paper for evaluating performance have been
implemented as a web-based tool called Truck to Air Dispatch, or TAD (http://ger309-

pcl6.usc.edu). TAD follows these design concepts:

B The site contains a public section and a member-only section. The public section
provides links to a variety of data sources related to air/ground shipments, including:

B Real-time traffic (freeway speeds, lane closures, traffic incidents, directions,
traffic information from other regions).

B Real-time weather.

B Real-time aviation, including airport delays.

B Associations and organizations that are involved in air and truck freight
shipments.

B Airports.

B The member section is open to any individual. The individual who establishes the
account acts as the account manager and represents an airport terminal. The
member can permit additional users to access and edit terminal data. These users
may represent local terminals, from where trucks depart for the airport. In this
manner, data can be communicated among participants.

B Data can be easily edited to represent “today’s schedule,” or to represent a planned,

or “normal”, schedule.
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B Real-time data are generated to predict the arrival of work (i.e., shipments needing
sorting) at the airport terminal. Data are presented both in tabular and graphical
formats.

B “What-if” capability is provided, so the user can easily evaluate the effects of

changing the start time for a sort, or changing the processing rate for a sort.

A basic goal for the design is to provide a user-friendly interface, and a “one-stop-
shopping” location to access a variety of information relevant to ground and air
transportation.

Figure 5 diagrams the site organization, showing six basic functional areas, and an
expanded view of the Member Area. Our focus has been on the Member Area, which is

explained in the following sections.

Design Methodology — Member Area

The Member Area is limited to registered users as a means for protecting the
confidentiality of user entered data. Immediately after a “New User” form is entered, a
new user account is created and an email notification is sent to the user’s email address.
This permits the user to enter the Member Area, which provides various functions.
Figure 6 provides an overview of the workflow in the Member Area. We now explain

how the functions are performed, beginning with the database.
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Traffic Sites

California Lane Closures

Normal Schedule:

Add New Truck
View All Trucks
View Selected Trucks
Edit Truck

Delete Trucks

Table

Graph

Today’s

Travel Advisory
News Network

Home
Page

Schedule

Start of Each Day
Add New Truck
View All Trucks
View Selected Trucks
Edit Truck

Delete Trucks
Update Arrival Time
Table

Graph

Member Area

Link

Contact Information

Terminal Data

Add New Terminal
Add From Schedule
View Terminal
Edit Terminal
Delete Terminal

User Profile

Add New User

Share Truck Schedule
View Share User Data
View User Data

Edit User Data

First Time User

Frequently Asked Questions

Message Board

Logout

Figure 5. TAD Site Organization
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User Profiles [ Normal Schedule [ Terminal Data

Add, View, Edit,
Delete
Normal Schedule Today’s Schedule
Table, Graph. Add, View, Edit,
Delete

v

Today’s Schedule
Table, Graph.

Figure 6. Member Area Workflow Diagram
Database Structures Within the Member Area, users can populate four databases; one
database is automatically generated, and two are static, created by the developers. All

databases are created in MS Access. The four user-populated databases are:

Normal truck schedule database for storing planned truck schedules.

Today’s truck schedule database for storing temporary changes in the truck

schedule.
Terminal database for storing a terminal’s physical address.

User profiles database stores user information.

The database structures for Normal Schedule and Today’s Schedules are the same

(Figure 7). Each record represents an individual truck that is scheduled to travel from a
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particular terminal to a particular airport, for a particular sort, with given departure and

arrival times. These data are represented in 14 fields:

1D:

USER:

AIRPORT:

SORTNAME:

DAY:

TRUCKNO:

TERMINAL:

DEPTIME:

ARRTIME:

LOADSIZE:

R1:

R2:

ODTIME

OATIME

an automatically generated ordered record number
user ID

name of destination airport

name of the terminal sort

days of week

truck number

name of the origin terminal for the truck
scheduled departure time for the truck

scheduled arrival time for the truck

load size for the truck

the first freeway where the truck enters the highway
entrance where the truck enters the highway

convert departure time from natural time into a time line system, from
1 to 1440 minutes (24 hours).

convert arrival time from natural time into a time line system, from 1
to 1440 minutes (24 hours).
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The terminal database is simpler (Figure 8). Each record represents an individual
terminal, and there are nine data fields: ID, USERNAME, TERMINALNAME,
ADDRESS, CITY, STATE, ZIP, PHONE, and REMARK, which are self explanatory.
“REMARK?” is used at the discretion of the user to enter comments on a terminal. When
a new terminal is entered in the normal schedule database, a record is automatically
generated in the terminal database, which the user can later populate with supplemental
information (address, phone number, etc.).

The user profile database is also simple (Figure 9), and contains the fields: ID,
NAME, ADDRESS, PHONENUMBER, EMAIL, AIRLINE, USERNAME,
PASSWORD and SUPERIOR. The last field, SUPERIOR, is used to store the
relationship between this user and other users. If the user is the root in the group, then a
“0” is assigned to this field. Otherwise, this field is assigned a user ID that created the
user account and that can share his/her truck schedules with this user.

The automatically generated database maintains information on real-time traffic.
Each record represents the state of an individual loop detector, and the database contains

three fields (Figure 10):

ID: ordered number from 1 to 1510
VDS ID Caltrans detector identification number
SPEED: Latest speed acquired for the loop detector
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B routetable : Table i e -0 =]
ID | USER | AIRPORT | SORTHAME DAY TRUCKNO | TERMINAL | DEPTIME DSIZE| R1 | R2 ‘ODTIME|0ATIME|_|

214 demo  LAX Memphis Monday-Friday 1 Olympic 1730 1800 1000 14 5395 1050 1080
215 demo | LAX Memphis Monday-Friday |2 Burbank 1720 1810 1250 2 665 1040 1090
216 demo | LAX Memphis MWonday-Friday |3 Marwalk 1725 1805 1500 2 635 1045 1085

217 demo  LAX MWemphis Monday-Friday 4 Cerritos 1740 1810 780 21 7974 1060 1090 |

Record: 14 4 ] 1 v | v1]e#] of 93

Figure 7. Normal Schedule Database in DB View

& terminaltable : Table o ]
[ [ 10 [USERNAME| TERMINALNAME [ADDRESS STATE| 7P |PHONE| REMARK | =]
106 demo Olympic Olympic Los Angeles 0015 | MAA,
107 demo Burbank Burbank  Laos Angeles CA 0015 | MAA,
108 demo Morwalk Morwalk  Los Angeles CA 0015 | MAA, il
109 dema Cerritos Cerritos | Los Angeles |CA 90015 R hd!

Record: I1| 1 || 300k |H |He| of 40

Figure 8. Terminal Database in DB View

A usertable : Tal éf}?%r =10l

[ T 1D ] NAME [ ADDRESS | PHONENUMBER | EMAIL | AIRLINE [USERNAME| PASSWORD | SUPERIOR | = |

| 41 DEMO | DEMOD DEMO shihchel@hotmail.com | DEMO | demo derno 0 |

Record: I1| i || 1|fEkE |b| |H&| of 17

4

Figure 9. User Profile Database in DB View

B Realtime : Table O] x|

ID VDS ID |  SPEED i’
2 1 715395 B5.35
B 2 715915 48.79
i 3 715915 54,91
i 4 715521 B3.19
L 5 716522 F9.51
B 5 715529 71.74
i 7 7155930 52.5
i 8 7155933 56,41
L g 7165935 75.53
B 10 715944 71.99
i 11 715947 B1.5
i 12 716010 50,595
L 13 716016 50,59
B 14 716017 52.02
i 15 716025 58.02
i 16 716032 56,95
L 17 716036 56.42 . |
Record: 4] <[t _» [mi]es#] of 1510

Figure 10. Real-time Database in DB View
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The static databases provides information on loop detectors, highway entrances
and routes. Figure 11 shows the database structure for the freeway entrance in Los

Angeles area. There are six fields in this database:

ID: an automatically generated ordered record number

ENTRANCE: a unique number assigned to the entrance

NAME: name of the freeway entrance

DISTANCE: distance from freeway entrance to nearest Single Loop Detector
(VDS) in the direction to LAX

VDS ID: ID for nearest Single Loop Detector

ROUTE: freeway ID for the entrance

Figure 12 shows the database structure for VDS, which gives the locations of
single loop detectors in freeway in Los Angeles area, and the routes to the airport. There

are eight fields in this database:

ID: an automatically generated ordered record number
VDS ID: ID the Single Loop Detector

FREEWAY ID: ID for the freeway

DIRECTION: flow directions for Single Loop Detector in freeway
CAL POSTMILE: California post mile for Single Loop Detector

ABS POSTMILE: Absolute post mile for Single Loop Detector

DISTANCE: distance from this Single Loop Detector to next Single
Loop Detector in the direction to LAX

NEXT VDS: next Single Loop Detector ID in the direction to LAX, which
defines the route
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B8 LAXEXIT : Table b o =] P23

ID | ENTRANCE NAME | DISTANCE | WDS _ID | ROUTE ||
| | 450675 PANORAMA CITY, OSBORNE STREET 0.11 718995 5
| | 451676 PAICOMA, TERRA BELLA STREET 0.12 717006 5
| | 452677 PAICOMA, VAN NUYS BOULEVARD 0.16 789228 5
| | 454679 MISSION HILLS, BRAND BOULEWARD 0.2 7E9E22 5
| | 455680 MISSION HILLS, MISSION BOULEWARD 0.07 7E9E35 5
|| 457 632 SYLMAR, ROXFORD STREET 0.23 7E9E58 5
| | 461686 ROUTE 5 5. SYLMAR, 0.32 718405 5
| | 469 694 SANTA CLARITA, CALGROVE BOULEVARD  0.23 7EOETO 5
| | 470695 SANTA CLARITA, LYONS AVENUE 0.17 7EOEEE 5
| | 471695 SANTA CLARITA, MC BEAN PARKWWAY 1.34 7E9EEE 5 BT
| | 472697 SANTA CLARITA, WVALENCIA BOULEVARD 2.33 7E9EEE 5
| | 474699 SANTA CLARITA, RYE CANYON ROAD 0.76 759914 5
|| 476 701 HASLEY CANYON ROAD 2.4 7IB017 5
| | 477702 PARKER ROAD 225 7E9927 5
| | 478703 WIOLIN CANYOM/LAKE HUGHES ROADS 273 7E9927 5
| | 479704 TEMPLIM HIGHWAY 0.27 7E9942 5
481 706 SMOKEY BEAR ROAD 0.26 7EIEIE 5 -l
Record: 14| [ 1 e [wi|e#] of 498

Figure 11. Freeway Exit Database in DB View

B LAXML : Table Ji o] x|
ID | VDS _ID | FREEWAY ID DIRECTIUN CAL POSTMIL f-\BS PUSTI'I.I'IILl DISTANCE | NEXT VDS ;I
5716408 105 08 716407 o
| G 7B0425 105 W 3.3 3.3 07 716409
| 7 71E413 105 by 4 4 07 FED426
| g 7e0440 105 by 45 45 05 716413
| 9 7e0452 105 by 48 4.8 03 7E0440
|| 10716420 104 Wy 5.5 54 0y FR0452
|| 11 71B422 105 Wy (3] 4] 04a 16420
|| 12780473 104 Wy G5 B.A 04a F1B422
|| 13780481 105 L' 5.81 5.81 03 7B0473
|| 14716426 105 Wty 7.1 71 0.32 760431
|| 15716428 105 Wty 7.8 7. 07 716426
|| 16 7E0456 104 Wty 8.2 8.2 0.4 716428
|| 17716434 105 by a.4 5.4 0.2 FED495
|| 18780512 104 by a8 5.8 0.4 716434
|| 19716437 105 by 95 9.5 07 FE0512
|| 20760535 104 by 101 101 0k 716437
| 21 71B44 104 Wy 104 10.8 0.4 7R0535 LI
Record: 14| <[ 1 v ki|e#] of eo1

Figure 12. VDS Database in DB View
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Retrieving Real-time Data The PATH Performance Measurement System (PEMS) FTP
site is the source for real-time traffic data. (PEMS independently acquires data from
Caltrans). When requested by the user, data are transferred to the TAD website with an
FTP client, which was created for our web server using Borland C++ Builder. Next, the
PEMS file is decompressed. We used a standard gzip program to decompress the file
from UNIX (PEMS) to our Windows operation system environment. After the
decompress process is complete, we obtain an ASCII text file that contains the real-time
information. Then, we extract relevant data from the ASCII text file (e.g., data from
outside the region are discarded), and store the data in our Access database, writing over

old data. The total time to complete those steps is about 30 seconds.

Real-time Performance To calculate the real-time performance of the airport terminal,
truck arrival times must first be estimated. While PEMS is being designed to provide
real-time predictions through its website, this capability will not be available through the
PEMS FTP site. Therefore, TAD must product its own estimates.

For each highway origin, a normal route is stored in the TAD system, which
corresponds to a sequence of loop detectors. Each detector represents a highway
segment, with a given length and a current speed. The travel time over the segment is
simply the ratio of segment length to speed. In the event of missing data (i.e., a non-
functioning detector), the length of an adjacent detector’s segment is increased to cover

the missing data segment. The estimated travel time equals the sum of the segment travel
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times, plus a nominal off-freeway travel time (for which real-time data are unavailable).
The arrival time is the sum of the planned departure time and the calculated travel time.

The Ph.D. student working on this project will, in the future, develop improved
algorithms for arrival time estimation, accounting for historical trends and current system
state. As part of his thesis, he will incorporate methods based on fuzzy logic in TAD.

In addition to these calculations, users are permitted to alter “today’s schedule”,
which also affects the real-time calculations. For instance, users can delete trucks, add
trucks, change truck departure times or change truck load sizes. These changes could
represent unpredictable delays (e.g., delays in feeder truck arriving at a local terminal, or
delays in sorting) or represent planned changes (e.g., a truck that is deliberately released
early or late). These real-time updates, entered by users, are all reflected in predictions

for terminal performance.

Output Generation Program output is generated in both tabular and graphical forms.
Both show when trucks are predicted to arrive for a given sort at a given airport, the
cumulative arrival of shipments and cumulative processed shipments. They also provide
predictions for when the sort will be completed, and provide “what-if” capabilities, with
respect to sort rate and sort start time. The calculations are based on the methods
presented in Chapter 2.

Output graphs are generating by Java Applet, using Java 2 as our programming
environment. The size of the applet is 600x400 dots. The actual size of the graph is 450
%300 dots. A white line represents the cumulative arrival of loads and a green line

represents cumulative processed loads. The sort start time, finish time, rate and total
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shipments processed are also displayed numerically at the top of the page. Users can
alter the start time and processing rate by entering the “Reschedule Parameters™ at the
bottom of the page. A new graph is then created with these parameters.

Identical display formats are provided for the normal schedule and the today
schedule. An additional option provides an alternative format, showing expected arrival
of work + one standard deviation, and expected completion of work for each of these
arrival patterns. This graph accounts for variability in truck arrival times at the airport,
and is based on Equation 5, with a normal arrival time distribution, identical standard
deviations for truck arrival times, and a standard deviation in truck load size equal to 10%

of the mean.

TAD Usage

Before entering the member portion of TAD, users must first create their user
profile, entering their name, password, email address, airline, address, and phone number.
The initial user for an account is automatically the account administrator. Only the
administrator can add users to an account, using TAD’s Add New User function. For
instance, the account administrator may represent the airport terminal, and additional
users may represent local terminals. By adding users, TAD can enable local terminal
operators to communicate current information on truck departure times and load sizes to

other users and the airport.

Populating and Managing the Normal Schedule Before engaging the analysis features

of TAD, users must first create their normal truck schedule. The normal schedule is the
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planned schedule for a truck, as applied to a particular day of week or group of days (e.g.,
Monday to Friday or Monday to Thursday). The planned schedule should stay fairly
constant over extended periods, so these data only need to be altered when the planned
schedule is updated.

Users can view all truck schedules at the same time (in one page) or they can set
search conditions to view only selected trucks in the View Selected Trucks page. Once
entered, data can be edited through the Edit Truck page, or deleted through the Delete

Trucks page.

Management of Today’s Schedule The Today’s Schedule represents one-day changes
to schedules, for instance if an additional truck is needed, a departure time is delayed or
expedited, or load size differs from normal. Changes to Today’s Schedule do not affect
the Normal Schedule.

At the start of each day, the administrator (initial user) should click Start of Each
Day to reset Today’s Schedule to the Normal Schedule. The program automatically
determines which trucks are scheduled to operate each day, so it only duplicates relevant
trucks from the normal truck schedule. At the same time, TAD calculates the estimated
travel time for each truck based on current traffic conditions.

Users can view all truck schedules at the same time (in one page) or users can set
search conditions to view selected trucks. Users can then edit Today’s Schedule through
the Edit Truck page or Delete Trucks page without altering the normal schedule. These
changes are automatically erased when the user selects Start of Each Day, mentioned

earlier.
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Management of Terminal Data Terminal Data are stored in the Terminal Database.
These data do not directly affect calculations. They are used to provide a record of
where terminals are located, and how to contact the terminal, so that information can be
shared more effectively among users on a given account. When a terminal is entered in
the normal schedule, a record is automatically added to the terminal database, but the user

must later enter supplemental information to completely populate the record.

Output: Graphs and Tables Tables and graphs are used to evaluate the schedule
performance at the airport. The output table shows detailed truck schedules, sequenced
in order of arrival at the airport. The table is most useful in tracking the arrival of
individual trucks. Arrival Time, Truck Number, Terminal Name, Load Size, Cumulative
Load Size, and Processed Load Size are all listed. Start Time, Finish Time, Rate, and
Total Processed are shown at the top of the page. Users can change the Start Time and
Processing Rate by filling the Reschedule Parameters at the bottom of the page, and a
new table will be created with the parameters. A graph can also be generated to obtain a
high-level view of terminal performance. The graph shows whether the terminal is likely

to starve for lack of work, and when the accumulation of work is likely to be largest.

Example Showing How to Use TAD

The TAD website can be accessed from the address:

http://128.125.27.141/ or
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http://ger309-pc16.usc.edu/

In the top frame of the home page, you will see a set of links to TAD’s basic functions:

Home

Traffic Sites

Member Area

California Lane
Closures

Traveler Advisory
News Network

Links

Contact Information

home page

page linking to a variety of sources for real-time traffic
information

management and analysis of member-specific data

current lane closures in California, as reported by Caltrans

real-time traffic conditions map for Southern California

links page, connecting to: airports, general information and
magazines, transportation research sites, real-time aviation
information, real-time weather, governmental agencies and
transportation associations.

contact to the TAD site administrator

Select “Member Area” at the top of the content window, and then select “Register” to

create a new account. The Register New Account window (Figure 13) will then appear.
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Af TAD: Truck-to-Air-Dispatch - Microsoft Internet Explorer provided by University California =0 =i

| Ele  Edt Mew Favorites Jools  Help “
| wmack - & - @ [H | Bseach GhlFevoes (hsory (B SR -EHE R |]urk5 @]¥zhoot @] Eooge &
| arvass [&] hetp:fjgars09-peis.usc.eduf x| Pee

Home | Traffic Sites | Member Area | California Lane Closures

Travel Advisory News Network | Links | Contact Information

Feaister New—
NSUllaols
(eIt count

UserName® |demn

Password” |““

Confirm Password® |““

Email* |dEmﬂ@gEﬂU?-pl:§E Uz
Company |DE}-ED

Hame |DE~'-'5C|

Address |DE3\-'5C|

Phane Nurmber [DEMD

(Fields with = ars required!)

Submit | Feset
(3] || |8 meeme: 7

Figure 13. Register New Account Window

Fill in the data and click the “Submit” button, and the account will be created
immediately. Also, an email notification will be sent to the registered email address for
confirmation. Be sure to remember both your user name and password for future access.
Alternatively, for demonstration purposes, login under the user name “demo” and
password “demo.” This will enable you to access sample data, for the purpose of
learning how to use TAD. Note that users are automatically logged out after 20 minutes

if no actions are taken.

Options Menu After entering the Member Area, you will see three frames (Figure 14).

The top frame is our open gallery, which appear on all TAD pages and provides links to
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all of TAD’s basic functions. The left frame is our Options Menu that links to all
functions in the Member Area. The options menu will always appear in the Member
Area of the site, but cannot be viewed outside of the Member Area. The right frame is
our content window. After clicking any link in the left fame, the results will appear in the
right frame.

There are four major categories in our Options Menu: Normal Schedule, Today’s
Schedule, Terminal Data, and User Profile. Click the “cross” icon to expand any
category and click the “minus” icon to compact a category. In addition to the major
categories: First Time User provides information for the first time users; FAQs contains
several frequently asked questions in Q & A format; Message Board is a place to leave
messages and report bugs; Logout is the means for leaving the member area.

If you have not yet entered data, and are not using the “demo” option, several of
the option links will be disabled (e.g., edit truck or delete truck). Once data are entered,

all options will appear and can be selected.
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5 First Tieme User 1+ Add New Truck + Start of Each Day
O Faos * View All Trucks o Add Hew Trucks
[ Message Board * UIEEW Selected Trucks . ‘Jl.ﬁw ﬂ_uH Trm:kx.
= Edif Truck = Wiew Selected Trucks
ER + Delete Trucks + Edit Trucks
« Tahle = Delete Trucks
+« Graph + Update Arrival Time
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« Add From Schedule # “iew User Data
= VWiew Terminal » Edit User Data
+ Edit Terminal
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Copyright @ 2002 The University of Southern Calidornia, A1 RIGHTS RESERVED.
(3] [ [ (8 meme 4

Figure 14. Options Menu

Normal Schedule Entry Click the “cross” icon in front of Normal Schedule to expand
the links for Normal Schedule. Then click Add New Truck to access the data entry page

(Figure 15). Data are entered in the following order, as explained for the example below:

1. Destination airport is shown first, and LAX is selected from a pull-down menu.
2. Memphis is selected from a pull-down menu as the truck’s sort (alternatively, a
new sort name can be entered). When a new sort name is entered, it will be added

automatically to the pull-down menu for future trucks.
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10.

“Monday-Friday” is selected from a pull-down menu as the “Day of Week” for
the truck’s operation (either individual days or groups of days can be selected).
Truck number is entered (“1”’), which corresponds to the carrier’s internal truck
numbering system.

“Olympic” is entered as the departure terminal name, which is copied to both the
Normal Schedule Database and the Terminal Database. Once a terminal name is
entered, it will appear in the future on a pull-down menu when a new truck is
added to the schedule.

17:30 is selected as the departure time for the truck (note: use military time)
18:00 is selected as the planned arrival time for the truck.

1000 is entered as the load size. TAD can use any units of measurement for
shipments, as long as they are consistent for all trucks.

I-110 is selected as the beginning freeway from a pull down menu. This is the
first freeway visited on the route to the airport.

“Los Angeles Olympic Blvd” is selected as the location where the truck enters the

freeway.

After completing these steps, click on Save Data to save the data in the Normal

Schedule Database. Repeat these steps for each truck until all trucks have been stored in
the database. At any point, go to View All Trucks (Figure 16) to review the entire truck
schedule or use View Selected Trucks to display specific truck schedules. To correct

errors, select the Edit Truck page to make any changes. Operations for editing are shown

in the following section.
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rAdd New Truck-

Airport Name ILAX_LI (Al fields are reguired.)

Sort Hame I ngMemphis j

Day of Week |rv1|:|nday-Friday j

Truck Number |1

Terminal |Dlympi|: Url j

Departure Time HH: |1?j MM: |30j

Arrival Time HH: |18 =] mm: |00 =]

Load Size 1000

Beginning Freeway m

Freeway Entrance  |LOS ANGELES, OLYMPIC BOULEVARD |
Im Feset | &

q| | ]

Figure 15: Add New Truck Page

=i

w All Trucks

|AIRPORT [SORTNAME| DAY  [TRUCKNO TERMINAL [DEPTIME [ARRTIME [LOADSIZE [Freeway | Entrance
. IMonday- . LOS ANGELES,
LAX hemphis Friday 1 Olympic (1730 1800 1000 110 ALYMPIC BOULEVARD
- IMonday- BUREANK, BURB AN
LAX hemphis Friday 2 Burbank (1720 1810 1250 5 EOULEVARD
Monday- NORWALK, NORWALK
LAX MWemphis Frida 3 MNonwalk |1725  [1805 1500 5 BOULE=YARDISAN
i ANTONIO DRIVE
. IMonday- : CERRITOS, DEL AMO
LAX hemphis Friday < Cermitos (1740 1810|750 605 BOULEVARD

Figure 16. View All Trucks Page
Normal Schedule Editing It is easy to update the normal schedule. Go to the Edit
Truck page and all truck schedules will be shown. Click the circle in the Check column,

and then select Edit. An edit page will then appear in the same format as the Add New
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Truck page. Make any needed changes, then click Save Data and the data will be

updated in the database.

Editing Today’s Schedule To make changes in the schedule for today only (not saved
for the future), select the Today’s Schedule option. If this is the start of the day (i.e., no
changes have already been entered for today), click Start of Each Day to transfer normal
schedule data to today’s database. A warning page will be displayed in the right frame
indicating that all data from the previous day will be replaced by the normal schedule.
Click OK, then wait several seconds for the data to be updated, as real-time arrival times
will also be estimated. A message will appear when the process is finished.

You can now use the add, view, edit, and delete functions in the same manner as
for the Normal Schedule. At any time, click Update Arrival Time to retrieve the latest
real-time data and recalculate arrival time for every truck. There is a warning page first,

then a message will show that the operation is complete.

Predicting Terminal Performance Both a table and a graph are provided for evaluating
schedule performance. All estimates in Today’s Schedule are based on current traffic
conditions. Here we show how the changes will affect the output table in Normal
Schedule.

After clicking Table under Normal Schedule, a three-row selection will appear in
the right frame (Figure 17). Select an airport, sort name, and day of week, and then click
See Schedule to view the table (Figure 18). When viewing the Today’s Schedule table,

the day of week is automatically assumed to be today.
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Click Graph to view a cumulative graph of truck arrivals and work completion
(Figure 19). The truck arrivals appear as a step curve, with each step representing the
arrival time and load size of one or more trucks. The work completion is also shown,
based on the user entered processing rate, the start time for the sort, and the cumulative
truck arrivals. The separation between the two curves represents the queue of shipments
waiting to be processed. When the queue drops to zero, the sorting process must slow
down or shut down, for lack of work. Thus, if truck arrivals are delayed sufficiently, the

sort finish time will also be delayed.
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Vo 25
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EJ.'J Nortal Schedu e L ]J'rr”sucjl.edula Tabhj
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Figure 17. Window for Selecting Normal Schedule Output Table
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Figure 19. Output Graph for Normal Schedule
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Now click SD Graph to view the standard deviation graph, which accounts for the
variability in truck arrival times and load sizes (Figure 20). Six curves are shown,

representing:

Ais(t) = expected arrival of shipments, plus one standard deviation

A(t) expected arrival of shipments

As(t) expected arrival of shipments, minus one standard deviation

P.s (t) = expected processed shipments, based on A 4(t)

P(t) expected processed shipments

P (t) = expected processed shipments, based on A _(t)
These curves do not exhibit a step pattern, as the precise truck arrival times are not
known with certainty. As a default, the standard deviation in truck arrival time is set at 8
minutes, but this value is easily changed with the slide bar located below the graph (see
what-if analysis section).

The graph shows a 10 minute range for the completion of the sort, varying from
6:30 to 6:40 p.m., based on the + one standard deviation variation (by contrast, the prior
prediction was that work would be completed at 6:30). This result is typical in that the

deterministic (non-variable) prediction is optimistic.
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Figure 20. Standard Deviation Graph

What-if Analysis

Different types of what-if analyses are possible. Data may be changed for
individual trucks, or data may be changed for the terminal sorting rate and start time.
This section demonstrates these capabilities using the data found under the “demo” user

name.

Editing Truck Data_Editing is illustrated by example. First, click Edit Truck, then

select truck number 4, and then click Edit (Figure 21).
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Figure 21: Edit Truck Schedule, with Truck 4 Selected

Suppose that, based on real-time data, we have discovered that the truck will
arrive late at the airport. To avoid delays in completing the sort, we would like to instruct
the terminal to dispatch the truck earlier than normal. To determine when the truck
should be dispatched, we test a new departure time, changing the initial value from 17:50
to 17:40 (Figure 22). Next, Update Arrival Time is clicked to acquire the latest real-time
traffic conditions. Last, a new graph is generated (Figure 23). By comparing this new
graph to the old graph, we can now see that starvation has been eliminated and the sort is

completed two minutes earlier.
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Figure 22. Edit Truck Page, with New Departure Time
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Figure 23. Cumulative Graphs, Before and After Change in Departure Time
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Changing Start Time and Processing Rate for Airport In both the output table and
graph, we can change the start time and processing rate for airport operation. Here, we
show how the changes affect the output graph in Today’s Schedule. The same principles
apply to the Normal Schedule.

We begin with a default start time of 17:00 and default processing rate of 100
(Figure 24). Under the current condition, the sort is predicted to finish at 18:41. Suppose
that this time is too late to meet the plane’s schedule. Go to the bottom of the page, and
select start time from the pull down menu. Here we select the initial start time, 17:00.
Then we enter “110” in the processing rate box for a new larger processing rate. After
clicking the “Reschedule” button, a new graph shows the result (Figure 25). It indicates
that we will now finish at 18:37. From the graph, it is also evident that further increases
in processing rate will not greatly reduce the finish time, as the terminal will likely starve

for lack of shipments.

Changing Standard Deviation in Arrival Time For the SD Graph, it is easy to change
the standard deviation in truck arrival times, to reflect more or less variability due to
traffic conditions. Simply click on the slide bar, and move to the left for less variability,
or to the right for more variability. The SD Graph is continuously redrawn as the bar is
moved. Note that an increase in variability leads to a smoother and wider arrival pattern,
which reduces queueing but causes the sort to be completed at a later time (Figure 26). In
this graph, the P curves cannot be distinguished from the A curves, due to the absence of

queueing at the airport.
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Figure 25. Cumulative Graph After Changing Rate

46



Airport| Sont Day |Start Time Processing Rate
LAX Memphis Monday| 16:00 100

PLANNED SCHEDULE

5400

Cluantity 2700

§00

16:00 17:00 18:00 19:00 21:00 22:00 23:00 24:00
Time

Standard Deviation for Mormal Distribution {1 - 40); ! LA 1

Figure 26. SD Graph with Increased Standard Deviation in Truck Arrival Times
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5. CONCLUSIONS

This paper has developed a methodology and tool for predicting the arrival of
shipments at a central terminal, based on scheduled departures from a set of remote
terminals and travel time information. The application is focused on ground to air
shipments, and assurance that outbound aircraft can depart on schedule. The tool predicts
the completion time of sorting operations, which determines the earliest departure time
for the aircraft.

A web-based tool (TAD) was created, which both provides access to a range of
information sources, and analyzes truck arrival patterns at the airport terminal. The tool
incorporates real-time traffic information, through transfer of data from the PEMS FTP
site. The tool provides a variety of features for data entry and data editing, and for what-
if analysis. It is particularly designed to assess alternative truck schedules and the
impacts of these schedules on sorting operations.

The tool demonstrates the possibilities for incorporating real-time traffic
measurements in truck scheduling. Unlike personal travel, trucking companies are
concerned with the effect of traffic delays on entire fleets. Therefore, it is essential to
have tools that enable sets of vehicles to be analyzed, as was accomplished in TAD.

In the future, new methods will be introduced to produce more accurate forecasts
for truck arrival times at airports, accounting for both historical data and current state of

the network.
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