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DISCLAIMER

This document was used in partial fulfillment of the requirements set forth by lowa State University
for the degree of Master of Science. The numerical results and conclusions made in this report regarding
“system effectiveness” are interim steps for a final report and should not reflect the final and / or current views
of the lowa Department of Transportation (Iowa DOT), The Center for Transportation Research and Education
(CTRE), or lowa State University (ISU). Further research involving the effectiveness of lowa’s automated red
light running enforcement programs performed by CTRE and / or the lowa DOT may alter the results as

reported herein.
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DEDICATION

Dedicated to the lives in lowa saved or will be saved by automated red light running enforcement.



v

TABLE OF CONTENTS

LIST OF TABLES ...ttt ettt e et s e st e e sttt e st e e s et e e s st e e ssteesabeessteessseeassaensseeasseenseesnsseensaesnsseenssennns vii
LIST OF FIGURES .......ootttetititeteeste ettt sttt ettt st et se st e st et e e ese e be st e st et e st ebente e ebesaeneebenseneene X
LIST OF EQUATIONS. ... .ottt ettt sttt sttt st b e sttt st et b e st e st e bt st et eb et et eb e st eneebeneeneeneeane xiii
ACKNOWLEDGEMENTS.......otitiieiintiieteeset sttt sttt sttt sttt sttt sttt sae sttt sbeseebesseseebesseseesesteneesesaeneas xiv
ABSTRACT ... et e et e e et e e e et e e e e e e e et e e e e et e e e eaeeeeeetreeeeeateeeareeeaan XV
CHAPTER 1: INTRODUCTION.......cooitiiitieiiie et eite et eteeetee et eeteesbeesaeessbeessseessseasssaesssessssaesssaesssessssesssseensses 1
1.1 INTRODUCGTION .....uiiiiiieitiieie ettt estteeetteestteestte e tteeteeetaeesee e saaessesessseasseeassseassesasssaassesassaeassessseennsenas 1
111 Civilization Versus “ Big Brother is Watching You” Versus Safety.......cccoovevveveecceecencncevesesens 1

1.2 PROBLEM STATEMENT / STATEWIDE ANALYSIS ...c.ooiiiiiieeeeeeeeteetee ettt 2
1.3 RESEARCH OBJIECTIVES ...ttt ettt teestae s te e aaeesaveesaaesssaaenseesnsaeenseesnsaeesseesnseesnseens 3
CHAPTER 2: LITERATURE REVIEW .....oiiiiiiiiiiiet ettt ettt sttt st e s be e st esaveesntaessneennnas 5
2.0 BACKGROUND ....coittiiiieiiteette sttt ettt sit ettt ettt e stte s bt e esaeeebaeesseesabeeesseesnbeeanseesabaesaseesnseesnseesnsaesnseens 5
2.1 DRIVER AND INTERSECTION CHARACTERISTICS ...ttt ettt eivee e 6
211 Legal Explanation of @ Change INErVal ..o e e 6
212 Determining the Factors of Crash FreQUENCY .......ccovireriienereeie et 7
213 Characteristics of Red Light RUNNEIS.........cooiiiieecc st 7
214 Intersection CharacteristicS AN RLR........cuiuiiiiieiie e 9
215 Traffic and ENVIFONMEN........ciiieiiece ettt st st st s se st saesenae e 10

2.2 RLR COUNTERMEASURES ...... .ottt ettt ettt ettt etteeate e taeeaeesbaeesaeesseesaeessessseesssaensseenes 10
221 T T 1= oo SRS 11
222 LT o T o o (W o= L1 o] [OOSR 16
2.2.3 [ 0101wl 1 1'= o OO RS 16

2.3 AUTOMATED ENFORCEMENT ..ottt ettt ettt ettt e siteesiteessteesaaeesnseesaneesssaensnennns 17
2.4 AUTOMATED RED LIGHT CAMERAS ......oootietet ettt ettt sttt st et e snsee e 18
241 Early Camera TEChNOIOGY ........ccerieieriereie ettt s s se b ene s 18
242 Modern Camera TEChNOIOQY ........coiiiiiiiiiieee e e 19
243 Camera Systems & Plate [dentification SyStEmMS ... ..cccoeiriii i 23

2.5 RLRPROGRAMS .. ...ttt ettt ettt e et e et e et e e aae e bbeesseeeataeesseeessaaenseeensaeensaeessseesneanes 24
251 NEW YOTK City, NEW YOIK ...c.veiuiciiiieciciesies ettt sttt e e s aesae s tesnesre e e enaenaeseneesrens 25
252 San FrancisCo, CalifOrMia .......ccuieieiieree et st sttt e ene 26
253 [0 1 =T 0o = o] o 1RSSR 27

2.6 SYSTEM EFFECTIVENESS ..ottt ettt ettt et ettt e siteeaee e taeeaaessaaesaessaeesaesnssessnesnsseenseesnns 28
261 PTOVEN EFFECES. ...ttt bbbt sttt eb e 29
2.6.2 RLR PerformanCe IMEBASUIES.........ccuveiteeieeieceecee st e st et ee et e ete e beebesasesaaesbaesbeesteensesneesanesaeeseenns 29
2.6.3 Violation and Crash SIUAIES ...........ocvi ittt e s e e e re e 30
264 INtErNAtioNal RESUITS.......ccuiieiiiieee e ettt bbbt e et e e b e e 35
2.6.5 UNItEd SAES RESUITS ......eeeeie ettt ettt re e e b st sbeese e e e nbese e besaesreas 39
2.6.6 Effectiveness Literature ReVIEW CONCIUSIONS.........coiiieiirireeiee e s 40

2.7 LEGAL AND SOCIAL CONCERNS .......oti ittt ettt eteetteetteeateestaeesaeeestbaesaeessaeessaeessseessseessseessseenes 41
271 ConstitutioNal PrivaCy LAWS..........cceiiieiiiiiesecieeesiesie st e et e e e e sae e sae st ae e enaeaenaeseesrennas 41
271 Admissibility Issues with Automated ENfOrCement ..........cccovveeereeiecie s e 45
273 Commercial RLR Camera COUNLENMEASUIES........cceuerueerierieesiesieesieseeesteseesestesessestesessestesessessens 46
CHAPTER 3: A VIOLATION STUDY OF CLIVE, IOWA .....cottiiiiiieetee ettt veeseve e siveesnne e 48
3.1 DESCRIPTION OF CLIVE, IOWAL......cccoti ittt ettt eciteeiteetveeitesieeeaeestaeesaessaeeseesnsaessnessseenseesnns 48
3.2 BACKGROUND OF CLIVE’S RLR PROGRAM ..ottt ettt st 48
321 NS UMENEALION. ...ttt ettt e st s e s be e beeateeaeeebeesbe e beenbeeatesaaesreesreensennnas 48
322 PAYMENE SIIUCKUNE ... s sr e r e sn e nenresre s 50

323 FUNCLIONALITY OF SYSLEML.....eeee it et ebe e e b e b e e 52



324 THCKEL ISSUIMG ..ttt et et b e b ekt b e e b e b s bt b se e bt s b e e eb e s b e e ebesbennebenne e 53
3.25 REVEINUE......ceee et sttt ettt e he e bt e beente s e tesheesb e e beebeeaeesaeesneesaeenreanee 57
3.26 L el ProCEEAINGS. .. .c.eeiterteie ettt et b et eae et et e b e e be s aesbeeae e e e nbese e besaesreas 59
3.3 VIOLATION STUDY ..otitiietiitiietisieiett sttt ettt stes et stetesestesaes e steeesesteneesesteneesestensesessensesestensesessensasens 60
331 SO SElECHION. ...cve et bbb e e b et 60
332 S (] D= o 1o o g 61
3.4 DATA COLLECTION......cuttettetieetteet ettt et sttt et ettt e st e et e st e e bt e beenaeemeesaeesseesseeseenseenseeneeeneenseesean 74
34.1 EQUIPMENt FEASIDITITY ......coeeieieci ettt st r e r e e e e e sn e resrenreas 74
34.2 L= Lo D= e= N O L= - TSRS 76
34.3 Field Data Collection MethOdOIOQY ........vieeererreerereresese s e seesie e see e e e sneseeas 77
B S RESULTS ettt h ettt et s h e s bt et e e a e ea e eb e e eb e e bt embeeatesaeesbeenbe e bt emteenteeneenbeebean 79
351 RLR FrequenCy ana RALE...........cuiiiieiiieiesiee ettt sttt s 79
3.6 DAY OF THE WEEK STUDY .oitiiitieetie ettt ettt ettt eatestte et esbaessteesabaeensaesnssesnsnesnssaensnesnns 85
3.7 TIME OF THE DAY STUDY ..ottt sttt sttt sttt ettt sttt st eese st eeseste e esesbeneenesseneenens 91
3.8 RLR SEVERITY STUDY ..ottt sttt sttt sttt sttt sttt st ebe st esesteaesesteneesesbeneenesseneenens 97
3.9 CLIVE RLR STATISTICS ..ottt sttt sttt sttt sttt st be et neste e 102
391 DTz = W 1= Sor 1 1o o TS 102
39.2 MOTE! FIEEING ..ttt st b et eb e ee 103
393 RESUIES. ...ttt b e bR bRt e b e 104
3.10 SUMMARY OF FINDINGS......coottetitietiiteitestete ettt ettt ettt st e bbbt st st bt e nbeeneeenteens 105
CHAPTER 4: A STUDY OF THE RLR PROGRAM IN COUNCIL BLUFFS, IOWA .......cccceeiiiiniiniaienne 107
4.1 DESCRIPTION OF COUNCIL BLUFFS; IOWA ..ottt 107
4.2 BACKGROUND OF COUNCIL BLUFFS RLR PROGRAM.........coiciiiiiiiiieeiieniteeeeeste e 107
421 TS 0007 1= U0 o 1T 107
422 PaYMENE SITUCKUNE ... e st r e nne e 108
423 FUNCLIONALITY OF SYSEEML.....eeieeieeieie ettt e b e b 109
424 S ] D= o g1 o 1 o o RSP RTR 111
4.3 VIOLATION STUDY ...otiietiiiiiettsieietesteste sttt sttt sttt st tese st et esestestese st essesestentesestensesestensesessensanens 117
4.4 CRASH STUDY METHODOLOGY AND RESULTS .....cuiiiiieeeeereee ettt 121
CHAPTER 5: A STUDY OF THE RLR PROGRAM IN DAVENPORT, IOWA ......ccooiiiiiiieeeereeeee 122
5.1 DESCRIPTION OF DAVENPORT, IOWA ......ooiiiieieieeieettete ettt ettt 122
5.2 BACKGROUND OF DAVENPORT’S RLR PROGRAM .....c..ooiiiiiiiiiiiiieieeeeee e 122
521 INSETUMBNEALION...... ettt r e n et ren e enas 122
523 REOINGANIZALION. ...ttt ettt b e bttt b e bt et s bt et b b s b b e enes 126
524 REVENUE......ceee et sttt ettt e st e sae e sbe e bt e ateenteeaeesbe e st e e beesbeeeeeneas 127
525 Legal PrOCEEAINGS .......covieeeertireeierte ettt ettt eb bt b e eb bbb b e s 129
526 S ] D= o g1 o 1 o o USSP 130
5.3 VIOLATION STUDY .utotiitiietietiteiiettetetet sttt ettt ettt ettt sttt et ese b e e st be b eneebeteneebenseneebensenene 136
5.4 CRASH STUDY METHODOLOGY AND RESULTS ......cctitieiriieirteieereieee et 138
CHAPTER 6: RLR CRASH STUDY METHODOLOGY AND ANALYSIS FOR DAVENPORT AND
COUNCIL BLUFFS, TOWA ..ttt s e b et et e e eesaeessee st e et eneeeneesneenneansenn 139
6.1 PREVIOUS STUDIES. ... ...ttt ettt ettt ettt st e et e st e et et eneeeseeeseesbeeseeneeeneeenee 139
6.2 CRASH DATA EXTRACTION ..ottt ettt ettt ettt ettt es 140
6.3 DESCRIPTIVE STATISTICS METHODOLOGY ....ccttiiiiiiitienieieee ettt s 140
6.3.1 The NUMDES OF CrasnES.......cciveiirreerreeees s 141
6.3.2 Determining Intersection Daily Entering VENICIES.........ooeiiieinicicsee s 142
6.4 COUNCIL BLUFFS DESCRIPTIVE STATISTICS RESULTS......ccooiiiieiiteieeeeeee e 142
6.5 COUNCIL BLUFFS HIERARCHICAL BAYESIAN MODEL ......ccoooiiiiiiiieeiieiiteeeecieeeeee e 144
6.5.1 MOOE! RESUITS ...ttt ettt bbbt e bbbt b bbbt e et 145
6.6 COUNCIL BLUFFS INITIAL RESULTS ..ottt ettt 149

6.7 COUNCIL BLUFFS SUMMARY OF FINDINGS.......cccccooiiiiiiiiiiiiiiiieieeecce s 149



vi

6.8 DAVENPORT DESCRIPTIVE STATISTICS RESULTS......c.cociiiiiiiiiiiiiiicceceeee e 150
6.9 DAVENPORT SUMMARY OF FINDINGS.......ccocoiiiiiiiiiiiiniiieieieteseeeeeteeeseese e 151
CHAPTER 7: CONCLUSIONS, AND FUTURE RESEARCH ........ccccccoiiiiiiiiiiiiiiiiiiciciccicccccee 153
7.1 CONCLUSIONS ..ot s s s 153
7.2 FUTURE RESEARCH ......cciiiiiiiiiii et 154
APPENDIX A: COUNCIL BLUFFS CRASH DESCRIPTIVE STATISTICS ....cccceceoiiniiiininineneneeeeeenene 156
APPENDIX C: CLIVE VIOLATION STATISTICAL MODEL RESULTS......c.cccecteiiieieneneneneneeeeeenene 175
APPENDIX D: COUNCIL BLUFFS AND DAVENPORT STEPS TO DETERMINE DEV USING GIS .....176

APPENDIX E: COUNCIL BLUFFS BAYESIAN MODEL CHARTS FOR EACH CRASH SUBGROUP...185
REFERENCES ...ttt st ettt e e bbbt et e s et et saeebe et ennennens 189



vii

LIST OF TABLES

TABLE 1 COST OF RED-LIGHT-RELATED CRASHES IN TEXAS FOR 2003 (2) c.veevieieeieeiiesiienieeieeee e see e 6
TABLE 2 PERCENTAGE OF PASSENGER CARS BY SIZE FOR RED LIGHT VIOLATORS AND COMPLIERS (7D) ........... 7
TABLE 3 SUMMARY OF THE MOST RECENT DRIVER BEHAVIOR STUDIES (7) ..cevteveeiieeiieniiesieeieeeeseeseeseeeeeeneeens 8
TABLE 4 DRIVER CHARACTERISTICS OF VIOLATORS AND COMPLIERS (7D) ....viiiieeieiiesieenereeeieesveesveeseveessneenenes 9
TABLE 5 POSSIBLE CAUSES AND APPROPRIATE COUNTERMEASURES (16) ...cuviiiiiiiiiieiiieiieecie e e 11
TABLE 6 EFFECTIVENESS OF COUNTERMEASURES INTENDED TO IMPROVE SIGNAL VISIBILITY AND / OR

CONSPICUITY (26) c.uutteeteeeiieeieeeteeeiteesteesiteessteesseessseessseessseessseessseessseessseesssesssssssssesssssesssssssssssssessssesssseessses 14
TABLE 7 COLLISIONS CAUSED BY RED LIGHT VIOLATIONS IN SAN FRANCISCO, 1992-1997 (46) ...ccceeevuveenrnnnnn 26
TABLE 8 PORTLAND MONTHLY RED LIGHT CAMERA ANALYSIS, VIOLATIONS PER HOUR

PER IMONTH (48) .evteiutteetteitteeitestteettesttesteesateeesteesataeesseesataeasseesataeanseessbaeasseesasasanseesnsaeenseesnseeenseesnseeenseennns 27
TABLE 9 RLR PERFORMANCE MEASURES (20) ....ccuviiuiiiieiieiieetiesteesteeseesesesesseesseesseessesssesssesseessesssesssesssessssssees 29
TABLE 10 RESULTS OF RED LIGHT CAMERA USE IN SYDNEY (49, 51B) ..cuviiieiieiieieeie e 36
TABLE 11 ACCIDENT SEVERITY AT SIGNALIZED JUNCTIONS BY TIME PERIOD

(RATE PER MONTH) (49, STN) 1oiitteiteie sttt ettt te st et et est e e saesstesaeesseaseenseenseanseessensaeaseenseensennsesnnennns 38
TABLE 12 CHANGES IN THE NUMBER OF PERSONAL INJURY ACCIDENTS (PER MONTH) AT SIGNALIZED

JUNCTIONS BY AREA OF INCIDENCE, PRIMARY CAUSATION, AND TIME PERIOD (49, 5IN) ...ccvoviivieeeeieiene. 38
TABLE 13 CRASH RATE CHANGE FOR CAMERA ENFORCED INTERSECTIONS IN SINGAPORE (51H) .....ceevvviennnnns 39
TABLE 14 CRASHES BEFORE AND AFTER ENFORCEMENT IN OXNARD, CALIFORNIA (52) ..ooevveeririeniieeireeineenns 40
TABLE 15 ESTIMATED EFFECTS ON RIGHT-ANGLE, RIGHT-ANGLE INJURYS, AND REAR-END CRASHES IN

OXNARD, CALIFORNIA (52).1uttietteeteesitesteesteesteessseesseessseessseessseesssesssssesssessssessssesssssesssssssesssssesssesssssesssees 40
TABLE 16 SUMMARY OF FINDINGS FROM PAST STUDIES (51) .eeutiieiiiiiienieeniiterie ettt seve e eine e 42
TABLE 17 REDFLEX'S INITIAL STUDY AND THE NUMBER OF VIOLATIONS FOR EACH APPROACH ..........ccuuuu....... 49
TABLE 18. METHOD TWO REDFLEX PROPOSED PAYMENT STRUCTURE (FEE PER CITATION)......ccccveerueenereennreans 51
TABLE 19 NUMBER AND PERCENTAGE OF PAID CITATIONS BASED ON VIOLATOR’S CITY ....cccocvvvvieeeeeeeinnnenn... 57
TABLE 20 NUMBER OF PAID CITATIONS PER APPROACH PER MONTH RECEIVED BY THE CITY .....ccceeeeevennnnnnn... 58
TABLE 21 TOTAL COLLECTED AMOUNT BEFORE REDFLEX COLLECTS SURCHARGES.......cccccvtieeririeennreeeenireeenns 58
TABLE 22 TOTAL RLR CAMERA REVENUE AS REPORTED BY THE CITY OF CLIVE .....cccoviviiiiieeeeiiee e 59
TABLE 23 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

I56TH ST. & HICKMAN ROAD ...t e et e e e e et e e e e e e eeaeeeeenneeeean 63
TABLE 24 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

T42ND ST. & HICKMAN RD. .. ooiiiiiiiiiie e et e e e et e e e eaae e e e eaae e e e etteeeeaaeeeeeaveeeens 64
TABLE 25 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

128TH ST. & HICKMAN RD...oiiiiiiiiiiices ettt ettt e e tb e e eatte e e e savaeaeeatbeeeeanseeeenraeaens 65
TABLE 26 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

TOOTH ST. & HICKMAN RD......uiiiiiiiiii it eciee ettt e et e e e e ta e e e et eeessbbeeesstsaaesssseaeanssseesanssaeesssaeaans 66
TABLE 27 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

SOTH ST. & HICKMAN ROAD ...oiiiiiiiiiiiiie ettt ettt e e ettt e et e e e e tbeeeessaaeeessbaeaeessseeeesssseesssssaeesssseeennns 67
TABLE 28 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

BOTH ST. & DOUGLAS AVE. ..ottt e e e e e e et e e et e e e etee e e e eaaeeeeeneeeeeneeeeeeseeeeeanes 68
TABLE 29 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

TOOTH ST. & DOUGLAS AVE. ..ottt e et e et e e et e e e et e e e eae e e e eetaeeeeetaeeeeetaeeeeetseeeeesaeeeeasreneans 69
TABLE 30 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

35TH ST. & UNIVERSITY AVE. . .iiiiitiieeiitiie e eeieeeeeteeeeeetteeeeetteeeeeteeeeeetaeeeeetaeaeeesseeseeeaseeeeatseseeesseseensseeeeasenaans 70
TABLE 31 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

O0TH ST. & UNIVERSITY AVE. .. iiiiittiiiiitiieeiiireeeeetteeeeetteeeestseeeesssesesissseeasssseaaasssesesasssesasssssesssssesesssseesssseeaans 71
TABLE 32 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

ORALABOR RD. & STATE ST. ..uttiiiiiiiiiiiiie ettt e ettt e estteeeebteeesatteeesstaeeesesaeaaasssesessssaessssssaeasssseeessssseesssseeanns 72
TABLE 33 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

N. WARRIOR LN. & HICKMAN RD. .....ooiiiiiiiiiiiiii ettt ettt e e et e e et e e e entv e e e entsaaeesssaeaensseesnnnneas 73

TABLE 34 RLR VIOLATION STATISTICS FOR MORNING PEAK HOURS
AT CAMERA ENFORCED INTERSECTIONS .....uututiiiiteeiiiiteeeeeeeeeeeiaeeeeeeeesessnstessesssessssssssesssssssssssssessssssmsssseeees 80



viii

TABLE 35 RLR VIOLATION STATISTICS FOR MID-DAY PEAK HOURS

AT CAMERA ENFORCED INTERSECTIONS .....uutvvviiieeeiiiiieeeeeeeeeeeiiareeeeeeeeesiasaeseeeeeeesisssssseseeessssnssssssessmnssssseees 81
TABLE 36 RLR VIOLATION STATISTICS FOR EVENING PEAK HOURS

AT CAMERA ENFORCED INTERSECTIONS .....uuutvtiiieeeiiiiirreeeeeeeeeiisreeeeeeeeesisseeeseeeesiessssseeseesssssssesssesssnssssesess 81
TABLE 37 RLR VIOLATIONS STATISTICS FOR MORNING PEAK HOURS

AT THE CONTROL INTERSECTIONS .....cvteiiiiiiittetteeeeeeeiieeeeeeeesseesnsseeeeeesessssssseessssssssesssessssssssssssseessssmmsssseeees 82
TABLE 38 RLR VIOLATION STATISTICS FOR MID-DAY PEAK HOURS

AT THE CONTROL INTERSECTIONS .....evteiiiiiiitteteeeeeeeeesteeeeeeesseessneseeeeessesssstsseessssssssssssessssssssssssseesssssmssssseeees 83
TABLE 39 RLR VIOLATION STATISTICS FOR EVENING PEAK HOURS

AT THE CONTROL INTERSECTIONS ....cevteiiiiiietiteeeeeeeeiiiiaeeeeeeeeeessaaseeeeesseessassesseesseesssssssessssssssssssssesesssnsssseeees 84
TABLE 40 RLR VIOLATION STATISTICS FOR MORNING PEAK HOURS

AT THE ANKENY CONTROL INTERSECTION ......uvtiiieeiiiiiereeeeeeeeeiiuseeeeeeeeeesisreeeseeeeesisseseseseesssssnssssssessmnsssseeees 85
TABLE 41 RLR VIOLATION STATISTICS FOR MID-DAY PEAK HOURS

AT THE ANKENY CONTROL INTERSECTION ......00etiieeiiiiurreeeeeeeeeiiurreeeeeeeeesisseeeeeeeeeseisssseseseesssssssesesesssnsssseseens 85
TABLE 42 RLR VIOLATION STATISTICS FOR EVENING PEAK HOURS

AT THE ANKENY CONTROL INTERSECTION .....c0vttiieeiiiiurreeeeeeeeeiiurreeeeeeeeesisseeeeeeeeesesssseseseesssssssseesesesnssssesesns 85
TABLE 43 RANK OF EACH DAY OF THE WEEK BASED ON THE TOTAL NUMBER OF RLR VIOLATIONS............... 87
TABLE 44 TOTAL VIOLATION COUNT ASSOCIATED WITH THE DAY OF THE WEEK AND INTERSECTION

AAPPROACH ...ttt oottt oottt e e e e ettt e e e e e eea ettt e eeeseaaaaaeeeeeeseesaaetaseeeessannaesateeseessansaaseeeeeessaneareeeeas 87
TABLE 45 TIERED PAYMENT STRUCTURE BASED ON THE NUMBER OF COLLECTED CITATIONS.......ccevveviiinnnes 108
TABLE 46 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

BROADWAY AND 35TH STREET ....uuvvvitiieeiiiieteeeeeeeeesitteeeeeeeeesetteeeeesseesssssasseesssssstasseessssssssssasesesesssnsnnreeees 112
TABLE 47 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

BROADWAY AND 21ST STREET ......uutviiiieeiiiiittereeeeeeesitrereeeeeeesestrereeeeeeeesssssssseseeessssssreseseesosssrsesssesesssssnresees 113
TABLE 48 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

BROADWAY AND LOTH STREET .....uuvviiiiiiieiiiiiieeeeeeeeeitteeeeeeeeeeetreeeeeeeeeeessseeeeeeeeeetssseseseesesessrseeeseesenssnrreseees 114
TABLE 49 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

KANESVILLE BLVD. AND 8TH STREET .....cooiiutttiteeeeeeiiitteeeeeeeeeeiitteeeeeeeeeeeisssseeeeeeeeessssesesesssssssrseseseessssssresees 115
TABLE 50 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

TTH STREET AND WILLOW AVENUE ....coiiuutiiiieeeieeiiteeeeeeeeeeeeieeeeeeeeesessaaseesesssssssssssssesssesssnsssseeesssssssnsnseeees 116
TABLE 51 DAVENPORT INTERSECTIONS BASED ON THE HIGHEST TO LOWEST

AVERAGE NUMBER OF CRASHES ....uvvttiiiiiiiiiiteeeeeeeeeiitteeeeeeeeeistteeeeesseessssssssesssesssassessssssssssssesssessomsssseseees 124
TABLE 52 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

KIMBERLY ROAD AND BRADY STREET ....coooutvtiiieeeiieittreeeeeeeeeiiteeeeeeeeeesiassereseeeeesiasssseseseessssrssessseesnnsnenees 131
TABLE 53 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

35TH STREET AND N. HARRISON STREET .....ucviiiiiiiiiiierieeeeeeieiirreeeeeeeeeiaaeeeeeeeeeesissseseseseesssssssessseesssssnsesees 132
TABLE 54 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

WELCOME WAY AND KIMBERLY ROAD ......uutiiiiiiiiiiiiiieiee ettt eeeaa e e e e et e e e e e eaanreeee s 133
TABLE 55 ROADWAY, TRAFFIC, AND SIGNAL CHARACTERISTICS FOR

LINCOLN AVENUE AND LOCUST STREET ....uuuutitiieiieiititeeeeeeeeiiteereeeeeeesisaseeeessessesasseeessssssssssseeesssssmsnnsseeees 134
TABLE 56 ROADWAY, TRAFFIC, AND SIGNAL TIMING CHARACTERISTICS FOR

KIMBERLY ROAD AND LOCUST STREET .....uuuutiiiieiiieiiteeeieeeeeeeieteeeeeeeeeeessaseseessssssssasseeesssssssssseessssssssnsseeees 135
TABLE 57 RLR CITATIONS PER YEAR AS A PERCENT OF THE TOTAL CITYWIDE ISSUED CITATIONS ................ 136
TABLE 58 COUNCIL BLUFFS CHANGE IN CRASH RATE PER STUDIED INTERSECTION.......cuvvvveeeiiiinreeeeeeeeeennnnes 143
TABLE 59 CouUNCIL BLUFFS COMBINED CHANGE IN CRASH RATES AT

CAMERA AND CONTROL INTERSECTIONS ....uvvviieiiiiiiirerieeeeeeieituereeeeeeeeesssseeseeeeeesssseseseseessssssssssseessnssssesees 143
TABLE 60 TOTAL CRASH EXPECTED FREQUENCY PER CAMERA ENFORCED SITE

DURING "BEFORE" AND "AFTER" PERIODS .....ccoiiiiiiiiiieriieeeeeiiiiereeeeeeeeeiaeeeeeeeeeeestaereesseeesssssnsessseessnnannseseees 146
TABLE 61 EXPECTED TOTAL CRASH FREQUENCY PER CONTROL SITE ......ccooiiurriieeeeeeieirrreeeeeeeeeiinreeeeeeeeennnnes 146
TABLE 62 POSTERIOR MEAN AND 95% CREDIBLE SET OF THE EXPECTED TOTAL CRASH FREQUENCY,

AVERAGED OVER CONTROL SITES, BEFORE INSTALLATION, AND AFTER INSTALLATION.........ccceevveeennnen. 146
TABLE 63 REAR-END CRASH EXPECTED FREQUENCY PER CAMERA ENFORCED SITE

DURING “BEFORE” AND “AFTER” PERIODS .....cceeeiitiitttitieeeeeeiiteeeeeeeeeeeeiaaeeeeeeessensasseesssssssssnseeeessssssnnseeess

TABLE 64 EXPECTED REAR-END CRASH FREQUENCY PER CONTROL SITE



ix

TABLE 65 POSTERIOR MEAN AND 95% CREDIBLE SET OF THE EXPECTED REAR-END CRASH
FREQUENCY, AVERAGED OVER CONTROL SITES, BEFORE INSTALLATION, AND AFTER

INSTALLATION......eiiiiiiieeiiitieeeetiteeeteeeeireeeasssaeeessasaaeaseseeaassseeassssaesassseeeasssssesasssseasssseessssssesssssesessssseeenssens 147
TABLE 66 OTHER RLR TYPE EXPECTED CRASH FREQUENCY PER CAMERA ENFORCED SITE

DURING “BEFORE” AND “AFTER” PERIODS .......ccciiiiiiiiiiieeiiiieeiiteeeeiteeeeeveeessssaeesssssesesssseessssesesssssessnnses 147
TABLE 67 EXPECTED OTHER RLR TYPE CRASH FREQUENCY PER CONTROL SITE......cccovuuiiieieeiiineeieeeeeeeeinnnns 148

TABLE 68 POSTERIOR MEAN AND 95% CREDIBLE SET OF THE EXPECTED OTHER RLR
CRASH FREQUENCY, AVERAGED OVER CONTROL SITES, BEFORE INSTALLATION,

AND AFTER INSTALLATION .....uutiiiiitiiieeitteeeeeteeeeetteeeeetteeeeetaeeeeeaaeeeeeaseaeeeaaeeeeeassseaensseeeeessseeenaseseeanseeseeseens 148
TABLE 69 NON-RLR TYPE EXPECTED CRASH FREQUENCY PER CAMERA ENFORCED SITE

DURING “BEFORE” AND “AFTER” PERIODS .......ociiiuiiiiiitiieeeetie e eeieeeeeette e ettt e e eeteeeeeteeeeeeaaeeeeeaveseeenseeeeennnnas 148
TABLE 70 EXPECTED NON-RLR TYPE CRASH FREQUENCY PER CONTROL SITE .......ccooviurrireeeeiiiiinnreeeeeeeeennnnns 148

TABLE 71 POSTERIOR MEAN AND 95% CREDIBLE SET OF
THE EXPECTED NON-RLR TYPE CRASH FREQUENCY, AVERAGED OVER CONTROL SITES, BEFORE
INSTALLATION, AND AFTER INSTALLATION ....ccoiiiieiiiitrereeeeeeeiiitrereeeeeeeeiiuareeeeeeeeessasseeeseesasessrseseseessssnnseseees 149
TABLE 72 DAVENPORT CHANGE IN CRASH RATES PER STUDIED INTERSECTION.......ccccvvieeririeeenireeeeereeeeereeanns 150



LIST OF FIGURES

FIGURE 1. RLRAND RLRTYPE CRASHESIN |OWA FROM 2001 TO 20006. ........eecveeiievieiieieeie e eeenieenie e eeee e seeennees 3
FIGURE 2. SGNAL WITH HIGH INTENS TY YELLOW RETROREFLECTIVE TAPE ON BACKPLATE (23).....ccveevieiieiieirenienene 13
FIGURE 3. CDOT SPECIFIED HIGH-SPEED INTERSECTION TRAFFIC SIGNAL (25)....cviivieeieiieiieieieieeie e 14
FIGURE 4. ADVANCE INTERSECTION WARNING SIGNS (12).......oiiiiuieeieieeeeeeeeeeeeeeeee ettt 15
FIGURE 5. WHITE ENFORCEMENT LIGHT IN HILLSBOROUGH COUNTY, FLORIDA (28). ....coeeveeeveeeeeeeeeeeeeeeeeea 16
FIGURE 6. FIRST MOBILE GATSOMETER (BL).....oviouiitiiteeeeeeeee ettt ettt ettt ettt et a e teeaeeteereeneeneeneene e 18
FIGURE 7. FIRST GATSO MOBILE CAMERA SYSTEM (32). ...ecvviuviietietiete ettt ettt ettt et eaeeve e eteete e ess s s 18
FIGURE 8. GATSO DRIVER FACE CAMERA (3L)...cuviviitieiiitietieeeeteete ettt ettt ettt et et seeaseveeteeaeessensense s 19
FIGURE 9. GATSO RLR CAMERA SYSTEM (3L)....cuviviitieiieieetieee et ettt et ettt et ete et et eae s s e eseesseteeteereessensensenns 19
FIGURE 10. GATSO RLR CAMERA SYSTEM (ATLANTA, GA).....ouiiiiiietieieeeieiteiteteie ettt et s ssesseereessessessensessenns 20
FIGURE 11. TRANSOL RLR CAMERA (DAVENPORT, TA). .....oiiiiiiiiietieiteeeeetet ettt ettt ees et sse e eve et eve s ens s 20
FIGURE 12. FIRST PICTURE TAKEN BY AN AUTOMATED RLR ENFORCEMENT CAMERA (MESA, AZ).......cooveeveveniennne. 22
FIGURE 13. SECOND PICTURE TAKEN BY AN AUTOMATED RLR ENFORCEMENT CAMERA (MESA, AZ)........ccoevenrnnen. 22
FIGURE 14. MOBILE AUTOSCOPE TRAILER (CTRE, |OWA STATE UNIVERSITY). ...cutiiiieiirieierenieieresieeenesieseeneseeneenens 31
FIGURE 15. WIRELESSAUTOSCOPE SYSTEM (4). ...vveteeeeeeeeeeeeeeee ettt ettt e eteeteete e eneeneene e 31
FIGURE 16. DIRECT MONITORING COMBINED CAMERA VIEW (CTRE, |OWA STATE UNIVERSITY). ...oooviivieieeeeceeeeeee 32
FIGURE 17. RLR AUTOSCOPE COMPUTER PROGRAM APPROACH OVERLAY (57).....coviiuiieeeeeeeeeeeeeeeee e 33
FIGURE 18. RLRAP MONITORING AN INTERSECTION (58)........civiouiiviiiietieteeeeeeeteete et ettt et 33
FIGURE 19. PREDICTED EFFECT OF RLR ON INTERSECTION CRASH FREQUENCY (17).....cviiiieiecieciieieeteeveeveee 35
FIGURE 20. AVERAGE ANNUAL ACCIDENT COUNTSAT SINGAPORE CAMERA ENFORCED JUNCTIONS (49, 51H)............ 39
FIGURE 21. PHOTOBLOCKER SPRAY (B6). ......cviviiiiiieiieiieiieteteeteeteete et eetestessessesseeseeseessessessessessesseeseessessessessessenns 47
FIGURE 22. PHOTOSHIELD COVER (B6). .....cuviviviiiitieiiieieiieteteete ettt ete et estessesesseeteeseessessessessesesseeseessessessansessenns 47
FIGURE 23. ANOTICE OF VIOLATION FOR CLIVE, |SSUED BY REDFLEX.......cceeiietieieeeieniiestienieesseesesenesseesseesseensenns 54
FIGURE 24. MAILED TICKET WITH DRIVER OPTIONS. .....cttittitieieeiestesitesteeeeenteeeaessaesseesseenseesesssesnnesssesseenseensenns 55
FIGURE 25. INSTRUCTIONSFOR PAYMENT OF TICKET, NOMINATION OF ANOTHER DRIVER, OR RIGHT TO TRIAL

INSTRUCTIONS. .. euteuterteteettettentententesteeteese et testessente st e ebeshe et e eateatebe st e e bt ebeeue e st eat et e st e ebeebeebe e st enbenbenbeebesueebeeneennenee 56
FIGURE 26. VIOLATION STUDY INTERSECTIONSWITH BUFFER ZONES. .......coitiiiieiieiieeiieeiie et 62
FIGURE 27. 156TH ST. & HICKMAN RD. (EASTBOUND). .....c.eeuviveeteeteeteeteeeeeeeeeeeeeteeseeteeseeseeeeeeeeseeneeseeseeneeneeneeneans 64
FIGURE 28. 156TH ST. & HICKMAN RD. (NORTHBOUND). .....cuveveeteeteeteeteeteeeeeeeeeeteeteete v easeeaeereeseereere e eneeneene e 64
FIGURE 29. 142ND ST. & HICKMAN RD. (EASTBOUND). .....ccvevivitietietieteeteeteteeteeseeteeveesseseesseseeseesseseessessessensesenns 65
FIGURE 30. 128TH ST. & HICKMAN RD. (NORTHBOUND). .....ccviviitietietieteeteeeeeeeeteeteeteeteete e easeseeseesseteessersessensesenns 66
FIGURE 31. 128TH ST. & HICKMAN RD. (EASTBOUND). .....ccviiiiitierierieeieerestestesesseeseeseesseseessessessesseeseessessessessessenns 66
FIGURE 32. 100TH ST. & HICKMAN RD. (NORTHBOUND). .....cviiitititietieerertestesesseereeseetseseessessessesseeseessessessassessenns 67
FIGURE 33. 86TH ST. & HICKMAN RD. (SOUTHBOUND). ...cuviutiuiitietieteeeeeerertessessesseeseeseesseseessessessesseesesssessessessessenns 68
FIGURE 34. 86TH ST. & DOUGLASAVE. (SOUTHBOUND).......evetetetieteeereirestessessessensesseessessessessessessessessessssssessesenss 69
FIGURE 35. 86TH ST. & DOUGLASAVE. (NORTHBOUND). ....cveutetiteierertenieresteneesesteneesesteeesesseneesesseneesessensesessensesens 70
FIGURE 36. 86TH ST. & DOUGLASAVE. AERIAL VIEW. ....c.vvetieiieieeteeeiesstenseeseesesssesssesseesseensesssesssesssesssesseessesnsenns 70
FIGURE 37. 35TH ST. & UNIVERSITY AVE. (SOUTHBOUND)........cveiuieteeteeteeseeeeeeeeeeteeteeseeseeseenseeeeeseeseeseeseeseeneeneenneans 71
FIGURE 38. 86TH ST. & UNIVERSITY AVE. (WESTBOUND)......cuveveeteeteereeteeeeeeeeeeseeseeseeseeseenseseeseeseesseseesseseeneeseesens 72
FIGURE 39. 86TH ST. & UNIVERSITY AVE. AERIAL VIEW. ...eettetieeeeiieettesteesteeteenteeneesneesseesseeseesesnsesneesneesseenseensenns 72
FIGURE 40. ORALABOR RD. & STATE ST. (NORTHBOUND). ....c.vevitietietieeeeereeeeteeseeteeteeteeseessesseseeseesseseessessessensensenns 73
FIGURE 41. N. WARRIOR LN. & HICKMAN RD. (EASTBOUND). .......ccviiuieuieereeeeeeteeteeteeteeteeeeeeseeseese e eveete e essensene s 74
FIGURE 42. TEST LOCATION IN AMES, |OWA (IMAGE: AMESASSESSORS OFFICE).......uicuieueeeeeereeeeereeveeveeve e eneeeenens 75
FIGURE 43. AUTOSCOPE IMAGE OF TEST LOCATION IN AMESLOOKING EASTBOUND AT 4:52 PM. .......cccoovveviveiiennns 75
FIGURE 44. AUTOSCOPE IMAGE OF TEST LOCATION IN AMES, LOOKING EASTBOUND AT 11:04 AM. .......cccvvvveriennns 76
FIGURE 45. COLLECTING DATA AT 86TH STREET AND DOUGLASAVENUE. ......ccvtecvieeieeiieniientieieeteeseeseeesseesseesseenseens 77
FIGURE 46. CAPTURED VIDEO OF N. WARRIOR LANE AND HICKMAN ROAD. .......ccooeiiiiiieiieiieieeieeie e 78
FIGURE 47. VIOLATION STUDY MAP AND RESULTSPER INTERSECTION. ....c.uteruietieieereeerenseenseeseesesssessnesseesseensesnsenns 86
FIGURE 48. TOTAL VIOLATIONS PER DAY OF THE WEEK AT EACH CAMERA ENFORCED INTERSECTION. .....ccccevvvevienenns 88
FIGURE 49. TOTAL VIOLATIONSPER DAY OF THE WEEK AT 100TH ST. NORTHBOUND AND HICKMAN RD. ................... 88
FIGURE 50. TOTAL VIOLATIONSPER DAY OF THE WEEK PER LANE AT

128TH ST. NORTHBOUND AND HICKMAN RD. ...ttt ettt e et e et e e s eaaeesenaeeeenes 89



X1

FIGURE 51. TOTAL VIOLATIONS PER DAY OF THE WEEK PER LANE AT

128TH ST. EASTBOUND AND HICKMAN RD. ......ooiiiiiiiiiiiieeceee ettt e e eenae e s eaeeeseaneeeenes 89
FIGURE 52. TOTAL VIOLATIONS PER DAY OF THE WEEK PER LANE AT

142ND ST. EASTBOUND AND HICKMAN RD.......ooiiiiiiiieieieeeeee et e eenne e e eaeeeeeeaneeeennns 90
FIGURE 53. TOTAL VIOLATIONS PER DAY OF THE WEEK PER LANE AT

156TH ST. NORTHBOUND AND HICKMAN RD. ... .ottt ettt e e e e eaaae e e e e e s eennnaes 91
FIGURE 54. TOTAL VIOLATIONS PER DAY OF THE WEEK PER LANE AT

156TH ST. EASTBOUND AND HICKMAN RD. ...ccoiiiiiiiiiiiie ettt ettt e e ettt e e e s s e enaaaeeeeesseennenes 91
FIGURE 55. TOTAL RLRVIOLATIONSIN CLIVE BY HOUR OF THE DAY, ALL INTERSECTIONSCOMBINED. ..........cc..u..... 92
FIGURE 56. TOTAL VIOLATIONSAT ALL INDIVIDUAL ENFORCED INTERSECTIONS OVER A 24 HOUR PERIOD. ................ 93
FIGURE 57. TOTAL VIOLATIONSAT NORTHBOUND 100TH STREET AND HICKMAN ROAD

OVER A 24 HOURPERIOD. ....ocoivviiiieeieeeeeeeeeeeeeteeeeeeaeeeeeeaaeeeeetaeeeeesaeessenaaeessesseessasssessensseessasseeesaareseensaeessareeeens 93
FIGURE 58. TOTAL VIOLATIONS AT NORTHBOUND 128TH STREET AND HICKMAN ROAD

OVER A 24 HOURPERIOD. .....ccccuvieeeeteeeeeieeeeeeeteeeeeaeeeeeeeeeeeetseeeeeseeeeeeseeeeeeseeseesseseeesseesennseeeeensseeeennneesenreeeann 94
FIGURE 59. TOTAL VIOLATIONSAT EASTBOUND 128TH STREET AND HICKMAN ROAD

OVER A 24 HOURPERIOD. ....cccecuviieeeteeeeeeeeeeeeeteeeeeeaeeeeeeaeeeeeeseeeeeaeeseeesseeeeeseeseesseseensseesennseeeeenseeeeennneeeenreeeann 94
FIGURE 60. TOTAL VIOLATIONS AT EASTBOUND 142ND STREET AND HICKMAN ROAD

OVER A 24 HOURPERIOD. ....ceiiiiiuteeiieee e e ettt eeeeeeeeaeaeeeeeeeseeaaaeeeeeeeseemaasteeeesssansssaesseessessaasseseeessessnsanseeeeesanns 95
FIGURE 61. TOTAL VIOLATIONS AT NORTHBOUND 156TH STREET AND HICKMAN ROAD

OVER A 24 HOUR PERIOD. ....oeiiutiieieieeeeeeeeeeeeeeteeeeeeaeeeeeateeesesteeesssteeeseaaeesseseeeesassseesssseessaseeeessaseessnnseeesaseeenas 96
FIGURE 62. TOTAL VIOLATIONSAT EASTBOUND 156TH STREET AND HICKMAN ROAD

OVER A 24 HOUR PERIOD. ....ceiiutiieieeeeeeeeeeeeeeeteeeeeeeeeeseaaeessesteeesssteeeseaseessaseeeesassseesssseessasseeessaseessnnseessareeenas 96
FIGURE 63. RLRSEVERITY TOTALSAT ALL CAMERA ENFORCED INTERSECTIONS. ... teeeeeteeeeeeeeeeeneeeeeeeseeseenereeessenans 98
FIGURE 64. RLR SEVERITY AT 100TH ST. NORTHBOUND AND HICKMAN ROAD BY LANE. ...coveeiiieeeieeeeeeeeeeeieeeeeeeenaes 98
FIGURE 65. RLR SEVERITY AT 128TH ST. NORTHBOUND AND HICKMAN RD. PERLANE. ....ceeiitiieiieeeeeeereeeneeeenes ...99
FIGURE 66. RLR SEVERITY AT 128TH ST. EASTBOUND AND HICKMAN RD. PERLANE. .....oovviiiiiiiiiiieeeeeeeeeineeeenns ...99
FIGURE 67. RLR SEVERITY AT 142ND ST. EASTBOUND AND HICKMAN RD. BY LANE. ....vvvviiieiiieiiieeeeeeeeeiieeeeeeeeeaes 100
FIGURE 68. RLR SEVERITY AT 156TH ST. NORTHBOUND AND HICKMAN RD. BY LANE. ....ccooiiiiiiiiiiieeeeeeeeiieeeeeeeenane 100
FIGURE 69. RLR SEVERITY AT 156TH ST. EASTBOUND AND HICKMAN RD. BY LANE.......cuvviiiiiiiieiieeeeeeeeeeiiieeeeeeeeenns 101
FIGURE 70. HISTOGRAM OF THE NUMBER OF VIOLATIONS. .....coiiiituriiieeeeeeeiieteeeeeeeeesnereeeeeeseesnssseeeeesessnsesseeesssnnns 102
FIGURE 71. SCATTERPLOT OF STESWITH CAMERA OR NO CAMERASVS. SITE TRAFFIC VOLUME. ....cccooiviiiviieeeeeennne 103
FIGURE 72. LOCATION OF CAMERA ENFORCED AND CONTROL INTERSECTIONSIN COUNCIL BLUFFS. .......cccouveenee. 110
FIGURE 73. ADVANCE WARNING SIGNS. ...uvviiiiiiiiiiitteeeeeeieeiiteeeeeeseeessaseseseseeessssssseesessisssssssssesssmssssesssesssmssnsees 111
FIGURE 74. BROADWAY AND 35TH ST. (EASTBOUND). .....ueeuieriereteereereereestestessessesseeseeseessessessessessesseeseessessessessenses 112
FIGURE 75. BROADWAY AND 21ST ST. (WESTBOUND). .....vtevterterreteereeteereeesestessessesseeseeseessessessessessesseeseessessessessesses 113
FIGURE 76. BROADWAY & 16TH ST. (EASTBOUND). ....ecviivieeiertereteereeteeseestessessessessesseessessessessessessesseeseessessessesseses 114
FIGURE 77. BROADWAY & 16TH ST. (WESTBOUND)......uteuteuieteterresreeseeseessessessessessesseessassessessessessessessessssssessessenses 114
FIGURE 78. KANESVILLE BLVD. & 8TH ST. (EASTBOUND). ....c.veutetitenieterieneetesietesesteneeresteseeseseeneesesseeesesaeneesenseneane 115
FIGURE 79. KANESVILLE BLVD. & 8TH ST. (WESTBOUND). ....cuveutiteetieeeeeieetestessessesseeseessessessessessessessessessssssessessenses 115
FIGURE 80. ADVANCE WARNING SIGN (SOUTHBOUND). ......cuveieteueeteeteeseeseeeeeseeseeteeseeseeseeseeneeseeseeseeseeseessenseenns 116
FIGURE 81. 7TH ST. AND WILLOW AVE. (SOUTHBOUND). .....eeuveveteeteeteeteeeeeeeeteeeeeveeseeseeneeeeneeseeseeseeseeseesseneeenenes 116
FIGURE 82. MONTHLY TOTAL VIOLATIONSVERSUSMAILED VIOLATIONS. ....uuuvtiiiiieeieeiieieeeeeeeeeienreeeeeeseesnneeeeeeseeenns 117
FIGURE 83. TOTAL VIOLATIONS PER ENFORCED INTERSECTION BETWEEN AUGUST 2005 AND MAY 2007................. 118
FIGURE 84. LINEAR REGRESSION OF VIOLATIONSFOR 7TH ST. & WILLOWAVE. .....uvviiiiiiiieeeeee e eeeee e 119
FIGURE 85. LINEAR REGRESSION OF VIOLATIONS FOR BROADWAY & 16TH St
FIGURE 86. LINEAR REGRESSION OF VIOLATIONS FOR BROADWAY & 21ST ST.....cooiiiiiiiiiiieeeeee e
FIGURE 87. LINEAR REGRESSION OF VIOLATIONS FOR BROADWAY & 35TH St
FIGURE 88. LINEAR REGRESSION OF VIOLATIONS FOR KANESVILLE BLVD. & 8TH ST. ..evveiiieeeeeeeeee e 121
FIGURE 89. DAVENPORT RLR AND AUTOMATED SPEED CAMERA SYSTEM. ..evvviiiiiiiieieeiieeeeeeeeeieeteeeeeeessennesseeessennes 125
FIGURE 90. TOTAL MONTHLY REVENUE SPLIT BETWEEN DAVENPORT AND NESTOR EACH MONTH OF RLR

= NI = V] = N RO 127
FIGURE 91. CAMERA ENFORCED AND CONTROL INTERSECTIONS IN DAVENPORT. ......uuvviiiiieeieeiiiieeeeeeeeeenneeeeeeeeeeans 128
FIGURE 92. KIMBERLY RD. & BRADY ST. (EASTBOUND). .......eeoveteeteeteeteeseeeeeeeeeeeseeseeseeseeseeeeneesseseaseeseessensenseennenes 131

FIGURE 93. KIMBERLY RD. & BRADY ST. (WESTBOUND). ......ccviivieuiirieriereeeeeneeteeteereeteeseessessessesseeseaseeseessessessesennas 131



Xii

FIGURE 94. KIMBERLY RD. & BRADY ST. (NORTHBOUND). ....cuviuvitievietiereeetertetesseereereeseesseseessessessesseeseessessessessasns 131
FIGURE 95. KIMBERLY RD. & BRADY ST. AERIAL VIEW. ......ccviiuiiieeesiieieeteeesesstesseesseesseessesssesseesseesseessesssesssessesssees 131
FIGURE 96. 35TH ST. & HARRISON ST. (SOUTHBOUND). ....cuveteieteeriereeeieitessesessessesseessessessessessessessessessssssessessenses 132
FIGURE 97. 35TH ST. & HARRISON ST. (NORTHBOUND). ....cuveterererriereenreitessesessessesseessessessessessessessessessssssessessenses 132
FIGURE 98. WELCOME AND KIMBERLY ROAD (SBEAST). ...ieuteieieieetieteeteeitestessessessesseessessassessessessessessesssessassessesses 133
FIGURE 99. WELCOME AND KIMBERLY ROAD (SBWEST). ...uveveteeteeteeteeteeeeeeeeteeeeeveeteeaeeae e eneeaeeveeseeveeneeneeneennenes 133
FIGURE 100. LINCOLN AVE. & LOCUST ST. (EASTBOUND). .....veveeteereereereeneeeeeeeeeeeteeseeseeseeeeneesseveaseeseeseeneeneeennnes 134
FIGURE 101. LINCOLN AVE. & LOCUST ST. (WESTBOUND). .....cveiueeteeteeeeeeeeeeeeeeeeeseeteeteeneeeeneeaeeseaseeseessensensenenes 134
FIGURE 102. KIMBERLY & ELMORE AVE (WESTBOUND). ......cviviteetieteeteeeteeeteeteeteeseessessessessesseeseassessessessessesennes 135
FIGURE 103. KIMBERLY & ELMORE AVE. (EASTBOUND). ......cviviitiereeteeeeeeeeeeeseeteeteeteeseessessessesseessaseessessessessesennas 135
FIGURE 104. TOTAL MONTHLY MAILED CITATIONSBASED ON TYPE OF AUTOMATED ENFORCEMENT. ......cceeeueenennen. 136

FIGURE 105. RECORDED VIOLATIONS VERSUSMAILED CITATIONSAT ALL RLR ENFORCED
INTERSECTIONS AND APPROACHES. ... uvttieitteeeeeeteeeeeeeeeeeeeteeeeeaeeeseaaeeeeesaeeesaaeessensaeeseesseeesaareessnsaeeesaneeeeas 137



Equation [2-1].
Equation [2-2].
Equation [2-3].
Equation [2-4].
Equation [2-5].
Equation [3-1].
Equation [3-2].
Equation [3-3].
Equation [3-4].
Equation [3-5].
Equation [3-6].
Equation [3-7].
Equation [6-1].
Equation [6-2].
Equation [6-3].
Equation [6-4].
Equation [6-5].

Xiii

LIST OF EQUATIONS
RLR Rate as a Percent ...........oooiiiiiiii e 34
RLR Rate per Thousand Entering Vehicles (TEV) ... 34
Average RLRS PeT CyCle .. .ouiniiitiiii e 34
Three-Year Count of Right-Angle and Left-Turn Crashes......................coooceiiiiiinl . 34
Predicted Annual Crash Frequency Rate...............cooooiiiiiiiiii e 35
RLR Rate as @ PEICeNt ... ........oiiiiiiiiiiiiiiiiii 79
RLR Rate per Thousand Entering Vehicles (TEV) ... 79
Average RLRS Per CyCle ... ..ot e 80
Proposed Poisson Model. ... ... ..., 103
Poisson Model as a Function of Volume..............coooiiiiiiiiiiiieee 104
Poisson Model with Added Random Effects..............coooiiiiiiiiii 104
Least Square Means for Camera Presence...........o.ovieiiiiiiiiiii e 104
Crash Rate per Million Entering Vehicles (MEV) ... 141
Daily Entering Vehicles (DEV) per Quarter (Before and After)..............c.ooooiiiiiiiiiin. 141
First Level of the Bayesian Hierarchy......................ooiiiii e, 145
Covariate Site Definition ............oiiiiiiiiiii e 145
Hyper Parameter Definition for the Second Level of the Bayesian Hierarchy .................. 145



X1v

ACKNOWLEDGEMENTS

First, I would like to thank my program of study committee members. Without their support, guidance,
expertise, and recommendations this project would have never come together.

Dr. Shauna Hallmark - Associate Professor, CCE E

Dr. Reginald R. Souleyrette — Professor, CCE E

David J. Plazak — Adjunct Assistant Professor, Community and Regional Planning
Neal Hawkins - CTRE, Associate Director of Traffic Operations

I would like to thank the Iowa Department of Transportation for funding this project and David Matulac with
the lowa DOT Office of Traffic Safety for monitoring this project. Without the lowa DOT’s funding and
interest in saving lives with automated enforcement, this project and thesis would not have been possible. I
would also like to thank my family for understanding my commitment towards education and research in civil
engineering.

I also would like to thank the following individuals for extensive help and contributions made to this document.

Ann K. Staudt — Editing, Descriptive Statistics, and Friend

Andrew K. Gay — Editing, Hill & Knowlton, New York, NY

David Andersen — Field data collection

Caroline Kinzenbaw — Field data collection

Massiel A. Orellana — Statistics

Tom McDonald — CTRE, Safety Circuit Rider

Dr. Linda A. McGuire — Associate Dean for Public Service, The University of lowa College of Law
Dr. Tom Stout — Editing

Linda Hedberg & Kathy Wellik — Iowa State University Transportation Services

CTRE Students — Victor Lund, Justin Jackson, Josh Hinds, Craig Mizera, Dan Ormand, Jon Wiegand, Greg
Karssen, Xudong Chai, and Hillary Isebrands

CTRE Staff

Finally, I would like to thank the following individuals for local and national technical expertise.

Richard A. Retting — Insurance Institute for Highway Safety
Tom Welch — Iowa DOT Office of Traffic Safety

Dr. Michael Pawlovich — lowa DOT Office of Traffic Safety
Ronald Bunting — lowa DOT

Dennis Henderson — City of Clive City Manager

Pamela L. Shannon — City of Clive City Clerk

Chief Robert P. Cox — Chief of Police, City of Clive

Jim Dewitt — City of Clive Public Works Operation Supervisor
Sgt. John Brodersen — City of Clive Police Department

John B. Larson — City of Urbandale Assistant Director of Engineering
Eric R. Petersen — City of West Des Moines Associate Traffic Engineer
Tom Dozler — City of Ankeny Public Works

Ray Weiser — Scott County GIS Office

Lt. Michael G. Venema — City of Davenport Police Department
Al Berg — City of Davenport Finance Department

Gary Statz — City of Davenport Traffic Engineer

Gregory Reeder — City of Council Bluffs Public Works Director
Mark Franz — City of Council Bluffs Traffic Superintendent
Dennis Kroeger — CTRE Transportation Research Specialist

Dr. Tom Maze — Professor, CCE E

Ron Johnson — lowa Signal, for the City of Waukee



XV

ABSTRACT

One of the most controversial topics facing traffic engineers, city councils, and public awareness
groups is the implementation of automated red light running enforcement camera systems at signalized urban
intersections. Red light running is a significant safety problem as drivers become more aggressive on roads, and
become impatient waiting for a traffic signal to change. Red light running camera systems are automated
enforcement systems which detect and capture the image and license plate of vehicles which run a red light and
then issue a citation. They are becoming widely used in the US to reduce the number and severity of red light
running crashes. The effectiveness of automated red light running enforcement is constantly debated among
government officials and citizens who see cameras as either “intrusive” or “constitutionally illegal” to an extent.
In some cases, it has been argued that automated red light running enforcement increases the percentage of rear-
end collisions.

In 2004, the state of Iowa reported over 2,900 crashes (approx. 4.9% of all reported crashes) involving
“failure to yield right of way making right turn on red signal” and “ran traffic signal” both of which constitute a
driver being involved in a red light running collision. This thesis presents the interim results of a research
project which evaluated the effectiveness of Iowa’s currently deployed automated red light running camera
systems in: Council Bluffs, Davenport, and Clive. Violation data were collected from each community and
system effectiveness was evaluated through a before and after study and comparing enforced intersections with
similar intersections where the automated enforcement system is not expected to have any spillover effects. The
before and after data study investigated reductions in total crashes, red light running-related crashes (crashes
where either the officer or crash narrative indicated red light running had been a factor in the crash), crash
severity, and then a statistical model was developed to determine the expected crash frequencies for each
automated enforced intersection. The findings of all three studies were compared to each other and initial
conclusions were made as to how effective each red light running camera system is, and if all three systems

were an effective means at reducing red light running and saving lives in Iowa.

Key Words: automated enforcement-red light running camera effectiveness-crash study-violations study-
high speed intersection crashes-public acceptance-history of automated enforcement-Iowa automated
enforcement-Bayesian hierarchical model-Poisson linear regression



CHAPTER 1: INTRODUCTION

1.1 INTRODUCTION

Red light running (RLR) is a significant safety problem as drivers become more aggressive and
distracted on city roads, and become impatient waiting for a traffic signal to change. As a result as agencies
have struggled to find ways to address the issue, they have increasingly turned to the use automated RLR
camera enforcement systems at urban signalized intersections. RLR camera systems are a form of automated
enforcement which detect, determine, and capture images of vehicles that run a red light to later issue a citation.
In most cases the systems are operated by a private corporation. However the use of RLR cameras is one of the
most controversial topics facing drivers, traffic engineers, city councils, and public awareness groups. The
effectiveness of automated RLR enforcement cameras in reducing crashes is questioned and in some cases, it
has been argued that automated RLR enforcement increases the percentage of rear-end collisions. The legality
and acceptability of the systems are also constantly debated among government officials and citizens who see

cameras as either “intrusive” or “constitutionally illegal” to an extent.

1.1.1  Civilization Versus “Big Brother is Watching You” Versus Safety

We live in a time and age where cameras are predominantly watching society as a means of security.
George Orwell’s novel 1984 painted a dark terrifying picture, damning surveillance by a nation-state and
promoted images of “Big Brother is watching you” which many people have referred to as an example when
responding to automated RLR enforcement. Regardless, whether camera surveillance is used for RLR
enforcement, speeding, or congestion; the means of automatically capturing and ticketing will always be
questioned.

Cameras are constantly among us, from dressing rooms to airport security lines, automated teller
machines to department stores, city buses to grocery stores, to even our home security systems. Video recording
of humans through the use of cameras have proven valuable in capturing people in their everyday lives, whether
for good, protection, or the purpose of evidence. Another recent advancement in camera technology in the
transportation field is the constant evolution of Intelligent Transportation Systems (ITS). Most major
metropolitans have a central traffic operation center with hundreds of cameras monitoring and recording
ordinary citizens traveling down a highway, entering an intersection, and occasionally helping when major
crashes occur.

Moreover, the question arises of how RLR camera enforcement privacy differs from existing
automated technology currently deployed (except that a camera located at an intersection can capture a vehicle
and / or a human actually breaking the law). Three communities in Iowa have deployed automated RLR camera
systems to help prevent potentially dangerous crashes and to notify violators through a civil fine that they were
captured performing a dangerous movement with their vehicle. As expressed by RLR camera opponent groups

in Iowa, the RLR camera systems are an illegal way to generate funds, are invasive of privacy, and certain



ordinance cannot supersede state laws; but how far can one argue these technicalities if a RLR camera prevents

one unnecessary death?

1.2 PROBLEM STATEMENT / STATEWIDE ANALYSIS

In 2004, the State of Iowa reported over 2,900 crashes (approx. 4.9% of all reported crashes) involving
“failure to yield right of way making right turn on red signal” and / or “ran traffic signal” both which indicate a
potential RLR crash. Since 2004, three communities in lowa have implemented RLR camera systems and
several others have considered them. In the absence of definitive studies to quantify the effectiveness of the
cameras, the lowa Department of Transportation (Iowa DOT) was interested in evaluating the experience in
Iowa so that other Iowa agencies have additional information to determine whether the RLR camera systems
offer a viable and effective solution to RLR.

To gain an understanding of the magnitude of RLR in the state of lowa, a crash analysis for the entire
state was assessed for 2001 to 2006. Locations of signalized intersections in the state were determined using a
database based on the ITowa DOT GIMS database. The Iowa DOT crash database (version “crashes (2001 2005)
Jan 2006 for 2001 to 2005 and “statewide20012006(April2007)” for 2006) was used. Crashes were spatially
located and those crashes within 25 meters of each signalized intersection were extracted for each year. RLR
and RLR type crashes were then summarized from those signalized intersection crashes.

A statewide intersection database was developed for lowa based on the 1999 GIMS snapshot linework
from the lowa DOT. This database represents the intersection of any location where 3 or more approaches join.
No statewide inventory of signalized intersections exists. In order to determine where signalized intersections
were located, a database created by Dr. Michael Pawlovich of the lowa DOT was used. Crashes from 2001 to
2005 which were within 25 meters of an intersection node in the statewide intersection database were extracted.
Total number of crashes was summed for each location. The number of crash cases that have some indication
that a traffic signal was present from the Traffic Controls crash option were recorded in one field. The total
number of crash cases where a traffic signal was indicated in either the Traffic Controls crash option or
Contributing Circumstances, Driver crash option were summarized. This indicated that the reporting officer
had indicated presence of a traffic signal. Officers may not always fill in either option when reporting a crash.
The point ID was related to the point ID from the statewide intersection database. An intersection was
determined to be signalized if the following conditions were met:

e 2 1to4 crashes had occurred and a signal was indicated for at least 2 crashes
e 6 or 7 crashes had occurred and a signal was indicated for at least 3 crashes
e 8 or more crashes had occurred and a signal was indicated for at least 4 crashes

RLR crashes were defined as crashes where the officer indicated “ran traffic signal” or “failure to yield

right of way on right turn on red” as the major cause. Since the officer may not always indicate cause, the

numbers of crashes with collision types which are indicative of RLR were also evaluated. These include



angle—on-coming left turn, broadside, head-on, and sideswipe—opposite direction. These crashes are referred
to as “RLR type crashes”.

The number of RLR crashes for each year from 2001 to 2006 and the number RLR type crashes for
each year from 2001 to 2006 are shown in Figure 1. As indicated, from 1,290 to 1,994 RLR crashes per year
occur. This resulted in an annual average of 1,764 RLR crashes. RLR type crashes range from 3,120 to 4,708
with an annual average of 4,055 crashes. Additionally, an annual average of 68 fatal and major injury RLR

crashes and 123 fatal or major injury RLR type crashes occurred.
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Figurel. RLR and RLR type crashesin lowa from 2001 to 2006.

An average of 8,162 total crashes occurred at signalized intersections in lowa per year. RLR crashes
account for 21.6% of all crashes at signalized intersections and RLR type crashes account for 49.7% of all
signalized intersection crashes annually. Additionally, RLR crashes account for 35.0% of the fatal and major
injury crashes at signalized intersections and RLR type crashes account for 63.6% of fatal and major injury

crashes at signalized intersections.

1.3 RESEARCH OBJECTIVES

This thesis presents the results of an lowa Department of Transportation (Iowa DOT) sponsored
research project which evaluated the effectiveness of lowa’s currently deployed automated RLR camera
systems in: Council Bluffs, Davenport, and Clive. Along with investigating the change in RLR crashes, the
investigation will examine how each city began their programs and evaluate the intersections, payment
structure, and legal concerns.

Known violation data were collected for all three cities and crash data was extracted from the lowa
DOT’s crash data base. A simple before-after data study investigated the reduction in total accidents, RLR

related crashes (e.g. broadside, right-angle, and rear-end, non-RLR related crashes, and total number of



crashes), crash severity, and reduction in violations. The findings were compared to other communities around

the nation to see how lowa’s automated red light running enforcement system measured up on a national level.



CHAPTER 2: LITERATURE REVIEW

This section of the thesis discusses the history, applications, and effectiveness of Red Light Running

(RLR) camera systems. This literature review cites sources from newspapers, local jurisdictions, academic and

professional journals, magazines, vendors, interviews, historical documents, and research records. It includes

information pertaining to:

The history of automated enforcement, and development of the RLR camera system

How a red light camera system works with examples cited from cities in the United States
Camera, film type, and vendor information

Case studies of United States cities where RLR systems have been installed and studied

Legal and legislative concerns

This literature review consists of the most recent information and statistics for automated RLR enforcement

and is divided into eight main sections:

2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7

Introduction to RLR enforcement and the toll of RLR on society
Characteristics of RLR drivers and intersections

Possible RLR countermeasures

Description of automated Enforcement

How automated RLR cameras work

Summary of notable RLR programs

System Effectiveness

Legality of automated enforcement with specific court cases

2.0 BACKGROUND

RLR is an ever-increasing problem in urban areas of the United States, as well as many nations around

the world. Many times it results in dangerous rear-end collisions and sometimes fatal side impact, right-angle

collisions. Any vehicle that has crossed the approach stop bar and enters a signalized intersection after the

beginning of the red phase has run a red light; these vehicles have become a potential safety hazard for other

vehicles. The Federal Highway Administration (FHWA) estimates in 2002, there were 207,000 RLR-related

crashes at signalized intersections, an economic loss of over $14 billion per year with more than 1,000 deaths

(2). A study performed by Bonneson et al. determined the average cost per RLR-related crash in the state of

Texas for the year 2003; results are shown in TABLE 1.



TABLE 1 Cost of Red-Light-Related Crashes in Texas for 2003 (2)
Severity* Crash Cost P Annual Crashes Crash Dist.,% Annual Injuries Annual Cost

K 3,237,000 121 0 133 $431,000,000
A 224,000 1439 4 2047 $458,000,000
B 45,000 5493 15 8987 $404,000,000
C 24,000 11,798 31 24,802 $595,000,000
PDO 2,500 18,851 50 0 $94,000,000
Total: -- 37,702 100 35,969 $1,982,000,000
Average Cost per Red-Light-Related Crash: $52,600

* K: Fatal Injury, A: Incapacitating Injury, B: Non-incapacitating Injury, C: Possible Injury, PDO: Property Damage Only ($ per vehicle)

The large numbers shown in Table 1 demonstrate that RLR is a serious issue. Bonneson et al. also
estimated the state of Texas averages about $2 billion each year in lost societal cost due to drivers running red
lights (2, 3). RLR costs society more money and lives each year due to an ever-increasing volume of traffic on
local roads. Many city jurisdictions and state law enforcement agencies are constantly under public pressure to
combeat this trend either by making engineering improvements to intersections or by installing automated
enforcement systems.

As of October 2006, the Insurance Institute of Highway Safety (IITHS) reported that over 170
communities in 22 states and the District of Columbia have implemented RLR programs. These states include
Arizona, California, Colorado, Delaware, District of Columbia, Georgia, Illinois, lowa, Maryland,
Massachusetts, Minnesota, Missouri, New Mexico, New York, North Carolina, Ohio, Oregon, Pennsylvania
Rhode Island, South Dakota, Tennessee, Texas, and Washington (4). Despite the growing number of
communities with RLR enforcement cameras, implementing such a program can be a daunting task for any
traffic engineer, local city and law official, or a state legislature. Often, the blame for implanting a system is
placed on specific engineering problems at the intersections. However, with proper engineering, public

education, and law enforcement tactics, a RLR program can have substantial results and save lives.

2.1 DRIVER AND INTERSECTION CHARACTERISTICS
2.1.1 Legal Explanation of a Change Interval

In 1962, a modification in the Uniform Vehicle Code allowed vehicles to enter into an intersection
legally when a yellow and clear the intersection when a red signal is displayed in the approach leg (5,79). As
stated in a recent ITE report, “Determining Vehicle Changing Intervals,” a state has a “permissive yellow rule”
or “restrictive yellow rule” to define a RLR violation. A permissive yellow rule allows vehicles to enter the
intersection on yellow while using caution. The restrictive yellow rule states that vehicles cannot enter the
intersection on a yellow light unless it is unsafe to come to a complete stop (6). A yellow light’s main purpose is
to alert drivers that the green light is about to turn red. If a poor choice in the duration of the yellow interval, an
area before the stop bar called the dilemma zone in which a vehicle can neither stop safely before the
intersection nor clear the intersection without speeding up. When a vehicle does speed up to clear the

intersection, this could lead to a potentially dangerous situation.



2.1.2  Determining the Factors of Crash Frequency

RLR is a complicated traffic problem with many possible variables that might attribute RLR to a
specific action, person, or situation resulting in a crash. Vehicles running a red light vary day to day,
intersection to intersection, and from person to person. Any driver may run a red light due to inattention;
however most red light running is due to aggressive driving. Various research studies have identified the
behavior of the average violator and the intersection characteristics in where violations are more likely to occur.
A summary of all of the known current research conducted on what elements influence RLR violators and the

studies’ conclusions are shown in TABLE 3.

2.1.3  Characteristics of Red Light Runners

In 1996, Retting et al. performed a study to identify the characteristics of red light runners. This study
was conducted at an eight-lane, east-west intersection in Arlington County, Virginia. Using automated camera
systems and human observers, Retting recorded 1,373 cars over a period of time. Of these recorded cars, 462
ran the red light, and 911 complied with the yellow light and came to stop at the stop bar. These figures equated
to two red light runners per hour. Violating drivers were classified by the length of time the light had been red
before the car crossed the stop bar, and times were recorded from 0.5 to 2.0 seconds. Drivers had minimal
influence on these times because there were no correlations, so the data was grouped for the study. Shown
below in TABLE 2 and TABLE 4, are the results of this study.
TABLE 2 Percentage of Passenger Cars by Size for Red Light Violators and Compliers (7d)

Small Midsize Large Total

(Wheelbase =99 inches) (Wheelbase 100-109 inches) (Wheelbase >109 inches)
Violators 49 45 6 100
Compliers 40 49 10 100

As shown in TABLE 2, Retting was able to conclude that red light runners generally drove small and
midsize cars, although no particular make or model of car was identified in the study. Also, RLR violators were
less likely to drive cars manufactured after 1991. This might be a result that drivers with newer automobiles did
not want to take the chance with an accident and a new car, although this was not researched in this study.

As shown in TABLE 4, Retting categorized red light violators as to how many prior moving
convictions the drivers had and what age range the violators were. To find this information, license plates
numbers were matched with driving records and cross-verified using the car’s vehicle identification number

(VIN).



TABLE 3 Summary of the Most Recent Driver Behavior Studies (7)

Element Variable Key Finding Reference
The glder groyps accounted for a relatively small portion of [Kraus and Quiroga, 2004])
red light running crashes compared to the younger age
Y i h f 18-2 I
Age oung.er drivers betwgen the ages of 18-25 years old are [Porter and Berry, 2001
more likely to run red lights compared to other age groups.
. . [Retting et al., 1999; Retting
Red light runners tend to be drivers under 30 years old.
S ers tnder=y Wiliams, 1996]707
Gender E]ztljelight runners are more likely than non-runners to be [Retting et al.: 1999
Driver Drivers have higher probablility of running red lights when
Occupancy  |driving alone compared to when passengers are in their  |[Porter and Berry, 2001]™
vehicles.
, . [Porter and England, 2000; Retting
Safety Belt  |Red light runners are less likely to wear safety belts.
Y S elyTo wear saiely and Wiliams, 1996]7°7)
qu Iight. runners are more likely thaq no'n-r.unners to be [Retting et a.: 1999
Driving Record dnqu WIFh suspendgd or revoked drlverg licenses.
Drivers with poor driving records and driving smaller and . . 7d)
. . [Retting and Williams, 1996]
older cars have a high tendency to run red light.
The frequency of red light running increases when the
uency 'gnrunning | v [Brewer et al., 2002]®
yellow interval is less than 3.5 seconds.
Signal Timing [Longer yellow intervals will cause drivers to enter
intersection later and lengthening the all-red intervals caters|[Eccles and McGee, July 2001]™
to red light violators.
Stopping  |Probability of a vehicle stopping for traffic light decreases ")
Intersection Distance |as its distance from the intersection decreases. [Chang et al., 1985]
Probablility of a driver stopping for a traffic light decreases 79)
Approach Speed as the approach speed to the intersection increases. [Chang et 1985]
Grade Probability of a driver stopping for g trgffic light increases (Chang et al, 1985
as the approach grade to intersection increases.
Intersection  |Drivers tend to stop for traffic lights more at wider 79)
Width intersections than at narrower intersections. [Chang et al., 1985]
Higher red light running rates were observed in cities with 0
Approach  |wider intersections and higher traffic volumes. [Porter and England., 2000]
Volume The red light running frequency increases as the approach
v recIgnt running frequency PP [Brewer et al., 2002]"®
traffic volume at intersection increases.
Higher red light violations occur during the time period of ~ |[Kamyab, et al., 2002 Kamyab, et al.,
. . (7i)7)
Traffic & Time of Day 3:00 PM to 5:00 PM. _ . . December 2000]'""""
Environment The average number red light violations are higher during Retting et al. 1998]™
AM and PM peak hours compared to other times of the day. [Retting et al., ]
T d liaht violat d g [Lum and Wong, 2003; Kamyab, et
Day of the Week o v?/;ee:(:?\drzore redight violalions on weekaays compare al., 2002; Kamyab, et al., December
' 2000; Retting et al., 1998] 77
Weather The influence of rainfall on red light running behavior is [Retting et 2, 1998]™

insignificant.




TABLE 4 Driver Characteristics of Violators and Compliers (7d)

Percent of Driver Mean
2+ Speed 3 + Speed Speed Total
Age <30 Convictions Convictions Age Convictions Convictions Point Balance
Virginia, Maryland, and Washington, DC - 36-Month Driver Records
Violators 26 14 16 36 0.58 1.2 -
Compliers 14 4 6 42 0.25 0.67 -
Virginia Only - 60-Month Driver Record
Violators 29 22 22 35 0.96 1.83 -0.88
Compliers 14 7 12 42 0.40 0.93 +1.18

As shown in TABLE 4, Retting concluded that red light runners generally are younger, under the age
of 30, with prior moving violations. Seat belt usage was observed in the field as well: 74 percent of compliers
were found wearing seatbelts, while 33 percent of violators were wearing seatbelts. These studies also
suggested that since red light violators are younger and already put in a higher-risk driving group, this merits

more enforcement resources such as cameras, police officers, and education (7d).

2.1.4  Intersection Characteristics and RLR
Other contributing factors to a driver running a red light are the wide array of intersection
characteristics that might be aiding in the violation. Not all intersections are uniform depending on when the
intersection was built or what standards were used when designing the intersection. Certain designs and
configurations may lead to reduced reaction and stopping times, driver confusion, or limited views of the traffic
signals. Many times, a simple engineering analysis of the troubled intersection could help the situation before
the implementation of a RLR system (8).
e Grade
The grades approaching the intersection may significantly affect the time needed for a vehicle to stop.
Grades in excess of 5 percent may affect the driver’s desire to stop for a red light. A study conducted
in 1985 concluded that more drivers will tend to stop at an intersection that is on an uphill grade, but
tend to run the red lights on a downhill grade. It was also recommended by this research group that
having a longer all-red clearance interval on down grades would counterbalance this effect to prevent
potential accidents (8g). In another report, the weight and downhill momentum of a vehicle affects a
driver’s ability to safely stop at an intersection (9).
e Poor Visibility
Drivers are not able to notice and react to traffic control devices that cannot be seen when approaching
the intersection. Obstructions could include overhanging vegetation, billboards, large trucks,
commercial signs, low pressure sodium lights, or awkward geometric alignment of the road (9).

e Roadside Obstructions

Roadside obstructions such as parked vehicles, vegetative growth, pedestrians, and billboards may

block motorists’ view of signs, traffic control devices, or other vehicles (10). Intersections with such
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approaches should be engineered so roadside parking does not interfere with sign visibility (11).
Traffic control devices and signs should be regularly cleared of vegetation over-growth and / or
vandalism (12).

Line of Sight

Line of sight is critical to a driver approaching an intersection. Obstructions beside the vehicle (i.e. a
tree or building) or an obstruction in front of the vehicle (i.e. a large truck or trailer) may reduce
reaction time and/or affect driver behavior. The worst case for line of sight obstruction is the
intersection located at the base of a hill where the traffic signal is partially or completely hidden from
the driver’s view until reaching the top (11).

Approach Volumes

Multiple research studies have indicated that RLR may be influenced by the time or day of the week
(13). During peak hours of the day, traffic volumes and congestion will influence the number of red
lights run. Drivers who commute or run errands during these times will experience considerable
delays. This is especially true if signals are not properly timed or coordinated, resulting in adverse
driver behavior (10). On the other hand, many drivers will travel before peak hour congestion when
there is little volume on the road. In some cases, traffic signals might be non-traffic actuated signals,
making drivers wait for extended periods of time for no vehicles, thus occasionally resulting in red

lights being run (10).

Traffic and Environment

Weather

A RLR survey study performed by the Old Dominion’s Department of Psychology concluded weather
is not an important predictor of RLR (13). However, it is reasonable to assume that water, snow, or fog
cover will affect the dynamics of the vehicle and the driver’s ability to control the vehicle without
distractions. Poor visibility resulting from severe weather, sun glares, particulate matter, and debris
may also affect the driver’s sight distance and reaction time when approaching an intersection (11).
Vehicle type

The type of vehicle may contribute too many RLR cases where drivers don’t completely understand
their vehicles’ dynamics or how quickly they can stop. According to a report by Lenard Evans,
vehicles that carry heavy loads require additional time to slow and stop when traffic signals change to
yellow. Drivers of vehicles carrying heavy loads with a greater amount of mass may forget these

variables resulting in RLR violations (14).

2.2 RLR COUNTERMEASURES

RLR countermeasures can be divided into three groups, which consist of the “Three Es” engineering,

education, and enforcement, to combat some of the issues listed in the driver behavior section. However, the
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Three Es may not work for every case, and ultimately an automated enforcement system might be installed. A
good starting point is to attempt to find deficiencies in the driver or intersection. Shown in

TABLE 5 are the reasons found by an unpublished FHWA report as to why red light runners ran the red light
and what countermeasure would be most appropriate for that cause (15).

TABLE 5 Possible Causes and Appropriate Countermeasures (16)

Possible Causes of

Red-Light Running Engineering Enforcement Education

1. Did not see signal o
2. Tried to beat yellow ° O O
3. Reported they had o
green
4. Intentional violation ° O O
5. Unable to stop
. L]
vehicle
6. Followed another
. 0 0
vehicle
7. Confused by Signal O
¢ = Likely Countermeasure e = Possible Countermeasure

As shown in TABLE 5, engineering countermeasures could help, or at least help a jurisdiction take a

first step in reducing RLR before deploying an automated camera system.

2.2.1 Engineering

Although driver behavior is a key element in determining whether someone will run a red light,
intersections factors such as an inadequate change signal, sight distance issues, or significant delay may also
contribute to RLR; it sometimes and can be solved by less expensive countermeasures than automated
enforcement (16). Bonneson et al. classified engineering countermeasures into three categories based on the
method of implementation. “Signal operation” countermeasures include modifications to signal timing, type of
signal, cycle length, and change interval. “Motorist information” countermeasures are modifications to
advanced warning devices such as signs or flashing lights, as to warn drivers of a signalized intersection ahead.
“Physical improvements” countermeasures involve sometimes-extensive modifications to an intersection to

solve dangerous safety concerns or operational problems (17).

Sgnal Operations

Increased Yellow Interval

Two known studies have evaluated the effectiveness of extending the duration of the yellow interval.
Retting and Greene cited numerous sources where extending the yellow time will reduce RLR and right-angle
crashes (18). Another study, performed by Van der Horst and Wilimink, found a relationship between RLR and
yellow duration at 11 test intersections. Their conclusions found that yellow intervals of at least 3.5 seconds are

associated with minimal RLR cases (19). Bonneson et al. concluded that increasing the yellow time was
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inversely related to the frequency of RLR and found this decreased RLR 50 to 70 percent (17). Although this
method proved successful, researchers noted that if yellow interval extensions are increased too much, the
capacity of the intersection might decrease and delay will increase (16). Since delay has been cited as a factor in

RLR, the benefits may be offset.

Provide Green-Extension

Advanced detection devices are used before major intersections with actuated traffic signals to extend
green time or change the signal phase by sending an advance signal. Once a vehicle passes the detection device
(Autoscope or inductive loops), a signal is sent to the traffic signal to extend the green time or change the cycle
phase. Zegeer and Dean concluded that extending the green time would reduce the frequency of RLR by as
much as 65 percent (20,17). Although many communities have implemented green extension by advance

warning devices, it can also increase RLR if driver expectancy is altered for regular users of the intersection.

Coordination

A common practice among cities is to coordinate traffic signals along a corridor to provide less delay,
thus resulting in less RLR violations. Although improving the flow of traffic along a corridor, Van der Horst
and Wilmink concluded that there is a greater chance that a platoon of vehicles formed by signal coordination
will run a red light if the platoon arrives close to the end of the green cycle (19, 17). It was also noted the
potential of RLR violations may decrease with traffic signal coordination if cycle lengths were adjusted (19,
17).

Motorist Information

Improved Traffic Signal Visibility
One of most common claims for RLR is the complaint that a driver was not able to see the traffic
signal or mistaking the color of the signal (16). Although many times these claims prove false, traffic signals
should be visible far enough upstream for a vehicle to safely stop. A FHWA study recommended the following
improvements that would help traffic signal visibility to drivers approaching the intersection (16):
e LensSzeand Type: Increasing the diameter of the signal head from 8” to 12” will improve the
visibility of the traffic signal. An unpublished research study conducted in Winston-Salem, NC showed
a 47 percent decrease in RLR right angle crashes at intersections with 12” lenses using a simple
before-and-after study (16, 21). The same FHWA report also suggests using Light Emitting Diodes
(LED) for traffic signal lenses. LEDs are tiny electronic lights that emit a signal color which is
amplified with lenses to create a brighter light than the traditional 135-watt incandescent lights which
are traditionally used in traffic signals (16). LEDs last 4-5 years longer and use 90% less energy that
traditional traffic signal lights (16). Furthermore, preliminary studies have shown LED lights activate

much quicker, giving drivers fractions of a second more to react to the change in color (22).
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e Backplates: Backplates are common at most traffic signals, and are particularly helpful if a vehicle is
traveling east-west to combat possible sun glare. In many communities, it is now standard practice to
place backplates on every traffic signal to improve visibility for all directions (16). The Manual on
Uniform Traffic Control Devices (MUTCD) in section 4D.18 requires the front (view towards
oncoming traffic) of the backplate to be a dull black to minimize light reflection and provide a contrast
to the three traffic signal colors (12). Polanis investigated the effect backplates had on crash frequency
and found they decreased right-angle crashes by 32 percent (21).

In 1998, a research study conducted in British Columbia, Canada by Miska, de Leur, and Sayed
investigated the effects of installing yellow reflective tape on the edge of the backplates to combat various
claims of not being able to visually see the traffic signals at studied intersection. As shown below in Figure 1, a
75mm reflective 3M tape border was installed on single heads of six traffic signals at six intersections. The cost
of installation was minimal at $35 per signal and around $420 per intersections. Miska, de Leur, and Sayed

concluded that the numbers of claims were reduced up to 60% (23, 24).

- :

&
Figure 2. Sgnal with high intensity yellow retrorefl ective tape on backplate (23).

e Placement: Although the MUTCD does not specify or require that the traffic signals be over each
lane and be attached to a pole, studies in lowa and Missouri have shown 32 and 25 percent
reductions in crashes at intersections with traffic signals attached to mast and poles (16). An
FHWA report states that traffic signals located above each lane overcome three important
obstacles that median or roadside traffic signals have: (1) they generally do not provide good
conspicuity, (2) mounting locations may not provide a display with clear meaning and (3)
motorists’ line-of-sight blockage to the signal head due to other vehicles, particularly trucks, in the
traffic stream (16). Shown below in Figure 3 is a typical high speed intersection in Colorado

where 12” diameter traffic signal heads are located over each travel lane. Also note the 8”diameter
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pole mounted signal head to aid vehicles that cannot see the overhead traffic signals due to

blockage from trucks or other large vehicles.

Figure 3. CDOT specified high-speed intersection traffic signal (25).

Shown below in TABLE 6 are a summary of the effectiveness of some typical countermeasures to
improve signal visibility at intersections.

TABLE 6 Effectiveness of Countermeasures Intended to Improve Signal Visibility and / or Conspicuity
(26)

Countermeasure Meas.ure of Reduction du.e to Sample Size Reference
Effectiveness Implementation
Increase signal lens from 8 to 12 in. Right-angle crash 47 55 intersections [Polanis, 2002]°®
Add back plates to signal heads Right-angle crash 32 6 intersections  [Polanis, 2002]°®
Add supplemental signal heads Right-angle crash 47 11 intersections  [Polanis, 2002]%®
Add a second red indication to each head  Right-angle crash 33 9intersections  [Polanis, 2002]®
Red light running
Add LED signal lenses frequency 54 1intersection  [Bonneson, 2002]®
Add a strobe light in the red indication Right-angle crash 15 6 intersections  [Cottrell, 1995]"

Addition of Advance Warning Signs

One of the most commonly used countermeasures to warn drivers of an approaching intersection are

advance warning signage, as shown in Figure 4. The sign on the left, a W3-3, is typical in urban areas where

advance warning may sometimes be needed in heavy congestion. Secondly, these signs can be accompanied by

flashing warning lights or flags attached to the sign. In a study conducted by Polanis, it was found the W3-3

warning signs reduced right-angle crashes by 44 percent at signalized intersections (21).
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Figure 4. Advance intersection warning signs (12).

Another type of advance warning device is also shown in Figure 4, which is the “Be Prepared to Stop”
(W3-4) sign. This sign can be used as a stand-alone warning sign for either signalized intersections or
conventional four-way stops (12). In some cases, flashing lights have been attached to this sign and coordinated
with intersections to flash during the green phase of the approach leg. Bonneson et al. states that this sign has

been found to particularly reduce RLR-associated crashes up to 67 percent (17).

Physical |mprovements

Removal of Unneeded Traffic Signals

Removal of traffic signals at low volume intersections can be an effective countermeasure if safety and
intersection operation is not degraded. This idea works well at low volume side streets where traffic is directed
to main arterial corridors. In a study performed by Retting et al., 199 signals were removed from signalized

intersections in Philadelphia, Pa., and it was found that crashes were reduced by 24 percent (7K).

Added Capacity with Additional Lanes

Another factor contributing to RLR is the congestion at signalized intersections. Sometimes
intersections may not be built to handle peak-hour traffic either as a result of physical or economic constraints.
Many times, drivers have no intentions of running a red light but are forced to do so if they are making a left
turn in the intersection when the phase change happens. Although many jurisdictions recognize that vehicles in
the intersection are not running red lights, drivers of vehicles behind the stop bar may be persuaded to run the
red light behind the vehicles that is in the intersections. The first correction that should be considered is
adjusting the phasing, which many times can greatly improve traffic congestion (17). The second, more costly
option is to add additional lanes, whether it is through or turning lanes, or alternatively, converting the

intersection to a roundabout.

Adjust Curve Geometry
Intersections can be complicated by horizontal or vertical curves, which can lead to a higher frequency
of RLR crashes. Vertical curves can affect drivers in both uphill and downhill conditions. This may cause the

driver to misjudge the stopping distance or prevent the driver from being able to fully see the traffic signals
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before approaching the intersection (17). Sharp horizontal curves place high demands on the driver to accurately

drive through the curve and negotiate a possible traffic signal at the same time (17).

2.2.2  Public Education

Public awareness campaigns are crucial at the beginning of a red light enforcement program, and their
implementation is a productive way to gain public awareness when there is a problem in a jurisdiction.
According to a FHWA Red Light Running Camera’s Operational Guidelines, one of the key messages for a
RLR education campaign should be the fatality and injury consequences and resulting emotional and

economical tolls of RLR (27).

2.23 Enforcement

Rat Box Light Enforcement

“Rat Boxes”, “White Light Enforcement”, or also referred to as “The Tattler” are a form of
enforcement that are simple and cost effective and can be integrated into an existing traffic signal system.
Constructed for about $100, a rat box consists of a small LED or incandescent light that is placed on the
backside or underneath a traffic signal as shown in Figure 5. Once the approach traffic signal turns red, the light
will activate and will turn off during the green and yellow interval. The system is designed so that a single
police officer can sit downstream of the intersection and catch RLR violators while watching each approach

stop bar when its designated traffic signal turns red and the rat box illuminates.

Figure 5. White enforcement light in Hillsborough County, Florida (28).
White light enforcement is heavily used in the state of Florida. A 2003 report states that intersections
with the system installed showed a 50% decrease in RLR violations and an 11% decrease in crashes over a 3-

month period in 2001 (28).
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Targeted Police Enforcement

Enforcement countermeasures require either the use of police officers or automated enforcement at
intersections. Bonneson et al. states that police presence have shown to have a significant short-term effect on
reducing crash frequency; however, having a police officer at an intersection for long periods of time would be

costly and may pose a risk to bystanders if a police chase is needed (17).

Automated Enforcement

The final and most controversial countermeasure is automated enforcement, whether it is RLR cameras
or photo-radar speed cameras. Although automated enforcement has shown to reduce right-angle crashes by 32
to 42 percent, legal battles, public opposition, and upfront costs have prevented many cities from implementing

such a system (7K).

2.3 AUTOMATED ENFORCEMENT

Today’s RLR camera systems date back to previous technology known as photo-radar which is
currently used heavily outside of the United States as a form of automated enforcement. Photo-radar
enforcement is a derived technology from several pieces of technology such as a camera, radar, and electronic
controls. Using these known instruments, automated enforcement began with crude and questionable testing to

slow drivers, eventually capturing the violator on film.

The first recorded method of primitive automated enforcement in the United States dates back to the
year 1902 in Westchester County, New York. This simple yet highly effective system consisted of three tree
trunks located along a road at one-mile intervals. A police officer was concealed at each tree trunk with a stop
watch (Panther Speed Device) and telephone. Once the violator passed the first trunk, the police officer
telephoned the time to the second officer at the next tree trunk, and then computed the speed for the one mile
interval. If the vehicle was exceeding the speed limit, the second officer would contact the third officer via a
telephone to stop the vehicle with a giant pole that was lowered across the road. This method was constantly
questioned in court because each officer had to testify in court regarding their recorded time and associated
calculations (29).

While the concept of modern photo-radar automated enforcement is relatively common technology, it
is not the first speed detection device to use a camera. In 1910, Massachusetts researchers created a device
known as a photo speed recorder which consisted of a camera synchronized with a stopwatch. The camera took
pictures of vehicles at a measured time interval. The speed of the passing vehicle was determined by
mathematical calculations after viewing the vehicle’s size in multiple photos taken by the camera in progression
(29).

Photo-radar, law enforcement’s latest innovation, is a combination of these two previous technologies,

minus the human factor. Introduced to society in the 1940s, photo-radar technology uses automated electronic
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controls, which are activated when radar detects a vehicle. A camera, also activated by the electronic controls,
can take pictures at multiple zooms and angles depending on its use. With this technology constantly improving,
inventors such as Maurice Gatsonides were able to find new uses for it, including RLR cameras, the predecessor

of the automated photo-radar speed cameras.

2.4 AUTOMATED RED LIGHT CAMERAS
2.4.1  Early Camera Technology

The modern automated RLR camera system was invented by Maurice Gatsonides, a Dutch citizen and
world-renowned race and rally car driver. Born in 1911 in Gombong, Java, he was the son of a Holland
diplomat. As an aspiring KLM Airlines pilot, Gatsonides entered motor sports which led him to British auto
racing and winning the Monte Carlo race in 1953. After retiring from the circuit in the mid-1960s, Gatsonides

used his vast knowledge of driving and electronics to create the Netherlands-based company Gatsometer (now

Gatso BV). The original company invented two products, which are still used in the transportation field to this

day (30).

- . . s
Figure 6. First mobile Gatsometer (31).

mobile camera system (32).

Maurice Gatsonides’ first invention to capture drivers was the speed camera system, shown in Figure
6. First tested in 1958, it later proved to be the most reliable in the industry. Comprised of a moped, camera, two
road tubes, and a mechanical stopwatch, the system was moved easily to different intersections or road
segments depending on the client’s need. The original intent of this system was to develop a technology to show
Gatsonides his speed as his car raced around a corner using the pneumatic road tubes. After the photo camera
was activated by a human, a fast speed study was performed by a mechanical stopwatch, which used the pulses
from the road tubes at intersections. Gatsometer’s second breakthrough product is shown in Figure 7, which
were the first speed flash camera invented in 1971, using radar technology to capture RLR and speeding
violators. Later, this same technology would be implemented into a camera system that would capture vehicles
running a red light based on its approach speed. Gatsometer has been a leader in the RLR camera technology,
having made great progress in automated enforcement including mobile cameras, hidden camera technologies,

toll booth enforcement, and cameras to capture the driver’s face as shown in Figure 8 and Figure 9.
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Figure 8. Gatso driver face camera (31). Figure9. Gatso RLR camera system (31).

2.4.2 Modern Camera Technology
RLR cameras serve three purposes. First, RLR cameras are used to enforce traffic signal compliance.
Second, the cameras can reduce the frequency of RLR violations and have proven effective in reducing fatal
collisions. Last, RLR cameras generate a revenue for the city which in many cases fund enforcement programs
or investing in the community (e.g. parks, recreation, fire department) (4j). The success of these three functions
is dependent on how the camera is set up and the technology that is in place.
Gary Erikson, a researcher in RLR camera technology at Eastman Kodak, cites the following nine
requirements that automated enforcement systems should include (33):
e The ability to capture, transmit, process, store, and recover captured images so data may be managed in
an efficient manner
e  Sufficient resolution to satisfy court standards for the image-reading of vehicle license plates, clear
detail of the vehicle, and identification of the vehicle operator, if necessary
e  The capability to prevent the spreading of overexposure portions of an image (anti-blooming) that may
result from vehicle headlights or sunlight from highly reflective surfaces
e Adequate differentiation of light to dark areas within an image to provide necessary details (also
referred to as contrast latitude)
e The ability to detect at varying levels of light
e Image enhancement circuitry to eliminate major sensor defects such as bright or dark columns which
detract from the visible presentation of an image
e  Continuous read-out of images to support monitoring along with single frame capture capability for
recognizing several successive vehicles committing a violation
e The ability to be moved to different locations or to be mounted into a permanent position; and

e  Environmentally friendly components
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A typical red light camera system can cost $50,000 or more depending on the intersection and number of
cameras (4j). For many communities, a $50,000 system might be too expensive for operating and maintenance
for the amount of enforcement needed at the intersection. An option to offset the cost of the system is using a
portable camera system and a “dummy” flash system. The portable camera system can be moved between
multiple intersections if the camera is mounted in a vehicle, or can be mounted on existing structures. The
dummy flash system is a camera flash that is mounted next to an empty camera box and flashes if there is a red

light violator, fooling the driver to think he or she was caught by a RLR camera (7j).

Figure 10. Gatso RLR camera system (Atlanta, GA). Figure 11. Transol RLR camera (Davenport, |A).

RLR cameras are located typically in weatherproof, vandalism-protected metal boxes. Placed close to
the intersection on hinged poles or fixed onto a traffic signal structure, these boxes are mounted 10-15 feet in
the air as shown in Figure 10. Other RLR camera systems are integrated into the existing traffic signal hardware
as shown in Figure 11. The red light camera system is typically connected both to the traffic signal controller
and to dedicated inductive loops in the pavement at or before the stop bars or to the auto scopes at the
intersection. Although many traffic equipment vendors claim one automated enforcement camera system can

monitor four lanes of traffic, studies performed in New York City have shown accurate photography can only
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be accomplished in three travel lanes (34). Typically the RLR camera inductive loop system is separate from
signal control inductive loops so that minimal interference will occur.

When a traffic signal switches to a red phase, the automated enforcement system is activated, and the
camera is ready to take a picture. Violating vehicles will cross a trigger mechanism, which could include road
tubes, inductive loop sensors, piezoelectric strips (pressure sensors), radar, or lasers. A minimum time period
and preset speed limit are built into the trigger mechanism, allowing the system to differentiate between
vehicles attempting to make a stop, turn, or run through the intersection. This grace period is typically 3/10 of a
second with a typical minimum speed limit of 15-20 mph (34). A second photo of the violating vehicle is taken
seconds after the first photo showing the traffic signal color and offending vehicle in the middle of the
intersection. In some cases, a third photograph is taken to capture the offending vehicle’s license plate.

Two pictures taken from the Mesa, Arizona red light automated enforcement system are shown in Figure 12 and
Figure 13. These two picture were originally taken in high resolution color, but were rendered to a lower
resolution for the reproduction in this report. The City of Mesa, Arizona uses advanced digital camera systems,
which are estimated to have over a 10 mega pixels resolution with zoom capabilities to identify humans in the
car and license plate numbers. The magnified pictures are not presented in this report for legal reasons.

Figure 12 shows the sport utility vehicle (SUV) has clearly passed the stop bar and is currently
proceeding through the crosswalk. The black bar at the top of the photo displays current information about the
picture frame. The date, time, and location are current to the image. The recorded speed is shown at 46 mph,
and the current signal phase is “R” or red. RTIME, short for “red time,” is shown as 0.2 or two-tenths seconds
after the traffic signal had turned red. Also shown is the lane number; this number tells which lane the offending
vehicle is in. Typically the lanes are counted from the inside out in one direction if more than one camera is
present. Lastly, the frame tells the reader which picture is being shown; for example frame A equals picture 1,
while frame B equals picture 2.

Figure 13 is the second photo taken by the Mesa, Arizona red light enforcement system, showing the
SUV clearly inside the intersection. As shown in the photo’s black box at the top, much of the information has
remained constant except the time and the red time, which is currently at 0.95 seconds. By viewing both Figures
6 and 7, a Mesa, Arizona police officer can conclude that the SUV entered the intersection illegally 0.2 seconds
after the traffic signal had turned red.

Depending on the type of automated enforcement system, photographic evidence of the violating
driver will be electronically or physically sent to a photo-processing center where each offending photo is
reviewed by a police officer. If the officer concludes that a moving violation has occurred, the owner of the
offending vehicle will be issued and mailed a moving citation, municipal citation, or a traffic citation depending

on the state legislation.
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DATE TIME SPEED PHASE RTIME LANE FRAME
9/13/2006 9:35:25 AM 46 R 0.2 3
ME;S—N’E MESA DR @ SOUTHERN AVE

DATE TIME SPEED PHASE RTIME LANE FRAME
9/13/2006 9:35:25 AM 46 R 0.95 3
ME15-N/B MESA DR @ SOUTHERN AVE

=

Figure 13. Second icture taken by an automated RLR enforcement camera, AZ).
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2.4.3 Camera Systems & Plate Identification Systems
Currently, there are three different types of mediums to capture red light runners. Depending on how

new the system is and whether or not the photos will be captured digitally determines what kind of photography
will be used. Today, there are three different types of cameras available:

e 35-millimeter Wet Film imagery

e  Video imagery

e Digital imagery

Although these mediums are used for RLR enforcement, these systems have also been proven successful
for railroad crossing, speed detection, and traffic studies. All three types of cameras are able to produce blur-
free, shock resisted images in all weather and lighting conditions. Along with the camera unit, many accessories
such as various flash types, filters, and lenses can be added depending on the brightness and photo required for
the intersection.

35-millimeter Cameras

35-millimeter “wet film” camera technology is the oldest and most common form of automated
enforcement of RLR technology. Wet film photographs can be taken either in black and white or in full color.
Many jurisdictions prefer color photographs to indicate which phase the traffic signal was in during the
violation and the color of the vehicle. However, these photos are generally more expensive and time consuming
to process. 35-millimeter cameras typically sit on adjusting poles which make collecting film and maintenance
easier.

Typical 35-millimeter RLR cameras capture two succeeding images per second with a shutter speed of
1/1000 of a second. 35-millimeter cameras automatically adjust light input and focusing to capture the best
image possible (35). It is estimated that 35-millimeter red light camera systems cost approximately $5,000 per
camera to operate (36). The main benefit of using wet film technology is the difficulty in tampering with the
equipment or film. However, there are numerous disadvantages to this technology, which include the manual
labor involved in collecting, processing, preparing, and mailing of citations.
Video Cameras

Autoscope technology is widely used in the transportation field as a cost-effective medium to study
and manage traffic. Many video detection camera systems can be seen high above intersections controlling
traffic signals by use of observing vehicles and the changing pixels, but they are not used for capturing red light
violators. The use of video recording such as this as evidence in court is not permitted in many states (34).

Video camera technology is very much the same as a digital image or 35-millimeter image when the
system is used to capture individual vehicles. A typical video camera enforcement system typically includes
constantly recording video in color or black and white, and it is normally outlined with a box to activate the
RLR system established by computer software (4j). Once a traffic signal turns red and a vehicle enters the
outlined box, another software package recognizes the license plates, and it runs a computer software program

performing automatic vehicle identification. The main advantage of the video camera system is it does not need
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activation devices such as inductive loops or laser detectors. Also, issuing tickets is simplified due to having a
full length video instead of two static pictures.

Because of legal concerns attached to video recording, many jurisdictions use video camera systems to
record intersections over a long period of time to study the severity of RLR and use video evidence as support
to implementing a RLR enforcement program.

Digital Cameras

The use of digital camera systems for RLR technology is the newest method in capturing vehicle
images. The first commercially available digital camera was sold in 1991 by Kodak Eastman for $13,000, and it
offered 16 megabits of memory with resolution of 1.3 mega pixels. The introduction of the digital camera
opened a new door for groups beyond commercial camera users, particularly the transportation industry. Digital
cameras use the same hardware mounting equipment as traditional 35-millimeter cameras, and these systems
can be installed in existing cabinets along with existing inductive loop systems. Traffipax, a vendor in the
digital red light camera industry, offers a camera system with 10.7 mega pixels (4008 x 2672) resolution and a
250 gigabyte hard drive that can monitor four lanes of traffic on a single approach. In addition, this new
technology combines digital video recording, which can be used for secondary evidence or incident
management