









































entry gate, we have computed the interarrival time data stream for each monitoring session,
plotted the frequency chart and fitted the data with several potential distribution functions.

Matlab R14 (version 7.1.0.183) [6] with statistics toolbox was used to calculate and produce
statistics and plots. Some important routines used in our data analysis from the statistics toolbox
are detailed below.

1. mle: The mle (maximum likelihood estimate) routine returns maximum likelihood
estimates for a distribution specified in its argument, computed using sample data. The
distributions we gave to the routine for MLE are "Normal’, 'Lognormal’, ’Gamma’, and
"Exponential.” Estimated parameter(s) were then used in other routines for analysis of the
sample distribution.

2. cdf: The cdf (cumulative distribution function) routine returns a matrix of probabilities for
a distribution specified in its argument. By supplying the estimated parameters produced
from the mle routine, we generated hypothesized cumulative distribution function values,
G(x). The G(x) was then used for Kolmogorov-Smirnov test (kstest) to calculate K-S test
statistic (this will be explained in more detail in item 4 below). Also G(x) was used in
empirical cdf plots to show graphically how close the cdf of estimates are to empirical cdf
of the sample data.

3. pdf: The pdf (probability density function) routine returns a matrix of densities for a
distribution and parameters estimated from the mle. The densities obtained by this routine
for the best fit distribution were used in distribution plots to be displayed along with scaled
frequency histogram of sample data.

4.  kstest : Once we estimated the parameters of the four candidate distributions, we needed to
find out how well the distributions actually fit the sample data. There are several goodness-
of-fit tests for this purpose. A goodness-of-fit test we considered first was Chi-Square test
which deals with binned data. The use of binned data is a disadvantage of the chi-square
test since the values of the chi-square test statistic are dependent on how the data is binned.

Kolmogorov-Smirnov test, however, uses raw data thus avoiding the loss of accuracy due
to bin treatment of the raw data as in the Chi-square test. So we decided to use
Kolmogorov-Smimov test utilizing the kstest routine. This routine calculates and returns
several statistics : (i) K-S test statistic (KSSTAT), the maximum difference of cumulative
distribution function values (i.e., the maximum vertical deviation between two curves if we
consider the cdf plot) over all x. The smallest KSSTAT was sought in our analysis as the
measure for the best fitting distribution among the four candidates. (ii) Does the test
accepts or rejects the null hypothesis, H, at significance level o, that the data indeed is

from a population of the distribution being tested. Unfortunately, as explained in [4, 9] the
Kolmogorov-Smirnov test gives invalid critical values in testing null hypothesis test when
the same test is used to estimate parameters as in our case. We therefore limited the use of
KSSTAT as a quantitative measure for the determination of a best fit among the
distributions of our interest.

Table 7 shows the best fit distribution among the four tested for each of the interarrival time data
stream, based on the numerical comparison of the computed K-S statistic, without actually
performing the test of goodness.

14



Best fit for x

Lognormal Gamma
Dayl1 Bobtail Entry Best fit
Dayl Main Entry Best fit
Dayl Both Entries Best fit
Day2 Bobtail Entry Best fit
Day2 Main Entry Best fit
Day?2 Both Entries Best fit
Day3 Bobtail Entry Best fit
Day3 Main Entry Best fit
Day3 Both Entries Best fit
Day4 AM Bobtail Entry | Best fit
Day4 AM Main Entry Best fit
Day4 AM Both Entries Best fit

Table 7: Best-fit Distributions for Interarrivals

As an illustration of the frequency distribution of the truck interarrival times to the teminal and
the probability distribution fitting of the interarrival time data, the graphs in Figures 5 and 6 show
the fitting of a lognormal distribution to the interarrivals for both the bobtail and main gates on
Day 2, and the cumulative distribution function to the same data. While it is inconclusive at this
time whether lognormal is indeed a right distribution for the depiction of truck interarrival times
to the terminal, we do know that the exponential distribution is an inappropriate model for such

data.
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Truck Wait Time and Flow Time*

The time between a truck’s arrival at the terminal till it completes the entry procedure at the
pedestal and receives a ticket for its transaction is defined as its wait time (or queue time). Since
no waiting outside of the terminal ground was detected during all our monitoring sessions, we are
able to use a truck’s entry time as its arrival time. From the pedestal to its exit is the truck flow
time (or transaction time). The sum of these is the truck’s total trip time (or turn time). Each
complete trip that we have identified in the truck matching procedure contains the timestamps at
entry, pedestal and exit. Using these timestamps we computed the wait time, flow time, and turn
time for every truck we had captured during our monitoring. Noting that our adoption of 3-hour
monitoring may have led to a biased result in favor of short turn times, we have examined the
capture ratio by the hour of monitoring as shown in Table 5. The results in Table 5 show that 97-
98% of the trucks entering during the first two hours of all our 3-hour monitoring sessions (i.e.,
Dayl, Day 2, and Day 4 AM) had completed their trips during those sessions. We therefore have
sufficient confidence in using those data for the calculation of wait time, flow time and turn time
statistics as shown in Table 8.

Statistic Wait Time Flow Time Turn Time
Mean 9 31 40

Median 6 22 32%*

75" Percentile 13 37 49

90" Percentile 20 71 88

Table 8: Truck Wait/Flow/Turn Time Statistics (All Figures in Minutes)

We also noted the load a truck carries at entry and exit from the truck pictures and obtained the
wait/flow/turn time statistics by load type. Three types of load were recorded in the database:
bobtail, chassis, and container. Due to a combination of factors, including the insufficient
distance between the camera and the truck, and the unusually large gap between the truck and its
load, there were some truck pictures on which the load could not be determined. In such cases,
the load was coded as “unknown.” To determine the effect of these unknown cases on the
overall statistics, we excluded all those truck trips showing one or more “unknown” loads and
computed the same statistics as in Table 8. The results as shown in Table 9 are almost identical
to those in Table 8. We conclude that the transactions with “unknown” loads were sufficiently
random and did not cause biases in the overall statistics.

* Also known as queue time and transaction time

** Turn times are computed independently of pedestal times and then ranked. Hence median
turn time may not equal to the sum of median wait time and median flow time. Same for the 75"
and 90™ percentiles.



Statistic Wait Time Flow Time Turn Time
Mean 9 31 40
Median 6 22 32
75" Percentile 12 37 49
90" Percentile 20 70 88

Table 9: Truck Wait/Flow/Turn Time Statistics (All Figures in Minutes).
Transactions with “Unknown” Loads Excluded.

The 3-hour monitoring scheme was expected to result in biases in favor of shorter turn times in
the collected data since the long transactions are more likely not to have been completed (hence
not captured) by the end of the monitoring session. This is especially true for those trucks that
entered the terminal in Hour 3 of a 3-hour session than in Hour 1 or Hour 2. As shown in Table
5, the capture percentage in Hour 3 was only 70%, compared to 97% in Hour 1 and 98% in Hour
2. To eliminate or at least reduce such biases, we used only Hour 1 and Hour 2 data for a more
detailed calculation of performance by transaction type. Table 10 shows truck wait/flow/turn
time statistics using Hour 1 and Hour 2 data from Day 1, Day 2 and Day 4 AM, the three sessions
with about 3 hours of monitoring. The flow time and turn time shown in Table 10 are longer
than the corresponding measures in Table 9 as expected. While these statistics are expected to
provide a more accurate measure of the truck turn times because of the very high capture
percentage (98%) of the truck trips used, they do have a weakness of not including statistics of
certain hours of a day (i.e., 10-11 AM, 1-2 PM, and 4-5 PM).

Statistic Wait Time Flow Time Turn Time
Mean 9 35 44
Median 6 24 33
75" Percentile 11 43 57
90" Percentile 22 79 97

Table 10: Truck Wait/Flow/Turn Times (in Minutes) Using Hour 1 and Hour 2 Data.

Using these two hours of data from Days 1, 2, and 4 AM, we computed the truck turn time
statistics by transaction type as shown in Table 11. Three transaction types were computed:
bobtail in/container out, container in/bobtail out, and container in/container out. These
transactions account for 86% of all transactions***, almost the same percentage as reported in

[2].

Transaction Bobtail in/Container out |Container in/Bobtail Container in/Container out
Type out

Mean 50 (40) 36 (38) 60 (61)

Median 39 (42) 24 (38) 54 (61)

75" Percentile |60 (60) 40 (58) 80 (86)

90" Percentile |98 (90) 81 (112) 109 (126)

Table 11: Truck Turn Times (in Minutes) by Transaction Type.

*%* Transactions with “unknown’ load excluded.
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For comparison we have included in Table 11 the corresponding statistics shown in [2] in
parentheses. We noted that some of the turn times we obtained are higher while others are lower.
The median turn times we obtained are consistently lower than the means, indicating that a small
number of transactions experienced exceptionally long turn times. One possible explanation for
these exceptionally long turn times is that those trucks required the use of equipment at the
terminal during a time when the operators were at a break. A close examination of the
transaction time data confirmed that many trucks that entered the terminal between 11:30 AM
and 12:30 PM had transaction time over one hour. We also noted that the “Daily Summary By
Shift” reports for Terminal X deducted break times and trouble times from their net turn time
reporting [15].

Our computed turn times range from a low of 6 minutes to a high of 2 hours and 22 minutes,
with a mean of 44 minutes and a median of 33 minutes. These mean and median turn times are
much lower than the 72 and 44 minutes, respectively, reported by Monaco and Grobar [8].
Possible reasons for the difference may include: (1) Different terminals were used in the data
collection for the two studies, and (2) Turn times have improved since their studies in 2002 and
2003 as a result of the implementation of extended-hour operation and a terminal gate
appointment system at Terminal X used in our study.

Turn Time Distribution

We have attempted to fit the turn time data with four different distribution functions, as we did
for the interarrival times of truck arrivals. We followed the same procedure as described in the
Arrival Patterns section, and computed for each turn time data set the maximum likelihood
estimates, the cumulative distribution function, the probability density function, and the K-S
statistic (KSSTAT) for a target distribution. Again four distributions were attempted: normal,
lognormal, gamma, and exponential. The KSSTAT was used as a quantitative measure for
comparisons among the distributions of our interest. The distribution with the lowest KSSTAT
was chosen as the best fit distribution for plotting. An example of such as plot where lognormal
was found to be the best fit among the four distributions attempted is given in Figures 7 and 8.
These plots are for the turn times for trucks entering Terminal X from both the bobtail and the
main entry gates during all four monitoring sections (Days 1, 2, 3, and 4 AM). We should note
that this plot includes all truck trips identified during all three hours in the four monitoring
sessions, thus reflecting some bias in favor or short transactions. There are a number of notable
observations from the turn time distribution: (1) A truck trip to Terminal X (from arrival at the
terminal to departure) may take as long as 3 hours. (2) The median turn time was significantly
lower than the mean, indicating that a small number of transactions experienced exceptionally
long turn times. (3) Even with the bias, over 15% of transactions took more than 60 minutes to
complete. Hence the failed Senate Bill 761 introduced by Senator Lowenthal in February 2005
that mandated appointments and required a 60-minute turn time [2] may prove difficult to attain
and need further study.
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Table 12 shows that lognormal appears to be the best fit for most of the turn times data set, with
gamma a close second. The Lilliefors test is known to evaluate the hypothesis that X has a
normal distribution with unspecified mean and variance, against the alternative that X does not
have a normal distribution. For those data sets which lognormal was found to be the best fit, we
used the lillietest routine in Matlab to test if X = log(x) is distributed normally, where x is the
turn time. Seven out of the 10 test cases accepted /,,, the null hypothesis that the logarithm of

the turn times data are normally distributed, at a 0.01 significance level. The remaining three
cases rejected the null hypothesis, and the 5 cases where gamma was found to be the best fit were

not tested.

Data Set Best fit for x Lilliefors test on log(x)
Lognormal | Gamma a=0.05 a=0.01

Dayl Main+Bobtail Best fit
Dayl Main [Best fit
Day1 Bobtail Best fit Accept H,  |Accept H,
IDay2 Main+Bobtail Best fit Reject H, Accept H
Day2 Main Best fit Reject H, Reject H)
Day2 Bobtail Best fit Reject 11 Accept H,
Day3 Main+Bobtail Best fit
Day3 Main Best fit Accept H,  |AcceptH,
Day3 Bobtail Best fit
Day4AM Main+Bobtail [Best fit Reject 1) Reject
Day4AM Main Best fit Reject H, Reject I
Day4AM Bobtail 'Best fit Accept H,  |Accept H,
AllDays Main+Bobtail [Best fit Reject H,, Acceptf
AllDays Main est fit [Reject H, Accept,
AllDays Bobtail Best fit

Table 12: Best-fit and Lilliefors Test Results for Truck Turn Times

Conclusions and Lessons Learned

The rapid growth in cargo volume at the Los Angeles/Long Beach Twin Ports in recent years due
to the high growth in trade with China and other Asian countries has led to serious concerns,
among others, on port capacity limits, traffic congestions in the surrounding areas and beyond,
pollution, etc. A large portion of the operations at the ports involves trucks coming to the
terminals for drop off or pick up of containers. Due to the significant impact of these truck
traffics on the roadway congestion and air pollution, the need for efficient service for these truck
operations cannot be over stated.

Numerous studies are being conducted in order to help formulate improved policies and identify
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operational changes. Such studies, current or future, relies on an accurate understanding of the
existing performance in terms of terminals’ service to the arriving trucks. In this project, we
used digital imaging technology to track truck traffics at a specific terminal in the twin ports.
The results of these tracking activities were a series of complete truck trips from arrival to the
terminal entry (bobtail or main gate) through admittance with a ticket issued at the pedestal
stations and finally departure at the exit gate. Each complete truck trip provides a good picture of
the time it took for the truck to wait till admittance, the time for the truck to flow through the
terminal ground for the transaction it came to the terminal for, and the total turn time for that
particular transaction. A series of monitoring sessions that covered the bulk of the day-time
operations of Terminal X where we conducted our data collection activities provided us useful
data for a better understanding of the current service level to the truckers. Below are some of the
findings from these data:

1.  While arrivals to the terminal have highs and lows, and appear to peak around mid
morning, mid afternoon and early evening, the arrivals seem to be fairly even throughout
the day. It will be interesting to find out if, and to what extent, this result can be attributed
to the adoption of an appointment system for truck transaction.

2. No real line was formed outside of the terminal ground during all 5 monitoring sessions we
had conducted in April and May, 2006. Based on the terminal’s gate moves weekly
volume data in 2005, April and May are the months with average volume (i.e., neither
particularly heavy nor light). Service level from entry through admittance at pedestal is
therefore deemed satisfactory since no truck had to wait for entering the terminal ground
during our entire monitoring. Indeed, our statistics show the mean wait time (the time from
a truck’s arrival to the driver receiving a ticket for the trip’s transaction) was 9 minutes,
and the 90" percentile was 22 minutes.

3. Trucks spent on the average 35 minutes to flow from the pedestal to exit, with the 90"
percentile being 79 minutes. These numbers are a lot higher than the 20-25 minutes
average transaction time often cited by terminal operators. We noted that many terminal
operators’ daily turn time reports deduct break time and trouble time to arrive at a net turn
time. For an operation that requires equipment during a break time, the transaction is
bound to take a long time due to idle waiting, which is typically not reflected in terminal
operators’ turn time reports. Our data show that some transactions may take more than 2
hours to turn around.

4,  The time it takes before it can get out of the terminal depends on what it needs to do inside
the terminal ground. Our statistics show, and confirm the finding in [2], that a container
in/container out transaction takes the longest time, compared with bobtail in/container out
and container in/bobtail out type transactions. This result is reasonable since a container
in/container out type transaction is most likely two operations in one single trip. The truck
brings in a container to drop off and then picks up another container before leaving. A
dual-move trip is expected to take longer than a single-move trip. The mean turn time for a
container in/container out type trip is 60 minutes. An almost identical mean was reported
in [2].

5.  The lognormal distribution appears to be a good fit, at least visually, for both the
interarrival times and turn times data. However, the goodness of fit using lognormal
cannot be confirmed statistically for all cases. Our tests of goodness were accepted at a
significance level of 0.01 for 7 of the 14 turn time series. More tests will be needed.
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Some lessons we have learned from the project are worth reporting:

I

The concerns of student fatigue and exposure to pollution dictate that a 3-hour shift may be
an optimal choice for each monitoring session. However, the adoption of the 3-hour shifts
caused truck trips captured in Hour 3 (perhaps even Hour 2) of each shift unusable due to
consideration of biasness. A compromise may be to still adopt 3-hour shifts that take place
all on the same day, and set up two teams to take alternating shifts so that the monitoring
can continue for a total of 9 hours, with potentially 8 hours of usable truck trip data for
statistical analysis.

It turns out trucks are able to make multiple trips within our monitoring duration.
Recognizing this possibility should reduce the chance of mismatching the entry of an early
trip with the exit of a later trip which will yield an erroneous turn time.

The use of truck color and truck profile was found to be extremely helpful in keeping the
number of potential choices for a match manageable. However, care must be exercised in
providing the color choice and profile choice. When there are too many choices, the odds
of judgment errors in picking the right choice could be high, especially when different
lighting angles may cause very different colors to appear in the picture.

The development of the web interface application enabled the time-consuming task of truck
matching to be divided and assigned to multiple users who can work from home, and work
independently. For every entry truck displayed on the right frame that the user is to find a
truck trip, user first chooses to match trucks captured at the pedestals. The application was
designed to present the most likely choices of trucks on the left frame for the user to
examine and select. The possible matches displayed are those with the same color and
profile as the target truck and only pictures with a timestamp later than the target truck. The
exit gate photos of like trucks with a timestamp later than the pedestal are then presented,
examined and an exit match was selected. A complete truck trip is then inserted into the
database. The current design of the application deletes the truck picture from the choice
list once it is selected and inserted as part of a truck trip. However, this design may cause
confusion when the user tries to double check his/her selection before finalizing the current
truck trip since the actual selection is no longer present on the choice list. The
application’s usability may improve if we keep the actual selection on the choice list in the
left frame while showing the selected truck as part of a truck trip on the right frame.
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