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PRIMAVERA REPORT ON ANALYSISOF FIELD TRIALS 1

1 EXECUTIVE SUMMARY

Thisreport isan appraisal of the data collected during the field trials. The analysis indicates that the aims of the
project have been achieved. By using acombination of ATT queue management, public trangport priority and traffic
calming techniques, improvements have been achieved in efficiency, safety and environmental indicators on urban
arterial roads.

The trials used networks operating under the following conditions:

@ Baseline conditions, Leeds and Turin

(b SPOT operating alone, Leeds

(© SPOT operating with the strategies devised for PRIMAVERA, Leedsand Turin
(d) SCOOT operating aone, Leeds

©)] SCOOT operating with the strategies devised for PRIMAVERA, Leeds

The strategies for each city are asfollows:
Leeds

SCOOT - Starting and stopping waves, bus priority and speed advice.
SPOT - Horizontal queue model, bus priority and speed advice.

Details of the analysis of the Leeds results are given in Section 2. Theinitial analysis of the data highlighted a
problem. It became gpparent that the sample sizesin the conflict studies were not large enough to give statistically
significant results. Additiona funding was requested to collect more data, but thiswas not forthcoming. Therefore
no conclusions can be drawn from the field trials about any changesin safety due to the implementation of the
strategies.

The main improvements deduced due to adoption of the PRIMAVERA strategiesin Leeds are;

° al0%reductionintravel timesfor buses, when comparedto the current sate-of-the-art UTC systems, without
significant disruption to cars

° thevirtua removal of speeding vehiclesonentry tothearteria inthe AM peek, with consequent improvements
in safety.

Turin

SPOT - Cooperative auto-gating and speed advice.

Positive results on all the measured indicators have been obtained. Details of the analysis are given in Section 3.
Section 3.1 presents an introduction to the field trials. A summary of the cases tested is given together with
assumptions and references for the rest of the document. Sections 3.2 to 3.7 report the analysis of the data collected.
Section 3.8 contains a comparison between the ssimulation and field trial results for the implemented strategy.
Improvements produced from the adoption of the control strategy devised for PRIMAVERA in Turin can be summarised as
follows:

areduction of travel timein the network of 10% in the AM peak and 12% in the PM peak

areduction of journey time on the arterial between 11% and 30% on selected routesin AM and PM peaks
areduction of busjourney times of about 6%

areduction in the number of stops on the arteria of the order of 30%

no significant changes in the queue lengths in terms of vehicles per lane

V2016/033 July 1995



2 REPORT ON ANALYSISOF FIELD TRIALS PRIMAVERA

2 ANALYSISOF THELEEDSFIELD TRIAL
21 INTRODUCTION

This section presentsasummary of analysisof the data collected during the PRIMAVERA fidd trid in Leeds. A full
description of thefield trialsand dl the data collected can be found in Ddliverable 13: "Field Trials Implementation
and Data Collection". The specification for the field trials can be found in Deliverable 11: "Data Collection and
Evaluation Methodology".
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Figure2.1: The Dewsbury Road Trial Site

The Leedsfidd trid site and the data collection points are shown in Figure 2.1. The urban arterial chosen for the
fiddtrid in Leedswasa3km section of the A653; the Dewsbury Road. Thisisoneof themainradid routesinto Leeds,
carrying gpproximately 23,000 vehicles per day. It isalso aheavily used public transport corridor, peak flows being
in excess of 36 buses per hour. Itistypica of many urban arterialsin that it attempts to combine the functions of
generd traffic movement, public transport corridor, shopping street and residentia area. On the chosen section there
areten sgndised intersections including three pelican crossings. In terms of physical characteristics Dewsbury
Road can be divided into three digtinct parts. The outer section compriseslargdly afour lane carriageway with closaly
spaced pededtrian refuges, so that it isalmost adud carriageway. Fronting the road is a mixture of light industrial
and residentia uses. The centra section passes through alocal shopping centre with shops on both sides of the road.
This part of Dewsbury Road comprises two traffic lanes with localised widening to three lanes at the two signal
controlled junctions. Theinner section, closest to the city centre, is made up of three lanes with one lane for city
bound traffic and two lanes outbound, one which is reserved as an evening peak bus lane.

Six types of survey were carried out asfollows:

journey times (cars and buses)
automatic traffic counts
classified vehicle counts
gueue lengths

pedestrian delays

conflict studies

v vV v v Vv VY

Thefield trials have been designed to see whether improvements as predicted by simulationsin Deliverable 12:
"Evauation of Smulated Strategies', occur in reality. Statistical tests have been carried out on the data collected
during thesefidd trids. These are used to produce confidence levels that the measured changes are real and not due
simply to inherent variability in the data.

July 1995 V2016/033



PRIMAVERA REPORT ON ANALYSISOF FIELD TRIALS 3

2.2 BUSTRAVEL TIMESAND DELAY
2.2.1 Data collected

Busjourney timeswerecollectedintwo different ways. Number platematching surveyswerecarried out, with databeing
callected during the morning peak in the inbound direction. During number plate matching surveys only partial
regidiration plates are collected thereforeit is not easy to distinguish buses with transponders from those without.
Therefore this survey has only been used to indicate changesin travel times for the whole bus fleet.

Four of themajor busoperators; Y orkshireRider, Y orkshireBuses, Y orkshire Tractionand West Riding Buses, equipped
atotal of 300 of their buses with transponders. The surveys during the field trials indicate that this resulted in
approximately 65% of the buses using the Dewsbury Road being equipped.

Totd busjourney timesweremeasured by moving observerson buses. Thesetimeswere measured for bothinbound and
outbound journeys over the Dewsbury Road tria site. Data was collected during both the morning and evening peaks.

222 Results
Theresultsof thenumber platematching surveysareshowninTable2.1. Thisshowschangesinjourney times, aongwith

the standard deviation of the observed journey times, the percentage change in the journey times and a statistical
measure of confidence that the strategies have had an effect on the journey times.

Strategy No of Journey Time s.d. %change % confidence
matches (seconds) intime

Baseline 87 406 87

SPOT + 52 382 84 -5.9 89

SPOT aone 48 455 118 12.1 99

SCOOT + 46 407 95 0.2 5

SCOQT aone 45 431 113 6.2 80

Table 2.1: BusTravel Times- Number Plate Matching Surveys

Thefirst point to noteisthat the use of both SCOOT and SPOT on their own without the buspriority or traffic calming
componentsincreases bustrave times. Thisis because on thisarterial the UTC systemsimpose strong co-ordination
(green waves) for cars between the signals. Busestravel at different speedsto cars and therefore can drop out of this
co-ordination. The busjourney time variahility, asindicated by the stlandard deviation, dso increaseswhen the UTC
systems are used on their own.

Theintroduction of theintegrated strategies gppearsto reduce bustravel times back to basdline valueswhen used with
SCOOT andimprovesonthebasdlineva ueswhenusedwith SPOT. Whencomparingtheintegratedstrategiesagainst the
UTCsystemsontheirown, theintegrated SPOT based strategy reducesthetrave timeby 16%whencomparedwith SPOT
aone, with virtualy 100% confidence of agatistically significant change. The integrated SCOOT based strategy
reduces the travel time by 6% with 72% confidence.

Thenumber platematchingsurveysdonot di stingui sh betweentrangponder equi ppedandnon-equi ppedbuses, for thisthe
moving observer surveys need to be examined. The results for the entire bus fleet are shown in Table 2.2.

V2016/033 July 1995



4 REPORT ON ANALYSISOF FIELD TRIALS PRIMAVERA

Inbound Outbound Inbound Outbound pm
am am pm
Time Time Time Time
Basdline
Number of Trips 35 32 26 29
Mean Time 377 353 322 357
s.d. 86 79 98 74
SPOT
Number of Trips 38 37 41 36
Mean Time 413 345 311 356
sd. 114 56 73 86
% changeintime 9.5 -2.3 -3.4 -0.3
% confidence 87 37 40 4
Integrated SPOT
Number of Trips 27 27 41 40
Mean Time 371 326 282 334
s.d. 88 47 69 77
% changein time -1.6 -7.6 -124 -6.4
% confidence 21 89 92 78
SCOOT
Number of Trips 9 7 9 8
Mean Time 379 393 319 371
s.d. 58 69 47 43
% change intime 0.6 11.3 -0.9 39
% confidence 5 78 10 39
Integrated SCOOT
Number of Trips 15 16 25 25
Mean Time 339 365 327 371
s.d. 80 100 67 76
% changeintime -9.9 34 14 39
% confidence 85 35 17 50

Table 2.2: Changesin bustravel time (Moving Observers)

The priority system only gives priority to trangponder fitted buses travelling inbound. Table 2.3 shows the results
for these equipped busesin this direction when the integrated strategies with bus priority are in operation.

July 1995 V2016/033



PRIMAVERA REPORT ON ANALYSISOF FIELD TRIALS 5
Inbound am Inbound pm
Time Time
Integrated SPOT
Number of Trips 21 25
Mean Time 348 290
s.d. 81 52
% change intime -1.7 -9.9
% confidence 78 85
Integrated SCOOT
Number of Trips 11 12
Mean Time 348 331
sd. 87 63
% changeintime -17.7 2.8
% confidence 66 23

Table 2.3: Changesin bustravel time (Transponder fitted buses)

Themoving obsarver resultsindicatethat during the AM peek baththe SPOT and SCOOT basad integrated Srategiesmanage
toreducebusjourney timesfor inbound busesby about 8% for thetransponder equipped buses, when compared withthe
baseline.

The moving observer surveysaso indicate that the integrated Strategies reduce travel timesfor outbound buses during
the AM pesk, whencomparedtotheUTC systemsontheir own. InthePM pesk SPOT adonereducestravel timesby 3.4%
inbound with little change to outbound travel times. Theintegrated SPOT based strategy reducesinbound travel times
by 12.4% and the outbound travel times by 6.4%. SCOQT is not hel pful to buses during the PM peak, making little
differenceto inbound travel times and increasing outbound travel times by 3.9%, whether operating alone or with the
integrated components.

Approximatetotal travel timesavingsforintroducingtheintegrated componentsintotheUTC systemsareshownin Table
2.4. Thesearebased on bus patronage figures during the two hour pesks and the moving observer travel time surveys.

V2016/033

AM Peak PM Peak

Inbound Outbound Inbound Outbound
Patronage 1700 800 1200 1500
Integrated SPOT
Time saving () 42 19 29 22
Total saving (s) 71400 15200 34800 33000
Integrated SCOOT
Time saving () 40 28 -8 0
Tota saving () 68000 22400 -9600 0

Table 2.4: Total bustravel time savings

July 1995



6 REPORT ON ANALYSISOF FIELD TRIALS PRIMAVERA

2.2.3 Conclusions

Both the number plate matching and moving observer resultsindicate that the adoption of the integrated strategies
produces asgnificant reduction in bustravel timeswhen compared with the UTC systems on their own. They also
indicate that on this arteria the use of the UTC systems on their own resultsin an increase in bus travel timesfor
inboundbusesduringtheAM Peak, whencomparedwiththebasdline. Theaddition of theintegrated componentsreverses
thistrend, resulting in areduction in bustravel timeswhen compared with both the UTC systems on their own and the
baseline.

Theintegrated SPOT based strategy produced a reduction in both bus journey times and journey time variability
according to both the number plate matching and the moving observer surveys.

July 1995 V2016/033
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2.3 CAR JOURNEY TIMES
2.3.1 Data collected

Moving car observerswere used to collect journey times for two different routes around the network. The points
definingtheseroutesareshowninFigure2.1. RoutelwasfromA -B—->E—->F~>G—>F—>E->C—->D—->C—>B—A.
Route2wasfronA>B—~>C—>D—~>C—~>E—~>F—~> G~ F—~ E—~ B~ A. Thesurveysfor both routes covered the hours
0730-0930 and 1630-1830. Six daysof datawere collected for each of theintegrated Srategies and three days of data
for the UTC systems on their own.

Inadditionaregistration plate survey was undertaken between 0730 and 0930 us ng fivetiming pointson the Dewsbury
Road, inbound towards the city centre, on one day for each condition. The timing points can be seen in Figure 2.1.
Unfortunately, a communications link failed on the day of the survey for the integrated SPOT strategy, which
invalidated the results.

2.3.2 Realts

Thetworoutescovered by themoving observerswerebrokendowninto 291inks, 17 of which arecommonto bothroutes,
5only onroute1 and 7 only onroute2. Theselinksareshowninfigure2.2. Thedatafrom both routes can be combined
to giveaveragetravel timesaong each link. Flow datafrom the automatic traffic counts and manua classified counts
can be used to determinetypical flows along each link. If thelink flows are multiplied by the average link travel
times and summed across all the linksthen thetotal travel time for all vehicles can be determined. Further details
of thisanalysis can be found in Appendix A.
Journey Time Route Links

Table2.5 showsthe changes
O signalised junction in travel time on each link
O pelican withinthesemovingobserver

routes. Thetravel timesfor
each of the integrated
strategies is compared with
thetravel timefor the UTC
system operating without the
integrated  components.
Therefore the integrated
SCOOT drategy iscompared
against SCOOT without the
starting and stopping wave,
bus priority and traffic
calming components. The
integrated SPOT strategy is
likewise compared against
SPOT without the horizontal
queuemodd, buspriorityand
traffic calming components.

T TIRIS reader

500 m
=

Figure 2.2: Thejourney timeroutelinks The typica flows on each
link during thetwo hour pesk

periods are also shown.
These have been used to calculae the overdl changein travel timefor dl the vehicles using the network covered by
the moving observers. These changesin overall network time are given below the main table.

AM Peak AM Peak PM Peak PM Peak
% change in % change in % change in % change in

V2016/033 July 1995



8 REPORT ON ANALYSISOF FIELD TRIALS PRIMAVERA

Length AM Peak Travel Time Travel Time PM Peak Travel Time Travel Time
Link  (m) Flow SPOT + SCOOT + Flow SPOT + SCOOT +
1 288 1200 -0.82 3.92 1400 -6.70 9.06
2 235 1200 -16.84 -0.19 1400 -7.00 15.67
3 153 1200 -22.26 3.18 1300 -3.14 -12.29
4 204 1200 8.12 -9.97 1300 4.84 -7.62
5 401 1200 2.26 -5.75 2000 -0.98 3.47
6 395 1200 5.92 -7.35 2150 -4.23 1.06
7 193 1200 -9.06 -7.27 2150 -9.33 5.83
8 493 1200 -1.39 8.59 2100 13.81 54.28
9 246 1350 -11.43 7.12 1550 -8.58 5.31
10 451 800 8.44 5.70 800 1.17 7.84
11 552 1250 -22.79 22.48 800 -41.54 99.34
12 507 2200 11.86 -1.79 1900 3.90 12.29
13 180 2200 24.85 13.25 2100 -16.90 -4.50
14 390 2200 4.49 5.10 2100 1.45 10.97
15 405 2200 11.22 6.02 2500 1.79 -16.68
16 492 700 -0.18 -6.47 1050 9.24 -10.18
17 189 2000 -6.90 2.16 2500 3.30 23.94
18 231 2000 1.09 4.59 2500 2.99 -2.71
19 187 2000 -6.23 9.64 1400 6.35 81.44
20 256 900 29.86 34.60 700 6.42 -30.36
21 248 1700 18.12 -2.95 1200 12.91 -14.73
22 290 1700 -10.26 -9.54 1200 5.44 36.93
23 127 1600 -6.90 -3.78 1450 16.03 -24.30
24 226 1600 -13.37 18.34 1450 30.51 -6.71
25 208 1950 -8.48 4.79 1900 40.13 -22.60
26 469 700 7.76 13.53 1000 37.77 8.07
27 494 1100 23.65 -12.85 1000 7.19 2.07
28 246 900 -8.81 22.24 1300 6.78 10.62
29 67 800 2.82 -11.01 800 -3.59 2.25
Network 3056 81343 Network 125755 136121
change(s) change(s)

Table 2.5: The changesin travel timesfor each link

Thetota changein trave timesfor al vehicles travelling on these links, assuming a vehicle occupancy of 1.4 per
vehicleis shown at the bottom of Table 2.5. For the AM Peak, theseincreasesin car travel time are easily countered
by the decreasein bustravel timesin the same period. (See Table 2.4) For the PM Pesk the increased car travel times
exceed the bustraved time savings. The extradeay to cars during the PM Pegk is probably a result of using the bus
priority component. This component isonly giving priority towards the city centre and during the PM Peak thisis
againgt the main traffic flow. The staging arrangements at some of the bus priority junctions means that extending
green timesfor busesinbound can result in anincreasein red time for vehicles travelling outbound. 1t istherefore
recommended that the bus priority component is not used during the PM Peak.

2.3.3 Conclusions

The changes caused by introducing the integrated strategiesisnot Smple. Thetravel time on some linksis reduced

July 1995 V2016/033
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while on athersit increased. Overdl therewas very little changein car travel times during the morning peak, while
during the evening peak there was adlight increase.

24

241

CONFLICT STUDIES

Data collected

Three conflict studies were carried out, namely:

(1)
(2)
3)

Integrated SPOT based strategy (week beginning 25th of July 1994)

Baseline studies (week beginning 1st of August 1994)
Integrated SCOOT based strategy (week beginning 25th of October 1994)

24.2 Results

@ Integrated SPOT based strategy
Conflict Type Vehicle-Vehicle V ehicle-Pedestrian Total
Serious conflicts 2 1 3
Border line cases 1 0 1
Slight conflicts 11 11 22
Total 14 12 26

Table 2.6: Conflicts- Integrated SPOT based strategy

(b Baseline conditions
Conflict Type Vehicle-Vehicle V ehicle-Pedestrian Total
Serious conflicts 1 1 2
Border line cases 1 2 3
Slight conflicts 2 5 7
Total 4 8 12

Table 2.7: Conflicts- Basdline

(© Integrated SCOOT based strategy
Conflict Type Vehicle-Vehicle V ehicle-Pedestrian Total
Serious conflicts 0 0 0
Border line cases 1 0 1
Slight conflicts 12 3 15
Total 13 3 16

Table 2.8: Conflicts- Integrated SCOOT based strategy
V2016/033 July 1995



10 REPORT ON ANALYSISOF FIELD TRIALS PRIMAVERA

2.4.3 Conclusions

For the basdline studies, therewere 12 conflicts observer, only 2 of which were categorized as serious conflicts, based
on Timeto Accident vs Speed trade off. When the integrated SPOT drategy wasimplemented, there were 26 conflicts
observed during the period of study, only 3 of which were categorized as serious conflicts. For theintegrated SCOOT
based strategy there were 16 conflicts observed, no serious conflicts and only one borderline. In generd, al observed
conflictsin these two time scaes were either conflicts between amotorised vehicle and another motorised vehicle
(i.e. Vehicle-Vehicle) or between amotorised vehicle and apededtrian (i.e. Vehicle-Pedestrian). Conflicts between
avehicdeandadogwered soobserved, twowhentheintegrated SPOT based strategy wasimplemented and oneduringthe
baseline study, but these have been ignored in this study.

Using the statistical procedures of Nicholson (1987)* but substituting days of observed conflicts instead of years of
observed accidents, we can say with 95% confidence that there has been asignificant change from the basdinerate if
thetotal number of al conflictsis outside therange 3to 21. Similarly if the total number of serious conflictsis
greater than 5 we can say with 95% confidence that there has been asignificant increase. Thus none of the observed
changes were significant, except for the total number of conflicts under the SPOT based strategy.

Nicholson A.J. (1987) "The Estimation of Accident Rates and Countermeasure Effectiveness’, Traffic
Engineering and Control, October 1987, pp 518-523.

July 1995 V2016/033
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25 PEDESTRIAN DELAY
251 Datacollected

Thedeay to pedestrianswas measured &t five sites (see Figure 2.1) during themorning from 07:00 to 10:00 and during
the evening from 15:30 to 18:30. Sites 2 and 3 are the two halves of a staggered pelican crossing and are treated
together in thefollowing results. Thetota timethat al pedestrians were del ayed has been aggregated and an average
delay per pededtrian caculated for eech site. Statistical confidence levelsin the observed changes have aso been
calculated.

252 Results
Site Number

Implementation 1 2/3 4 5 6
Basdline
No. of pedestrians 379 206 719 241 451
Average Delay 17.44 13.88 17.10 19.10 16.45
SPOT
No. of pedestrians 286 247 241 172 362
Average Delay (s) 28.08 11.22 28.11 27.72 28.67
A Average Delay 10.64 -2.66 11.01 8.62 12.22
% change 61.01 -19.17 64.37 45.11 74.25
% confidence 100 93 100 100 100
Integrated SPOT
No. of pedestrians 418 247 344 228 365
Average Delay (s) 31.91 11.63 34.18 35.17 25.29
A Average Delay 14.47 -2.26 17.08 16.07 8.84
% change 82.97 -16.25 99.90 84.11 53.74
% confidence 100 86 100 100 100
SCOOT
No. of pedestrians 437 249 404 237 314
Average Déelay () 28.63 11.56 2551 32.78 34.80
A Average Delay 11.19 -2.33 8.41 13.68 18.35
% change 64.17 -16.75 49.21 71.61 111.52
% confidence 100 88 100 100 100
Integrated SCOOT
No. of pedestrians 369 105 404 235 279
Average Delay (s) 23.91 16.46 24.92 24.73 30.72
A Average Delay 6.47 257 7.82 5.62 14.27
% change 37.08 18.54 45.73 29.44 86.72
% confidence 100 40 100 100 100

Table 2.9: Pedestrian delay

V2016/033 July 1995



12 REPORT ON ANALYSISOF FIELD TRIALS PRIMAVERA

2.5.3 Conclusions

It can be seen that the integrated SPOT based Strategy caused an increase in pedestrian delay a four of the five sites,
while theintegrated SCOOT based strategy, SCOOT aone and SPOT alone all caused an increase at al of the sites.

If the average pedestrian flows are used at each site, it is possible to estimate the total change in delay across the
fivesites. Thisisshown in thefollowing table.

Site No.

1 2/3 4 5 6 Total
Average flow 378 211 422 223 354 1588
SPOT
Delay change (9) 4020 -561 4650 1918 4327 14354
Integrated SPOT
Delay change (9) 5467 -476 7216 3577 3131 18915
SCOOT
Delay change (s) 4228 -490 3554 3045 6499 16836
Integrated SCOOT
Delay change (s) 2443 543 3303 1252 5054 12595

Table2.10: Changein Total Pedestrian Delay

All the systemsresult in increasein total pedestrian delay. Thisisnot surprising as the UTC systems make full use
of the available road space, resulting in fewer gaps for pedestrians to cross the road. However, if these increases
in pededirian delay are compared with the savingsin travel time from implementing the strategies at thistrial site,
the bus travel time savings are an order of magnitude larger than the increases in pedestrian delay.

The comparison between the UTC systems on their own and the integrated strategiesis seen in Table 2.11.

Average | %change %
change (s) confidence
Integrated SPOT +3.18 +12.7 100
Integrated SCOOT -1.91 -7.1 97

Table2.11: Changesin Pedestrian Delay

Thereisanincreaseinpedestriandelay whentheintegrated SPOT based strategy iscompared against SPOT alone. There
isasdlight decrease for the integrated SCOOT based strategy.

It isinteresting to note that the only site which shows any improvement in pedestrian delay isthe one just downstream
of theVMS.

July 1995 V2016/033
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2.6 SPEED PROFILES
2.6.1 Data collected

A VM Stowarn speeding vehicleswasingalled
at theinbound entrance to the Dewsbury Road
network attheendof March1994. ThisVMSsign
is akey part of the strategies, itsaim being
to reduce the number of speeding vehiclesand
to reduce the variability in vehicle speeds so
that more compact platoons of vehicles are
producedwhichcanbemoreeeasily controlledby
the new queue management drategies. To check
that thisaim is being achieved, speed profiles
of vehicles were measured a three points
closetotheVM Ssign; onejust upstream (S12),
onea thesgn (S13) and one downstream of the
sign (S14) beyond apdlican crossing. (Figure
2.3)

The data presented here covers five compl ete
days (24 hours) of datafor aperiod before the
installation compared with a corresponding
five day period after the installation.

2.6.2 Realts

Speed
Counter
S14

/ Barkly

Pelican

Leeds

120m Camera

Speed
Counter
S13

Variable
Message
Sign

Speed
Counter
S12

Figure 2.3: Thelocation of the speed counters

The change in speed digtribution at these three pointsis shown in Figures 2.4 - 2.6. The speed limit at thissiteis

40 mph.
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Figure 2.4: The Speed Profileat S12
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Figure 2.5: The Speed Profileat S13
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Figure 2.6: The Speed Profile at S14

Thechangesinthe percentage of vehiclesexceeding the speed limit, the mean speed and standard devition of the speed
areshown in Table 2.12.

July 1995

% speeding Mean Speed %confidencein o}
changeinMean
Site Before | After | Before | After Speed Before | After
S12 18 3 35.3 31.3 100.0 6.6 5.8
S13 16 3 31.0 29.2 100.0 6.6 4.9
S14 6 5 29.4 29.2 99.9 6.6 6.5
Table 2.12: The effect of the VM S on vehicle speeds
V2016/033
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2.6.3 Conclusions

Theintroduction of the VM S system has succeeded in reducing high speeding vehiclesand producing lower variability
of vehicle speeds. This should result in more compact platoons of vehicles.

Dueto the very large sample Size, thereisavery high confidence that the mean speed of vehicles approaching the
pelican crossing hasdecreased. A recent TRL report (Finch et. a. 1994) hasindicated that a1 mphreductioninvehicle
speeds can result in a 5% reduction in accident rates, therefore significant safety benefits are predicted for this
Ste. Thereiseven strong evidence that the influence of the VM S extends downstream beyond a pelican crossing asa
small but statistically significant reduction in speed has been recorded here.

V2016/033 July 1995
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2.7 QUEUE SURVEYS

271 Datacollected

Queue length data has been collected at six junctions on the Dewsbury Road during both am and pm peaks.
2.7.2 Results

Ananadysisof al theresultsshowed that overd| therewas not much difference between theimplementations. A typica
exampleisshown here, wherequeuesontwo approachesto the Dewsbury Road/ Beeston Ring Road Junction during the

afternoon are shown. While there are times during the period when one system has performed better than the others,
overall no one system outperforms the others consistently at both arms considered.
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Figure 2.7: The queues at an approach to Beeston Ring Road junction
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Figure 2.8: The queues at another approach to Beeston Ring Road junction
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The average queues on each arm of the surveyed junctions during the survey periods have been calculated. Thesehave
been added together to give the totd average queueson al arms of the junctions. The results are presented in Tables
2.13and 2.14. Duringthe AM Pesk, theintegrated SCOOT based strategy producesan increase of 8.4% intotal queue
lengthwhen compared with SCOOT done. Theintegrated SPOT basad Srategy incressesthetatd queuelengthsby 11.7%.
Interms of the extravisual intrusion produced by thisincrease in queue lengths, this is approximately equivalent
to adding one extra car to the end of each queue during the peak period.

AM Peak Baseline SCOOT SCOOT+ SPOT SPOT+
Tommy Wass 66 62 69 83 95
Westland Road 21 17 21 19 18
Middleton Grove 12 17 22 15 25
Parkside / Garnet 32 37 36 35 31
Dewsbury / Tunstall 20 23 21 29 31
Hunslet Hall Road 20 16 24 26 29
Tunstall / Garnet 32 33 29 31 36
Total 204 205 222 238 266
% change 8.36 11.67

Table 2.13: Thetotal average queueson all arms (AM Peak)

PM Peak Baseline SCOOT SCOOT+ SPOT SPOT+
Tommy Wass 86 77 88 91 82
Westland Road 16 17 25 19 16
Middleton Grove 13 20 20 17 28
Parkside / Garnet 37 35 38 29 36
Dewsbury / Tunstall 26 11 29 20 40
Hunslet Hall Road 23 14 19 14 16
Tunstall / Garnet 31 39 39 31 30
Total 232 214 257 220 249
% change 20.45 12.96

Table 2.14: Thetotal average queueson all arms (PM Peak)
2.7.3 Conclusions

Queuelengthsincrease dightly whentheintegrated strategies are used, when compared with the UTC systemson their
own.
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2.8 COMPARISON WITH THE SIMULATION RESULTS

Table2.15 showstheactud vssmulated travel timesfor thelinkson theroutescovered by the moving observersduring
thefield trials. Theselinks are asshown in Figure 2.2. Thetime period being compared isthe AM peak.

SPOT Simulated  Actual SCOOT Simulated  Actual
Link % change % change Link % change % change
1 2.7 -0.8 1 -0.8 3.9
2 2.9 -16.8 2 -9.9 -0.2
3 -1.0 -22.3 3 -8.3 3.2
4 -2.8 8.1 4 0.0 -10.0
5 -4.6 2.3 5 31.1 -5.8
6 -3.1 5.9 6 -1.8 -7.4
7 -7.7 -9.1 7 24.0 -7.3
8 -2.0 -1.4 8 11.3 8.6
9 -1.8 -11.4 9 10.3 7.1
10 0.1 8.4 10 0.0 5.7
11 -0.5 -22.8 11 11.2 22.5
12 7.1 11.9 12 -12.4 -1.8
13 3.4 24.9 13 -3.6 13.3
14 -7.5 4.5 14 -2.5 5.1
15 -10.6 11.2 15 0.0 6.0
16 -6.4 -0.2 16 7.3 -6.5
17 -0.2 -6.9 17 0.0 2.2
19 -25.9 -6.2 19 18.3 9.6
20 2.7 29.9 20 5.1 34.6
21 -0.3 18.1 21 0.0 -3.0
22 -1.0 -10.3 22 4.9 -9.5
23 -3.2 -6.9 23 6.3 -3.8
24 3.4 -13.4 24 0.2 18.3
25 8.3 -8.5 25 2.0 4.8
26 -0.3 7.8 26 9.2 135
27 -0.9 23.7 27 -1.0 -12.9
28 1.8 -8.8 28 43.2 22.2
Total -4.2 0.1 Total 1.7 3.7
change change

Table 2.15: Simulated vsactual changesin travel times

Ascanbeseenthereisrarely agreement between the smulated and observed results. Thereareanumber of reasonsfor
this. Firdly thereisthe usua problem with field trids of not knowing whether the changes being measured are due
entirely to the strategy or to some external influence such as the weather or fluctuations in demand. Similarly,
smplifications had to be made to the network and signd plan representations in the simulations which could result
indiscrepancies. Secondly, the smulations highlighted some areas where problems could occur. With these in mind
thesystemsimplemented on-street werechangedtotry andreducetheseproblems. For example, thesmulationsrevealed
that when using SCOOT, constraining thewholeareato an 88supper limit on cycletimedid not alow carsto benefit as
much aspossible. Therefore during thefield trials the area was split into two regions, one with the 88s constraint
the other without. The simulations and the field trias are thus comparing different systems. Overal, for the whole
network, the SCOOT resultsshow reasonabl eagreement, bothshowingasmall increaseintravel time. TheSPOT results
are not so good, the simulations predicting areduction in travel time, the field trials showing little change.

July 1995 V2016/033



PRIMAVERA REPORT ON ANALYSISOF FIELD TRIALS 19

3 ANALYSISOF THE TURIN FIELD TRIAL
31 INTRODUCTION

This section presents asummary of the analysis of the data collected during the PRIMAVERA field tridlsin Torino
(Turin). A detailed description of thefield trids can befound in Deliverable 13 "Field Trials Implementation and
Data Collection". The specification for the field trials can be found in Deliverable 11: "Data Collection and
Evaluation Methodol ogy".

Thefield trials have been designed to see whether improvements as predicted by simulationsin Deliverable 12:
"Evaluation of Smulated Srategies', occur inredity. Stetigtical tests have been carried out on the data collected
during thefidd trids. These are used to produce confidence level s that the measured changes are real and not due
simply to inherent variability of the data.

Thetrialsin Torino cover the network operating under the following conditions:

Baseline conditions, green wave coordinated fixed plan
SPOT operating with the strategies devised for PRIMAVERA

Astherewasnot enoughtimeto tunetheforecast algorithm of the SIS AVM systemin Torinoit hasnot been possibleto
test the strategy origindly planned for the field trials. The bus priority component of the integrated strategy (bus
stop protection) has therefore been dropped. The strategy applied in Torinois:.

SPOT+ = SPOT + Cooperative Auto-gating + Speed Advice

The strategy adopted istotaly decentralised and no interventions have been alowed by the AreaLeve Control of the
UTOPIA system in Torino. The Traffic Control Centre has been used merely for its monitoring functionality.

Field trials have covered the Corso Grosseto area. Thetest Site includes saven controlled intersections located along
the Corso Grosseto arterial. See Deliverable 4: "Description of the Test Stes' for amore detailed description of the
test site. For simplicity, in the rest of the document the intersections are identified by a numeric index. The
following table showsthe correspondence between the numeric code and the intersections, the diagram below aschema
of the topology of the network:

Code Intersection

11 Corso Grosseto - Via Casteldelfino

12 Corso Grosseto - ViaFea

13 Corso Grosseto - ViaBibiana

14 Corso Grosseto - Via Chiesa della Salute

15 Corso Grosseto - ViaAladi Stura

16 Corso Grosseto - Corso Vercelli - ViaBotticdli
17 Corso Vercelli - ViaTaoscanini - Via Porpora

Table3.1: Codesfor theinter sections
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Figure 3.1: Thetopology of the Corso Grosseto test site

Thebasdlinesurveyswerecarried out from September to October 1994 whilethe SPOT+ surveyswerecartied outin June
1995. Between the Basdlineand SPOT + surveys significant modificationsto one link, connecting intersections 15 and
16, have beenimplemented. These modifications have narrowed the carriageway from 4 to 3 lanesin order to facilitate
the entrance and the exit from the motorway going to the airport. The changes have resulted in heavy congestion onthe
link. Thelink has therefore not been considered in the evaluation of the benefits/disbenefits introduced by the
system.

Reaultsarepresented for theAM and PM pesk periods. Timingsfor thepegksare 7:00-9:30for AM and 17:00-19:30for PM.
3.2 TRAFFIC SCENARIO

This section describes the traffic scenario where the field trials took place. First a description of the topology of
the intersections together with information on the traffic movementsis given for the more congested intersectionsin
thenetwork. Later theflow demandispresented. Thereisagap of severa monthsbetween thebasdline surveys(October
1994) and the SPOT+ trids (June 1995), therefore an analysis of the flows in the area during the above mentioned
periods hasbeen made. Theresultsshow that smal changesdid occur in the demand, the biggest changes arereductions
of lessthan 5%. Asmost of theintersections do not operatein oversaturated conditionsit has been assumed that travel
times do not change due to a different demand condition.

The following series of diagrams represent the topology, stage planning and turning movements for intersections 11,

15 and 16 where Manua Classified Counts took place. Intersections 12, 13, 14 have atopology very similar to
intersection 11 and the same stage planning.
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Figure 3.2: Topology and stage planning for intersection 11
V2016/033 July 1995



22 REPORT ON ANALYSISOF FIELD TRIALS PRIMAVERA
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Figure 3.3: Topology and stage planning for intersection 15
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Figure 3.4: Topology and stage planning for intersection 16

The MCC surveysaso gave an indication about the traffic compaosition on the arterial as summarised in the following

table.

Category Percentage
Cars 93.8 %
Lorries 5.6 %
Heavy Goods Vehicles 0.6 %

Table 3.2: Traffic composition on Corso Grosseto

Morethan 30 ATC countersweredeployed in the Corso Grosseto area. For each day theflow profile, sampled at 5 min.
intervals has been recorded. The following diagrams show the typical flow profile on one inbound and one outbound
section. From the diagramsthetwo pesks can be easly identified. In absolute terms the dominant flow inthe AM pesk
isin the inbound direction while during the PM peak inbound and outbound flows are comparable.

V2016/033
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Flow Profile on Corso Grosseto- Inbound Direction
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Figure 3.5: Flow profile on Corso Grosseto, inbound direction
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Figure 3.6: Flow profile on Corso Grosseto, outbound direction
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For the assessment of the control Strategiesflowson dl thelinks are needed. The following table and figures show
theflowson each link aggregated for the peak periods. Two detectorswere placed on links 15-16 and 16-15, onejust at
the exit of the upstream junction and the other after the confluence of the motorway coming and going to the airport.

Flowson the s deroadsrepresent only asmall percentage of theflow on the arteria except for ViaBotticdli and Corso
Vercdli wherethey are comparable. Thesetwo roadsarearmsof intersection 16 whichisthemost saturated inthefield
trial area.

Link AM: 7:00-9:30 |PM: 17:00-19:30
entry 11 3882 4328
11to 12 4289 4175
12to 13 4717 4684
13to 14 4340 4353
14to 15 4021 4271
151016, 1 3965 4188
1510 16, 2 4769 4375
16to 17 3341 2659
exit 17 2247 2337
entry 17 1866 2101
17t0 16 3434 3459
16t0 15,1 5551 5290
15t0 15, 2 6576 7352
15t0 14 3911 4678
14to 13 4222 4984
13to 12 4913 5410
12to 11 4683 5498
exit 11 4628 5014
ViaCastelddfino 1423 1407
ViaFea 448 821
ViaBibiana 1110 1270
ViaChiesaddllaSaute 590 994
ViaAlaNord 962 1523
ViaAlaSud 1248 1396
Corso Verceli Sud 3572 3597
ViaBotticdli 3909 3877
ViaToscanini 1509 1822
ViaPorpora 826 1146

Table 3.3: Flowsduring the peakson thelinks

V2016/033 July 1995



26 REPORT ON ANALYSISOF FIELD TRIALS PRIMAVERA

Flowson thetwo routes, A and B, covered by the moving observersare now presented, aong with theflowson theside
roads.

H Av
[]PM

Flows on Route A

5000
4500
4000 -
3500 |
3000 |
2500 |
2000 |
1500 |
1000 |
500 |

[veh]

)]

entry 11
1110 12
1210 13
13 to 14
1410 15
16 to 17

1510 16
15 10 16, 2

Section

Figure 3.7: Flowson Route A, AM and PM peaks
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Figure 3.8: Flowson Route B, AM and PM peaks
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3.3 CYCLETIMES
3.3.1 Datacollected

For the basdline case cycdletimes were fixed for all the intersections. For SPOT+ cycle times have been collected
through the monitoring facilities of the Traffic Control Centre in Torino.

3.3.2 Results
AsSPOT implementsan adaptive control stagetimingsvary from cycleto cycle. Thefollowing tables show theaverage

length of the stages during the AM and PM peaks and their standard deviationsas an indicator of the variahility of the
stage length. Vaues reported are in seconds.

JUNCTION 11 |

Stage 1 2 3 CYCLE
Baseline 45 16 29 90
SPOT+ AM Av. 69 18 26 113
SPOT+ PM Av. 67 18 31 116
SPOT+AM StDev. [ 14 0 9 14
SPOT+ PM St.Dev. 14 0 9 16

Table 3.4: Cycletimingsfor intersection 11

JUNCTION 12 |

Stage 1 2 3 CYCLE
Baseline 47 14 29 90
SPOT+ AM Av. 75 22 15 112
SPOT+ PM Av. 72 21 18 111
SPOT+AM StDev. | 12 6 2 14
SPOT+ PM St.Dev. 15 6 4 15

Table 3.5: Cycletimingsfor inter section 12

JUNCTION 13 |

Stage 1 2 3 CYCLE
Baseline 47 16 29 90
SPOT+ AM Av. 65 15 33 113
SPOT+ PM Av. 62 15 36 113
SPOT+AM StDev. | 15 0 10 13
SPOT+ PM St.Dev. 22 0 9 21

Table 3.6: Cycletimingsfor inter section 13
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JUNCTION 14 |

Stage 1 2 3 CYCLE
Baseline 40 16 34 90
SPOT+ AM Av. 83 15 17 115
SPOT+ PM Av. 74 15 30 119
SPOT+ AM St.Dev. 8 0 5 7
SPOT+ PM St.Dev. 17 0 11 16

Table 3.7: Cycletimingsfor inter section 14

JUNCTION 15 |

Stage 1 2 3 CYCLE
Baseline 49 16 25 90
SPOT+ AM Av. 66 26 19 111
SPOT+ PM Av. 59 29 28 117
SPOT+AM StDev. | 13 4 5 15
SPOT+ PM St.Dev. 13 2 9 15

Table 3.8: Cycletimingsfor inter section 15

JUNCTION 16
Stage 1 2 3 4 5 6 CYCLE
Baseline 25 17 18 13 23 14 110
SPOT+ AM Av. 40 21 33 27 14 27 162
SPOT+ PM Av. 40 22 33 29 23 32 179
SPOT+ AM St.Dev. 3 8 2 3 8 4 13
SPOT+ PM St.Dev. 3 8 2 2 10 2 11
Table 3.9: Cycletimingsfor inter section 16

JUNCTION 17 |

Stage 1 2 3 CYCLE

Baseline 20 49 41 110

SPOT+ AM Av. 15 28 46 89

SPOT+ PM Av. 17 40 45 112

SPOT+ AM St.Dev. 1 7 17 16

SPOT+ PM St.Dev. 4 13 16 22

Table 3.10: Cycletimingsfor intersection 17
3.3.3 Conclusions
Asin the basdline case the network can be split into two areas. The first, consisting of intersections 11 to 15, has
acommon cycletime; the second, dominated by intersection 16, is more saturated and is maintained at a higher cycle

time. In genera cycletimes under SPOT+ are higher than the baseline case. Increasesin stage lengthsfor the arterial
stagesis due to different coordination of the intersections.
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34 CAR JOURNEY TIMES
3.4.1 Data collected

Journey timesfor privatetraffic has been collected by moving observerstravelling on two routes on the arterial. Route
A was covering theinbound direction, route B the outbound direction. Moving observers data covered dl thelinkson
the arteria. For the Side roads adelay indicator has been caculated using the flow information, the cycle and stages
length and the estimated saturation flow using the formula:

2
p-_S .R°
s-q 2C

where;

isthe saturation flow

isthe demand on the link
isthered length in the cycle
isthe cycle length

The aboveformulaisvaid aslong as (i) the distribution arrival pattern for the link is uniform and (ii) the degree
of saturation islessthan approximately 0.7. These conditions are valid for the side roads as (i) there are no other
intersections close to the controlled ones and (ii) the degree of saturation on the side roads is low enough.

34.2 Results

Link Journey Times

First an analysisof link journey timeis presented. As described in the introduction journey timesonlink 15to 16 have
been excluded by the evaluation.

Besides significant reductions in journey time on most of the links, it should be noted that thereis also a general
reduction in the variability, shown by the reduction in the standard deviation of the distribution.

ROUTE A
PERIOD AM

entry 11 |11to 12 |12t013 | 13t014 [ 14t015 |15t0 16 | 16t0 17
Baseline
Trips 50 50 50 50 50 n.a 50
Time(s) 27 52 39 25 42 n.a 45
s.d. (9 14 20 16 17 22 na 14
speed (km/h) | 27 21.5 12.8 24.5 21.6 n.a 7.8
SPOT+
Trips 45 45 45 45 45 n.a 65
Time(s) 25 32 20 18 40 n.a 32
% change -5 -39 -48 -27 -6 -30
confidence 47 100 100 98 34 100
s.d. () 17 12 13 10 22 na 21
speed (km/h) | 28.6 35.5 24.7 33.7 23 n.a 11.1

Table 3.11: Journey timeon thelinks, Route A AM
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ROUTE A
PERIOD PM
entry 11 |11to12 |12t013 | 13t014 [ 14t015 |15t0 16 | 16t0 17
Basdline
Trips 50 50 50 50 50 na 50
Time(s) 25 57 42 31 40 n.a 61
s.d. (9 12 19 19 20 25 na 38
speed (km/h) | 29.4 19.7 12 19.9 122.7 n.a 5.8
SPOT+
Trips 32 32 32 32 32 n.a 50
Time(s) 20 39 27 17 39 na 36
% change -20 -32 -34 -46 -5 -41
confidence 90 100 100 100 15 100
s.d. () 15 16 13 4 19 n.a 18
speed (km/h) | 36.5 29 18.3 37 23.8 n.a 9.8
Table 3.12: Journey time on thelinks, Route A PM
ROUTE B
PERIOD AM
entry 17 | 17t0 16 [ 16t0 15 | 15t0 14 | 141013 | 13t0 12 |12t0 11
Basdline
Trips 50 50 50 50 50 50 50
Time (9 55 128 69 42 46 43 44
s.d. () 18 65 29 28 23 18 29
speed (km/h) | 11 2.7 42.1 21.7 13.3 11.7 254
SPOT+
Trips 65 45 82 45 45 45 45
Time(s) 62 138 75 34 21 13 35
% change 13 8 9 -21 -55 -69 -21
confidence 85 55 81 91 100 100 94
s.d. () 33 63 23 16 14 5 16
speed (km/h) | 9.8 2.5 38.7 27.3 29.8 38 31.8
Table 3.13: Journey time on thelinks, Route B AM
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ROUTE B
PERIOD PM

entry 17 | 17t0 16 [ 16t0 15 | 15t014 | 141013 | 13t012 |12t0 11

Basdline
Trips 50 50 50 50 50 50 50
Time () 100 159 66 50 49 48 32
s.d. (s) 18 60 23 34 24 17 10
speed (km/h) | 6.1 2.2 441 18.4 12.4 10.5 34.7
SPOT+
Trips 50 50 65 32 32 32 32
Time (9 59 156 79 33 25 21 34
% change -41 -2 19 -34 -50 -56 6
confidence 100 19 100 100 100 100 51
s.d. (s) 27 62 20 16 18 10 14
speed (km/h) | 10.3 2.2 37 27.8 24.8 23.6 32.7

Table 3.14: Journey time on thelinks, Route B PM
Route Journey Times

Thefollowing table showsthetota routejourney timefor routes A and B inthe AM and PM pesks. Indl the periodsa
significant reduction in journey times has been found.

Case Route A AM | RouteB AM | RouteA PM | Route B PM
Basedline (s) 231 428 255 504
SPOT+ (9) 167 379 177 407
% change -28 -12 -31 -19
Table 3.15: Journey time on theroutes
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Figure 3.10: Journey time on theroutes
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Theresults show how the new system improves coordination between intersections. Significant benefits can be found
during both pesks on the two routes. Such aresult due to the coordination on the arterial should have introduced
additional delays on the side roads. The aim of the following section isto evaluate atravel time indicator of the
controlled network that also consider the side roads.

Network Travel Time

Theam of thissectionisto produce atravel timeindicator for the network. Travel timeis defined asthe journey time
on the link multiplied by the flow travelling on the link during the observation period. An indicator has been
caculated for each intersection and then aggregated across the network. The following tables report the intersection
and network indicators. Please refer to Appendix B for atable containing the link travel times. Valuesarein vehicle
seconds.

Intersection Baseline SPOT+ % change

11 361155 335222 -7.2
12 448386 224493 -49.9
13 417582 231184 -44.6
14 291362 243011 -16.6
15 702489 770377 9.6
16° 638746 737090 154
17 341068 320183 -6.1

Network 3200789 2861559 -10.6

Table 3.16: Travel timein the network, AM peak

Intersection Baseline SPOT+ % change

11 333310 342279 2.7
12 523511 320563 -38.8
13 485479 305781 -37
14 396649 274885 -30.7
15 707643 831559 17.51
16° 748688 817841 9.2
17 488736 350454 -28.3

Network 3684016 3243361 -11.9

Table 3.17: Travel timein the network, PM peak

2Vauesfor intersection 16 do not consider link 15 to 16
3Vauesfor intersection 16 do not consider link 15 to 16
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Travel time - percentage changes
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Figure 3.11: Travel timein the network, % changes
3.4.3 Conclusions

Journey time surveys have proved that there are considerabl e benefits, in the order of 12 to 30%, for the journey times
on thetravelled routes. These benefits have introduced delays to the side roads. Weighting the journey times with the
demand on thelink, significant benefits, of the order of about 10% for both AM and PM pesks, can be found. It should
be noted that from intersection 16, which isthe most congested in the area, one link is missing from the evaluation.
Positive indicators on the excluded link could significantly change the network travel time indicators by afew
percentage points.
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35 BUSJOURNEY TIMES
3.5.1 Datacollected

Busjourney times have been collected throughthe SIS AVM system of ATM (Azienda Tramvie Municipdi), the City
Council's company that isin charge of public trangport in Torino. The SIS givesfor each section of the PT route the
average journey time per hour. Only PT route number 2, abus service, has been consdered asit isthe only route that
travels entirely along the Corso Grosseto arterial.

3.5.2 Realts

In this section only route journey time for the part of service 2 covering Corso Grosseto (from intersection 16 to 11
andvice-versa, arecondgdered. Link journey timesarereportedin Appendix C. Thefollowing tablesand diagrams show
the bus journey times in the inbound and outbound directions from 7:00 up to 23:00. Vaues are in seconds.

Hour 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Base 336 | 361 | 340 | 360 | 310 | 318 | 332 | 330 | 330 | 350 | 355 | 323 | 324 | 322 | 341 | 329 | 330
SPOT+ 336 | 336 | 330 | 325 | 328 | 322 | 320 | 323 | 323 | 327 | 333 | 351 | 342 | 329 | 324 | 316 | 314

% change 0.03 |-6.84 |-297 |-9.70 | 6.04 | 1.38 | -347 | -2.15|-2.12 | -6.49 | -6.27 | 8.60 | 5.49 | 2.05 | -5.01 | -3.98 | -4.84

Table 3.18: BusJourney Time, Outbound direction

Hour 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Base 278 | 278 | 277 | 269 | 294 | 278 | 273 | 280 | 276 | 270 | 287 | 285 | 273 | 271 | 250 | 243 | 241
SPOT+ 262 | 268 | 264 | 259 | 254 | 254 | 247 | 246 | 243 | 245 | 256 | 263 | 264 | 257 | 250 | 245 | 239

% change -5.86 | -3.60 | -4.63 | -3.79 | -13.5 | -8.36 | -9.36 | -12.4 | -12.0 | -9.31 | -10.8 | -7.7 | -3.30 | -5.38 | -0.08 | 0.78 | -0.46

Table 3.19: BusJourney Time, Inbound direction

Bus Journey Time - Outbound
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Figure 3.12: BusJourney Time, Outbound direction
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Bus Journey Time - Inbound
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Figure 3.13: BusJourney Time, Inbound direction

From the above diagramsit clear that for much of the day the inbound direction benefits from the new control strategy
applied evenif no bus priority measure were taken. This data. confirmsthe private traffic data (journey time on route
A) evenif theeffect islessmarked. In the outbound direction benefits are shown in the AM peak and Off-peak periods
while journey times are greater with the SPOT+ system during part of the PM peak.

The following table shows the average benefit/disbenefits introduced during the two peaks and during the whole day.

Period 7-23 7-9 17-19
Baseline 335 346 334
SPOT+ 328 334 342
% change -2 -3.3 2.3

Table 3.20: BusJourney Time, Outbound direction

Period 7-23 7-9 17-19
Basdline 272 278 281
SPOT+ 254 265 261
% change -6.6 -4.7 -7.3

Table 3.21: BusJourney Time, Inbound direction
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Figure 3.15: BusJourney Time, Inbound direction
3.5.3 Conclusions
Evenif no specific buspriority measureswere provided by the applied strategy, busjourney times could haveimproved
asaconsequence of the better coordination on the arterid. Improvements are constant during the day for the inbound

directionwithanaverage 7% improvement; in the outbound direction thereare somedishenefitsduring theday reducing
the average improvement to only 2%.
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3.6 STOPS

3.6.1 Datacollected

Stops are an important indicator that give information about the coordination of the intersections and indirect
information about driving comfort, driver's stress and pollution as the mgjor emission rates occur during the
acced eration and decd eration phases of the movements of the vehicles. Thus, asdemonstrated by thesmulation results,
areduction of the number of stops leads to areduction in the emission of pollutants.

Stops have been recorded by moving observerson the routetravelled. Thus dataabout stopscover only thelinkson the
arterial.

By using the stopping rate for floating cars, the total number of vehicle stopped per pesk period has been calculated
by multiplying the measured rate by the flow on thelink. By summing the stops on thelinksit is possible to work out
an intersection and a network indicator.

3.6.2 Realts

The following tables show the stopping rate measured by the moving observers.

ROUTE A
PERIOD AM

entry 11 |11to 12 |12t013 | 13t014 [ 14t015 |15t0 16 | 16t0 17
Basdline
Trips 50 50 50 50 50 na 50
Stops 23 31 41 7 25 n.a 47
Stop rate (%) | 46 62 82 14 50 n.a 94
SPOT+
Trips 45 45 45 45 45 n.a 65
Stops 18 15 13 2 21 n.a 46
Stop rate (%) | 40 33 29 4 47 n.a 71

Table 3.22: Stopson thelinks, Route A AM

ROUTE A
PERIOD PM

entry 11 |11to 12 |12t013 | 13t014 [ 14t015 |15t0 16 | 16t0 17
Basdline
Trips 50 50 50 50 50 na 50
Stops 33 39 42 11 20 n.a 47
Stop rate (%) | 66 78 84 22 40 n.a 94
SPOT+
Trips 32 32 32 32 32 n.a 50
Stops 9 17 18 0 14 n.a 35
Stop rate (%) | 28 53 56 0 44 n.a 70

Table 3.23: Stopson thelinks, Route A PM
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ROUTE B
PERIOD AM
entry 17 | 17t016 | 16t0 15 | 15t014 |14t013 | 13t012 | 12t0 11
Baseline
Trips 50 50 50 50 50 50 50
Stops 40 49 29 17 33 48 14
Stop rate (%) | 80 98 58 34 66 96 28
SPOT+
Trips 65 45 82 45 45 45 45
Stops 45 43 48 16 6 3 18
Stop rate (%) | 70 98 59 36 13 7 40
Table 3.24: Stopson thelinks, Route B AM
ROUTE B
PERIOD PM
entry 17 | 17t016 | 16t0 15 | 15t014 | 14t013 | 13t0 12 | 12t0 11
Baseline
Trips 50 50 50 50 50 50 50
Stops 47 50 30 19 34 43 5
Stop rate (%) | 94 100 60 38 68 86 10
SPOT+
Trips 50 50 65 32 32 32 32
Stops 27 50 45 10 6 9 9
Stop rate (%) | 54 100 69 31 19 28 28

Table 3.25: Stopson thelinks, Route B PM

Data on the links has been agregated at junction and arteria level using theflows on the links. Results are shown in
the following table and diagram.

AM PM
Inters. Basdline SPOT % change | Basdline SPOT % change

11 3097 3426 11% 3406 2764 -19%
12 7376 1757 -76% 7909 3739 -53%
13 6655 1926 -71% 7324 3569 -51%
14 1937 1584 -18% 2735 1462 -47%
15 5824 5726 -2% 5564 6351 14%
16 3365 3350 0% 3459 3459 0%
17 4633 3678 -21% 4474 3000 -33%

Arterial 32887 21446 -35% 34871 24344 -30%

V2016/033
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Figure 3.16: Stopsat theintersections and global indicators, % changes

3.6.3 Conclusions

The introduction of the control strategy has significantly reduced the number of vehicles stopping at the traffic
signals on the arterial.

Thebenefitsmay bequantified by a35% reductionin the number of vehidlesopped duringthe AM peek and a30% reduction
during the PM peak.

Theseresultsonly consider the arterid and not the side roads but, as no coordination can be provided on the sideroads
due to the distance of upstream signals, they are a significant indicator of the correct behaviour of the strategy

applied.
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37  QUEUES

3.7.1 Datacollected

Queue lengths have been measured by observersat four junctions during both pesks. Datawas collected at the start of
the green stage for each link. The survey has given an indication about the evolution of the queues during the pesk and
about the average queue at the start of the green. As a comparison between profiles does not give any interesting
information, the indicator used is the average queue.

3.7.2 Results

The Following tables show the comparison of the average queues for the two cases.

[ Intersection |11
Grosseto Outb. | Grosseto Inb. Casteldelfino
12to 11 entry 11
AM | SPOT+ 23 18.3 12.3
Basdline 32.3 18.0 10.9
% change -28.9 0 12,5
PM [ SPOT+ 24.3 17.65 12.2
Basdline 14.9 16 11.5
% change 63.2 7.4 6.6

Table 3.27: Queueson intersection 11

Asaconsequenceof thehigher cycletimetheaverage queueonthesideroadshas increased dightly in the PM pesk and
had amoremarked increase during AM pesk. Because of thelow flow on thelink, the changeshave avery low absolute
value, of the order of 1-2 vehicles. No mgor changes can be found on the arterid in the inbound direction, entry link
for the controlled area, whilethe outbound direction passesfrom amarked reduction during AM toasignificantincrease
during PM. Thisis because there is a different coordination on the arteria as the same behaviour can be found in the
link journey timeanaysis(link 12 to 11 passesfrom a21% decreasein AM to a6% increaseduring PM). Theabsolute value
for queue length however stays at alow level considering that Corso Grosseto is afour lane carriageway.

| Intersection |15 |

Grosseto Outb. | Grosseto Inb. AlaSud AlaNord
16to 15 14to 15
AM | SPOT+ 26.9 23.7 9.4 14.2
Basdline 45.8 29.6 8.8 12.6
% change -41 -20 6.6 12.4
PM | SPOT+ 34.3 28.7 19.8 15.3
Basdline 44.9 16.4 19.9 11.7
% change -23.6 21.9 0 30.4

Table 3.28: Queueson intersection 15

Again because of the higher cycle times, queues onthe Sderoads increase dightly, but not greater than 3 vehicles
in absoluteterms. A strong reduction in queuesin the outbound direction of Corso Grosseto is noted, probably dueto
better management of theleft turning traffic on ViaAladi Stura Sud. Changesin the coordination of the intersections,
asfor junction 11, result in the benefits of the AM becoming disbenefitsin PM. Unlike junction 11 the changesin the
average queues are not reflected in the journey times on the link.
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| Intersection | 16 |

Grosseto Vercdli Sud Vercelli Nord Botticdli
15to0 16 17to 16
AM | SPOT+ n.a. 34.8 38 46.4
Basdline n.a. 19.9 38.5 30.7
% change 74.7 -1.4 51.2
PM | SPOT+ n.a. 40.3 60.25 60.6
Basdline n.a. 36.8 58.3 69.3
% change 9.5 3.2 -12.5

Table 3.29: Queueson intersection 16

Intersection 16 isthe placewhere mgjor changesin queues have been detected. Mg or changes occurred onthetwo side
roadswhere, with the new control strategy, Significant increasesin theaverage queue length can be seeninthe morning
pesk. No relevant changes have been messured in theinternal link between junction 17 and 16. For the absolute values
of the changesit should be noted that all the links of this intersection have four lanes so even the biggest change
givesonly anincrease of 4 vehicles per lane on ViaBotticli during the AM pesk. It should be noted that link 15 to
16 has been excluded by this evaluation due to the problems described in the introduction.

| Intersection |17 |

Vercelli Nord Toscanini Vercdli Sud Porpora
entry 17 16t0 17
AM | SPOT+ 8.5 12 12.9 5
Basdline 13 124 13.1 5.9
% change -34.5 -3.3 -1 -15
PM [ SPOT+ 12,5 11.3 13.3 6.5
Baseline 15.5 10.7 12.8 7.2
% change -19 4.7 3.9 -9

Table 3.30: Queueson intersection 17
Significant reduction of the queues occurred on Corso Vercelli Nord and Via Porporaduring both pesks. No significant
changes can be found on the other links. Absolute changes are not large, the biggest is of 5 vehicles on the four lanes
of Corso Vercdlli.

3.7.3 Conclusions

The new control strategy has dightly modified the queue distribution in the area. Changes can be summarised asa
genera increase on the side roads and a reduction on the arterial.

Even if sgnificant in percentage terms, absolute changes, both for reductions and increases, have been limited to less
than 4 vehicles per lane.
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3.8 COMPARISON WITH THE SIMULATION RESULTS

Oneobjective of thefidld tridswasto validate the assessment made in the simulation stage when the sdlection of the
strategies was made.

In this section some indicators, that can be compared directly with the simulation results, will be analysed. In
particular it is possible to make an easy comparison between:

° travel timesin the network
] journey times for buses
o stopsin the network

Deiverable 12: "Evaluation of Smulated Srategies’ should bereferred to for the complete results of the smulations.
Asthe ssimulationsonly covered the morning period the comparisons can be made only for the AM peak indicators.

The predicted changein network travel time agreeswell with thefield tridls. Thefield trialsindicate a 10% reduction
against the 9% reduction predicted by the simulation results.

For busjourney time again theimprovement predicted by smulation for service 2, 5%, isvery closeto the averagegain
of 4% for both directions obtained in the field trials.

A bigger differencecan befound comparing thestopsindicators. The 7% reduction predicted by thesimulation becomes
a 30% reduction in the field trials. This underestimate can derive from two factors:

° the field trials result considers only the arterial while the simulation considers the whole network.
° the calculation of stopsin the NEMIS simulator isvery sengitive to settings of thresholdsto define avehicle
stop. The definition of a stop made by the human observer may have a certain degree of uncentainty.

Asthe efficiency indicators of the Smualtion were very close or even underestimating the effects of the strategy it
ispossible to use the results predicted by the smulations for some other indicators that have not been measured in
thefield trids. If we consder the environment indicators that strongly depend on the stop rate and the travel time
it is possible to assume that the benefits predicted by the simulations occurred during the field trids:

Indicator % change
CO Emissions 5%
NOx Emissions -2%
HC Emissions -6%
Fuel Consumption -3%

Table 3.31; Estimated effects on environmental indicators
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4 CONCLUSIONS

Thefidd trial datais showing that the adoption of integrated PRIMAVERA strategies on urban arterial roadsis
producing some significant improvements.

Journey times for private vehicles are being reduced, asisjourney time variability.
Priority is being given to public transport resulting in reduced journey times, delay and journey time variability.

ATT traffic caming using aVM S and a speed enforcement camerais succeeding in reducing the number of vehicles
travelling at excessive speed and isresulting in lessvariability in vehicle speeds. This produces compact platoons
of vehicleswhich are more easily controlled by the new queue management strategies.

The following parameters have been studied:

the influence of the new strategies on the performance in different traffic conditions
link and individual intersection performance

network performance

effects of the new strategies on public transport

the simulated changes compared to the field trial results

The main results are;

L eeds:

° agrester than 10% reduction in travel times for buses, when compared to the current state-of-the-art UTC
systems, without significant disruption to cars

] thevirtua removal of speeding vehiclesonentry tothearterid inthe AM peak, with consequent improvements
in safety

° adight increase in queue lengths at the controlled intersections and in pedestrian delay

Turin:

] Thenew control schemereducesthetravel timeinthe network for privatetraffic by about 10% compared with
the fixed time system

] The new control scheme reduces the variabilty of link journey time

] The effects on the main public transport service are a reduction of between 2% and 7% in journey time

] The number of stops on the controlled arterial has been reduced more than 30%

° Minor changesoccurredinthequeuelengths, in genera reductionsonthemain road and small increasesonthe
side roads due to higher cycle times

] Thefidd trials results fit very well with the predictions made by the smulations. According to thisitis

possible to estimate that pollutant emissions and fuel consumption will reduce by up to 5%
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APPENDIX A: ANALYSISOF LEEDSMOVING OBSERVER TRAVEL TIME DATA

Thisappendix describeshow the car moving observer datawas processed to arrive at the overdl changesintravel time
shownin Table 2.5in Section 2.3. Moving car observers were used to collect journey times for two different routes
aroundthenetwork. Asthey passed various pointsaong each routethetime of day wasrecorded. The surveysfor both
routescoveredthehours0730-0930and 1630-1830. Thedatawastransferredfromthehandwritten datacollectionsheets
into agpreadsheet on acomputer. To check the datafor errorsand to identify points of congestion, plotswere produced
of time againgt distance for each period'strips each day. (See eg. Figure Al). Thisallows obvious anomaliesto be
spotted and corrected if necessary, eg therun at 17:32 PM in figure Al.
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Figure Al: TimevsDistancefor a set of moving car observations
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Figure A2: Average normalised timevsdistancefor a strategy
Once acomplete set of datahad been collected for any of the srategies, plots were made of the average time against

distance for each route covered (eg. Figure A2). Thisalowsan indication of the performance of the strategiesto be
determined. Onitsown thisonly shows how the Strategies have affected travel times for vehicles travelling on the
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sdlected routes. We now need to try to determine how they have changed thetotd travel timefor al vehiclesusing the
various partsof the network covered by theroutes. Datafrom both routes can be combined to give average travel times
aong each link. Flow datafrom the automatic traffic counts and manua classified counts can be used to determine
typica flowsaong eachlink. If thelink flows are multiplied by the averagelink travel timesand summed across all
thelinksthen thetotd travel timefor al vehicles can be determined. Obvioudy checks need to be made that the flows
in the network have not changed significantly between runs. Thiscan be done by examining the ATC data collected at
various pointsaround the network. Plotswere made of thedaily flow profiles on the daysjourney time datawasbeing
collected. (eg Figures A3 and A4)
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Figure A3: Flowsat point S13 with SCOOT+ operating
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Figure A4: Flowsat S13 with SPOT+ operating

Statistical tests were aso carried out on the flows during the two hour pesk periods. At most data collection points
these showed no significant differences between the flows. 1n those cases wherethere was a differenceit wasin the
flows during the basdline data collection. Asthejourney time analyss has concentrated on the differences between
the integrated strategies and the systems without the integrated components, these differences were not important.
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APPENDIX C: TABLE OF PERCENTAGE CHANGESON LINK JOURNEY TIME FOR BUSES OF SERVI
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