Fuzzy Logic Transit Preemption Signal Controller: Genetic
Algorithm and Ant Colony Optimization Approaches

CONTENTS
PAGE
CHAPTER 1 INTRODUCTION......ccovviirsercsurcsncssesssnssssssssesssssssssssasssssonns 1
1.1 Background and Motivation ............ccceeeeiieeeciieeeniiee e eieeeevee e 1
1.2 PUrpose and SCOPC ....cccuiiieiiiieeiiiee ettt ettt 4
1.3 Research Procedures ...........coouiiiiiiiiiiiniieniieeieeeee e 5
1.4 Chapter OrganizZation ...........c.ceeecueeeeriieeeniieeeiieeeeiieeeseeeeesaeeessseeeennens 7
CHAPTER 2 LITERATURE REVIEW.......ciicnicssenssensssccsancsansnes 9
2.1 TPS Fundamental............coceerieriiiieeiiieieeieeee ettt 9
2.1.1 Priority strategy for TPS il oo, 9
2.1.2 Unconditional and conditional TPS..............c.ccccoeviinininnnnnn. 11
2.2 TPS Related Research.c..... oo it 12
2.3 MethOdS. .....eeeuiiiiiieee i e e 19
2.3.1 Fuzzy Logic Controller /..l e 19
2.3.2 Genetic AlgOTithm.........cccovviiiiiiiiiieee e 22
2.3.3 Ant Colony OptimiZation ..........ccceveeeeiivieeesiieeeeiieeeeiieeeeieee e 25
2.3.4 FLC with GA and ACO......cccccooiiiiiniiiiieieeeeeeeeeee, 28
2.4 SUMIMATY coeoniiiiieeeeiteee ettt e e et e e e et e e e s e natreeeeennsaeeeesnnnsees 29
CHAPTER 3 TPS CONTROL LOGIC AND PROPOSED MODELS....31
3.1 TPS Control LOZIC ....ccocuiiiieiiiieeiie et 31
3.1.1 Unconditional TPS.........ccociiiiiiiiiecec e, 31
3.1.2 Conditional TPS ........coooiiiiiieeeeeee e 32
3.2 Design of the FLC......ccciiiiiiieeeee e 33
3.3 Genetic Fuzzy Logic Controller (GFLC) .......ccccooviiiviiiiniiieiieieee, 36
3.3.1 Encoding method for fuzzy rules.........ccoevvveeciieiciieeieeee, 36

v



3.3.2 Encoding method for membership function ............ccccueeeeneee. 37
3.3.3 GENEtiC OPEIALOTS ....eeeeurireeiiieeeiiieeeiieeeeireeenieeeeereeeeereeeenaeeas 38
3.3.4 Iterative GFLC evolution algorithm ............ccccceveriieeniieennnnen. 40
3.4 Ant-Genetic Based Fuzzy Logic Controller (AGFLC) ....................... 42
3.4.1 Selecting fuzzy rules by ACO.......cccoovveeeiiiicieeecieeeee e, 43
3.4.2 Iterative AGFLC evolution algorithm............ccccoeevviveeniennnnnen. 47
CHAPTER 4 COMPUTATIONAL EXPREIMENTS AT AN
ISOLATED INTERSECTION ....uucciiiininseicsnnssesssessssssssssssssssssssasssssssses 51
4.1 Exemplified EXample ........cccceveeiiiiiiiiieee e 51
4.1.1 Data and Parameters...........ccecueereerieriieenieenienie e 51
4.1.2 Learning RESUILS .......cc.eeeeeiiiiiiiiieeiiee et 55
4.1.3 COMPATISONS....c.nees peidibeen it iliies e eerreeeesieeeesreeeereeeeeneeeennneeens 60
4.1.4 Sensitivity ANalYSES L. ik et e eeiee et e e e 62
4.2 FIIA CaSC...ceeiiiiieee et st et ettt et e e s e 65
4.2.1 Data and Parameters. o i 65
4.2.2 RESUILS ..t e et 66
CHAPTER 5 COMPUTATIONAL EXPERIMENTS ALONG AN
ARTERIAL..uucuuiiiiiiriisneiseisseisssncsncssssssssssssessesssssssssssssossssssssssssssssessassss 67
5.1 Exemplified EXample ........ccccoooviiiiiiiiiiiiiceceee e 67
5.1.1 Data and Parameters............coocueeruieniiiiinieinieenieeeieeeee e 67
5.1.2 Fitness Value of TPS Along an Arterial ..........ccccoeeveveeieennnnen. 68
5.1.3 Learning ResuUlts ........ccccviieiiiiiieiiiiecee e 70
5.1.4 COMPATISONS....ueviieeeiieeeiiieeeiteeesieeeesteeeesereeesareeeenseeeennseesenneas 75
5.1.5 Sensitivity ANALYSES ....cccveeeruiiieiiiieeiee e 78
5.2 FIeld CaSC...uuuiiiiiiiiiieieee e 81
5.2.1 Data and Parameters..........ccocuevvuernieeniienieiieeieenieeeeeeieeeee 81
5.2 2 RESUILS ..ottt 82

VI



CHAPTER 6 CONCLUSIONS AND SUGGESTIONS......ccccecvevuernne 83
6.1 CONCIUSIONS ...c..ueiuiieiieriieeiteeieet ettt sttt esaee s enre s 83
6.2 SUZZESTIONS ...uevveieeiiiieeeiieeeeieeeeieeeesireeeesateeeeereeeessaaeessnseeesssseeessseeeennns 85
REFERENCES......coiiiiniininieissnisssissssssssssssssssssssssssssssssssasssssssssssssssssss 87
APPENDIX A: LIST OF ABBREVIATIONS AND NOTATIONS.....95
APPENDIX B: VITA ....ccoiiiiinnninnnicsessseisssnsssssssssssssssssssssssssssssssssssssssssss 99

VII



LIST OF FIGURES

PAGE
Figure 1-1 Research flowchart. ..........ccoceiiiiiiniiiiiniieeeeee 6
Figure 2-1 Various TPS Strategies. .......cccevervuerriirriiiiiieieeieeieeieeieeieeie e 10
Figure 2-2 Framework of the FLC.........ccccoiiiiiiiiiiiieeeeee, 19
Figure 2-3 Diagrammatic representations of defuzzification methods (Passino
and Yurkovich, 1997)......ccooioiiiioieeeeeee e 21
Figure 2-4 Typical operation of @ GA. .......cccceeviiriiiiiiiinieeieeeceeeeeeee 24
Figure 3-1 Control logic of unconditional TPS model. .........cccccoceviiniinnnnen. 32
Figure 3-2 Illustrated definitions of H and L. ........ccccceeeeveenenienieniienienienen, 32
Figure 3-3 Control logic of conditional TPS model. .........c.cccoceviininiiniinnen. 33
Figure 3-4 Designed rule base of the FLC.........ccccooiiiiiiiniiiniiiiiieieice, 34

Figure 3-5 Designed membership functions of the FLC: (a) traffic flow (TF), (b)
queue length (QL), (c) necessity for implementing TPS (NE)...... 35

Figure 3-6 Encoding method for fuzzy rules. ..........cccoceeviiiiniiiiinninicicen, 37
Figure 3-7 Encoding method for membetship functions. ..........cccceevvevveniennen. 39
Figure 3-8 Iterative evolution flow chart of GFLC. ..........ocoooiiiiiii, 42
Figure 3-9 Clustering network of two state variables and one control variable
(each with five lINGUIStIC dEBTEES)....ovueevveeereerieieeie e 44
Figure 3-10 Iterative evolution flow ¢hartof AGFLC...........cccoovivininie. 49
Figure 4-1 Configuration of the'exemplified:example at an isolated intersection.
....................................................................................................... 52
Figure 4-2 Assumed traffic flows at an isolated intersection.............c..cccceeuee. 52
Figure 4-3 Estimation of vehicle delays at an isolated intersection. ................ 54

Figure 4-4 Evolving process of GFLC and AGFLC of the exemplified example
at an isolated intersection: (a) green extension strategy, (b) red
trUNCAtION SEFALEZY....veeeeiieeiieeieeeieeetee e e reteesteeeseeeeeeesnaeeseeenseeens 56

Figure 4-5 Selected fuzzy rules of the exemplified example at an isolated
intersection: (al) green extension with GFLC, (a2) green extension
with AGFLC, (bl) red truncation with GFLC, (b2) red truncation
with AGFLC. Note: NL: negative large, NS: negative small, ZE:
zero, PS: positive small, PL: positive large. ..........cccoeevvervvennennen. 57

Figure 4-6 Tuned membership functions for green extension strategy of the
exemplified example at an isolated intersection: (al) TF by GFLC,
(b1) TF by AGFLC, (a2) QL by GFLC, (b2) QL by AGFLC, (a3)
NE by GFLC, (b3) NE by AGFLC....cccooiiiiiiiiiiiiieeeceeeee 58

VIII



PAGE
Figure 4-7 Tuned membership functions for red truncation strategy of the
exemplified example at an isolated intersection: (c1) TF by GFLC,
(d1) TF by AGFLC, (c2) QL by GFLC, (d2) QL by AGFLC, (c3)
NE by GFLC, (d3) NE by AGFLC....cccoooiiiiiiiiiiiieieeceeeiee 59
Figure 4-8 Green time of different TPS models with green extension strategy of
the exemplified example at an isolated intersection...................... 61
Figure 4-9 Red time of different TPS models with red truncation strategy of the
exemplified example at an isolated intersection...........cccccevveenneene. 61
Figure 4-10 TPD Comparisons for different TPS models under various traffic
scenarios (the exemplified example at an isolated intersection). .. 63
Figure 4-11 TPD Comparisons for different TPS models under various bus loading
factors (the exemplified example at an isolated intersection)............... 64
Figure 4-12 Configuration of the field case at an isolated intersection. ........... 65
Figure 4-13 Observed flow rates of the field case at an isolated field
TNEETSECEION. ..ttt ettt sttt st et sbe e bt e b e b 65
Figure 5-1 Configuration of the exemplified example at two consecutive
TNECTSECLIONS. ..o tideni e T e e sha e eeeeentesneenteesseesseenseenseenseenseenne 68
Figure 5-2 TPS along an arterial under three coordinated signal systems........ 69
Figure 5-3 Estimation of vehicle delays at two consecutive intersections
(simultaneous coordinated SYSTEM ). .....ccvvevveeeiieeieeeeeeeee e 69
Figure 5-4 Evolving process of GELC and AGFCL of the exemplified example
at two consecutive intersections (progressive coordinated system):
(a) green extension strategy, (b) red truncation strategy................ 71
Figure 5-5 Selected fuzzy rules of the exemplified example at two consecutive
intersections (progressive coordinated system): (al) green
extension with GFLC, (a2) green extension with AGFLC, (b1) red
truncation with GFLC, (b2) red truncation with AGFLC. Note: NL:
negative large, NS: negative small, ZE: zero, PS: positive small, PL:
POSIEIVE JaT@E...eceiieeiiieiiieie e 72
Figure 5-6 Tuned membership functions for green extension strategy of the
exemplified example at two consecutive intersections (progressive
coordinated system): (al) TF by GFLC, (b1l) TF by AGFLC, (a2)
QL by GFLC, (b2) QL by AGFLC, (a3) NE by GFLC, (b3) NE by
AGFLC. oo 73

IX



PAGE
Figure 5-7 Tuned membership functions for red truncation strategy of the
exemplified example at two consecutive intersections (progressive
coordinated system): (c1) TF by GFLC, (d1) TF by AGFLC, (c2)
QL by GFLC, (d2) QL by AGFLC, (¢3) NE by GFLC, (d3) NE by
AGFEFLC. .. 74
Figure 5-8 Green time at the first intersection of different TPS models with
green extension strategy of the exemplified example at two
consecutive intersections (progressive coordinated system)......... 76
Figure 5-9 Red time at the first intersection of different TPS with red truncation
strategy of the exemplified example at two consecutive
intersections (progressive coordinated system)..........ccoeeevueenneene. 76
Figure 5-10 TPD Comparisons for different TPS models under various traffic
scenarios (the exemplified example at two consecutive intersections
under progressive coordinated SYyStem). .......ccceeeeeerrrierrierriiniieeeeeeeennns 79
Figure 5-11 TPD Comparisons for different TPS models under various bus loading
factors (the field case at twolconsecutive intersections under progressive
coordinated SYStEIM ). ... commuumecieessuiereesnrreeeeessurreesssssseeeeessseeeeanes 80
Figure 5-12 Configuration of'the exemplified example at two consecutive
INEEISECTIONS. ... it ees st stiatanne e et st eneeneeeaeeneenueeseennenaeeneennensene 81
Figure 5-13 Observed flow rates of the'ficldcase at two consecutive
INEEISECTIONS. ..ot i i et esisihr et ettt ettt sae e 82



LIST OF TABLES

PAGE
Table 2.1 Summary of experimental TPS related studies..........ccccceeverierenen. 15
Table 2.2 Summary of analytical model and simulation studies ...................... 18
Table 3.1 Antecedents of two state variables with five linguistic degrees ....... 44
Table 4.1 Predetermined rule table for heuristic information............c.cccccec...... 53

Table 4.2 Comparisons of different TPS models (the exemplified example at an

isolated INtErSECTION) ......cc.eveeeuiiiiiiieeeiiee ettt e e eas 60
Table 4.3 Comparisons of different TPS models under various scenarios (the
exemplified example at an isolated intersection).........cc.cceeeerueenneene. 62
Table 4.4 Comparisons of different TPS models under various bus loading
factors (the exemplified example at an isolated intersection)........... 64
Table 4.5 Comparisons of different TPS models (the field case at an isolated
INEEISECHION) c.tieiiiieeeiiee et et e et e e et eeeve e e e et e e eereeesreeeeaseeesasaeens 66

Table 5.1 Comparisons of different TPS models under various coordinated
systems (the exemplified example at two consecutive intersections)75
Table 5.2 Comparisons of different TRSmodels.under various scenarios (the
exemplified example at two consecutive intersections under
progressive coordinated SYStEM) .........ovueeveerieerirerieeie e 79
Table 5.3 Comparisons of difference TPS-models under various bus loading
factors (the field case‘attwo consecutive intersections under
progressive coordinated SYStEM) ........cccvverveeriierieeie et 80
Table 5.4 Comparisons of difference TPS models (the field case at two
consecutive intersections under progressive coordinated system).... 82

XI



XII



