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ABSTRACT 

The report describes the methodology and findings of the evaluation of  adaptive signal control in a real- 
life corridor. The study section was a five mile section of the Pacific Coast Highway in Los Angeles with 
nine signalized intersections operating under adaptive control using the Los Angeles DOT ATCS system. 
Optimal fixed time time-of-day plans were developed  and implemented at the test site.  The performance 
of the ATCS system and the fixed-time plans was evaluated using extensive field data on travel times and 
queue length s collected throug h prob e vehicles, Bluetooth sensors and video cameras. The finding s 
indicate that ATCS performed better th an the fixed-ti me plans du ring the time of peak direction in the 
arterial through traffic.  All strategies h ad similar performance in the midday time period.  A number of 
limitations was identified for ATCS under oversaturated conditions, including under allocating green time 
to the critical approach at the bo ttleneck intersecti on, allocating more green ti me than necessary at 
intersections upstream of t he bottleneck, and inapprop riate setting offsets at intersections downstream of 
the bottleneck resulting in additional de lays for traffic departing the bottleneck and creating the potential 
for queue spillbacks to the bottleneck itself.  Possible remedial actions for these issues are discussed.  
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CHAPTER 1 

INTRODUCTION 

Several adaptive systems have been developed and implemented for control of signalized intersections along 
arterials and networks [1]. These systems adjust the settings at traffic signals (cycle length, green times, 
offsets) based on real-time data on traf fic conditions, and also can respond to unexpected or unplanned 
events, such as incidents, special ev ents, and adverse weather.   Reported benefits of adaptive sy stems 
include travel ti me and st op savings, sm oother tr affic flows and fuel and air pollu tant reductions [ 2]. 
Limitations for their wide spread deployment include capital, operational and maintenance costs for the 
system hardware and software, and complexity of underlying control algorithms.    

In a recent P ATH study  [3 ], a comprehensive literature  review o n signal control strategies for arterial s 
was undertaken. A total o f twelve control strategies  were tested through the PARAMICS microscopic 
simulation model [4 ] on a real-life arte rial site. Th e control strategies tested included the RHODES a nd 
TUC adaptive strategies, plus traffic responsive plan selection, isolated and coordinated actuated control, 
and the fixed-time plans operating at th e site. Additional model runs were also performed to evaluate the 
effectiveness of strategies by  testing the im pacts of 5% and 10%  uniform increases in traffic demands. 
The simulation results showed that the RHO DES adaptive signal control strategy  is the be st strategy in 
terms of both the overall system and arterial only traffic performance. 

The objective of t his follow-up study is to conduct a field test of an adaptive signal control strategy  to 
determine its effectiveness under real-world operati ng conditions.  The findings of the evaluation will 
assist the C alifornia Depa rtment of Tr ansportation (Caltrans)  in sel ecting si gnal control strategies  on 
arterial highways, and in developing a systematic integrated control of freeways and arterials for corridor 
management.   

This document is the final report for the project.  The next Chapter presents the study  methodology, and 
the characteristics of the selected study s ite.  Chapter 3 describes the field data collection and processing. 
Chapter 4 describes the d evelopment a nd im plementation of optimized fixed-t ime ti me of day  tim ing 
plans.  Chapter 5 presents the findi ngs from the eval uation of the control strategies based on field data. 
The last Chapter summarizes the study findings, and suggests future research on arterial signal control.  
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CHAPTER 2 

METHODOLOGY 

The primary emphasis on this project is  to evaluate  the effectiveness of an operational adaptive control 
algorithm against fixed-time time of day plans which is the predominant control strategy along signalized 
arterials. The following sections discuss key conside rations and steps in the evaluation process, and the 
selected study section  for the field tests.  

2.1 Evaluation of the Alternative Control Strategies 

The evaluation of adaptive  signal control against the conventional fixed-time control should be based on 
the comparison of adaptive control ag ainst fixed-time control with optim al signal settings to estimate the 
true benefits of adaptive control [5].   It  is also important that data on traffic demand and other operating 
conditions throughout the field experiments are carefu lly analyzed to ensure that the differences in traffic 
performance are due to the control stra tegies and not external fac tors.  The measures of ef fectiveness 
(MOEs) for  the evaluat ion of the alternative st rategies will be the tr avel ti me on arterial links 
supplemented by delays and queue lengths on arterial links and cross-streets.   

The field testing of the adaptive control strategy on the selected site involves the following steps: 

• “Before” data collection:  Field data collection on MOEs will be collected under the operation of 
the existing adaptive system under a range of operating conditions. 

• Development of Optimized Time-of-Day Fixed-Time Plans:  Opti mized fixed time plans wi ll be 
developed for the typical three time periods of the day (am peak, midday, pm peak) using data on 
traffic demand from the surveillance system of the adaptive control algorithm.  The timing plans 
will be tested through a microscopic simulation model to i dentify and correct any  operational 
issues prior to the field implementation. 

• Field implementation and fine tuning:  The optimized timing plans will be i mplemented in the 
field, and adjustments wi ll be made as appropr iate based on field observations prior to the 
collection of the traffic performance data.   

• “After” data collection:  Field data on the MOEs  will be collected following the implementation 
of fixed-time plans.  

• Analysis of the field m easurements: T he “before” data on MO Es will be used to assess the 
operation of  the adaptive sy stem under a range  of operating conditions. Comparison of the 
‘before” and “after” dat a will deter mine the e ffectiveness of adaptive control against to the 
optimized fixed-time plans.    

The technology  for field data collection will depend on the characteristics of the test site and the 
surveillance system capabi lities.  For e xample we w ill utilize the  availability of images from the video 
surveillance cameras at th e intersections, to obtain est imates of d elays and qu eue lengths t hrough image 
processing.  Floating cars equipped with GPS uni ts al ong with Bluetooth se nsors, will be utilized to 
obtain estimates of arteri al link travel times and de lays. The duration of the  field tests will provide 
sufficient data to deter mine if st atistically significant i mprovements have been obtained. At a minimum 
one week of “before” and “after” field data will be collected.   

2.2  Test Site Selection  

This resear ch effort will field test and evaluate an  adaptive signa l control s ystem against conventional 
fixed-time control on a real-world arterial.  It is ther efore important that a suitable test site i s selected for 
the evaluation of the control strategies.  Criteria for test site selection include: 
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Traffic volumes and patterns:  The selected site should have b oth heav y traffic volu mes and 
highly variable traffic patterns. In general, ther e are no significant benefits fro m adaptive control 
if the arterial volumes follow a predictable traffic pattern throughout the day.  Furthermore, if the 
traffic volumes are well below capacity  then the variability  in traffic patterns can be 
accommodated with conventional fixed-time or actuated control. 

Existing signal system capabilities:  signal hardware and software and communications that allow 
central or decentralized monitoring of the signal system and remote implementation of changes in 
signal settings.  Also, the site should al ready operate under adaptive signal  control.  I nstallation 
of a new adaptive system is not possible because of time and budget constraints of the project. 

Data availability: Surveillance system (loop detectors and video cameras) in place that pr ovide 
data on traffic demands and operating conditions at each signalized intersection in the study area.  

Cooperation with Caltrans & local agency  staff: Staff in charge of the s ystem operation and 
maintenance willing to participate in the study , review the proposed algorithms and provide 
cooperation and support throughout the field test  

A section of Pacific Coast highway  ( PCH) in Los A ngeles w as sel ected a s the study  site. This state 
highway is one of the primary  traffic corridors linking the greater Los Angel es ar ea with the cities of 
Malibu, Oxn ard, and Ven tura. The stu dy segment begi ns at the connection to Interstate 10 in Santa 
Monica and ends at the Malibu city limit, with Topanga Canyon Blvd and California Incline serving as its 
boundary intersections (Figure 2-1). On this 5-mile stretch, PCH has two to three lanes in each direction 
and average day time volu mes (i.e., 6 AM to 8 PM ) of 34 ,000 vehicles in the north bound and 3 8,000 
vehicles in the southbound direction.  There are nine signalized intersections on the study  segment, all of 
which are controlled by the Los Angeles DOT Adaptive Traffic Control system (thereafter called ATCS). 
The system is maintained and operated by the Caltrans District 7 signal operations staff. 
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Figure 2.1  the Study Section 

The ATCS sy stem [6] updates cy cle lengths, splits, and offsets at each intersection once per cy cle based 
on prevailing traffic conditions. Changes to each parameter are incremental and are based on detector data 
from each intersection, alt hough the system has the ability to vary  the size of these increments up to a 
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certain threshold depending on how quickly traffic conditions are changing. Splits are based on traffic 
volumes and occupancies of each approach, offsets are based on minimizing the number of stops for the 
approach with the highest flows (with special priority given to coordinated directions), and a section-wide 
cycle length is based on the m inimum time needed to keep all signals in a  particular section operating 
below saturat ion. Loop detectors a re lo cated on al l approaches to the m ajor phases, and are typically 
placed 200 to 300 feet in advance of the intersection to measure platoon arrival patterns. In the case of 
PCH, the cycle times were constrained to 240 seconds during the AM and PM Peak throughout the field 
testing of the ATCS sy stem (March through June 2 013), leaving only the split s and offsets available for 
adjustment a t these ti mes. There are stop bar det ectors on all approaches a t each inters ection, with 
suitably placed green extension detectors on PCH and major cross-streets as well. For cross-streets, green 
extension was granted for vehicles crossing both upstream and stopline detectors.  Figure 2-2 shows an 
intersection display at the Caltrans TMC with signal timing information and detector location. 

Figure 2.2  PCH/Chautaqua Blvd Intersection Display:  Signal Settings and Detector Locations 

Phase splits and offsets are available for each intersec tion on each signal cycle, and limited video data are 
also available at major cross streets t o m onitor queue lengths. Volume and occupancy data for each 
intersection are available in the form  of 15-minute detector summaries (Figure 2.3). Travel ti me data are 
obtained using Bluetooth readers at five locations as shown in Figure 2-1.  The collection and processing 
of the field data are described in Chapter 3.   
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Figure 2.3  Detector Report PCH ATCS System 
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CHAPTER 3 

DATA COLLECTION AND PROCESSING 

This Chapter describes th e collection and analy sis of field data for the development and evaluation of 
alternative control strategies along the PCH study corridor.    

3.1 Volume Data 

Detector count data are pr ovided by Caltrans for each intersection and approach, disaggregated by  detector 
and by 15-minute period between 6 AM and midnight. Figure 3.1 shows the dates of available data between 
March and June 20 13. Additional data were also provided for several day s in J une 2012, to coincide with 
the preliminary period of travel time data collection. The data are provided  in the form of Detector History 
Report files (text files), which are then imported and processed within Microsoft Excel using a spreadshe et 
designed specifically to analyze and summarize these reports. 

Figure 3.1 Dates of Available Volume Data  

Missing da ys of data sho wn in Fig ure 3.1 are gene rally indicative of data that Caltrans was unable to 
provide. This was a consequence of the fact that th e Caltrans staff had to archive the data manually, and 
had only a one-week window of opportunity to do i t for each dat e before the system would overwrite it 
with new data. The gap on March 21, however, was due to a landslide on PCH that blocked the northbound 
lanes for most of the day, such that the demand data—though available—were atypical and unreliable. 

The system had the ability to perform  basic detector  error checking, by  identifying any  hour-long period 
where no vehicles wer e detected by a particular dete ctor. However, in our analysis, we considered any 15-
minute period without vehicle presence to be a sign of detector error. If such a period appears as an isolat ed 
incident, we use interpolation between the periods immediately before and after the e mpty interval to 
estimate the missing volume data. In some cases, how ever, missing data occurs for many hours at so me 
detectors. For these cases, we rely on data from the same weekday in the preceding and/or following week 
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to guide us as we fill in the gap with an appropriately-scaled demand curve. Specifically, we use the four 
15-minute periods immediately before and after the  data gap to evaluate the ratio between de mands in the 
current week and the prec eding/following week. We  then apply this ratio to the measured volumes during 
the period of data dropout in the adjacent weeks to obtain rescaled demand curves for filling i n the missing 
data of the current week. 

Some assumptions regarding the volume data were required due to the lim itations of detector placement. 
For example, turning ratios had to be assu med for shared lanes and in the case of lanes without detection at 
all, these volumes had to be estimated using data from neighboring detectors. We had to make the following 
assumptions for this analysis: 

• For the  left turns from  Topanga Cany on Blvd to PC H, onl y on e of the  two lanes had det ection. T o 
estimate the total left turning volumes, we doubled the volumes measured by the one detector.  

• For the left t urns from Sunset Blvd to PCH, one of the three lanes is a shared left/through/right tur n 
lane. For the purposes of our volum e analysis, we inc lude all traffic using this s hared lane regardless 
of whether the vehicle ultimately turned left or made another movement instead.  

• For the left turns from  Chautauqua Blvd to PCH, th e turn lane is a shared left/right tur n lane. As with 
Sunset Blvd, we include al l traffic using this shared  lane regardless of whether the vehicle ultimately 
turns right or left onto PCH.  

3.1.1 Determination of Analysis Periods 

The objective of the analysis of the volume data was to compare traffic patterns between different periods 
of travel tim e and q ueue length data collection o n PCH. Thus, our first step  in  the anal ysis involves 
splitting the volume data into appropriate groups that reflect these different data collection periods.  

Also, we are only concerned with Tuesdays, Wednesdays, and Thursdays, as other weekdays are considered 
less consistent or predictable with respe ct to traffic volumes and travel patterns , and are poorly  suited for 
comparative analyses. Furthermore, we are only interested in performing volume analyses over the days for 
which we have queue length or tr avel tim e data, s ince our goal is to asses s the extent to which the 
performance measures gathered during  the various  da ta collect ion periods are co mparable. Thus, the 
different periods investigated with respect to traffic volumes are: 

• Preliminary ATCS data collection (ATCS-2012): Using video cameras and probe vehicles equipped 
with GPS tracking equipment, we measured travel times on the PCH corridor and queue lengths o n 
major cross-streets in June 2012. Days analyzed in June 2012 were 6-7, 6-12, 6-13, and 6-14. 

• Primary ATCS data coll ection (ATCS): Using Bluetooth detectors, we collected travel time data on 
the PCH corr idor between March 12 an d April 4, 2013, prior to implementing our optimized time-of-
day (TOD) timing plans. Queue length videos could  not  be collected during t his time because of an 
unplanned vi deo outage c aused by  a contractor that  accidentally cut the fiber  optic data connection 
supplying these camera feeds from the field to the TMC. When considering the days for which we have 
volume data in this period, and when excluding w eekends, Mondays, Fridays, and March 21 (because 
of the landslide that disrupted PCH traffic), we are left with the following days for this volume analysis 
period: 3-12, 3-13, 3-14, 3-19 3-20, 3-26, 3-27, and 3-28.  

• TOD-230 data collection (TOD-230): The first set of TOD pla ns to be im plemented used the sa me 
230-second cycle length that ATCS was using at t he time the plans were developed (June 2012).  T his 
was done to provide the most reasonable comparison between ATCS and TOD operation; as Caltrans 
was forcing ATCS to use a fixed 230 second cy cle length in 2012 and a 240 second cycle length 
during the fie ld test in 2013, it was appr opriate to constrain our TOD optim izations in the same way . 
This period i s referred to as the “TOD-230” im plementation, and occurred between May 16 and June 
14, 2013. However, queue length  and t ravel time da ta could only be collected between May 16 and 
June 6, as a result of battery life and m emory card capacity limitations. Although TOD-230 data were 
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also available on May 15, they were excluded b ecause this was a transition day between ATCS and 
TOD-230 operation, and so we exclude it to avoid any traffic disruptions or performance irregularities 
associated with this shift in contro l. When considering the days for which we have volume data in this 
period, and when excludin g weekends, Mondays, and Fridays, we are left with the following days for 
this volume analysis period: 5-16, 5-21, 5-22, 5-23, 6-4, and 6-6.  

• TOD-optimized data collection (TOD -Optimized): In addition to the TOD-230 timing plans, we also 
implemented an additiona l set of tim ing plans for which the 23 0-second cy cle length con straint was 
removed. These ti ming plans, which we will refer to as “TOD-Optim ized”, were deploy ed on PCH in 
June 2013. Travel time and queue  length data were collected thro ughout this entire two-week period. 
The days in this volume analysis period are: 6-18, 6-19, 6-20, 6-25, 6-26, and 6-27.  

3.1.2 Analysis of the Volume Data  

Average Volumes 

We estimated the day time (6 AM to 8 PM) volum es measured at  all major entrances to the  PCH study 
corridor for the dates specified in the “Analysis Periods” section earlier. For cross-street approaches, the 
volumes ar e measured only  for the lanes serving th e critical m ovement. Specifically , these critical 
movements by cross-street are: 

1. Topanga Canyon Blvd: left turns onto southbound PCH  
2. Sunset Blvd: left turns onto southbound PCH  
3. Temescal Canyon Rd: left turns onto southbound PCH  
4. Chautauqua Blvd: left turns onto southbound PCH  
5. Channel Rd: right turns onto northbound PCH  

Figures 3.2 and 3.3 show volume plots for two major cross-streets: Temescal Canyon Rd an d Sunset Blvd. 
It can be see n that traffic volum es de creased during the week of March 26,  with the dr op bein g m ost 
apparent at Temescal Canyon Rd. This may be due to the Spring Break, which occurred at Palisades Charter 
High School on Temescal Canyon Rd ( and possibly at other schools in the area as well) during that tim e. 
Similar drop in volumes were found at the rest of the cross streets. Because we expect that this would have 
an impact on the performance of PCH in this area, it would be reasonable to exclude this week of data when 
conducting our comparative analysis between ATCS and TOD-230 control strategies. 

Figure 3.2 shows a very pronounced decline in volumes at Temescal Canyon Rd in June 2013 with the drop 
becoming more severe to ward the end of the m onth. The sa me pattern was observed in the rest of th e 
southernmost intersections on PCH (Chautauqua Blvd, Beach House and California Incline). This drop may 
be related to co mmunication problems  associat ed with  the four PCH interse ctions that Caltrans beca me 
aware of tow ard the end of June.  The Detector History Reports show that starting in June 4 , several gaps 
begin appearing interm ittently in the 15-m inute volumes at these four southernmost intersections, with the 
gaps becoming more frequent toward t he end of t he month. As a  result, the de tector data for June at these 
four southernmost intersections are deemed unreliable and excluded from the volume analysis. 

However, although there i s no ot her reasonable data s ource we can use as a substitute for the cross-street 
volumes at Tem escal Can yon Rd, Chautauqua Blvd, and Channe l Rd, we can use the  nort hbound PCH 
volumes at Bay Club Drive to obtain a general idea of the northbound volumes at California Incline. While 
the data for the two intersections are n ot directly comparable due to the opportunities for vehicle ingress 
and egress b etween the m (particularly at Chautauq ua Blvd, where a significant volume of  traffic enters 
northbound PCH from Channel Rd, and a significant volume exits northbound PCH for Chautauqua Blvd), 
we can still use the vol umes at Bay  Club Drive t o gain insight into any shifts in traffic patt erns on PCH 
that occurred between the TOD-230 and TOD-Optimized analysis periods. 

Table 3.1 shows the avera ge traffic volumes at all major entrances to PCH for each analysis period after 
the adjustments for the Spring Break period and data losses in late June 2013. 
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Figure 3.2 Daytime Traffic Volumes--Temescal Canyon Rd (left turns to PCH) 

Figure 3.3 Daytime Traffic Volumes--Sunset Blvd (Left Turns To PCH) 
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Table 3.1 Average Daytime Volumes (6 AM To 8 PM) at All Major Entrances to the PCH 
Corridor 

We perfor med a seri es of statistical test s to eval uate whether sig nificant differences in vol ume exis t 
between any of the analysis periods to asses s wh ether any demand effects may be influencing the 
differences in traffic performance (e.g., travel times) found between any analysis periods. 

We found  n o statistically significant di fferences between the ATCS and TOD-230  vol ume on  a 5% 
level, giving us confidence in the reliability of our assessment of ATCS operation with respect to travel 
time data. In onl y one case, on southbound PCH at Topanga  Canyon Bl vd, the difference was 
significant at a 10% level. Table 3.1 shows that the average traffic volume increased between the ATCS 
and the TOD-230 perio ds, suggesting t hat any  m easured drop i n performance on south bound PCH 
during the T OD-230 im plementation may  be caused to an ext ent b y an in crease in traffic volum e. 
However, when we examine only the volume data for the critical 6 AM to 10:30 AM period, we obtain 
a p-value of 0.58 for t his two-tailed t-test, indicati ng that the vol umes are still  comparable in the AM 
Peak. A similar test on volumes for the 2–8 PM Peak period yields a p-value of 0.234 whereas a test on 
the midday volumes gives a p-value of 0.02 7, indicating that the d ifference in volumes on southbound 
PCH at Topanga Canyon Blvd is due to changes in the midday rather than differences in the AM or PM 
Peak periods. 

Next, we investigate the relationship b etween ATCS-2012 volumes and TOD-230 volumes. We found 
that the volumes on the side street approaches and on the PCH mainline are not significantly different 
on a 1 0% level between the two analy sis periods, ex cept at Channel Rd where the p-value was 0.015. 
Table 3.1 rev eals that the volumes at Channel Rd dr opped significantly after t he ATCS-2012 period , 
which suggests that shorter queues observed on Ch annel Rd during the TOD-230 period might be 
explained to an extent by a reduction in volume rather than the switch from ATCS to TOD timing plans. 
Although the ATCS volumes from 2012 more closely match the TOD-230 volumes than do t he ATCS 
volumes from 2013, we will use the t ravel time measurements from 2013 because that data is m uch 
richer than the travel ti me data fro m 2012, a nd al so because t he volum es were not significantly 
different between ATCS (in March 2013) and TOD-230 during the AM and PM Peak periods. 

The co mparison of volu mes during the ATCS an d ATCS-201 2 analy sis periods shows that all the 
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major side street approach es exc ept Channel Rd had com parable traffic volumes, but that  the PCH 
mainline experienced declines in volume between June 2012 and March 2013 that were significant at a 
5% level. However, when lookin g only at the PM Peak, the volumes were not significantly different— 
we obtain a p -value of 0.1 15 for PCH in the sout hbound direction at Topanga Canyon Blvd, and a p-
value of 0.57 9 for PCH in the northbo und (peak travel) direction at California Incline. For the AM 
Peak, our p-v alues for the PCH mainline are 0.483 on the southb ound side at Topanga Canyon Blv d 
and 0.0 09 on the north bound side at California Incline. Thus, t he mainline volum es are comparable 
between the ATCS and ATCS-2012 data collection periods for the southbound direction during the AM 
Peak and for both directions during the PM Peak. 

Regarding th e cross-street volum es in this ATCS/ATCS-2012 co mparison, our results support those 
obtained earlier in our co mparison of ATCS-2012 and TOD-230, which in dicated that no significant 
changes in demand occurred between the ATCS and TOD-230 analysis periods on any of the major side 
street approaches apart fr om Channel Rd. With resp ect to travel time data, o ur findings in com paring 
ATCS and ATCS-2012 reveal that our PM Peak vol umes did not change between the two analy sis 
periods, as did our AM Peak volumes in the critical southbound direction. Although we will not be using 
the travel time data from  the ATCS-2012 period fo r comparison to TOD-230 travel times, we will use 
the 2012  probe vehicle data to obtain i nsight into the disaggregate travel tim es on indi vidual links of 
PCH, which is not possible with the Bluetooth data from 2013. Based on these volume analysis results, 
our disaggregate travel times by link from the probe vehicle runs may also be used to represent the travel 
time characteristics of each link in 2013, with the exception of t he northbound side of PCH in the AM 
Peak. 

In our analysis of the traffic volumes during the TOD-230 and TOD-Optimized data collect ion periods, 
we find that the northbo und and southb ound PCH volum es are n ot significantly different, whereas the 
volumes at Sunset Blvd and Topan ga Cany on Blvd  ar e significantl y different  at a 10%  level. Note, 
however, that the t-test for northb ound PCH volumes is done using the measurements at Bay  Club 
Drive, since the southernm ost four intersections  provided unreliable data during the TOD-Optim ized 
analysis period. Despite being different at a 10% significance level, the volu mes at Topanga Cany on 
Blvd and Sunset Blvd were not sig nificantly different d uring the PM Peak, w ith p-values of 0. 219 for 
Topanga and 0.183 for Sunset Bl. However, during the AM Peak, a two-tailed t-test y ielded p-values of 
0.001 for Sunset Blvd an d 0.008 for Topanga Canyon Blvd, wi th the volumes increasing at Topanga 
Canyon Blvd and decreasing at Sunset Blvd from th e TOD-230 analy sis period to the TOD-Optim ized 
period. T his suggests that if t he obser ved q ueue lengths at  Top anga Can yon Blvd  are lo nger in  the 
morning under TOD-Optimized operation relative to T OD-230 operation, this may be expl ained to an 
extent by  an increase in underlying dem and on that  street that  occurred during the TOD-Opti mized 
implementation. Sim ilarly, shor ter que ue lengths d uring t he AM Peak at Sunset Blvd d uring TOD-
Optimized operation may reflect—to an extent—a reduction in volumes on that approach. 

Finally, we com pare ATCS volum es to the volum es in the last week of March 2013 , which captures 
Spring Break at a major school near the middle of the study  corridor. In all cases, the differences in 
volumes between the ATCS and Spring Break periods we re significant at a 10% level, and for all major 
cross-streets along the stu dy corridor, the differences were sign ificant at a 5% level as well. This 
supports our decision to exclude this week fro m our ATCS analy sis period, as it indicates that traffic 
patterns were significantly different (based on the averages shown in Table 3.1) on PCH that week.  

Daily Demand Profiles on PCH Corridor 

Figures 3.4 a nd 3.5 show  plots  of the  average volumes on the  PCH m ainline for each 15-minute 
interval throughout the day, for each a nalysis period.  I n all cases, the overall shapes of the dem and 
curves match  up well: the  peaks see m to occur at approximately th e sam e ti me, rise to t he same 
demand leve l, and persist for the sa me duration.  Furtherm ore, t he paces by  which the de mands 
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increase before the peaks and decrease afterward are  also com parable across al l analysis categories. 
Therefore, the plots of the  daily  flow profiles do not suggest that any noticeable changes in traffic 
patterns occurred in the time between any of the four analysis periods. 

No statistic al tests ar e per formed in the daily  tr affic de mand pr ofiles to evaluate whether  the curves 
diverge by a statistically significant amount in any  particular 15-minute window, because the different 
control strategies used during the TOD-230, TOD-Optimized, and ATCS analysis periods pr eclude any 
such com parisons. Specifically , the c hanges in tr affic control between these different  analy sis 
categories may affect how soon vehicles are able to enter the PCH stud y corridor if the queu e extends 
far upstream of the approa ch being analy zed, since t he volumes are measured at inductive l oops near 
the intersections themselves. Thus, slightly different demand profiles may be measured by the detectors 
as a result of the changes in traffic control even if the underlying demands have not changed, and so the 
plots in Figures 3.4 and 3.5) can be used for qualitative assessment of the demand profiles but not direct 
statistical testing within individual 15-minute bins. 

PCH Directional Volume Comparison 

Figure 3.6  sh ows the volu mes per trav el direction o n PCH throu ghout the da y, m easured at Sunset 
Blvd. This in tersection was selected based on its central  location on the corridor  and the fact that it is 
generally the primary bott leneck for both directions during the pe ak periods (i n addition to Topanga 
Canyon Blv d in the sout hbound direction an d Chau tauqua Blvd in the  nort hbound directio n). The 
volume data is taken from the days of ATCS operati on: all of the s haded Tuesdays, Wednesdays, and 
Thursdays of Figure 3.1 t hrough May 14 (the last day  ATCS was in operation) were inclu ded, except 
the Spring Break we ek of March 25-29. In the Fi gure, the lighter shaded ar eas r epresent standard 
deviations away from the mean, shown as a thick dark line. 

Figure 3.6 co nfirms that the traffic demands on the corridor are  higher flows in the peak directions 
during the AM and PM Peak periods. We also confirm that the morning peak is largely contained within 
the 6:30–9:30 AM period, while the evening peak typically falls between 2:30 and 7:30 PM. This Figure 
also justifies our decision to give prio rity t o the northbo und d irection durin g the PM Peak and the 
southbound direction dur ing the AM Peak when d eveloping ou r signal tim ing offsets, as the peak 
directions during both times of the day have significantly more volume than the off-peak directions. 

 Figure 3.4 Daily Flow Profile -- SB PCH at Topanga Canyon Blvd  
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  Figure 3.5 Daily Flow Profile – NB PCH at Bay Club Dr 

  Figure 3.6 Directional Volumes on PCH at Sunset Blvd 
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3.2  Signal Timing Data  

Signal timing data (splits and offsets) were provide d by Caltrans for each intersection, disaggregated by 
signal cycle throughout the day. Figure 3.7 shows th e dates of av ailable data b etween March and Ma y 
2013. The data are provided in the form of Real-Tim e Split Monitor Report files (text files), which can 
be imported and processed within Microsoft Excel using a spreadsheet designed specificall y to analy ze 
and summarize these files. 

As with the detector data, missing days of data sh own in Figure 3.7 are generally  indicative of data 
that Caltrans did not have available, often as a result of the reports not being manually archived within 
one week of their production (after which the system overwrites the data). The gap on March 21 is due 
to the landslide that blocked PCH that day, and the data between March 25 and 29 was excluded due to 
that week’s traffic pattern irregularities caused by Spring Break. 

As the Split Monitor reports are generated by ATCS , no data is  available after May 14 due to the 
switch fro m ATCS to TOD tim ing plan o peration. Duri ng the TOD-230 and TOD-Optim ized 
implementations, ATCS continued to function in the background, but the timing parameters it produced 
were not co mmunicated to the signals in the fiel d. Thus, the Split Monitor reports do exist for the 
TOD-230 and TOD-Optimized analy sis periods, but th ese reports reflect ATCS splits that were not 
being implemented in the field, making them unusable. 

Figure 3.7 Dates of Available Signal Timing Data from ATCS System 
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The ATCS system updates cycle lengths, splits, and offsets at each intersection once per c ycle based on 
prevailing traffic conditions. Changes to each parameter are incrementa l and are based on detector data 
from each intersection, alt hough the s ystem has the ability to vary the size of these increments up to a 
certain threshold depending on how quickly traffic conditi ons are changing. S plits are based on traffic 
volumes and occupancies measured by loop detectors on each approach, offsets are based on minimizing 
the number of stops for the approach w ith the highest  flows (with special priority given to coordinated 
directions), and a system-wide cycle length is based on the minimum time needed to keep all signals in a 
particular sec tion operating below saturation. In th e case of PCH , the c ycle times w ere constrained to 
240 seconds during the AM and PM Peak throughout th e field t esting of the  ATCS sy stem (M arch 
through June 2013), leaving only the splits and offsets available for adjustment at these times.  

Figure 3.8 is a sam ple pl ot of the median cycle time and phase durations under ATCS operation 
throughout the day , for the Chautauqua Blvd inter section.  Light bands around the m edians represent 
interquartile ranges. 

   Figure 3.8 Median Cycle Time and Splits at Chautauqua Blvd under ATCS Control 
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3.3 Travel Times  

Travel time data on the PCH corridor were collected in June 20 12 using probe vehicles and in March 
through June 2013 using Bluetooth detectors. 

3.3.1 Probe Vehicles 

The Bluetooth detectors were not available to us in June 2012 when our ini tial round of  ATCS data 
collection wa s carried out. Therefore, we relied on GPS-equipp ed probe veh icles to obtain vehicle 
trajectories along the corridor throughout the day. Although this process was much more labor-intensive 
than the Blue tooth detector approach, a s it required a driver for e ach equipped vehicle the e ntire time, 
the result was a richer data set that provided detailed travel time information for each link of PCH. 

The trajectories were obtained using two vehicles driven on a loop between Big Rock Drive and Ocean 
Avenue. Data collection occurred between 6:30–1 1:00 am for t he AM Peak, and between 2:15 –8:00 
pm for the PM Peak. The two vehicle operators drove with the overall flow of traffic during each travel 
time run, and contacted each other by phone appr oximately once an hour  t o ensure that  the y were 
maintaining proper temporal spacing between their runs. The operators were also responsible for noting 
any traffic irregularities observed during their travel ti me runs (e.g., lane closures, traffic collisions), so 
that the affected trajectories could be removed from the data set prior to analysis. 

An iPhone a nd the iOS app Runm eter ($5) were used  in each vehicle to collect the trajectory data 
automatically, such that the only user interaction required was resetting the app at the beginning of each 
new travel time run. This also afforded greater fl exibility in obtaining vehicles for the travel time runs, 
as any  standard vehicle with a 12-V auxiliary power outlet (i.e., cigarette lighter socket, to provide 
power to the iPhone throughout the day) could be used. Using the iPhone’s GPS signal, the app recorded 
the vehicle’s position approximately once every 10 seconds while in m otion, and at lower f requencies 
when stationary. The results could then be exported as a text file and im ported into Microsoft Excel for 
processing and analysis. 

Figures 3.9 a nd 3.10 show sa mple individual vehicle tr ajectories recorded for each direction, date, and 
time of day . Intersection locations are superimposed on the charts to assist with interpretation of the 
trajectories a nd the observed stops (i.e ., horizontal portions of e ach trajector y). These figures provide 
insight into the m ore detailed analyses that probe ve hicle data make possible, as we can extract travel 
times, delays, and numbers of stops on each link from the raw data. 

A new trajectory was recorded in each direction roughly once every 20 minutes, with lower frequencies 
during periods of heav y congestion. Over the course of t hree mornings and afternoons, a t otal of 1 95 
trajectories were recorded. The endpoi nts for the nor th and sout h directions were chosen to coincide 
with the locations used to  define the corridor dur ing the Bluetooth data collection: the northbo und 
corridor started at McClure Tunnel and ended at the “Signal Ahead” flashing beacon near Big Rock 
Drive, whereas the southbound corridor started at the “Signal Ahead” flashin g beacon and ended at 
Haul Road. 
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   Figure 3.9 Probe Vehicle Trajectories: NB PCH June 7, 2012 PM Peak 

      Figure 3.10 Probe Vehicle Trajectories: NB PCH June 12, 2012 AM Peak 
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3.3.2  Bluetooth Data 

Five Bluetooth detectors were deploy ed along the Pacific Coast Highway  project corridor on Tuesday, 
March 12, 2 013, as indic ated in Figur e 3.11. The Bluetooth u nits anon ymously col lect the unique 
identifiers of discoverable Bluetooth devices within range (about 100 feet) every five seconds, which are 
then used to estimate travel times from one unit to another on the corridor at all times of the day . The 
distances between adjacent detector locations are: 

• McClure Tunnel to Haul Road: 2.4 miles  
• Haul Road to Shore Drive: 0.8 miles  
• Shore Drive to Lifeguard Station: 1.8 miles  
• Lifeguard Station to Big Rock Drive “Signal Ahead” warning: 2.1 miles  

Figure 3.11 Bluetooth Detector Locations on PCH 

Figure 3.12 shows the specific day s of travel ti me data used to o btain the travel ti me profiles for each 
of the three control strategies (i.e., A TCS, TOD- 230, and TO D-Optimized). Only data on t ypical 
weekdays (Tuesdays, Wednesdays, and Thursdays) were used.  Additionally, the fol lowing exclusions 
were made: 

• Morning data for March 1 2 was unavailable, as th e Bluetooth detectors were n ot deployed and 
activated until late morning on this date.  

• All data for March 21 was excluded, as a landslide blocked part of PCH that day.  
• Data for April 9 thro ugh May 9 is not availa ble because the Bluetooth units lost battery 

power during this time.  
• Data for May 15  and 16 is lim ited to th e m idday period  onl y, as the TO D-230 tim ing 

parameters f or the AM a nd PM Peak periods were still being adjusted on these day s in 
response to observed traffic behavior on PCH.  

• Data for May 21 were available after 10:30 AM, as t he TOD-230 timing plan for the AM Peak was 
still being adjusted at this time, and because l ong queues at Topanga Cany on Blvd prom pted us to 
run the AM Peak plan until 10:30 to allow all lingering peak period congestion to clear.  
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• Data for May 28 was excluded, as the Memorial Day holiday on May 27 could have affected traffic 
patterns on this Tuesday.  

• Data for June 11-1 3 is n ot available because th e Bluetooth units lost battery power during t his 
time.  

• Data for June 18 is lim ited to the m idday period only, as the TOD-Optimized ti ming 
parameters f or the AM a nd PM Peak periods were still being adjusted on these day s in 
response to observed traffic behavior on PCH. 

Figure 3.12 Dates of Available Bluetooth Travel Time Data Collection per Control Strategy 

Detection Rates for Each Bluetooth Unit 

Table 3.2 shows the nu mber of unique Bluetooth de vices detected each day for a ty pical week of data 
collection on the PCH corridor (March 14–20, 2013). The data for each detec tor represents  vehicles 
crossing the detection zone in either direction.  The numbers shown in t his Table (for t he number of 
unique Bluetooth devices detected) is different from the total number of detections in that a device in a 
vehicle may be detected several times as it passes the detector, although this only represents one unique 
device detection. 

A threshold gap time of 2 40 seconds was used to di stinguish between a single vehicle being detected 
multiple times as it passed  through a de tection zone, and multiple trips by the same vehicle. If the time 
between successive detections of the same Bluetooth ID exceeded this duration, the two detections were 
considered separate trips. 

The drops in detection rate at Big Rock Drive on March 15 and at Shore Drive on March 19 are due to 
the failures of those units to upload their data succ essfully at the end of those days. Although rare, such 

3-14 



 

  
 

 

 
       
        

        
        

        
        

        
        

 
 

 

 
 

 

 
 

 
 
 
 
 
 
  

 
 

     
 

     
 
      

      
 

      
 

      
 

      
 

      
 

       

 
 

events are not indicative of problems with the unit or its data, and are generally a result of poor network 
reception at the time the upload was sc heduled to occur. Throughout the entire study period, these were 
the onl y two  dates where upload failu res occurred, apart from  t hose instance s where data  were not 
uploaded because of power loss for the Bluetooth detector (i.e., depletion of the internal battery). 

Table 3.2 Detection Rates at Each Bluetooth Location  

McClure Tunnel 

Haul Road 

Shore Drive Crosswalk 

Lifeguard Station 

Big Rock Dr 

Thursday Friday Saturday Sunday Monday Tuesday Wednesday 
3/14 3/15 3/16 3/17 3/18 3/19 3/20 

6830 6862 6675 6735 6377 6641 6608 

6710 6849 6163 4545 6355 6680 6693 

6376 6072 5347 4113 5559 53 5826 

5427 5375 4699 3468 4812 5034 5134 

4310 52 3870 3025 3772 3920 4013 

Successful Matches between Bluetooth Detectors 

Table 3.3 sh ows the number of trips by travel dir ection i dentified between each pair of Bl uetooth 
detectors on the corridor in a ty pical week (betw een March 14 and March 20).  For a successful trip 
identification to occur, the  same Bluetooth ID m ust have been detected at each  of the two Bluetooth 
units within 60 minutes of each other. If the elapsed  time between detections of a Bluetooth device at 
the initial and ending Bluetooth units exceeded this duration, the two detections were not considered 
part of a sin gle trip (and  were not used for subsequent travel tim e estimation). The table inc ludes all 
successful matches based on a  threshold of 60 m inutes, regardless of whether they were considered 
outliers or not. 

Table 3.3 Matched Bluetooth IDs between Unit Pairs—Period 3-14 through 3/20 

In
iti

al
 B

lu
Fa

x 
U

ni
t McClure Tunnel 

Haul Road 

Shore Drive Crosswalk 

Lifeguard Station 

Big Rock Dr 

McClure Haul 
Tunnel Road 

— 13,218 

16,054 — 

11,304 14,620 

10,249 13,125 

6,715 8,451 

Ending BluFax Unit 
Shore Drive 
Crosswalk 

9,363 

14,815 

— 

11,839 

7,346 

Lifeguard 
Station Big Rock Drive 

8,335 5,811 

13,106 8,657 

11,783 7,534 

— 10,261 

10,095 — 
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Bluetooth Penetration Rates 

Figure 3.13 shows the penetration rate of discoverable Bluetooth devices in the traffic strea m, assuming 
each unique Bluetooth ID detected belongs to a different vehicle on PCH (as opposed to one vehicle with 
multiple Blu etooth devices, or a Bluetooth device carri ed by  a  pedestrian). This penetration rate is 
calculated by taking t he number of unique Bluetoot h IDs detected and di viding it by the traffic volumes 
at McClure Tunnel. T he average percentage of ve hicles that had discoverable Bluetoot h devices and 
were successfully detected at McClure Tunnel was 9.4% over the entire time period. 

Figure 3.13 also shows the rate of successful Bluetooth ID matches for traffic heading in the northb ound 
direction at McClure Tunnel. This successful match rate is calculated by taking the number of Bluetooth 
ID matches obtained bet ween McClu re Tunnel an d Haul  Road  (in t hat ord er), and di viding it b y t he 
traffic volumes at McClure Tunnel i n the northbound direction. The average percentage of vehicles that 
had discoverable Bluetooth devices an d were succe ssfully matched between McClure Tunnel and Haul 
Road on the northbound side was 5.3% over the entire time period plotted in Figure 3.13. In other words, 
approximately one out of every 20 vehicles on the northbound side of PCH was used to  generate a travel 
time estimate between McClure Tunnel and Haul Road on average. 

Sample Segment Travel Times 

Figure 3.14 s hows travel ti me data throughout a t ypical day (Thursday, March 14), based on indivi dual 
Bluetooth IDs matched between adjacent detectors on the corrido r. The plots s hown in Fi gure 3.14 are 
for the northbound direction of t he two sout hern-most segments: McClure Tu nnel to  Haul  Road, an d 
Haul Road to Shore Drive. 

Five-minute bins are used  for the aver age cal culations in Figure  3.14 and s ymbols/colors are used to 
differentiate outliers from other data points. To id entify travel time outliers, such as drivers who made 
stops at businesses betw een the two Bluetooth detectors,  each data point is com pared to its 30 adjacent 
travel times. From these 30 neighboring points, an average travel time and an Inter-Quartile Range (IQR) 
is cal culated. If the subject point is more than four  IQRs higher than the mean travel ti me for its 30 
nearest neighbors, it  is considered an outlier. T he t hreshold tim e used for  vehicle matching was 60 
minutes (see the description of Table 3.3 for an explanation of this parameter). 

PCH Corridor Travel Times 

Figures 3.15 and 3.16 show the mean travel ti me, mean speed, and sa mple s ize (nu mber of matched 
Bluetooth IDs between the BluFax units at the north and south ends of the corridor) for five-minute bins 
throughout the day  in each direction on a ty pical day (Thursday, March 14, 20 13). Data shown in t he 
figures is for only  those vehicles that were matched between the detectors at McClure Tu nnel and Big 
Rock Drive ( i.e., the travel times are n ot si mply est imated bas ed on the sum of travel ti mes betw een 
adjacent dete ctors on the corridor).  As before, the threshold time used for vehicle matc hing was 60 
minutes. Outliers were excluded from the plots below and from mean travel time calculations.  
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Figure 3.14 Travel Times NB PCH by Segment --Thursday, March 14, 2013 
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Figure 3.15 NB PCH Corridor-wide Bluetooth Data --Thursday, March 14, 2013 
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Figure 3.16 SB PCH Corridor-wide Bluetooth Data--Thursday, March 14, 2013 
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CHAPTER 4 

DEVELOPMENT OF FIXED-TIME TIME-OF-DAY PLANS 

This Chapter describes the developm ent and im plementation of fixed-tim e ti me-of-day (TOD) ti ming 
plans for the PCH corridor as an alternative control strategy to the adaptive traffic control system (ATCS) 
currently in place. These TOD plans may  be used as replacements for ATCS if needed, and analogous 
sets of plans developed for other corridors according to the same process may be used similarly.   

4.1 Development of Timing Plans with SYNCHRO 

4.1.1 Creating the SYNCHRO model 

As the SYNCHRO model will be the foundation of the TOD timing plans, it must be built as accurately 
as possible with respect to roadway geometry , signal timing parameters, and v olume data. In particular, 
the following values had to be defined for our model before we could use it to generate our TOD timing 
plans: 

• Intersection/link geometr ics: link speed, distances betwe en intersections, number of lanes 
on each link, lane widths, grade (by movement), turn bay lengths, lane configuration. 

• Saturation flows: in place of the SYNCHRO defaults , we used 1,700 vphpl for left turns and 
1,800 vphpl for through movements. 

• Signal phasing: pedestrian Walk/Flashing-Don’t-Walk durations, assignment of movements to 
phases, minimum splits, yellow time, all-red time, recall modes. 

• Signal settin gs: In SYNCHRO, splits and offsets were defined based on the values curr ently 
being used in the field. To obtain these, we u sed the ATCS Real-Time Split Monitor Reports for 
typical weekdays (Tuesdays, Wednesdays, and T hursdays) and com puted the average splits and 
offsets for each intersection across all available da ys of data. It w as not critical that these splits 
and offsets in SYNCH RO be highly accurate or re presentative of the current signal operation in 
the field, since the optim izations will largely replace these values with new ones. Rather, these 
inputs are only necessary as starting points for the SYNCHRO optimizations.  

• Traffic volumes:  hourly volumes were input into SYNCHRO using the UTDF im porter, which 
allowed us to import several days of data and automatically calculate average peak-hour volumes 
and peak-hour-factor values for each int ersection. A separate copy of  the m odel was saved  for 
each hour of volume data imported, covering all hours between 6 am and midnight.  

To automatically convert the detector volum es into the UTDF format for SYNCHRO, we used a 
specially constructed Excel spreadsheet that automatically retrieved detector data from the ATCS 
Detector History reports and prepared it as a UTDF file, while making some assumptions about 
detector volumes as needed. 

SYNCHRO is a signal tim ing optim ization tool designed for typical intersection configurations. 
Therefore it is difficult to accurately recreate complex or unusual intersection geometry in the model (see 
Figure 4.1a). In these situations, we used novel link and node arrangements to get the SYNCHRO model 
to represent t he real-world conditi ons a s accurately as possible ( see Figures 4.1 b and 4.1c ), with the 
understanding that the AI MSUN microsimulation model would provide a bett er representat ion of  how 
traffic might be expected to behave in response to the SYNCHRO timing plans (see Figure 4.1d). 
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Figure 4.1 Modeling the Intersection of  Chautauqua Blvd, Channel Rd, and Entrada Dr. 

4.1.2  Signal Timing Optimization 

We developed optimal timing plans for each hour of the day. From these hourly optimized timing plans 
and the hourl y volume data, we search ed for appropriate break points for ou r TOD perio ds and used 
these to produce optim ized tim ing plans per ti me period (AM peak, midday and PM peak).  The 
development of the hourly optimized timing plans consisted of the following steps:   

1. For each intersection, optimize the cycle lengths and the intersection splits: For the complex 
intersection at Chautauqua, which had to be modeled as two separ ate but linked intersections in 
SYNCHRO, the cy cle lengths and splits had to be  optim ized at each intersection twice in an 
alternating order (e.g., c ycle lengths and splits at on e intersection, then at the other, then at the 
original intersection a second time, and finally at the other intersection a second time). 

2. Optimize the network-wide cycle len gth:  W e imposed an upper limit of 240 seconds, though 
this was a non-binding constraint on the optimizat ion. We used increments of 10 seconds, 
allowed half-cy cle lengths , enabled t he “extens ive” offset optim ization m ethod, an d did not 
allow uncoordinated intersections. All intersections were placed in the same “zone” in the model, 
so that there would be one common cycle length throughout the entire corridor. 

3. Optimize th e network o ffsets: We kept the phase sequence fixed (by disabling the lead/lag 
optimization option in SY NCHRO). Al so, becau se we already optimized the splits for each 
intersection, we opted to “Use Existing Splits” in the options screen. 

By default, SYNCHRO uses a “performance ind ex” as it s objective function for signal ti ming 
optimizations. Although this can be manually overridden in the software in favor of total delay or another 
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custom performance metric, we kept the default objective function in place.  

Figure 4.2 shows the opti mized cycle lengths for  the corridor and splits f or major cross-streets by hour . 
The splits ar e measured as fractions of  their respect ive cycles instead of abso lute durations, so that the 
trends observed in the splits for each i ntersection throughout t he day  reflect the changes in demand, 
without the influence of changes in cycle length. 

The demand by hour for each cross- street is shown in Figure 4.3.  The Figure includes only the critical 
movement (e.g., the left turns for the Sunset Blvd appr oach, not the right turns or through traffic destined 
for the Gladstone parking lot), as this was the determ ining factor in the split duration for the approach. 
The northbound and southbound PCH volumes ar e from th e entr ances to the corridor at the south and 
north ends, so that we exclude the influence of any large turning traffic volume s from the cr oss-streets. 
The hourly volumes are averaged across all Tuesdays, Wednesdays, and Thursdays of data available. 

The determination of the TOD break p oints was ba sed on identifi cation of major changes occurring in 
traffic demand, c ycle length, or cross-street splits. We also chose our boundaries conservati vely for t he 
rush periods, so that the pe aks from one da y to another could be e xpected to fall within the “AM Peak” 
and “PM Peak” TOD periods, even as the peaks shift ear lier or later fro m day to day.  The first break 
point at 10 am was chosen in response to the large drop in volume at Topanga Canyon Blvd that occurred 
at that time, bringing the corridor out of its morning rush period and ushering in the lower volumes of the 
midday. The second break poi nt at 2 pm was selected in response to the large jump in c ycle times and 
volumes observed at 3 pm, and the desire to provide a one-hour buffer to accommodate any days that the 
PM rush period begins any earlier than its t ypical 3 pm time. This type of buffer was not as crucial at the 
ends of the AM and PM periods, as volumes de clined gradually in both instances and did not show any 
large ju mps at the trailing ends of the  periods (such that the effects of peak shifting would not be as 
severe in these cases). The last break  point was set before the 8-9 pm hour due to the continuing trend of 
declining volumes seen in the 7-8 pm hour and the noticeable drop in cycle length from its 4-6 pm value 
of 180 seconds to 130 seconds after 8 pm—a decrease of 28%. 

     Figure 4.2  TOD Optimized System Cycle Lengths and Splits for Major Cross-Streets 
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   Figure 4.3 Hourly Entrance Volumes for PCH and Major Cross-Streets 

With our TOD periods now established as 6–10 am , 10 am – 2 pm , 2–8 pm , and 8 pm  – 6 am, we used 
SYNCHRO t o produce a set of optim ized ti ming pl ans for each  of these per iods following the sa me 
general procedure used for  the hourl y o ptimizations earlier. However, when importing  the v olume data 
from the UTDF file for each multi-hour period, we used the “Average Daily Peak Hours” option instead. 

Two sets of t iming plans were produced: o ne (referred as “TOD-230” plan)  used a fixed c ycle length of 
230 seconds  during the peak periods, and another  (re ferred as “TOD-Opti mized” plan)  used a full y 
optimized and unco nstrained cycle length—subject to an u pper limit of 240  seconds—at all times of the 
day. The TOD-230 plans were developed to facilitate comparisons between ATCS and the TOD operation 
approach, as the signal ti ming data in dicated that a cy cle length constraint of  230 seconds was enforced 
on ATCS during the AM and PM peak periods. Because the midday period was not subject to a cy cle 
length constraint of 230 seconds under ATCS, no midday TOD-230 timing plan was gen erated. Rather, 
only one midday plan was produced with an optimized cycle length determined by SYNCHRO. 

The resultant splits for each of the TOD plans genera ted in SYNCHRO are shown in Table 4.1, with t he 
cycle lengths given in Table 4.2 (recall that half cy cles were allowed at minor cross-streets). The phase 
numbers used for each i ntersection i n Table 4.1 correspond to typical NE MA/170 controller phase 
numbering. 

Generally, a shorter cycle length results in shorter queues and lower delay s for undersaturated conditions, 
whereas a longer c ycle length results in fewer stops pe r vehicle. With respec t to capacity , longer c ycle 
lengths can help b y reducing the fractional lost tim e per cycle and minimizing the num ber of pedestrian 
phases that need to be accommodate d each hour, while shorter cycle le ngths can help by  increasing the 
benefit associated with auxiliary lanes at intersec tions and reduc ing t he likeli hood of  a queue spillback 
from a lane drop downstream of the intersection. 

On PCH, thi s translates i nto potentially favorable conditions for  shorter c ycle lengths at Sunset Blvd 
(where there is an auxiliary lane) and Temescal Canyon Rd (where there is a lane drop downstream of the 
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intersection on the nort hbound side), and potential ly favorable conditions for longer cy cle lengths at 
Chautauqua Blvd (where there are oversaturated conditions and lost time makes up a larger portion of the 
cycle than at  other intersections). Short er cycle lengths may  also benefit the Southb ound PCH left turn 
movement at Chautauqua Blvd and Channel Rd, where the hard left turn to Chautauqua Blvd requires 
gaps. During oversaturated conditions when such gaps are rare, vehicles making this movement must wait 
until the yellow clearance interval to proceed, which occurs more frequently if the cycle length is shorter. 
While waiting for the clearance interv al, these vehicles may obstruct the que ue discharge of all other 
vehicles behind them in the turn pocket on southbound PCH. 

Table 4.1 Original SYNCHRO Splits for all TOD Timing Plans 

Phase 
CA Incline 

1 2 4 5 6 8 
Beach House Way 
1 2 6 8 

Chautauqua Bl 
2 4 5 6 7 

TOD-Optimized AM Peak 
Midday 
TOD-Optimized PM Peak 
TOD-230 AM Peak 
TOD-230 PM Peak 

6 122 25 47 80 29 
6 52 6 27 34 10 

16 127 20 51 91 24 
6 173 34 66 112 38 

11 176 26 70 116 30 

6 140 151 8 
7 54 66 8 
6 60 71 8 

13 191 209 10 
22 174 201 18 

112 29 39 68 29 
109 32 39 65 32 
118 33 36 77 33 
163 38 54 104 38 
157 44 46 106 44 

Phase 
Temescal Canyon Rd 

1 2 3 4 5 6 
Bay Club 
2 4 

Sunset Bl 
1 2 3 4 5 6 

TOD-Optimized AM Peak 
Midday 
TOD-Optimized PM Peak 
TOD-230 AM Peak 
TOD-230 PM Peak 

8 96 10 34 28 76 
9 95 10 34 25 79 
8 110 10 30 13 105 
8 147 8 45 38 117 

10 147 8 43 26 131 

135 24 
135 24 
145 24 
196 23 
196 23 

10 101 10 28 20 91 
11 99 10 29 20 90 
10 111 10 28 12 109 
11 143 10 45 32 122 
14 143 12 40 24 133 

Phase 
Porto Marina Way 

2 4 5 6 
Coastline Dr 

2 4 5 6 
Topanga Canyon Bl 

2 5 6 8 

TOD-Optimized AM Peak 
Midday 
TOD-Optimized PM Peak 
TOD-230 AM Peak 
TOD-230 PM Peak 

151 8 6 140 
66 8 6 55 

161 8 6 150 
209 10 8 196 
213 6 6 202 

138 21 5 129 
135 24 13 118 
148 21 6 138 
199 20 9 186 
199 20 9 186 

96 7 84 63 
56 8 43 18 

145 18 122 24 
135 10 120 84 
194 19 170 25 

Table 4.2 Cycle lengths for all TOD Timing Plans 

TOD-Optimized TOD-Optimized TOD-230 TOD-230 
AM Peak Midday PM Peak AM Peak PM Peak 

California Incline 170 170 180 230 230 
Beach House Way 170 85 90 230 230 
Chautauqua Bl 170 170 180 230 230 
Temescal Canyon Rd 170 170 180 230 230 
Bay Club Dr 170 170 180 230 230 
Sunset Bl 170 170 180 230 230 
Porto Marina Way 170 85 180 230 230 
Coastline Dr 170 170 180 230 230 
Topanga Canyon Bl 170 85 180 230 230 
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4.1.3 Adjustment of Offsets for Peak Periods 

When optim izing the offs ets, SYNCH RO atte mpts to balance the progression in both directions 
according to the traffic demands of eac h direction. However, we  manually calculated the offsets on 
PCH to gi ve priorit y to  t raffic in the peak directions (i.e., n orthbound PCH in t he PM Peak, and 
southbound PCH in the AM Peak). 

The offsets are c alculated based on the expect ed tr avel ti mes be tween suc cessive interse ctions. The 
travel times are calculat ed from  the distances bet ween each i ntersection and the free-flow speed 
(assumed 40-45 mph given the posted speed li mit of 45 mph). We can then determine the appropriate 
offsets for each signal as follows: 

1. Set the start of green for the through phase in the p eak direction (i.e., the priority direction) at the 
farthest upstream intersection to 0.  

2. At each successive downstream intersection, set the start of green for the through phase in the peak 
direction to the su m of the start of green for th e intersection immediately  upstream of it and the 
travel time between these two intersections.  

3. At each intersection, compute the offs ets (with re spect to the start of yellow) by  summ ing the 
duration of the through movement phase in the peak direction and the start of green established for 
that intersection in Step 2. 

Figure 4.4 s hows a tim e-space diagra m for the new offsets for the AM peak in the southbound 
direction, with the green bandwidths d rawn in bl ue. For com parison, a sim ilar time-spac e diagram 
using SYNCHRO’s original offsets is given in Figure 4.5.  In these figures, both axes follow the sa me 
time scale, with distances between inter sections converted into travel times on the vertical axis based 
on the corridor speed limit of 45 mph.   

Green bandwidths per direction and time of day  are shown in Table 4.3, alon g with the b andwidth 
efficiencies for both the originally SYNCHRO optimized offsets and the adjusted offsets.  

Table 4.3 Green Wave Bandwidths and their Corresponding Efficiencies 

Cycle Northbound Southbound Bandwidth 
Length Bandwidth Bandwidth Efficiency 

(sec) (sec) (sec) 

AM Peak 170-cycle Offsets (sec) 170 0 98 29% 

Midday 170-cycle Offsets (sec) 170 9 16 7% 

PM Peak 180-cycle Offsets (sec) 180 71 11 23% 

AM Peak 230-cycle Offsets (sec) 230 0 135 29% 

PM Peak 230-cycle Offsets (sec) 230 109 0 24% 
Original SYNCHRO TOD-Optimized Offsets, AM 
Peak 170 0 42 12% 
Original SYNCHRO TOD-Optimized Offsets, PM 
Peak 180 17 10 8% 
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(a) Bus stops (yellow), lane drops, and (b) Turning movements at Chautauqua Bl, which also 
detector locations (blue) at Temescal Canyon Rd. include yield points and clearance requirements. 

 

 

4.2 Testing the Performance of Fixed-Time Plans with Simulation 

To give us a better understanding of how traffic w ill respond to our new fixed tim e TOD timing plans 
prior to the field i mplementation, we applied them to a calibrated AIMSUN [7] microscopic simulation 
model of the PCH corridor. From  these results, we refined our tim ing plans to address any operational 
issues observed in the simulation, e.g., long queues on cross-streets, or delays on the PCH mainline.  

4.2.1 AIMSUN Model Development 

Before we could test the new ti ming plans in the AIMSUN model, it had to be accurately  constructed. 
The general steps we followed in building our model were: 

Create links and nodes: Using a properly scaled, high resolution satellite image of the PCH corridor for 
reference, we drew the links and intersections with  proper spacing and lane counts (see Figure 4.6a). We 
then specified the proper speed limits, lane widths, and grade for each link. 

Define intersection movements: At each intersection, we defined all allowable turning movements and 
the y ield points for perm issive turns a s needed (s ee Figure 4.6b). We also specified the  acc eptable 
origin and de stination lanes for each movement (e.g., right turns were onl y allowed to end in the righ t 
lane of the receiving link, in accordance with Calif ornia law), and created cle arance requirements fo r 
each movement to avoid any unrealistic gridlock cond itions from arising in the simulations (which was 
particularly common at the co mplex Chautauqua Bl vd intersection, where traffic would often enter 
immediately after the start of green and before any vehicles currently in the intersection had sufficient 
time to clear). Allowable right-turn-on-red movements were also specified in the model. 

Add vehicle detector s: We added inductive loop detectors (see Figure 4.6a), using roadway schematics 
and Street View imagery from Google Maps to properly position them in the model. 

Figure 4.6 Details of the PCH model in AIMSUN 
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Add traffic volumes: The ATCS Detector History  reports provided us with the volum e data. As we had 
done earlier with the SY NCHRO model, we lim ited ourselves to data fr om Tuesdays, Wednesdays, and 
Thursdays, due to the more  inconsistent nature of traffic on Mondays, Fridays, and weekends. We used a 
specially constructed Exce l spread sheet to autom atically retrieve 15-minute detector volumes fro m the 
ATCS Detector History reports and pre pare them in  a plain text format. These text files could t hen be 
imported into AIMSUN using a custom written Python script.  

As we did earlier when inputting vol ume data into  SYNCHRO, we had to make assu mptions about 
turning movement volumes for lanes wi thout detectors. For example, at the Cha utauqua/Channel/Entrada 
intersection, the left turn capacity from southboun d PCH to Chautauqua/Ch annel is affected by  t he 
fraction of vehicles attempting to m ake the hard left  turn ont o Chautauqua Bl, since these drivers must 
wait for gaps in oncom ing traffic fro m Channel Rd . These waiting drivers can so metimes obstruct the 
queued traffic behind them as they search for gaps, wh ich reduces the left turn capacity  and increases the 
left turn queue length. If this queue becomes long enough to spill beyond the dedicated turn lane, it begins 
to disrupt the free flow of vehicles heading so uth on PCH, resulting in  longer and highly-variable travel 
times. Since the detector data does not enable us to measure the fraction of left-turning  vehicles that turn 
onto Chautauqua Blvd, this parameter must be assumed. 

Add heavy vehicle volu mes: Using t he video data of the cros s-street queue lengths, we counted the 
number of heavy vehicles entering PCH per hour over a period of several hours. Specifically, we counted 
all trucks, non-MTA buses, vehicles towing trailers, a nd any other vehicles that were significantly  longer 
than norm al or had noticeably lower accel eration than norm al. U sing this in c onjunction w ith the 15 -
minute volu me data, we approxim ated the flow fr action of heav y vehicles on PCH and  added truck 
volumes to the model accordingly. 

Assign signals and detect ors to each interse ction movement: W e assigned each movement to one or 
more a ctuated phases. For each phas e, we set the r ecall mode, minimum and maximum green ti mes, 
yellow duration, and all-re d time. Stop bar detectors and upstream  advance detectors wer e assigned to 
the appropriate phases and given the ability to call or extend its phase as appropriate. 

Add bus routes: Using MTA bus sche dules for the lines that tra verse the PC H corridor, we defined 
bus departure tables and routes in our model that vary  throughout the day. Using Street View im agery 
from Google Maps, we then located the positions of  each bus stop along the cor ridor and added them 
to the model accordingly. 

4.2.2 AIMSUN Model Calibration 

Once our AI MSUN model was full y defined and operational, we calibrated the vehicle, roadway , and 
intersection parameters so that the model behavior would reflect our real-world measurem ents as 
closely as possible. In particular, the two metrics we used for calibration were queue lengths o n the 
cross-streets and travel times on the PCH mainline. 

The parameters that we adjusted on a model-wide level to influence both travel times and queue lengths 
were: 

Driver reaction times: By adjusting the reaction time di stribution parameters, we were able to 
make drivers more or l ess responsive to even ts such as the initi ation of a green phase (for 
drivers at the front of a queue) or the acc eleration of a vehicle immediately ahead (for drivers in 
the middle of a queue). In both instances, the net effect would be a change in intersecti on 
capacity, generating different queue lengths and travel times. 

Car-following model formulation: A two-lane car-following m odel and a one-lane car-
following model were both tested. Ulti mately, we f ound that switching between these models 
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had only marginal effects on the travel times and queue lengths. 

Driver lane- changing aggressivene ss: By adjusting how aggress ively drivers change lanes  by 
accepting shorter gaps, we could influence the capacity and travel time of individual links. 

Free-flow sp eeds: Higher free-flow speeds on PCH  mainline resulted in lowe r travel tim es on 
each link. Reducing the free-flow spee d on  the cross street gen erally resulted in lower queue 
lengths, as lower cruising speeds would result in a higher density of vehicles still upstream of the 
queue, and consequently a lower number of vehicles queued. 

In addition, the following parameter was adjusted on each cross-street to influence queue lengths: 

Turning ma neuver spe ed from the cross-street to PCH: Reducing the speed of the turning 
maneuvers onto PCH reduced the nu mber of vehicles that could be acco mmodated during each 
phase, generating longer queue lengths on the cross-street. 

The parameters that we adjusted on each PCH segment to influence travel times were: 

Right-lane speed: In many instances, the free-flow speed on the right lane on a particular P CH 
link may be lower than the rest of the through lanes due to several causes including: bicyclists 
using t he rig ht lane, or  ri ght sh oulder to the point where drivers in the  right  lane do  no t feel 
comfortable passing, drivers attempting to pull into or out of parallel parking spots or driveways, 
drivers searching for addresses or parking, and slow drivers or heavy vehicles.  

Through-movement d eparture sp eeds at inters ections: Higher speeds for the  through-
movement at  an intersecti on result in higher capacities and lower travel ti mes on the PC H 
segments that are upstream of that intersection. 

We simulated with AIMSUN all time periods for whic h we developed signal timing plans. For each tim e 
period, we ran multiple m odel rep lications (sim ulations with diffe rent random  seeds) and warm -up 
periods of 15 m inutes for each. To simulate the actua l signal behavior during each of those periods, we 
used the ATCS Real-Ti me Split Monitor Reports to ev aluate the average splits for each intersection and 
phase by hour. These aver age splits were automatically calculated for each day and hour from  the ATCS 
reports using an Excel spr eadsheet de signed specific ally for this purpose, and were  saved to plain text 
files that could be subseq uently imported into AI MSUN using a P ython script designed to  parse them . 
The signal control plans based on these average splits for each hour were then operated in AIMSUN as 
fixed time rather than actuated, to ensure that the cross-streets received as much green time on average in 
simulation as they had in reality. 

Figure 4.7 sh ows sample comparisons between the calib rated model travel ti mes and the fi eld measured 
travel times, while Figure 4.8 shows the fit betwee n the sim ulated and observ ed queue lengths at major 
cross-streets.  

The calibration efforts resulted in an AIMSUN model that is much more representative  of real-world 
conditions on the PCH corridor, but it is  still not perfect (as could be said for any simulation) as revealed 
by the deviations between observed and simulated travel times and queue lengths in Figures 4.7  and 4.8. 
This is due in part to the li mitations of AIMS UN, and to the assu mptions inherent in the m odel. 
Identifying these issues and being aware of their poten tial consequences will h elp us properly  interpret 
the effects we observe when our new TOD tim ing plans are tested in AIMSUN. For exam ple, knowing 
that cross-street queue lengths in  AIMSUN have a tende ncy to grow longer than in reality (as a result of 
the way we calibrated the model) suggests that long queues on PCH resulting from our TOD timing plans 
are a greater cause for concern than long queues on the cross-streets. 
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   Figure 4.7 Simulated vs. Measured Travel Times on SB PCH  
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Among the behaviors and situations that our model cannot accurately recreate are: 

1. Parking maneuvers   
2. Pedestrian activity (whether crossing at signalized intersections or mid-block).  
3. People pulling into and out of driveways.  
4. Bicyclists on the roadway. 
5. People looki ng for addresses and beach parking lo ts, and people queuing up waiting to make 

turns into these driveways and lots (and impeding traffic in the left or right lane as a result).  
6. Minor traffic incidents, w hich occurred on occasion during our travel ti me measurements. Any 

travel time runs that overlapped with an incident’s presence we re discarded, but the  impact on 
travel times had a tendency to persist even long after the incident had cleared.  

7. Distracted drivers.  

Taken collectively, all of t he above factors negativel y impact the flow of traffic on PCH and its cross-
streets, resulting in pote ntially opti mistic representations of corridor performance in AIMSUN. 
Furthermore, there are several other unavoidable limitations of our model that impact the reliability of the 
simulated travel times and queue lengths: 

1. The effects of the Haul Road traffic signal were  excluded from  the m odel due to  lack of  signal 
timing data for it. This signal would have had a tendency to increase the travel times on PCH.  

2. Entrance volume data are obtained fro m detectors ju st upstrea m of the two intersections at  the 
north and so uth ends of t he corridor (i.e., at California Incline heading north,  and at Topang a 
Canyon Blvd heading south). This misses most of th e delays incurred by drivers waiting to get 
onto the corr idor prior t o passing through each of  these intersections, which is a significant 
portion of the overall delay during the peak periods. The resulting entrance flows at the nort h and 
south ends of the corridor are limited by the cap acity of the i ntersections themselves due to the 
positioning o f the detectors at the stop bars, m aking it im possible to captur e the queues and 
delays upstream of these two intersections.  

3. Signal phase durations are taken as av erages over hour-long pe riods, and are set  to fixed-ti me 
operation during each of those hours rather than ATCS adaptive control, because we could not 
obtain access to the adaptive control algorithm used in PCH.   

4.2.3  Testing the Fixed-Time TOD Plans 

With our AIMSUN model calibrated t o be as accurate a representation of reality  as possible, we loaded 
the new TOD tim ing plans into the model using a custo m-made Python script within AIMSUN and ran 
several simulations to test each one. For each period, we tested the corresponding timing plan on volume 
data from several weekdays (Tuesdays, Wednesdays, and Thursdays only), running multiple replications 
for each weekday. We then made adjustments to the splits at each intersection to address any long queues 
that formed on PCH or the cross-street in our simulation.  

To assist us in evaluating the effects of our splits  a nd c ycle length adjustm ents, we used AIMSUN’ s 
database output option to save travel time and queue length statistics for each link in 5-minute increments 
of the simulation. These results were the n read into Excel and aggregated to produce average travel time 
and queue length m easures for the entire sim ulation period, and then aggregated across all  day s and 
replications t o generate p erformance metrics that characterized the overall effects of our ti ming plan 
modifications. This enable d us t o cons istently meas ure and evaluate the effe cts of our changes in a 
precise, quantitative way, and freed us from a dep endence on less-reliable spot  checks of each link and 
intersection as the simulations ran—a more subjective method that is poorly suited for comparing similar 
timing plan alternatives. 
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4.3 Field Implementation 

The optimized TOD signal timing plans were implemented on the PCH test corridor in the second half of 
May 2 013. Although the se TOD plans had been optim ized, thoroughly t ested, and fine-tuned in 
SYNCHRO and AIMSUN traffic simulation software before being deployed, they still required additional 
adjustments in the days following their field implementation to achieve the best performance in the field. 
This was expected, as even the best  traffic simulation and analysis software cannot repr oduce real-world 
conditions and driver behavior with complete accuracy. 

ATCS control was swit ched off on the morning of May 15, 2013, and a set of TOD tim ing plans wit h 
optimized cycle lengths (the “TOD-Optimized” strategy) ran in its place. By the end of May 16, however, 
it was appare nt that fine-tuning would be necess ary to improve the performan ce of these s horter cy cle 
length plans in the field. Because the ATCS system used 230-second cycle lengths in June 2012 (the time 
period that our tim ing plan development was based  on), longer cy cles were considered the more 
conservative approach, as the longer c ycle lengths were known to be viable from our experience with the 
ATCS sy stem, whereas t he shorter cycle lengths—  d espite being shown to be better in our com puter 
analysis—had no such his torical justification on PCH.  Therefore, the longer cy cle length TOD plans (the 
“TOD-230” tim ing plans) were used during the fine -tuning period, which spanned the three weekday s 
between May 17 and May 21, 2013 (May 18-19 was a weekend). When these refinements were complete, 
the TOD-230 timing plans were then left in place to run for an additional three weeks as performance data 
was collected in the field. 

The same adjustments from the May 17–21 period that were necessary to improve the performance of the 
TOD-230 timing plans were subsequently translated over to the TOD-Optimized timing plans as well. For 
example, splits of the TOD-Optimized timing plans were adjusted so that their proportions matched those 
of the TOD- 230 plans as closely  as p ossible, subject to the minimum green time constraints of each 
phase. However, a small refinement period was still required in the two days following the deployment of 
the TOD-Optimized plans in June 2013, largely  to fix issues related to the acceptance of the timing plans 
by the field controllers. 

Figure 4.9 summarizes the dates of implementation for the TOD-230 and TOD-Optimized timing plans in 
May and Ju ne 2013. Tr affic inciden ts, controller errors, and other perform ance-affecting corrid or 
irregularities are indicated on the relevant dates as well. 

In the first days of ru nning t he ne w tim ing pl ans, we clos ely m onitored the corridor through a 
combination of probe vehicle runs, TMC real-time monitoring software, and CCTC video feeds, and used 
these observations to verify that all timing plans were operating properly. 

From our observations, we discovered that the signa l at Chautauqua Blvd was a larger bottleneck during 
the PM peak than we had anticipated, with delays at Sunset Bl vd dropping very low as t hat bottleneck 
became starv ed b y the upstream flow constraint at  Chautauqua Blvd. Upon deeper investigation, we 
determined that the controller at Chautauqua Bl vd was not hon oring the m aximum green  time for the 
Chautauqua Blvd signal, and was inst ead giving that approach an extra 15 seconds during each cycle that 
should have gone t o northbound PCH. Once the s ignal tim ing engineers isolated and r esolved the 
problem, the bottleneck at Sunset Blvd became active, and the rest of the corridor behaved as expected. 
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 ATCS operational
 Finalized TOD-230 Plans active 
Finalized TOD-Optimized Plans active

 Not usable because the active TOD plan was still being adjusted.
 Not usable because the time of day or the day of the week is an atypical time (i.e., Fridays, weekends) 

Tuesday, May 14 
AM Peak Midday PM Peak  Comments 

Wednesday, May 15 TOD-230 Plans deployed. AM Peak is using ATCS until 9 AM 
Thursday, May 16 

Friday, May 17 
Saturday, May 18 

Sunday, May 19 
Monday, May 20 Midday TOD plan started at 10:45 AM 

Tuesday, May 21 Midday TOD plan started at 10:30 AM 
Wednesday, May 22 Chautauqua Bl running the wrong timing plan 

Thursday, May 23 Chautauqua Bl running the wrong timing plan 
Friday, May 24 

Saturday, May 25 
Sunday, May 26 
Monday, May 27 

Tuesday, May 28 
Wednesday, May 29 Chautauqua Bl running the wrong timing plan 

Thursday, May 30 Chautauqua Bl running the wrong timing plan 
Friday, May 31 

Saturday, June 1 
Sunday, June 2 
Monday, June 3 

Tuesday, June 4 Chautauqua Bl running the wrong timing plan 
Wednesday, June 5 Chautauqua Bl running the wrong timing plan 

Thursday, June 6 Chautauqua Bl running the wrong timing plan 
Friday, June 7 

Saturday, June 8 
Sunday, June 9 

Monday, June 10 
Tuesday, June 11 Chautauqua Bl running the wrong timing plan 

Wednesday, June 12 Chautauqua Bl running the wrong timing plan 
Thursday, June 13 Chautauqua Bl running the wrong timing plan 

Friday, June 14 
Saturday, June 15 

Sunday, June 16 
Monday, June 17 

Tuesday, June 18 TOD-Optimized plans deployed 
Wednesday, June 19 Incident occurred on northbound side of PCH at 6:15 PM 

Thursday, June 20 Southbound PCH backed up past McClure tunnel during PM Peak 
Friday, June 21 

Saturday, June 22 
Sunday, June 23 
Monday, June 24 

Tuesday, June 25 
Wednesday, June 26 Southbound PCH backed up past McClure tunnel during PM Peak 

Thursday, June 27 Last day of TOD-Optimized operation 
Friday, June 28 

Saturday, June 29 
 
Figure 4.9 Timeline of TOD Plans Implementation on PCH  
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4.4  Field Adjustments to the Optimized Splits and Offsets 

Making adjustments to the offsets based on field o bservations can be difficult, due to the fact that the 
coordinated phases (i.e., t he PCH thro ugh phases) may  star t ear lier than expected if any of the other 
phases terminate early due to low de mand. However, the start of yellow can be used as a reliable marker 
of offset execution, since that even t occurs consistently at the same time from one cycle to another. If the 
yellow phase for a particular intersecti on starts sooner or later than expected, the offset for that signal 
would need to be manually adjusted higher or lower to compensate, and a similar adjustment would need 
to be applied to all downstream intersections as well. 

Although such an adjustment would not normally be necessary, it was warranted in our case on PCH past 
Chautauqua Blvd, where the use of two separate si gnals on the northb ound side of PCH with two 
different yellow start times created ambiguity in defining the true “start of y ellow.” As a result, the offset 
between Chautauqua Blvd and Tem escal Canyon Rd (the intersection immediately north on PCH) during 
the PM Peak was several seconds longer than expected , and so w e had to m anually lower the offsets at 
Temescal Canyon Rd and every other intersection farther north to compensate.  

Another necessary  adjustment in the PM Peak was shifting the offsets of all signals downs tream of th e 
critical bottleneck at Sunset Blvd to provide better progression between Sunset Blvd and the north end of 
the corridor,  thereby  reducing the li kelihood of a queue spilling back to Sunset Blvd from  any 
downstream intersection—which would  hurt  the cap acity of the one intersection that needs it m ost. To 
accomplish this, we exa mined the bandwidth betwee n Sunset Blvd and Topanga Cany on Blvd (i.e., the 
last signal on the northbound side of PCH), and adjusted the offsets of all signals after Sunset Blvd so that 
the green phases for the through movement were centered on the bandwidth (Figure 4.10b), as opposed to 
being aligned along the left edge (Figure 4.10a). 

As Figure 4.10 indicates, this shift results in half of the extra green time, or the remaining green time after 
taking out the time used by the ban dwidth, being used to clear any queues at the signal before the arrival 
of the platoon from Sunset Blvd. The other half of th e extra green time is then used to acco mmodate any 
late arriv als from Sunset Blvd due to platoon disp ersion. Initially, all of the green phases had been 
aligned to t he bandwidth along the left  edge, m eaning that all  extra green time was occurring after the 
bandwidth. This also meant that the platoon fro m Sunset was being stopped at every downstream 
intersection that had a  queue present, since the green phases were starting just as the platoon was 
expected to arrive (without making any accommodations for vehicles that may have already been waiting 
at the signal). 

We also adjusted the splits at several intersections in response to disproportionately long queues forming 
on either the cross-street or the PC H mainline. Specifically, we adjusted the splits at Sunset Blvd to give 
the minimum allowable green ti me to Sunset Blvd, thereby leaving the large st splits possible for the 
through movements at that intersection. The minimum green time was found to be more than sufficient to 
accommodate the volum es on Sunset B lvd for alm ost every c ycle. Furtherm ore, the splits at Topanga 
Canyon Blvd in t he morning and at Ch autauqua Blvd in  the afternoon  were adjusted to  balance delays 
between the PCH mainline and the cross-street traffic, with moderate priority going to PCH. 

Table 4. 4 shows the final splits for each of the TOD plans after adjustments based on field observations. 
Note that although Sunset i s still the m ost constraining bottleneck location during the PM peak, it is not 
possible to give any more green time to it due to th e minimum green time constraints on the cross-stre et 
phase due to pedestrian requirem ents. Furtherm ore, additional green time was not given to PCH at 
Topanga Canyon Blvd during the AM Peak despite the fact that this was the most constraining bottleneck 
on the southbound side, as doing so resulted in delays on the cross-street that were longer than the delays 
on PCH. 
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Figure 4.10 Offsets for Intersections downstream of Sunset Blvd—TOD 230 Plan, PM Peak 

4-18 



 

 
        

                
              

                
                

            
            

 
         

               
              

              
             

             
             

 
      

            
           

           
           

           
           

 

Table 4.4 Final Splits for TOD Timing Plans   

Phase 1 
CA Incline 

2 4 5 6 8 
Beach House Way 
1 2 6 8 

Chautauqua Bl 
2 4 5 6 7 

TOD-Optimized AM Peak 6 123 24 47 81 29 9 137 151 8 118 23 38 75 23 
Midday 14 115 24 59 69 24 7 54 66 8 112 29 39 68 29 
TOD-Optimized PM Peak 8 135 20 53 89 24 7 59 71 8 124 27 34 85 27 
TOD-230 AM Peak 6 173 34 66 112 38 13 191 209 10 167 34 54 108 34 
TOD-230 PM Peak 11 176 26 70 116 30 22 174 201 18 165 36 46 114 36 

Phase 1 
Temescal Canyon Rd 
2 3 4 5 6 

Bay Club 
2 4 1 

Sunset Bl 
2 3 4 5 6 

TOD-Optimized AM Peak 8 103 6 31 27 84 136 23 10 109 6 24 24 95 
Midday 9 95 10 34 25 79 135 24 11 99 10 29 20 90 
TOD-Optimized PM Peak 8 112 6 32 19 101 146 23 10 119 6 24 10 119 
TOD-230 AM Peak 8 147 8 45 38 117 196 23 11 164 10 24 32 143 
TOD-230 PM Peak 10 147 8 43 26 131 196 23 14 159 12 24 18 155 

Phase 
Porto Marina Way 

2 4 5 6 2 
Coastline Dr 

4 5 6 
Topanga Canyon Bl 

2 5 6 8 

TOD-Optimized AM Peak 152 7 6 141 139 20 5 130 98 7 86 61 
Midday 66 8 6 55 135 24 13 118 56 8 43 18 
TOD-Optimized PM Peak 163 6 6 152 149 20 6 139 150 14 131 19 
TOD-230 AM Peak 209 10 8 196 199 20 9 186 135 10 120 84 
TOD-230 PM Peak 213 6 6 202 199 20 9 186 194 19 170 25 
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4.5  Comparison of ATCS, TOD-230, and TOD-Optimized Phase Durations 

We compared the green s plits from ATCS and from the TOD-230 and TOD-Optim ized timing plans, f or 
the peak hou rs of the analy sis periods and for those days for which we have available trav el ti me and 
volume data.  This is because we use the findings from this phase duration analysis to help us interpret the 
results of our ATCS assessment of control strategies with respect to traffic performance. 

We calculated the average ATCS phase  durations fo r the PCH mainline in Table 4.5 and f or the m ajor 
cross-street approaches in Table 4.6. The tabl es also include the splits for the TOD-230 and TOD-
Optimized ti ming plans. Becaus e the  cy cle lengths were not constant ac ross the different control 
strategies (i.e., ATCS, TOD-230, and TOD-Optimized) or across times of day, the typical phase durations 
in Tables 4.5 and 4.6 are also given as percentages of the cycle to facilitate comparisons.  

In the AM peak period the ATCS splits are longer for the nort hbound PCH by about 1-10% of percent 
cycle length compared to the splits from TOD-230 and TOD-Optimized plans.  T he absolute differences 
between ATCS and TOD-Opti mized plan splits are quite large because of the longer cy cle under ATCS 
(240 vs. 170 sec); the additional tim e in the c ycle under ATCS is used m ostly by the phases serving t he 
mainline PCH.  The differences in the splits between TOD-230 and TOD-Op timized are small in terms 
of percent cycle length.  The same pattern of resu lts can be observed for the southb ound PCH, although 
the differences between ATCS and TOD-230 are smaller in terms of %  of cycle length.   The finding s 
from comparison of splits in the PM peak period were similar as in the AM pe ak.  In the  midday period, 
the ATCS splits are longer by  5-12 % compared to th e TOD-Optimized plan for both directions of PCH 
in terms of percent of cycle. 

Comparison of the splits f or the m ajor cross street s (Table 4.6) s how that all strategies result in sim ilar 
phase durations in all tim e periods.  Most of the sp lits on the cross streets rang e between 10-20% of the 
cycle, except the Topanga  Canyon Blvd where the gr een split is about 40% of the cy cle because of th e 
high volume especially in the AM peak.  
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Table 4.5 Splits for Northbound and  Southbound PCH At Major Intersections  

Table 4.6 Splits for the Major Cross Streets on PCH  
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CHAPTER 5 

EVALUATION OF CONTROL STRATEGIES 

This Chapter describes th e evaluation of alternative c ontrol strategies based o n field data.  Section 5.1 
presents the findings  from  the co mparisons of tra vel tim es on PCH under different control strategies 
collected with Bluetooth detectors. Section 5.2 presents a comparison of travel times collected from probe 
vehicles and Bluetooth detectors under ATCS control.  Section 5.3 describes the findings from the arterial 
Level of Service analy sis on PCH. The last section presents the findings from  the investi gation of the 
ATCS control under oversaturated conditions.  

5.1  Arterial Travel Times—Bluetooth Data 

We collected Bluetooth travel tim e data along PCH between March and June 2013 (Fi gure 3.12), and 
generated travel time profiles for each of the three control strategies tested: 

• ATCS operation  
• TOD timing plans with cycle lengths constr ained to 230 seconds during t he AM and PM 

peaks (i.e., “TOD-230”) 
• TOD timing plans with SYNCHRO-optimized cycle lengths (i.e., “TOD-optimized”)  

These travel  ti me profiles and stati stics ar e given in Figures 5.1 through 5.4 for nort hbound and 
southbound directions of PCH corridor and control strategy. Tables 5.1 and 5.2 show travel time statistics 
disaggregated by link separately for the northbound and southbound travel directions. In the southbound 
direction, the  portion of P CH between Haul Road and McClure Tunnel is ex cluded from our analysis, 
because congestion from the freeway  entrance had a tendency  t o occasionally  spill back past th e 
Bluetooth unit at the McClure Tunnel particularly in the PM Peak, which led to inappropriate inflation of 
southbound travel time measurements for the study corridor. 

Because ATCS operation was not constrained to a cycle length of 230 seconds during the Midday period, 
the TOD timing plan for 10 AM to 2 PM was not constrained either. Consequentl y, the Midda y TOD 
timing plan is unchanged between the TOD-230 set of plans and the TOD-Op timized set, as the Midday 
timing plan uses the SYNCHRO-opti mized cycle length of 180 s econds in bot h cases. Thus, we would 
not expect the travel ti mes to differ on a stati stically significant level during th e Midday period between 
those days using the TOD-230 tim ing plans and thos e days using the TOD-Optimized set. Any 5-minute 
window of the midday period with a statistically significant difference between the TOD-230  and TOD-
Optimized operation reflects either  a Ty pe I er ror, or  the influence of so me other variable we have not 
explicitly controlled for (such as changes in weather patterns or traffic patterns between May and June). 

As a measure of ty pical corridor travel time performan ce, w e have used the median trave l time r ather 
than the mean, due to its robustness against outliers (which can inflate the expected values for travel time, 
since travel time distribution tends to be skew ed to the right). This also protect s against traffic incidents, 
special events, or other atypical conditions inappropriately influencing our travel time profiles. To obtain 
the travel ti me profiles i n Figures 5.1-5.4, the median of all data points in each 5- minute period is 
computed for each day . Next, the m edian of these trav el time esti mates for a particular ti me of da y is 
calculated across all day s of data for a particular control strategy, and t his second calculated m edian is 
used to obtain the travel ti me profiles shown in F igures 5.1-5.4. The figures also show the inter-quartile 
ranges (IQRs), which function as a measure of the trav el time variability throughout the day. The lower 
edge of the  IQR indicates the 25th percentile tr avel tim e, whereas the uppe r edge indicates the 75th 
percentile. These can roughl y be inter preted as the lower and upper bounds on the expected PCH travel 
times on typical days. 
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A Wilcoxon Rank-Sum  test is used to evaluate whether the travel tim e data for two different contro l 
strategies r epresent a statistically signi ficant differe nce. In Figur es 5.1-5.4, green boxes are used to 
indicate the times of day where a statistically significant difference occurs at a 5% level. 

The findings can be summarized as follows: 

ATCS vs. TOD-230:  In the southbound direction, ATCS outperformed the TOD-230 plan in the am peak 
90% of the time.  The a verage travel  ti me savi ngs due to ATCS operation was 2.9 minutes.  Th e 
differences in  travel times were statistically significant most of the AM peak period.  ATCS and TOD -
230 had very sim ilar performance in the midday a nd pm  peak periods.  In t he northb ound direction, 
ATCS outperformed the TOD-230 plan about 80% of the time, with lower travel times by an average of 1 
minute. The differences i n travel time s were statistically significant during the 8-9 AM ti me interval. 
Both strategies had very  similar performance in the midday period. TOD-230 had better performance in 
the pm peak; the average travel times were lower by 2.4 min compared to ATCS, but the difference was 
not statistically significant due to the large variations in travel times.   

TOD-230 vs. TOD-Optimized: In the southbound direction, TOD optimized plan outperformed the TOD-
230 plan in the am peak 60% of the ti me. However the differences in travel times were small and not 
statistically significant, except during the onset of congestion 7-8 AM time  interval.  In the midday, both 
strategies resulted in very sim ilar performance.  In the p m peak , the TOD-230 plan out performed the 
TOD optimized plan most of the time; the difference in travel ti mes was 0.8 min which was statistically 
significant.  In the nort hbound directio n, the TOD- Optimized plan was better 80%  of the  time, with 
average trave l time s avings of 1.1 m inutes.  The traffic perfor mance w as ver y sim ilar in the midday 
period under both timing plans.  In the pm peak, TOD-230 outperformed the TOD-optimized timing plan, 
and the differences were statistically significant espe cially at the onset and end of the peak period.  The 
average travel time savings was 5.5 minutes with TOD-230 plan. 

ATCS vs. TOD-Optimized: In the southbound direction, the comparison of performance measures in the 
same finding s as ATCS vs. TOD-230 :  ATCS was th e better control strategy  in the am  pe ak, both 
strategies had sim ilar performance in the midday, and ATCS h ad better performance in the PM  peak 
period. In the northbound direction, the average travel times were very similar in the am peak and midday 
periods.  ATCS had better performance in the pm peak period. 

Most of the t ravel time differences among the stra tegies in the nor thbound direction occurred in t he first 
segment (McClure Tunnel to Haul Ro ad) especially in the p m peak peri od as shown in Table 5.1.  This 
segment includes the m ajor intersections of Califor nia Incline and Chautauqua Blvd.   In the southbound 
direction, the  largest travel tim e differ ences occurre d in the first section (Big Rock Drive to Coastline 
Drive) as shown in table 5.2.  This section includes the major PCH/Topanga Blvd intersection.   
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I ATCS - Travel time median and inter-quartile range 

.Jtt TOD-230 Timing Plans - Travel t ime median and inter-quartile range 

• Difference at this time is significant at 5% level 

35 ,-----,-----,-----,----,-----,-----,-----,-----,-----,-----,----,-----,-----,-----, 

30 +-----+-----r-----~--~----~-----+-----+-----+----~----~----1-----1-----+---~ 

25 +---~-----+----+---~~---+----~----~---+----~----+---~~~ 

I ' ·- I II • 
5 +-----+-----r-----~--~----~-----+-----+-----+----~----~----~----1-----+---~ 

o +-----+-----r-----~--~----~-----+-----+-----+----~----~----~----4-----+---~ 
6AM 7AM BAM 9AM 10AM 11 AM 12 PM 1 PM 2PM 3 PM 4PM 5PM 6PM 7 PM 

Time of Day 

AM PEAK MIDDAY PM PEAK 
6-1 0 AM 10AM - 2 PM 2- 8 PM 

Percent of time ATCS outperforms TOD-230 timing plans 79.2% 16.7% 5.6% 

Average Travel Time for TOD-230 timing plans 12.66 12.14 14.33 

Average Travel Time for ATCS 11.67 12.53 16.75 

Average Travel Time savings with ATCS 0.99 -0.39 -2.41 

 
 
Figure 5.1 NB PCH Travel Times (McClure Tunnel to Big Rock Dr), for ATCS and TOD-230 
Operation 
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Figure 5.2 NB PCH Travel Times (McClure Tunnel to Big Rock Dr), for TOD-230 and TOD-Optimized 

Operation 

5-4 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.3 SB PCH Travel Times (Big Rock Dr to Haul Road), for ATCS and TOD-230 Operation 
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Figure 5.4 SB PCH Travel Tim es (Big Rock Dr to Haul Road), for TOD-230 and TOD-Optim ized 
Operation 
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A. Segment: McClure Tunnel and Haul Road 
 AM PEAK 
  6–10 AM 

 MIDDAY 
 10 AM – 2 PM 

PM PEAK 
 2–8 PM 

ATCS vs. TOD-230 Operation  
 Percent of time ATCS outperforms TOD-230 timing plans 

 Average Travel Time for TOD-230 timing plans 
 Average Travel Time for ATCS 

 Average Travel Time savings with ATCS 
 TOD-230 vs. TOD Optimized Operation 

  Percent of time TOD-Optimized outperforms TOD-230 timing plans 
Average Travel Time for TOD-230 timing plans (min)  

 Average Travel Time for TOD-Optimized timing plans (min) 
Average Travel Time savings with TOD-Optimized timing plans (min/veh) 

  
 79.2% 

 5.33 
 4.24 
 1.10 

 93.8% 
 5.33 
 4.03 
 1.31 

 91.7% 
 4.90 
 4.42 
 0.49 

 50.0% 
 4.90 
 4.96 
 -0.06 

 
 6.9% 
 5.79 
 8.13 
 -2.33 

 0.0% 
 5.79 
 9.16 
 -3.36 

 
B. Segment: Haul Road and Shore Drive Crosswalk  
 AM PEAK  MIDDAY PM PEAK 
ATCS vs. TOD-230 Operation  

 Percent of time ATCS outperforms TOD-230 timing plans 
 Average Travel Time for TOD-230 timing plans 

 Average Travel Time for ATCS 
 Average Travel Time savings with ATCS 
 TOD-230 vs. TOD Optimized Operation 

  Percent of time TOD-Optimized outperforms TOD-230 timing plans 
Average Travel Time for TOD-230 timing plans (min)  

 Average Travel Time for TOD-Optimized timing plans (min) 
Average Travel Time savings with TOD-Optimized timing plans (min/veh) 

 54.2% 
 1.43 
 1.36 
 0.08 

 91.7% 
 1.43 
 1.12 
 0.32 

 0.0% 
 1.25 
 1.83 
 -0.57 

 18.8% 
 1.25 
 1.34 
 -0.09 

 54.2% 
 2.07 
 2.11 
 -0.03 

 8.3% 
 2.07 
 2.98 
 -0.91 

 
C. Segment: Shore Drive Crosswalk and Coastline Dr  
 AM PEAK  MIDDAY PM PEAK 
ATCS vs. TOD-230 Operation  

 Percent of time ATCS outperforms TOD-230 timing plans 
 Average Travel Time for TOD-230 timing plans 

 Average Travel Time for ATCS 
 Average Travel Time savings with ATCS 
 TOD-230 vs. TOD Optimized Operation 

  Percent of time TOD-Optimized outperforms TOD-230 timing plans 
Average Travel Time for TOD-230 timing plans (min)  

 Average Travel Time for TOD-Optimized timing plans (min) 
Average Travel Time savings with TOD-Optimized timing plans (min/veh) 

 6.3% 
 2.66 
 2.82 
 -0.17 

 31.3% 
 2.66 
 2.86 
 -0.21 

 0.0% 
 2.82 
 3.30 
 -0.48 

 27.1% 
 2.82 
 2.99 
 -0.17 

 9.7% 
 3.23 
 3.72 
 -0.49 

 5.6% 
 3.23 
 4.34 
 -1.11  

D. Segment: Coastline Drive Lifeguard Station and Big Rock Drive   
 AM PEAK  MIDDAY PM PEAK 

ATCS vs. TOD-230 Operation  
 Percent of time ATCS outperforms TOD-230 timing plans 

 Average Travel Time for TOD-230 timing plans 
 Average Travel Time for ATCS 

 Average Travel Time savings with ATCS 
TOD-230 vs. TOD Optimized Operation  

  Percent of time TOD-Optimized outperforms TOD-230 timing plans 
Average Travel Time for TOD-230 timing plans (min)  

 Average Travel Time for TOD-Optimized timing plans (min) 
Average Travel Time savings with TOD-Optimized timing plans (min/veh) 

 41.7% 
 3.08 
 3.19 
 -0.11 

 18.8% 
 3.08 
 3.35 
 -0.27 

 27.1% 
 2.97 
 3.03 
 -0.06 

 35.4% 
 2.97 
 3.01 
 -0.04 

 25.0% 
 2.75 
 2.82 
 -0.07 

 8.3% 
 2.75 
 2.97 
 -0.22 

 

Table 5.1 NB PCH Travel Times by Segment —Bluetooth Data 
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A. Segment: Big Rock Drive and Coastline Drive Lifeguard Drive 

 AM PEAK 
  6–10 AM 

 MIDDAY 
 10 AM – 2 PM 

PM PEAK 
 2–8 PM 

  ATCS vs. TOD-230 Operation 
 Percent of time ATCS outperforms TOD-230 timing plans 

 Average Travel Time for TOD-230 timing plans 
 Average Travel Time for ATCS 

 Average Travel Time savings with ATCS 
TOD-230 vs. TOD Optimized Operation  

  Percent of time TOD-Optimized outperforms TOD-230 timing plans 
Average Travel Time for TOD-230 timing plans (min)  

 Average Travel Time for TOD-Optimized timing plans (min) 
Average Travel Time savings with TOD-Optimized timing plans (min/veh) 

 83.3% 
 5.88 
 3.84 
 2.05 

 62.5% 
 5.88 
 5.46 
 0.43 

 56.3% 
 2.86 
 2.84 
 0.03 

 35.4% 
 2.86 
 2.92 
 -0.06 

 45.8% 
 2.78 
 2.78 
 -0.01 

 9.7% 
 2.78 
 2.93 
 -0.16 

 
 
B. Segment: Coastline Drive Lifeguard Station and Shore Drive 

 AM PEAK  MIDDAY PM PEAK 
  ATCS vs. TOD-230 Operation 

 Percent of time ATCS outperforms TOD-230 timing plans 
 Average Travel Time for TOD-230 timing plans 

 Average Travel Time for ATCS 
 Average Travel Time savings with ATCS 

TOD-230 vs. TOD Optimized Operation  
  Percent of time TOD-Optimized outperforms TOD-230 timing plans 

Average Travel Time for TOD-230 timing plans (min)  
Average Travel Time for TOD-Optimized timing plans (min)  
Average Travel Time savings with TOD-Optimized timing plans (min/veh) 

 93.8% 
 3.81 
 2.97 
 0.83 

 62.5% 
 3.81 
 3.70 
 0.11 

 25.0% 
 2.92 
 3.02 
 -0.10 

 18.8% 
 2.92 
 3.10 
 -0.18 

 59.7% 
 2.83 
 2.79 
 0.04 

 6.9% 
 2.83 
 3.19 
 -0.36 

 
 

   C. Segment: Shore Drive and Haul Road 

 AM PEAK  MIDDAY PM PEAK 
  ATCS vs. TOD-230 Operation 

 Percent of time ATCS outperforms TOD-230 timing plans 
 Average Travel Time for TOD-230 timing plans 

 Average Travel Time for ATCS 
 Average Travel Time savings with ATCS 

TOD-230 vs. TOD Optimized Operation  
  Percent of time TOD-Optimized outperforms TOD-230 timing plans 

Average Travel Time for TOD-230 timing plans (min)  
Average Travel Time for TOD-Optimized timing plans (min)  
Average Travel Time savings with TOD-Optimized timing plans (min/veh) 

 58.3% 
 1.21 
 1.17 
 0.04 

 70.8% 
 1.21 
 1.14 
 0.07 

 50.0% 
 1.20 
 1.17 
 0.03 

 41.7% 
 1.20 
 1.23 
 -0.03 

 69.4% 
 1.31 
 1.20 
 0.11 

 41.7% 
 1.31 
 1.36 
 -0.05 

 
 

Table 5.2 SB PCH Travel Times by Segment—Bluetooth Data 
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5.2  Comparison of Bluetooth and Probe Vehicle Travel Times 

This section describes the findings from the comparison of travel times collected with probe vehicles in 
June 2012, and the travel times collected using Bluetooth detectors in late March 2013.  

Table 5.3 summa rizes the corridor-wide travel times for each dire ction and time of da y, based on the 
trajectories recorded using iPhone-eq uipped pro be vehicles. As expected, the mean an d standard 
deviation of the travel times is generally lower in each direction during its off-peak time—the AM Peak 
for the n orthbound direction and the P M Peak for t he southbound direction. However, travel tim es in 
different directions are no t directl y co mparable, as the nort hbound an d sout hbound corri dors are of 
different length. The number of trajectories collected for June 12 is approximately half of that for other 
days, due to only one driver being available for data collection on that date. Dat a was also collected on 
the morning of June 7, but this data was unusable due to config uration problems affecting both GPS 
devices. 

Table 5.3  Probe Vehicle Travel Time Runs June 2012 

The travel times in each direction of PCH obtained from ea ch data collection effort are shown in 
Figures 5.5 and 5.6 . Both the median and inter-quart ile range (IQR) are shown, to give a sense of the 
spread of the data. The green boxes indicate when th e difference between the probe vehicle travel times 
and the Bluetooth travel ti mes is statistically significant on a 5% level, accordi ng to a Wilcoxon Rank-
Sum test. Fr om these Fig ures and the  statistical te st results, we conclude that the two travel time 
estimation methods yield comparable results, and that  the travel tim es between the two data collection 
periods are not significantly different. 
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 Travel times based on Bluetooth data — Median and inter-quartile range

 Travel times based on probe vehicles — Median and inter-quartile range

 Difference at this time is significant at 5% level 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5 SB PCH Travel Times --Probe Vehicles vs. Bluetooth  

Figure 5.6 NB PCH Travel Times --Probe Vehicles vs. Bluetooth  
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Delays at Traffic Signals 

We calculated the travel times on each link from the individual vehicle trajectories.  Next, we calculated 
the delays on each approach (link) as the difference  between the actual travel  time and the free-flo w 
travel time.  The free-flow  travel time was calculated from the link distance and the free-flow speed of 
40 mph.  The assumed free-flow speed of 40 mph may be slightly conservative given the 45 mph speed 
limit. 

The calculated delays for each probe vehicle trip is given in Table 5.4 for a typical afternoon (Wednesday 
June 13, 2012) in the northbound direction of PCH. The spreading of congestion upstream of Chautauqua 
Blvd is clearly shown, as major delays begin occurring upstream of Beach House Way after 2:49 PM and 
upstream of California Incline after 3:44 PM.  Similarly, the delays have largely dim inished upstream of 
California Incline by 6:35 PM, followed by Beach House Way at 7:06 PM. 

Note that based on the way the delays are calculated in Table 5.4, the delay that occurs on a particular link 
is attributed to the signal at the downstream end of  that link. Thus, if queues on the northb ound direction 
of PCH fro m Chautauqua Blvd spill back bey ond Beach House Way, the delay s measur ed on the link 
between Cali fornia Incline  and Beach House Way are attributed to the Beach House Way rather than 
Chautauqua Blvd. 

Next we cal culated the del ays between major inters ections only (Figures 5.7 and 5.8).  S pecifically, the 
minor cross- streets at Coastline Dr,  P orto Marina Way , Bay  C lub Dr, and Beach House Way  ar e 
disregarded, so that the delays are measured only on the following “major” PCH links: 

In the northbound direction: 

1. Before California Incline  
2. Between California Incline and Chautauqua Blvd  
3. Between Chautauqua Blvd and Temescal Canyon Rd 
4. Between Temescal Canyon Rd and Sunset Blvd  
5. Between Sunset Blvd and Topanga Canyon Blvd 

In the southbound direction: 

1. Before Topanga Canyon Blvd  
2. Between Topanga Canyon Blvd and Sunset Blvd  
3. Between Sunset Blvd and Temescal Canyon Rd  
4. Between Temescal Canyon Rd and Chautauqua Blvd  
5. Between Chautauqua Blvd and California Incline  

The scales are kept consistent between each of the two Figures, to facilitate com parisons between t he 
magnitude of northbo und and southbound delays. By defining the links in this way , we obtain a more 
accurate picture of the delays created by each signal, with the assumption that the minor intersections we 
have disregarded do not contribute sig nificantly to delays on PCH. In Figures 5.7 and 5.8 for exam ple, 
all delays on the link between California Incline and Beach House Way in the northbound direction will 
be ascribed t o the signal at Chautauqua Blvd, a nd not to t he signal at Beach House Way. If the 
northbound queue at Chautauqua Blvd spills back past California Incline, however, the delays created by 
this spillover will still be attributed to California Incline instead of to Chautauqua Blvd. 

In Figures 5.7 and 5.8, delays on some links are shown to increase to a certain threshold, and then remain 
approximately steady for a period of time before reced ing. This can be explained by the queues spillin g 
back to the next link upstream, such that the m aximum amount of queue storage for the subje ct link has 
been reached and is maintained throughout t he period of steady delays. For e xample, in Figure 5.7, the 
delay on the “Before Chautauqua Blvd” link increases between 2:30 and 3:30 pm as the queue grows on 
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this link. At 3:30 pm, the delay  for “Before Chau tauqua Blvd” beco mes approxi mately constant until 
about 6:45 pm, indicating that the link is entirely queued and additional delays are being absorbed by the 
next upstream link instead: the “Before California Inc line” link. Finally, at about 6:45 pm , the delays at 
California Incline have largely diminished and the delays on the “Before Chautauqua Blvd” link begin to 
shrink as well, indicating that the queue has receded downstream of California Incline. 

The same kind of behavi or is observed in the n orthbound direc tion u pstream of Sunset Blvd. The 
bottleneck at Sunset Blvd is seen to activate around 4: 30 pm in Figure 5.7, and delay s start appearing on 
the “Before Temescal Canyon Rd” link soon afterward— at which point t he vertical separ ation between 
the “Before Temescal Canyon Rd” link and the “Before Sunset Blvd” link becomes roughly constant due 
to the queue storage limit being reached on the “Before Sunset Blvd” link. 

In Figure 5.8, we observe a similar effect in the southbound direction during the AM Peak. Here, delay s 
on the “Before Topanga Cany on Bl vd” link and th e “Befo re Sunset B lvd” link start growing 
simultaneously, as both signals beco me active bottlenecks. However, the queue from  Sunset Blvd spills 
back to Topa nga Canyon Blvd at approxim ately 7: 30 am as evidenced b y th e constant delay  o n the 
“Before Sunset Blvd” link between then and about 9 am.  
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Time of Day 2:21PM 2:34PM 2:49 PM 3:07PM 3:19PM 3:44PM 4:00 PM 

Total Trip Time (sec) 543 527 605 611 677 882 898 
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&f 
.!!!. 
~ 
1:11 ·u; 

'5 
m 
12 
~ 

Beach House 

Chautauqua/Entrada 

Temescal Canyon Bl 

Bay Club Dr 

Sunset Bl 

2 

37 

0 

0 

41 

6 

26 

0 

0 

30 

13 

35 

0 

0 

45 

15 

40 

0 

0 

62 

48 

113 

0 

0 

62 

173 

110 

0 

0 

71 

112 

92 

0 

5 

34 
.Q 

! 
a; 
Q 

Porto Marina 

Coast line Dr 

3 

0 

2 

0 

2 

0 

0 

0 

0 

0 

0 

0 

22 

19 

Topanga Canyon Bl 0 0 0 0 0 0 22 

Time of Day 4:23 PM 4:34 PM 5:07 PM 5:24 PM 5:54 PM 6:00 PM 6:35 PM 

Total Trip Time (sec) 951 1144 1125 1077 1089 921 845 

I 
California Incline 

Beach House 

210 

133 

220 

163 

201 

117 

196 

51 

138 

136 

77 

38 

0 

64 

~ 
.5!1 
rn 
'5 
:1! 
12 .e 
.! ! 

Chautauqua/Entrada 

Temescal Canyon Bl 

Bay Club Dr 

Sunset Bl 

Porto Marina 

93 

0 

0 

0 

15 

79 

0 

66 

43 

40 

88 

24 

55 

41 

14 

69 

75 

76 

41 

6 

59 

37 

1 07 

19 

0 

74 

1 09 

46 

55 

7 

97 

43 

36 

53 

14 

~ Coast line Dr 0 27 0 45 0 

Topanga Canyon Bl 10 17 35 47 32 5 33 

Time of Day 6:49PM 7:06 PM 7:19PM 7:34PM 7:45 PM Mean St. Dev. 

Total Trip Time (sec) 708 610 543 578 542 783 222 

California Incline 0 0 0 47 0 67 83 

~ Beach House 69 18 0 0 61 60 

~ Chautauqua/Entrada 
1:11 ! Temescal Canyon Bl 
u 
IB Bay Club Dr 
12 
~ Sunset Bl 

109 

0 

7 

61 

5 

0 

0 

36 

43 

0 

0 

26 

49 

0 

0 

0 

63 

32 

0 

0 

67 

17 

21 

38 

31 

31 

33 

21 
.Q 

Porto Marina ! 
a; 
Q Coast line Dr 

0 

0 

20 

6 

2 

0 

0 

0 

0 

0 

8 

5 

11 

12 

Topanga Canyon Bl 0 34 0 0 0 12 16 

 

Table 5.4 NB PCH Signal Delay -- Probe Vehicles 
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    Figure 5.7 Delay at Major Intersections NB PCH-Probe Vehicle Data 

    Figure 5.8 Delay at Major Intersections--SB PCH-Probe Vehicle Data 
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5.3 Arterial Level of Service (LOS) Analysis 

Using the travel tim e data fro m the Bluetooth detect ors in 2013,  we can evaluate the arterial Level of 
Service (arterial LOS) for PCH under each contro l strategy  on all  segments bounded b y the  Bluetooth 
units. We use travel ti me data to estimate average speeds on each segment, and use the criteria from the 
2010 Highway Capacity Manual (HCM2010)  [8] to assign a level of servic e based on t he ratio of  the 
segment’s prevailing speed at a given time to the base free flow speed for that segment. 

To calculate the base free flow speed for a given an alysis segment, we aggregated the me dian (over 5 -
minute intervals) travel ti mes for that segment a cross all 5-m inute bins be tween 9 PM and 6 AM and 
across all days of Bluetooth travel time data. The overall median of this set was then used to represent the 
typical travel time on the seg ment for an unim peded vehicle. All day s of data were in cluded in this 
calculation regardless of which control strategy  was in place on a particular day, as the period between 9 
PM and 6 AM was a “free” (i.e., uncoordinated actuated) operation period for all of the strategies (ATCS, 
TOD-230, and TOD-Optimized). The base free flo w speed was then computed by divi ding the segment 
length by the typical travel time of an unimpeded vehicle on the segment. 

Figures 5.9 and 5.10 show the LOS estimates for the entire corridor. Part (a) of each figure can be used to 
compare the t ypical LOS r esulting from each of the t hree control strategies, whi le Parts (b), ( c), and (d) 
can be used to exa mine the typical spread of speeds (as a fra ction of base free flow speed) at a particular 
time of day —and conse quently the spread of LO S as well—for each of t he three cont rol strategies. 
Because trav el ti mes ar e not normally distributed (due to the pr esence of a l ower bound but no upper 
bound), we would n ot e xpect the sp eeds to be n ormally distr ibuted either,  and have t herefore used 
median and interquartile range to describe the location and scale parameters of the data in Figures 5.9 and 
5.10 rather than the more commonly used mean and standard deviation. 

We also determined the LOS for the following component segments, on both directions of the PCH: 

• Between Big Rock Drive and Coastline Drive 
• Between Coastline Drive and Shore Drive  
• Between Shore Drive and Haul Road  
• Between Haul Road and McClure Tunnel (northbound only) 

Figure 5.3 is  a sam ple LOS plot for a seg ment.  Note that on th e southbound direction, th e portion of 
PCH between Haul Road and McClure Tunnel is ex cluded fro m our analy sis due to the  tendency of 
traffic on eastbound Interstate 10 to spill back beyond McClure Tunnel during the PM Peak, inflating our 
travel time measurements for the southbound side on th is link and yielding misleading results in terms of 
control delay and performance on PCH 

To suppleme nt the LOS estimates ge nerated in Fi gures 5.9  an d 5. 10 using the Bluetoot h Data, we 
evaluated the arterial LOS for indivi dual links be tween each signalized intersection on PC H using the 
probe vehicle data from June 2012. Al though the highe r-resolution nature of this data enables us t o 
evaluate the perform ance of each link on PCH ra ther than  on larger s egments sp anning several 
intersections at a time, the probe vehicl e data set is  limited with respect to sample size. More precisely, 
there are only three da ys of data for the AM and PM Peak periods, and the sampling frequency on each 
day is appro ximately once every  15-20 minutes, rather than several ti mes every 5 m inutes as was the 
case for the Bluetooth data.  A sample for link LOS results on PCH are given in Figure 5.11 for the NB 
and SB links on Sunset Blvd.   
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    Figure 5.9 Arterial LOS --NB PCH Corridor --McLure Tunnel and Big Rock Drive, Bluetooth Data 
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Figure 5.10 Arterial LOS –SB PCH Corridor --Big Rock Drive and Haul Road, Bluetooth Data 
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     Figure 5.11 Arterial LOS for PCH at Sunset Blvd, Probe Vehicle Data 
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5.4 Operational Issues of ATCS Control1 

In the recent NCHRP r eport on the state of practice fo r adaptive systems worldwide, it was r eported that 
33% of ATCS users have found ad aptive sy stems to  be co unterproductive in oversaturated traffic 
conditions [1].  This section identifies and evaluat es the impact of operational issues that may negatively 
affect the per formance of t he ATCS sy stem on PCH when oversaturated condit ions arise on at least one 
intersection approach. These issues include: 

1. Inefficiently setting splits at the active bottleneck intersection. 
2. Inefficiently setting splits and offsets at intersections upstream of the bottleneck. 
3. Improperly setting offsets at intersections downstream of the bottleneck. 

The analysis was performed using field data collected in March through June 2013.  The analysis focused 
on the PM Peak (2–8 PM) for typical weekdays (Tuesdays, Wednesdays, and Thursdays) between March 
5 and June 13, 2013. Data were exclu ded in the cases of holida ys and the weekday s adjacent to them , 
major traffi c incidents, and data quality  or availabi lity issues (e.g., da ys when Bluetooth units did not 
collect data due to power failure, or day s when  volum e data were not collected due to field 
communication link failure). Additional data from June 2012 were used to supplement our analysis. 

5.4.1 Inefficient splits at the Bottleneck Location 

In the afternoon, the primary bottleneck or critical intersection is Sunset Blvd, with northbound traffic on 
PCH being the heavier oversaturated critical direc tion and southbound PCH traffic being the lighter non-
critical direction.  

One feature of adaptive control s ystems is their ability t o allocate green ti me proportionally to each 
approach based on perceived dem and obtained from detector readings. During oversaturated conditions, 
however, the ATCS may incorrectly believe that the queues are still clearing on all approaches each cycle, 
and detector readings may suggest that green ti me utilization is equal on all approaches when in fact it i s 
not. This can happen if large gaps arise in discharging queues as a result of (1) heavy vehicles and buses, 
(2) cars caught behind bic yclists and drivers making parallel parking m aneuvers, and (3)  the split of 
mainline lanes of traffi c i nto additional lanes (turn pockets, auxiliary  lanes, etc.) just upstream of the 
intersection. Longer loops at the stop bar can address these issues to an extent, but may be impractical as 
extending the loop length may also inhibit the ability to accurately measure occupancy. 

In our analy sis, we found that ATCS frequentl y gave additional time to the cross-street at Sunset Blvd 
even after the startup queue cleare d during periods when persistent que ues of 100 vehicles or more were 
present on the northbound PCH approach. This m ay be  because the adaptive sy stem believed that the 
queues were clearing on both approaches e ach cycle, based on the gap chara cteristics of PCH traffic and 
the widening of PCH fro m two lanes to five (two turn pockets plus an auxiliary through lane) just before 
the intersection. As a consequence, tra velers on the mainline incurred large delay s as crucial green ti me 
was allocated instead to the side street at this critical bottleneck location. 

Using video footage of t he queues on Sunset Blvd for June 7,  12, 13, and 14, 2012, we in vestigated the 
relationship between occupancies and residual queues on this appr oach. In the four da ys of queue length 
footage, there were no cycles out of the 516 total cycles where a residual q ueue of more than 7 or 8 
vehicles was observed behind the stop bar in any lane, and only three cycles where a short residual queue 
of 7-8 vehicl es in one lan e was seen. The 15-minute occupancy data for periods  with and without these 
short residual queues are p lotted in Figu re 5.12, wh ich reveals that  40% may be a suitable co nservative 
threshold for identifying when residual queues start to form. 

1 Campbell, R., and A. Skabardonis, “Issues that Reduce the Performance of Adaptive Control Systems under 
Oversaturated Conditions,” paper 14-5438, 93rd TRB Annual Meeting, Washington DC, January 2014 (forthcoming 
Transportation Research Record, Journal of the Transportation Research Board) 
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Given the limited cases of queue for mation in our da ta for Sunset Blvd, we also conducted a si milar 
analysis of Topanga Canyon Blvd to supplem ent o ur results fro m Sunset Blvd. Unlike Sunset Blvd, 
however, long residual queues were frequently  observed,  and in this case we were able to partition the 
data fro m 1189 c ycles into well-defined “No Queue” or “Residual Queue” categories. From t he 
occupancy di stributions for Topa nga Canyon Blvd, we find that  100%  of the measured occupancies 
exceeded 0.40 when a residual queue w as present, w hereas only 9 out of the 215 m easured occupancies 
exceeded 0.40 when a residual queue was not present. This suggests a threshold occupancy of about 40%, 
just as we obtained from  the data for Sunset Blvd. Because the average green time per cy cle for Topanga 
Canyon Blvd throughout t he day is 35 seconds, whereas  the aver age at  Sunset  Blvd is 27 seconds, and 
given that cycle length is kept the same between th e two intersections, it is reasonable to expect the 
threshold occupancy at Sunset Blvd to be higher th an the 40%  threshold observed at Topanga Cany on 
Blvd. Th us, using a t hreshold occupancy of 4 0% is  a conservative criterion to identify oversaturate d 
conditions at Sunset Blvd. 

Figure 5.12 Detector Occupancy Distributions at Sunset Blvd—ATCS Operation 

Next, we deter mined when the bottleneck is active on  PCH at Sunset Blvd. We processed detector data 
from the northbou nd PCH detectors at Bay  Club  Drive—a low-volum e cross-street 2850 f eet south of 
Sunset Blvd. Assuming a jam  density of 180 veh/mi/lane, we find that approxi mately 100 vehicles/lane 
can be stored between Bay Club  Drive and Su nset Blvd. Assuming a saturation headwa y of 2 seconds, 
this is enough storage to provide queue discharge for approximately 200 seconds of green time. Given 
that the through phase for the northbound m ainline at Sunset Blvd has a 99th percentile duration of 191 
seconds, we can reasonably conclude t hat any northbound queue spillover from Sunset Blvd to Bay Club 
Drive i mplies that a persi stent queue is present at Sunset Blvd (i.e., the nort hbound mainline queue at 
Sunset Blvd will not completely clear in the next cycle). 

Using occupancy and flow time-series data, we can evaluate when  the northbound queue at Sunset Blvd 
has spilled back to Bay Club Drive. Because the average red-time for northbound PCH at Bay Club Drive 
is less than 10% of the entire cy cle, the detectors on the mainline behave si milarly to freeway  detectors, 
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meaning that  we  can estimate when q ueue spillove r occurs at Bay Club Drive by  lo oking for large 
increases in occupancy without  an accom panying increase in flow (see Figure 5.13, which suggests that 
queue spillback occurred at Bay  Club Drive between 4 and 6:30 PM that day ). During these periods, we 
reasonably conclude that the northbou nd approach at Sunset Blvd is oversaturated. From a data set of 16 
days, we identified 9 with a well-defined period of oversaturation at Sunset Blvd based on occupancy and 
flow data at  Bay  Club Drive. After excluding 4 days for whi ch the LA-ATCS splits data were no t 
available, we were left wit h 5 days of usable data. When examining the real-time adaptive splits given to 
the Sunset Bl vd side-street  when the no rthbound bottleneck at Sun set Blvd was active on each of these 
days, we obtained an average phase duration of 30.2 seconds. 

Figure 5.13 Bottleneck Identification —NB PCH at Sunset Blvd  

Following the implementation of the fixed-time TOD-230 plan in May and June 2013, a maximum green 
time of 24 seconds was im posed on t he Sunset Blvd side-street split. Also t he cycle time was reduced 
from 240 to 230 seconds, such that th e equivalent green time constraint under the original cy cle length 
would have been a lim it of approxi mately 25 seconds. Despite this reduc tion in effective green time by 
16%, there was no increas e in the occupancy  measurements on the cross-str eet (Figure 5.14). In fact, the 
frequency of occupancies exceeding 40% dropped from 6. 8% bef ore the green  ti me reducti on to 4.5% 
after it. This indicates that the ATCS was giving more green ti me to the side-street than necessary  to 
accommodate all its demand, m eaning that it was in efficiently setting splits when considering that the 
mainline was experiencing long resi dual queues during these times.  In fact, it is probable that even m ore 
green tim e could be reallocated fro m Sunset Blvd to PCH than the 5 seconds we experimented with 
before significant residual queues begin forming on the side-street. 
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Figure 5.14 Detector Occupancy Distributions Sunset Blvd—ATCS vs. TOD-230 Operation 

Comparing volume data for the day s with and wit hout the 24-s econd limit on the Sunset Blvd split, we 
find that there was no drop in demand for the day s when the split was constrained, with a two-tailed 
Student’s t-test yielding a p-value of 0.85. Thus, we can be confident that our results were not affected by 
a drop in traffic demand on the days with the 24-second limit. 

These findings indicate that the adapti ve system gives far more time than ap propriate (30.2 seconds on 
average) to the Sunset Blvd side-street  when the northbound bottleneck is acti ve, whereas a split of less 
than 25 seco nds was found to be sufficient to acco mmodate the side-street demands. Reduci ng the split 
for Sunset B lvd would increas e capacity of the ma inline at this critical  location during those crucial 
periods when the northbound bottleneck is active. Even larger capacity increases could be achieved if the 
side-street sp lit were reduced to the point where non-trivial residual queues bega n to form (i.e., queues 
longer than 1-2 vehicles), which may not be unreasonable given t he presence of long queues on the PCH 
mainline. 

5.4.2 Inefficient Splits & Offsets Upstream of the Bottleneck 

When a corridor-oriented adaptive system does not have the ability to determine which intersection is the 
critical bottleneck location, it can r esult in sub-optimal allocation of green tim e at locations upstream of 
the bottleneck. 

When the critical bottleneck beco mes oversaturated, the m ainline sp lits at each intersection upstream 
would ideally be adjusted to reflect the capacity  constraint at the bottleneck, since any  additional green 
time given to the mainline in the critical direction at these locations results in no travel time benefit to the 
extra vehicles served (assum ing no major trip end s exist between the upstream  intersect ion and t he 
bottleneck). When an adaptive system adjusts splits without awareness of whether the critical approach is 
feeding an active bottleneck farther do wnstream, the result i s an  over-allocati on of time to  the critical 
direction when the extra time is of no benefit to the drivers heading toward the bottleneck. Without such a 
downward adjustment to t he green time for the crit ical mainline direction, t he bottleneck queue could 
eventually spill back past upstream intersections, fur ther worseni ng delay s as vehicles beg in to block 
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intersections and obstruct side-street traffic. Queue spillover at upstream intersections can also encourage 
the adaptive system to give more green time to the mainline at those locations (as vehicles sit on the stop 
bar detectors during the green phase, raising occupancy measurements for that approach and encouraging 
the algorithm to give even m ore green ti me to that  approach), when such a decision would not increase 
the productivity of the oversaturated direction and would increase delays for all conflicting movements. 

Instead, more efficient ope ration of the intersections upstream of t he critical int ersection would involve 
reducing the  mainline splits for the c ritical directi on to the m inimum need ed to avoi d starving the 
bottleneck downstream, an d giving the time balance to conflicting m ovements such as side streets or 
opposing left turns. The mainline offsets could al so be adjusted  to acco mmodate platoon progression in 
the opposite non-critical direction (i.e., heading away  from  th e bottleneck), since the presence of a 
residual queue at the bottleneck i mplies that progression has already broken down for the peak direction. 
To maintain efficient oper ation, these split and offset  adjust ments at upstream intersectio ns would be 
reversed once the residual queue at the critical intersection begins to dissipate. 

To explore how the ATCS control responds at upst ream intersections when the northbound bottleneck at 
Sunset Blvd becomes active, we examine the splits and offsets for northbound PCH at Temescal C anyon 
Rd, shown in Table 5.5. From this data, we find that the average northbound PCH split at Temescal 
Canyon Rd was 170 seco nds when the bottleneck at Sunset Blvd was active,  whereas it was only  163 
seconds in the hour leading up to activation. In every case, cy cle length remained unchanged at 240 
seconds. 

These findings indicate that 163 seconds of green time for northbound PCH at Tem escal Canyon Rd i s 
more than enough to avoi d starving the downstream  bo ttleneck at Sunset Blvd, and that the ATCS is 
inappropriately exceeding this threshold while the downs tream bottleneck is act ive. This inefficient split 
for northbound PCH at T emescal Can yon Rd does not  i mprove travel ti mes on the northbound side, 
encourages queue spillover at additional intersections upstream of the bottleneck at Sunset Blvd, and adds 
to delay s on  conflicting m ovements that could instead  be taking advantage of this extra tim e (e.g., 
southbound PCH left turns, side-street movements). In fact, given that 163 seconds was enough to allow a 
residual queue to develop at Sunset Blvd, the optimal amount of green time for the northbound movement 
at Temescal Canyon Rd would be even lower than this as long as the bottleneck at Sunset Blvd is active, 
assuming again that there are no major northbound trip  ends between Te mescal Canyon Rd and Sunset 
Blvd (and that no more time can be allocated to the critical direction at the Sunset Blvd bottleneck). 

From Table 5.5, we also observe that the offset s remained unchanged throug hout the enti re PM Peak 
period in every case, regar dless of whether the Sunse t Blvd bottle neck was acti ve or not. Based on this 
finding, we conclude that the adaptive sy stem is not intelligently switching between an offset plan (i.e., a 
set of offsets for the signals on PCH) that favors th e critical northbound direction when the bottleneck is 
inactive, and an offset plan that acco mmodates the opposite southbound direction when the northbound 
bottleneck is active and northbound progression has been disrupted by persistent queuing at Sunset Blvd. 
Instead, the adaptive algorithm  is generating an optim al offset plan without pro perly taking into 
consideration whether the northbound bottleneck i s active. This considerati on is im portant, as th e 
southbound direction shoul d be given pr iority only if the bottleneck is active on the critical northbound 
side. The net  effect is unnecessary  delay s to sout hbound traffic whenever the Sunset Blvd northbound 
approach is oversaturated, or unnecessary delays to northbound traffic if the LA-ATCS offsets are already 
being selected to favor the non-critical southbound direction (an unlikely, but possible, scenario). 
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Table 5.5 NB PCH Splits and Offsets at Temescal Canyon Rd 

5.4.3 Improper Offsets Downstream of the Bottleneck 

In addition to the problems we have  already  seen at the bottleneck intersection and those locations 
upstream of it, a third issue can occur if intersecti ons downstream of the bottleneck are not operated 
properly, which can be another consequence of an ATCS not knowing which intersection is the critical 
one. Specific ally, if the offsets  are  not set  appropriately  (i.e., they  are s et a ccording to the adaptive 
system’s default algorith m without consideration for the fact that one direction is handl ing departing 
traffic from a bottleneck intersection upstream), platoons departing from the critical bottleneck may incur 
additional, unnecessary  delay s as they  get stopped at red signals farther downstream (i.e.,  the adaptive 
system does not give priority  t o the departing bottle neck traffic when co mputing offsets). Even more 
critical, though, is the possibility of a  shock wave from such an interrupti on propagating back to the 
critical inter section while its green thr ough phase i s still active, thereby  reducing the capacity  of the 
bottleneck by preventing vehicles from proceeding through the intersection (despite the green signal) until 
the shock wave passes. 
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We examined the ATCS of fsets for Sunset Blvd and  the next three signals farther downstream. Althou gh 
the offsets at Porto Marina Way , Coastline Dr, and Topanga Ca nyon Blvd were generally consistent 
across all day s of data, the offset at Sunset was f ound to alternate between one of  two v astly different 
values as shown in Figures 5.15(a) and 5.15(b). For the offsets plotted in Fig ure 5.15(a), which occurred 
57% of the time, the northbound platoon from Sunset gets disrupted by the red signal at each downstream 
intersection, adding dela y to most vehicles in th e n orthbound direction. The shaded portio n of Figure 
5.15(a) indicates the amount of dela y imposed on all but the first 26 seconds of the northb ound platoon 
(i.e., all platoon vehicles in the shaded region and to the right of it are delayed) departing Sunset Blvd due 
to inefficient offset selection at the downstream intersections. The spacing of the intersections in Figure 5 
is based on free flow speeds of 45 mph, which reflect the mainline speed limit. 

The offset pattern of Figur e 5.15(a) may also reduce the capacity of the northbound bottlene ck at Sunset 
Blvd. With these offsets, the northbound green phase at Porto Marina Way terminates 120 seconds before 
it does at Su nset Blvd. Given a spacing of 15 50 feet between Porto Marina Way and Su nset Blvd, if the 
reverse-propagating shock wave were to move at a sp eed of 9 m ph or faster, it would reach Sunset Blvd 
while the through phase is still active.  The result would be a reduction in bottleneck capacity , as 
northbound vehicles would be prevented from passing through the intersection until the shock passes. 

Figure 5.15(b) illustrates the alternate offset pattern  select ed by the adaptive sy stem 43% of the time, 
which is unchanged from Figure 5.15(a) aside from the significantly different offset at Sunset Blvd. Note 
that with the offsets of Figure 5.15(b), there are still large delays due to the poor offset choice at Topanga 
Canyon Blvd, but there is no lon ger a risk of s hock wave propagation from  Porto Marina Way  back to 
Sunset Blvd (and consequently no risk of capacity reduction at the critical intersection). 

Figure 5.15(c) shows the offsets implemented as part  of t he optimized fixed-time plans (TOD-230 and 
TOD-Optimized for PCH.  The  new offsets we used  for the e xperiment were designed to m inimize 
disruption of  the north bound plat oon departing Su nset Blvd, as shown in Fi gure 5c.  Co mparisons of 
Bluetooth data show that the new offsets improved travel times by 8.2 sec/veh in the northbound direction 
(an im provement of 2.4 %) and 4.0 s ec/veh south bound (also an im provement of 2.4% ). A Wilcoxo n 
Rank-Sum test indicated that the im provement in tr avel ti mes was significa nt at a  5% level in the 
northbound direction 21% of the tim e (using 5-m inute bins between 2 PM and  8 PM), an d 18% of th e 
time in the southbound direction. 

In comparing volume data for the days with and without the new offsets shown in Figure 5c, we find that 
there was no statistically significant change in demand between the two periods. A two-tailed Student’s t-
test y ielded a p-value of 0 .506 for the volumes past  Topanga Can yon Blvd in the northb ound direction 
and a p-valu e of 0.997 in the southb ound direction. T hus, we can be confident that our  travel tim e 
improvements were not the result of reductions in traffic volumes on PCH.  

These findings indicate that although the offsets identified by the ATCS may be local optima, engineering 
judgment should be used to check that they do not have any obvious issues relat ed to progression 
(particularly in the critical direction) or shock wave  propagation to the critical bottleneck. In the case o f 
PCH, the ATCS offsets resulted in unnecessary delays to traffic in both directions, and put the critical 
bottleneck at risk of being blocked by a  reverse-propagating shock wave from an inappropriately timed 
red signal 1550 feet downstream. A simple alternative offset pattern (as shown in Figure 5.15(c)) reduced 
average trav el times in both directions, and m inimized the risk of shock waves fro m downstrea m 
intersections affecting the capacity of the bottleneck. 
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Figure 5.15 NB PCH Platoon Progression Downstream of Sunset Blvd 
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CHAPTER 6 

CONCLUSIONS 

6.1 Summary of the Study Findings 

The objective of the study described in this report is to field test of an  adaptive signal control strategy  to 
determine its effectiveness under real-world opera ting condi tions, and its st rengths and weaknesses 
against conventional time-of day signal timing plans.  

The test site is a section of the Pacific Coast Highway (PCH) in Los Angeles.  It begins at the  connection 
to Interstate 10 i n Santa Monica and ends at the Malibu cit y l imit, with T opanga Can yon Blv d and 
California Incline serving as its boundary  intersecti ons. There are nine signalized intersect ions on t he 
study segment, all of whic h are controlled by  the ATCS adaptive signal control sy stem.  D ata on traffic 
volumes and signal settings were collect ed from the ATSAC surveillance system.  Travel time data alon g 
the arterial were colle cted with instrumented vehi cles and Bluetooth sensors.  Queue length data were 
extracted from video recordings. 

The performance of the ATCS sy stem wa s co mpared ag ainst optimized fix ed-time ti me-of-day plans. 
Two sets of timing plans were developed for the am, midday and pm peak period: the TOD-230 plan used 
a fixed cy cle length of 23 0 seconds during the peak periods, and the TOD-Optim ized plan used a fully 
optimized and unconstrained cy cle length (t ypically 170 seconds) at all times of the da y. The TOD-230 
plans were developed to facilitate  comparisons between ATCS and the TOD operation, because a cy cle 
length constr aint of 2 30 s econds was enforced on ATCS during  the AM and  PM peak pe riods.  The 
timing plans were tested  through the AIMSUN micr oscopic simulation model.  Adj ustments to th e 
optimized s ettings were made as appropriate based on the sim ulation results to correct any operational 
issues prior to the field implem entation.  The optim ized timing plans were i mplemented in the field, and 
adjustments were made as appropriate based on field observations prior to the collection of the traffic 
performance data.   

The analysis of the performance data (travel times, queue lengths) under ATCS control shows: 

• Long delays are observed at the intersections of  Chautauqua Blvd, and Su nset Blvd in the  p m 
peak in t he northbound d irection, and Topanga Blv d and  Su nset Blvd i n the  am  peak in the 
southbound direction.  Often queues spillback at th e upstream intersections for m ost of the peak 
periods.  The level and variability of delays at these locations significantly affect the performance 
of control strategies tested. 

• ATCS often makes ineffi cient choices regarding splits and offsets. At the critical intersect ion 
(system bottleneck) ATCS was giving the undersaturated side street at least 20% more green time 
than necessary at the critical intersection during periods when the mainline bottleneck was active. 
Also at the fi rst major int ersection upstream of  the bottleneck, we found that at 7 seconds per 
cycle could be reallocated from northbound PCH to conflicting movements to reduce intersection 
delays without negatively affecting tra ffic in the critical direction. Finally , at the intersect ions 
downstream of the bottleneck, the ATCS selected offsets worsened  travel times in both mainline 
directions by 2.4% and had the potential to reduce the capacity of the critical bottleneck as well. 

The comparison of the performance of the control stra tegies tested is summarized in Tables 6.1 and 6.2. 
Table 6.1 shows the ranking of control strategies (1 b eing the best strategy ) based on travel time data  on 
the PCH mai nline.  The ranking is based on the abs olute differences in the travel tim es, and in several 
cases these difference s are  small, as wa s already  discussed in Chapter 5. Table 6.2 shows the Level of 
Service (LOS) for the arterial.  The LOS is not cons tant in the peak times a nd travel directions (e.g., 
northbound PCH in the pm peak) because of the growth and dissipation of congestion. 
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A. Northbound Direction 
CONTROL 
STRATEGY AM 

TIME PERIOD 
MIDDAY PM 

ATCS  2  3  

TOD-230 3* 1 1 

TOD-OPTIMIZED 1 2 3* 

B. Southbound Direction  

CONTROL 
STRATEGY AM 

TIME PERIOD 
MIDDAY PM 

ATCS 1* 2 2 

TOD-230 3 1 1 

TOD-OPTIMIZED 2 3 3* 

* Differences in Performance are Statistically Significant 
 
 

 
 

 
 

 

  
  

 

• In the north bound direction, ATCS and TOD- Optimized plans had sim ilar perform ance and 
outperformed the TOD-2 30 plan in the am  p eak period. All strategies h ad very  similar 
performance in the m idday period. T he TOD-230 pl an was the best strateg y in the pm peak 
period.   

• In the southb ound direction, ATCS outperformed bot h fixed-time plans in the am peak period. 
The savings in travel ti mes due to ATCS wer e statistically significant most of the AM peak 
period, and the LOS was better. All strategies had very similar performance and the same LOS in 
the midday period.  The TOD-optim ized plan resu lted in longer travel ti mes in the p m peak 
period, but the LOS was the same for all strategies tested.   

Table 6.1  Ranking of Strategies Tested on PCH Table 6.2  Level of Service on PCH 

A. Northbound Direction 
CONTROL 
STRATEGY AM  

TIME PERIOD 
MIDDAY  PM  

 ATCS B B B-E 

TOD-230 C B B-D 

TOD-OPTIMIZED B B B-E 

B. Southbound Direction 
CONTROL 
STRATEGY AM  

TIME PERIOD 
MIDDAY  PM  

ATCS B-C B B-A 

TOD-230 B-D B B-A 

TOD-OPTIMIZED B-D B B-A 

2

6.2 Future Research  

This research project eval uated an oper ational adaptive signal con trol system against optimized time-of-
day fixed-timed plans in a  real-life  corr idor based on extensive field data. On going and future rese arch 
will cover but not be limited to the following topics: 

Further resea rch is neede d to address  the opera tional issues i dentified for adaptive control under 
oversaturated conditions.  

Development of an adapti ve traffic control algorith m for signali zed arteri als that can be i mplemented 
without the extensive hardware and software required for the state-of-art adaptive sy stems like ATCS. 
The algorithm will make real-time adjustments to the splits and offsets of the baseline time-of-day plans 
in response to traffic demands. 
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