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TOM TAT — Hau hét cic hé thong dén tin hiéu giao thong ¢ nuée ta hién nay hoat dong dwa trén nguyén tic dinh thoi, véi chu ky
ddng mé dén xanh-do dwoc thiét ldp c6 dinh tai cdc nit giao cdt. Diéu nay t6 ra kém hiéu qud khi s hrong cdc phuong tién luu
thong trén cac tuyén duong thuong khéng déu nhau. Liwong xe trén tuyén dieong cé heu leong cao sé tich lily theo thoi gian, ld mét
trong nhitng nguyén nhan co ban dan dén tinh trang tic nghén ngay cang tram trong. Nghién ciru va phdt trién hé thong diéu khién
tin hiéu dén giao thong théng minh d@é cé thé t dong diéu khién thoi gian dén xanh - d6 linh hoat dwa vao heu lwong giao théng ciia
tirng tuyén dwong theo thoi gian thue la muc tiéu ciia bai bdo. Chiing t6i da xdy dung mé hinh da tac tir diéu khién tin hiéu dén giao
thong thong minh phan tan tai cdc nit giao cdt. M6 hinh sir dung thudt todn 16gic mo dé thay d@éi linh hoat khodng thoi gian dén
xanh/ @6 mot cach téi wu, han ché thoi gian cho cho cdc phwong tién. M6 hinh da dwoc cai dat trén nén tang Jade va tich hop vadi
platform mé phong h¢ thong giao thong Sumo dé cé thé danh gid mé hinh so sanh véi phwong phdp truyén thong la chu ky dén dwoc
thiet lap truoc.

Tir khéa— Da tdc tw, dén giao théng thong minh, 16gic mo, md hinh hda va mé phéng.
I. DPAT VAN PE

Hién nay, co sé ha ting giao théng (GT) ¢ nudc ta chua duoc phat trién tot cung véi d6 1a sy gia ting nhanh
chong sb lugng cac phuong tién tham gia (PTTGGT) da gay nén tinh trang 4ch tic GT mot cach thudng xuyén & cac
tuyén dudng huyét mach cta cac thanh phd 16n. Trong khi d6, hau hét cac hé théng dén tin hiéu GT & nudc ta hién nay
hoat dong dya trén nguyén tac dinh thoi, v6i chu ky dong m¢ dén xanh-do dugc thiét 1ap c¢d dinh cho cac tuyén duong
trén cac nit giao cat. Diéu nay to ra kém hiéu qua khi s6 luong cac phuong tién luu thong trén cac tuyén duong thuong
khong déu nhau. V&i chu ky dén tin hiéu ¢ dinh, sé luong xe trén tuyén duong c6 luu lugng cao tai mot thoi diém
nhét dinh nao d6 sé& tich lily theo thoi gian, giy nén tinh trang don r tai mot tuyén duong, con tuyen duong con lai thi
lai thong thoang. Day cling 1a mét nguyén nhan co ban dan dén tic nghén tai cdc diém nat giao cét co tin hiéu dén.
Diéu nay khong chi gy lang phi vé thoi gian, nhién liéu ma con anh huong x4u dén stic khoe, tim Iy nguoi dan va moi
truong sinh thai.

Cong nghé da tac tir vdi cac uu diém ndi bat vé kha nang hoat dong tu chu, cd thé cam nhan va tuong tac véi
mdi trudng. N6 c¢6 thé thue hién cac xir Iy thong minh thay thé cho con ngudi dé thuc thi nhitng cong viée duoc giao.
Céc try tin hiéu dén GT tai mot diém giao cit ¢6 thé duoc coi nhu 1a cac tac tur. Chutng cé thé chia sé thong tin vé luéng
GT tai tuyén duong cua no voi cac tru khac. Vén dé dit ra 1a véi tai mot thoi diém t nao do, véi sd lugng cac phuong
tién tham gia GT hién hiru thi thoi gian dong mo tin hiéu xanh-d6 ciia cac dén 1a bao nhiéu dé tdi wu héa luong GT,
giam tdi da tinh trang cho cta cac PTTGGT, gop phan can bang trong viée diéu chinh luu lugng GT trén mot khu vuc
rong 16n hon cta mang ludi duong bo.

Trong bai bao, chung t6i gidi thiéu m6 hinh da tac tu diéu khién tin hig¢u dén GT théng minh dua trén 1y thuyét
16gic m¢. M6 hinh nay c6 kha néng dua ra nhiing quyét dinh thoi gian dong mo tin hi€u dén mot cach tu dong theo thoi
gian thuc dya trén so lugng cac PTTGGT thuc té. Bai bao ¢6 cAu truc nhu sau: dau tién 1a phan dat Van dé, tiép theo la
phan tong quan vé cac mé hinh diéu khién tin hiéu dén GT thdng minh trén thé gici, phan ba 1a d& xuat md hinh da tac
tir didu khién tin hiéu dén GT thong minh. Phan tiép theo 1a cai dat thir nghiém va danh gia mé hinh. Phan cudi cing s&
1a thao luan va két luan.

I1. TONG QUAN CAC MO HINH PIEU KHIEN TiN HIEU PEN GIAO THONG THONG MINH

Xay dyung hé thong diéu khién tin hiéu dén GT 1a mét trong nhung vén dé dang quan tdm trong viéc xay dung
hé thong GT théng minh, giam thiéu viéc tac nghén GT & cac thanh phd 16n. Cac phuong phap thuong duge cac nha
khoa hoc nghién ctru va tmg dung, d6 1a giai thuat di truyén [1], [2], 16gic mo [3], [4] va gan day nhat 1a hé thong da
tac tir [5], [6], [7], [8]-

2.1. Piéu khién giao thong sir dung thuit toan di truyén

Thuat toan d1 truyén dya tren su mo phong qua tr1nh ton tal cua cac ca the trong quan thé. Cac ca the t6t se ton

......

glal duoc ma hoa bang cac chu01 gen. Gia tri cua cac gen co trong chudi duoc 1ay tr bang cac ky tu dugc dinh nghia
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truge [2]. T6i wu hoa thoi gian cho cia cac phuong tién trong cac tuyén dudng tai cac nat GT sir dung thuét toan di
truyén duoc thuc hién theo nhitng budce sau:

Budc 1: Khéi tao quéin thé

Pau tién thudt toan di truyén s& khoi tao quan thé (thoi gian dén xanh mé rong) bang cach chon ra mot tap hop
nhiing cé thé bang ham sinh ngau nhién bén trong mdt khoang dugc xéac dinh trudce tir Os dén 5s hodc mot khoang khac
tuy thudc vao mat do GT tai ngd tu dang xét [1].

Budc 2: Kiém tra d9 thich nghi ciia ca thé

Tiép theo l1a kiém tra do thich nghi cta timg ca thé trong quéan thé thong qua ham thich nghi. Trong [2], ham
thich nghi duoc xdc dinh 1a: f = P.L.1 + P.1.2 + P.1.3 + P.1.4. Trong do, chi s6 hi¢u Xudt (P.Li) cho moi tuyen duong
phu thudc vao trong sb ciia m01 tuyén duong (kha ndng chtra bao nhiéu phuong tién c6 thé c6 cua mdi tuyén dudng
cling nhu d6 wu tién ciia tuyén dudng d6) va tong s6 lwgng phuong tién dang hién hanh trén tuyen dudng do, P.1.i duoc
tinh dua trén cong thie: (P.1i) = Wi * Si /GTi i=1, 2, 3, 4. Wi 1a trong s6 dwoc phan bd cho mdi tuyén dudng i twong
tng, Si 1a sb lwong phuong tién trén mdi tuyén dudng i twong tmg, GTi 1a tong s6 luong thoi gian mo rong tdi thiéu
(Gmin) va thoi gian mé rong dén xanh (g). Thoi gian den xanh mé rong (g) nhu trinh bay ¢ trén s&€ dugc gioi han tir 0
gidy dén 5 gidy phu thudc vao yéu cau thuc té, tuong tw Gmin = 15 gidy (thoi gian dugc thiét 1ap truéc cho mdi tuyen
dudng) va no ciing phu thudc vao mat do GT thyc té ciia ngd tu dang xét. GTi = Gmin + g 1a thoi gian duoc phan bd
cho méi tuyén duong [2].

Bude 3: Thye hién tién héa

Cubi cung s& kiém tra tiéu chi két thiic cta chuong trinh, tiéu chi két thiic c¢6 thé 1a chi s6 dong bdo hoa (dong
bdo hoa 1a s luong xe tdi thiéu trén cac myén duong khong thé t6i vu thém duoc nita s& dugc tinh toan dua trén thuc
té ctia bai toan). Néu tiéu chi két thuc trén dat dugc yéu cu vé chi s6 dong bao hoa thi s& 1iy giai phap hién tai 1a ca thé
¢6 thoi gian mo rong dén xanh tt nhat. Nguoc lai, theo [1] thi néu tiéu chi két thuc khong dat dugc, tir nhirng c4 thé da
dugc chon & bude trude s& tao ra nhitng gidng phdi méi bang cach lai ghép va tai td hop.

Két qua nhan duogc tir thudt toan di truyén 1a thoi gian dén xanh mé rong cho cac tuyén duong & nut giao cit,
nhiing thoi gian dén xanh mé rdng nay sé dugc cong vao thoi gian dén xanh da dugc thiét 1ap trude.
2.2. Diéu khién tin hiéu dén GT sir dung l6gic md dé mé rong thoi gian dén xanh

Céu trac chung cua hé thdng diéu khién GT dua trén l6gic md & mot ngi tu b 18p duge mo ta trong Hlnh 11[4].
Dir liéu duogc truyen tr nhiing bo cam bién 1a phan tor dau vao cta hé thong diéu khién 10gic m¢ bao gom s6 lugng
phuong tién dén dén xanh va s lugng phuong tién chd ¢ dén do. Dir liéu dau ra cua hé théng diéu khién l6gic mo 1a
thoi gian mo rong cho dén xanh va s€ dugc truyén dén den GT.
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Hinh 1. So db hé théng didu khién 16gic mo [4]

Dir ligu d4u vao s& duge mo hinh héa thanh nhitng di tugng fuzzification (gia tri danh gia mirc do) thong qua
nhiing ham quan hé da dugc xay dung nhu Hinh 2 [3].

Arrival Queu Extensio
Almost [ AN| Verv Small VS Zero
Few F Small S Short S
Many MY]  Medium M | Medium M
Too Many|TMY  Large L Longer | L

Hinh 2. Bang gia tri mirc d6 cua cac phan tur 16gic mo

Dé quyét dinh thoi gian dén xanh hién tai c6 nén mo rong hay khong hé thong st dung tap luat vé nhing truong
hop GT khac nhau va nhitng ham quan hé di xay dung. Co ché suy din trong tap luat 16gic mo twong ty nhu cic qua
trinh 13p luén cta con nguoi. Vi du nhu nguoi canh sat GT tai ngd tu sé quyét dinh thoi gian dén xanh & hudng dén dai
hon néu nhu sé luong phuong tién & huéng dén nhiéu va s lwong phuong tién & hudng chd it hodc & muc trung binh [4].
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He¢ théng diéu khién fuzzy c6 tinh linh hoat cao ching han nhitng tap luat 16gic mo co thé thay doi ciing nhu
thay doi cac ham quan hé v€ s0 lugng phuong tién ¢ hudng dén, s6 luong phuong tién ¢ hudng cho va thoi gian mo
rong dén xanh dé c6 thé dap trng nhu cau thay do6i thyc t€ ciia hé thong GT dang xét.

2.3. Piéu khién tin hi¢u dén GT sir dung hé thong da tac tir

T1ep can da tac tir trong viéc diéu khién tin hi¢u dén GT ngay cang dugc ua chudng [5], [6], [7]. Hau hét cac mo
hinh déu tap trung vao viéc phén tich muc ti€u, cac nhiém vu cua cac tac to va co ché giao tiép ctia chung. Theo hudng
tlep can nay, hé thong bao gdbm mot tac tir trung tdm va cac tac tor dugc b tri phan tan tai cac tru dén. Mdi tac tir chiu
trach nhiém cho mét hoat dong nhat dinh. Vi du tac tir dén GT s& phén tich ) luong GT hién tai theo nit ciia n6é va goi
s6 liéu dén tac tir trung tAm, tac tir trung tAm s& xir 1y va goi két qua sau khi xir Iy vé tac tir dén GT. Tai tac tir trung tim
s& sir dung mot thuat toan thong minh dé tim ra giai phap t6i uu vé diéu khién tin hi¢u dén GT.

Mo hinh da téc tir ciia Jonh France [7] dé xuat mot giai phap 14 sir dung hé thong da tic tir tai cac ngd tu va mot
hé thdng da tac tir trung gian dé 1am viéc v6i mot nhom céc tac tir ngd tu ndy. Trong mé hinh nay, hé théng GT sé& chia
nho ra thanh nhitng thanh phan co ban véi mot tac tir 1 mdi ngd tu s& c6 mot tac tir twong ng duoc goi 1a Local
Traffic Agents (LTA) va mot tac tir trung gian twong Gng la Coordinator Traffic Agent (CTA).

LTA LTA LTA

> ot LTA - Local Traffic Agent
CTA - Coordinator Traffic Agent

b : R \rLlnkluMlenAgem:

LTA LTA “LIA

Hinh 3. Kién truc va thanh phén bén trong ctia bd diéu khién giao thong [7]

Hinh 3 minh hoa cho mé hinh da tac tir dugc dé xuit & trén. Trong d6 LTA 1a thanh phan nén tang cua hé thong
da tac tir nay, n6 chiu trach nhiém cung cép mot khudn mau tin hiéu dén GT thich hop dé duoc st dung cho mdi nga
tu. Bén trong méi LTA s& c6 mot thuat toan dé thong dich nhitng dit liéu cam bién cuc bo dé tinh toan mot khudn mau
dén GT hop ly. Cac khudn miu nay sé& biéu dién chu ky dén GT cuc bd mot cach tdi wu. Trong khi d6 mot CTA s& chiu
trach nhiém giam sat toan bd khu vuc ctia n6é con LTA chi tap trung trong viéc td chue tin hiéu dén & cuc bd cua céc
ngi tu. Khi LTA phat ra mét tin hidu dén CTA c6 sy ting 1én tic nghén ma s& anh huong dén nhiing tac tir LTA con lai
trong nhom ciia nd, CTA s& c6 trach nhiém thong bao cho cac LTA twong tmg vé su tac nghén nay va dua cho ching
nhitng phan hdi thich hgp. CTA cung cap mbi lién lac giita chinh n6 va cac LTA trong hé thong va LTA sé& luu trir
danh sach nhitng ngi tu trong ciing mot nhom céc nga tu trong Gmg. Tuy nhién, kha ning tinh toan ctia CTA 1a han ché
va khi mot hé thong tuyén duong 16n hon s& yéu cau sir dung nhiéu CTA dé xir 1y tat ca cac LTA trong hé thong, hé
thdng s& duoc chia ra thanh timg ving va dwoc quan 1y boi CTA don véi mot tac tir c6 cap do cao nhat 1a Global
Traffic Agent (GTA) dé lién két cac LTA lai v&i nhau.

Trong khi 6 mé hinh da tac tir cia A. Guerrero-1bafiez [5] tap trung vao xay dung mé hinh da tac tir cho don nga
tw, Mo hinh nay bao gdm 3 thanh phan chinh: Traffic Light Controller (TLC), Traffic Control Center (TCC) va Traffic
Data Collectors (TDC) duoc biéu dién trong Hinh 4. TLC 1a thanh phén diéu khién nhiing tin hiéu dén GT va duogc dat tai
cac nga tu, mdi tin hiéu dén GT s& c6 mdt TLC tuong ung. Mai tac tr TLC s& c¢6 mot tac tir TDC dé luu trix dix liéu vé
trang thai cac dén GT cua tt ca pha dén. Cudi cung, tai tic tir trung tdm 1a TCC khi nhan dwoc nhitng thong tin vé sb
luong phuong tién dang luu thong tai cac tuyén dudng né s& phan tich nhitng dit liéu sau d6 sé sir dung nhiing thudt todn
vé tri tué nhan tao da dwoc cai dat sdan ¢ dé dé tinh todn nhitng chu ky dén hop Iy theo thoi gian thuc [5].

nc 1
| _ | | Dispatcher
Comemunication
network )
Coordinator '
' Intolligent
dechion Vaffic dats
e IO
engine
e Traffic Status . X
hm Data Processor
LAl s
TDC TDC ven TOC

Hinh 4. Kién trac va thanh phan bén trong ctia bd diéu khién giao thong [5]
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I11. PE XUAT MO HINH PA TAC TU PIEU KHIEN TiN HIEU PEN GT THONG MINH

V6i nhitng wu thé vé ciu trac cling nhu vé chire ning cua hé thdng da tac tir, bai bao xay dung mé hinh da tac tir
diéu khién tin hiéu dén GT sao cho thoi gian cho tin hiéu xanh cta cac PTTGGT 1a nho nhit. M6 hinh nay co cAu triic
tuong dong véi [5]. Tuy nhién, diém mdi ciia md hinh dé xuat 1a 4p dung thuat toan l6gic mo vao trong thanh phan
IDE (Intelligent decision engine) cua diéu khién trung tim TCC. Trong md hinh, ngoai sy tuong tac giita cac tac tir dén
TLC véi tac tir trung tdm cua nat giao cat TCC (déng vai tro diéu phdi chung) thi bai bio ndy nhan manh xay dung co
ché tuong tac gitra cac tac tir TLC ca gitra TLC va TCC dé dam bao thong tin luén duoc thong sudt trong trudong hop
duodng truyén cé su co.

3.1. Chu triic md hinh da téc tir

M5 hinh nay c6 céu trac nhu Hinh 5. Gia sir rang ntit GT nay 1a mot ngé tu thi hé thong s& cdu thanh gdm: 1 tac
tir trung tam TCC; 4 tac tir dén giao thong TLC, TDC va by dém sé luong PTTGGT tuong tng. B dém s& 1 bo
camera cam bién dé thu thap sb liéu vé sb luong phuong tién theo thoi gian thuc, sau d6 né s& gui s6 lidu vé s6 luong
PTTGGT dén céc tac tir dén GT trung tim TCC. Théng tin quan trong ma tac tit TLC nhén dugc d6 1a chu ky cua pha
dén xanh hién tai ma tac tir trung tim TCC giri vé. Sau khi TLC nhan thong tin tir TCC s& twong tac v6i dén GT dé cap
nhap trang thai tin hiéu dén. Tac tt TCC s€ st dung sb liéu vé sb lwong phuong tién tai cac tuyén duong nhan dugc tu
TLC va sir dung thuat toan 18gic md dé xac dinh chu ky dén xanh hop 1y cho cac dén tin hiéu GT.

3.2. M6 hinh twong tac giira cac tac tir

Counter Sensor

=
—

TDC agent
Counter Sensor Counter Sensor
= =
TCC Agent | _ -
TLC agent TDC agent T s

== TDC agent

Counter Sensor

o
—

TLC agent |- =~ TDC agent

Hinh 5. CAu triic mé hinh da tac tt

Hinh 5 biéu dién sy tuong tic giira cac tac tir voi nhau. Qua trinh truyén thong diép gitra tac tir TLC va TCC
dugc biéu dién boi nhimg dwdng miii tén nét lién. Puong mii tén nét dit bidu didn cho qué trinh truyén thong diép
giita nhitng tac tt TLC véi nhau dé gitip ddng bd hoa qua trinh nhan théng diép tir TCC va thay ddi trang thai tin hidu
dén GT. Khi mot tac tr TLC nhéan dugc thong diép thay ddi trang thai tin hiéu dén GT, no s€ gui thong diép dén céc tac
tr TLC con lai trong hé thdng bao gdm trang thai dén, chu ky dén va pha dén thir miy. Cac tac tir TLC nhdn duogc
thong diép tir tac tir TLC khéac né s& giri thong diép phan hodi véi thong tin 14 da dong b hoa tién trinh. Khi tit ca cac
tac t TLC nhan dugc thong diép phan hdi cia nhau, tién trinh déng b6 hoa s& két thiic va cac TLC s& cap nhap trang
thai tin hi€u dén GT hién tai ctia nd theo thong tin nhan dwoc tir TCC.

Khi céc tac tir TLC két thic qua trinh cap nhap trang thai tin hiéu dén GT, n6 s& luu thong tin trang thai tin hidu
dén GT vao trong TDC bao gom trang thai, chu ky dén va tién trinh thir may. Nguoc lai khi tic tir TLC mét két nbi dén
TCC, n6 sé& giri di théng diép cho cac TLC cua hé thong dé thong bao tinh trang mat két ndi. Khi cic TLC nhan dugc
thong bao co mot TLC mit két ndi dén TCC, né s& ngig ngay tién trinh ddng bd hoa va lay thong tin du phong cua
tién trinh trude nd da duge luu trix trong TDC dé cap nhap trang thai cho dén GT. Qua trinh truyén thong diép nay
duoc mo ta trong Hinh 6.
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Hinh 6. M6 hinh truyén thong diép giita cac tac tir

3.3. Cic tac tir trong hé théng

Heé thdng gdm c6 3 loai tac tir: TLC agent, TDC agent va TCC agent.

a. Tdc tir dén giao thong (TLC)

Peén GT (TLC)
Thugc tinh M0 ta thudc tinh
trafficLightPosition Vi tri cia dén GT ¢ hudng nao trong ngi tu
currentState Trang thai hién tai cia dén GT
currentPharse Tién trinh hién tai cua tac tir dén GT
prevPharse Tién trinh trude d6 cua tac tr dén GT
nextState Trang thai dy kién ciia dén GT
lifeCycle Chu ky dén GT
numberOfVehicle SO lugng phuong tién GT hién tai ¢ dén GT
TCCAddress Dia chi mang ctia dén GT trung tdm
localAddress Dia chi mang cuc bd cta déen GT
otherTLCAddress Dia chi mang cua cac tac tir dén GT khac

b. Tdc tir quén 1y dit liéu (TDC)

Quan 1y dit liéu (TDC)

Thudc tinh

M0 ta thudc tinh

numberOfWaitingVehicle

SO lugng xe dang cho

currentTime

Thoi diém ghi lai dit lidu

currentPharse

Tién trinh hién tai luc ghi dit liéu

trafficLightStatus

Trang thai hién tai cua dén & thoi diém ghi di liéu

currentLifeCycle

Chu ky cta dén GT tai thoi diém ghi dit liéu

averageVehicleWaiting

Trung binh s0 lugng phuong tién cho tai nga tu

¢. Tac tir dén giao thong trung tam (TCC)

Beén GT trung tdm (TCC)
Thudc tinh M0 ta thudc tinh
listStatus Tap hop tat ca trang thai cac dén GT
numberOfVehicle Danh sach s6 lwong phuong tién GT theo cac hudng
minLifeCycle Thoi gian t6i thi€u cia chu ky dén

maxLifeCycle

Thoi gian toi da cla chu ky dén

trafficLightAddress

Danh sach dia chi dén GT & cac huong

numberOfWaitingVehicle

Danh sach so lugng xe dang cho ¢ nga tu
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3.4. Cac pha hoat dfng ctia tac tir dén giao thong

Céc tac tir nay s€ lam viéc voi nhau thong qua 2 pha nhu sau:

I <= TLC Agent
2 - 2
1
2
y v ;N
TLC Agent L - TCC Agent | = TLC Agent
1
2 TLC '.-\gml L 2

Hinh 7. Md hinh céac pha hoat ddng clia tic tir dén giao thong thong minh
Pha tha nhit: Cac tic tir TLC s& trao doi thong tin véi TCC, ¢ pha nay tac tir TCC s& sir dung thuét toan
16gic m¢ dé dé tim ra chu ky thich hop cho cac tin hiéu dén GT.

Pha thir hai: Céc tic tir TLC sé& trao ddi thong tin v6i nhau dé ddng bd hoa thong tin nhan dugce tir TCC ciing
nhu khi mdt trong cac TLC khong lién lac dugc vai TCC dé lay lai thong tin trang thai cac dén GT trude do.

IV. MO HINH RA QUYET PINH TiN HIEU PEN GIAO THONG THONG MINH
4.1. Str dung thuat toan l6gic mo dé thay ddi khoang thoi gian cho tin hiéu dén

Téc tir trung tim TCC s& xtr dung thuat toan l6gic md dé kiém soat thoi gian ctia dén xanh theo diéu kién GT
thuc té. Logic mo sé sir dung s lugng PTTGGT tham gia vao ngi tu dé dua ra quyét dinh mo rong thoi gian hay két
thuc dén xanh hién tai dua trén s luwong phuong tién trung binh dang chd dugc phuc vu boi dén xanh hién tai voi )
luong phuong tién trung binh dang chd doi tai dén do s& chuyén sang dén xanh & giai doan tiép theo va ti 1¢ trung binh
xe dén dén xanh [3].

Logic md s& s dung mot tap ludt kiém tra ra quyét dinh mo rong hay két thiic dén xanh hién tai truéc khi chu
ky dén xanh d6 két thiic mot khoang thoi gian t (2s dén 5 s) [6]. Néu quyét dinh mé rong thoi gian dén xanh no s€ tang
chu ky dén xanh d6 1én mot don vi thoi gian va khong kiém tra nira, nguoc lai né s& doi cho dén hét chu ky hién tai
hodc dirmg ngay lap tirc dé chuyén dén pha dén tiép theo.

M6 hinh hé théng diéu khién dén GT nay duoc thuc hién theo nhitng budc sau:
Budc 1: Hé thong nhan nhitng thong tin can thiét tir cac bo cam bién tai nat GT.
Budc 2: Xac dinh xem néu pha dén xanh hién tai nén mé rong hay két thiic (str dung tap luat cua 16gic mo).

e Néu pha dén xanh hién tai nén mé rong thi chuyén lai bude 1 va kém theo thoi gian can thiét
md rong tin hi¢u dén GT

e Néu pha dén xanh hién tai nén két thiic thi chuyén dén bude 3.
Budc 3: Xéac dinh pha dén xanh tiép theo va quay lai budc 1.
4.2. Xay dung ham quan hé cho dir liéu vao va ra

Thuét toan bao gdm 5 ham quan hé cho mdi phan tir fuzzy vao va ra cua hé thong. Bang 1 s& trinh bay vé
nhitng phan tr fuzzy Arrival (dai dién cho nhiing phuong ti€én dé€n dén xanh), fuzzy Queue (dai dién cho nhitng phuong
tién dang cho tai dén do), fuzzy Extension (dai dién cho thoi gian mé rong pha dén xanh hién tai).

Bang 1. Nhiing phan tir ctia fuzzy Arrival, fuzzy Queue, fuzzy Extension

Arrival Queue Extension
Rat it AN (Almost) Rat nho VS (Very Small) Khong Z (Zero)
it F (Few) Nho S (Small) Ngin S (Short)
Binh thuong N (Normal) Binh thuong N (Normal) Trung binh M (Medium)
Nhiéu MY (Many) Lén L (Large) Dai LO (Long)
Rat nhiéu TMY (Too Rat 16n TL (Too Large) Rat Dai TLO (Too
Many) Long)

Trong do, vdi nhiing phin tir fuzzy Arrival c6 5 phan tir sau:

- R4t it chi ra ring c6 rat it phuong tién dang dén dén xanh.
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- It chi ra rang c6 it phuong tién dang dén dén xanh.

- Binh thuong chi ra rang c6 sb lwong phuong tién dat muc trung binh dén dén xanh.
- Nhiéu cho thiy ¢6 nhiéu phuong tién dén dén xanh.

- Cudi cling 1 rat nhiéu phuong tién GT dén dén xanh.

Tuong Gmg v6i phan tir fuzzy Queue s& c¢6 nhimng gia tri rat nho, nho, binh thuong, 16n, rat 16n sd luong xe
dang cho tai dén d6 hién tai. Va tuong Gmg vi phan tir fuzzy Extension s& c6 khong, ngan, trung binh, dai, rat dai thoi
gian s€ dugc mo rong cho pha dén xanh hién tai.

Nhirng phén tu trén chi 1a nhiing dai dién chi ra muc d¢ cua ) lugng cdc PTTGGT hién tai tai cac dén GT
chr khong phai 1a mot con sé chinh xac vé s lugng PTTGGT. Mdi phan tir chi mirc d6 nay sé& c6 mot khoang tuong
g v6i n6. Do thi biéu didn ham quan hé cta cac phan tir fuzzy duge minh hoa ¢ Hinh 8.

i AN F N MY ™Y
So luong phuong tign
0 16 26 36 46 56
VS S N L TL
1
So luong phuong tién
0 8 14 20 26 32
z S M LO TLO
1
Théoi gian mé rong
0 | 8 12 16 20

Hinh 8. Dir liéu dAu ra cho phém t fuzzy Arrival, Queue, Extension

Truyc x cta dd thi biéu dién s6 lwong phuong tién dén dén xanh hién tai dbi v6i phan tir fuzzy Arrival, s6 luong
phuong ti€n dang cho tai dén dé hién tai doi voi phan tir fuzzy Queue va thoi gian can thiet d€ mo rong thoi gian pha
dén xanh hién tai. Vi dy AN s€ c6 gid tri trong khoang tr 0 phuong ti€n dén 16 phuong tién. Truc y biéu dien mtc do
quan hé cua céac phan tir fuzzy Arrival, fuzzy Queue, fuzzy Extension, né c6 gia tri tr 0 dén 1. Vi dy néu gia tri ctua
mirc d0 ham quan h¢ dugc thiét 1ap 1a 1 thi ta c6 phan to TLO cua fuzzy Extension s€ c6 gia tri 1a 20s.

4.2. Xay dung tap luat 16gic mo

Strc manh cua l6gic mo 1a kha ning str dung nhiing 1ap ludn mang tinh x4p xi trong tap luat ching han nhu
16n, it, trung binh, binh thuong, dai,... Trong khi phat trién cua b diéu khién 16gic mo, ching t6i da st dung hau hét
cac quy tac twong ty va mét so vi du dugc dua ra dudi day:

Néu cé qud nhiéu phwong tién (TMY) & hwéng dén (dén xanh)
Va ¢é mot s6 lwong nhé phuwong tién (S) ¢ huéng cho (dén do)

Thi mo rong den xanh dai hon (LO)
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Nhiing tap ludt trén c6 thé viét tat lai nhur sau:
IF Arrival is TMY AND Queue is VS THEN Extension is L
IF Arrival is F AND Queue is VS THEN Extension is S
IF Arrival is AN AND Queue is VS THEN Extension is Z
Chuing toi dé xuét 5 gia tri ddu vao cho phan tir Arrival va 5 gia tri du vao cho phan tir Queue tirc 1a s& c6 mot

ma tran kich thugc 12 5 va tap ludt nay s& c6 25 phan tir dé bidu didn cho mdi quan hé cua Arrival, Queue, Extension.
Béng 2 s& biéu dien ma trén cua tap luat trén.

Bang 2. Ma tran biéu dién tap lut 16gic md

Q\A AN F N MY ™Y
VS Z S M L TL
S Z S M L L
N Z Z S M L
L Z Z Z S M
TL Z Z Z Z S

V. CAI PAT VA PANH GIA MO HiNH TREN NEN TANG MO PHONG
5.1. Cai dit md hinh da tac tir bang nén ting Jade

Bai bao chon khu vuc nghién ctru 1a nit GT ngit tw Lé Duan — Tran Phi — cdu Song Han, trong d6 tuyén
dudng Tran Phu 1a mot chiéu. Pay 1a mot trong nhitng diém ndng vé tic nghén xe ctia thanh phd Pa Ning. Nt GT nay
s& c6 3 dén GT & 3 hudng 1a Lé Duén, Tran Pha va cau Song Han. Nhu vy, s& ¢6 3 tac tir dén GT & 3 hudng, 3 tac tir
luu trit di liéu cho 3 tac tir dén GT, 1 tac tir xir Iy trung tdm va tac tir PTTGGT. Hinh 9 biéu diéu so d6 16p céc tac tur
trong hé théng dugc cai dat bang nén tang Jade [9]. Jade 1a mot nén tang hd tro 1ap trinh hudng tac tir. Chung thiét lap
san cac giao thirc trong tac nén cho céc tac tir. Jade cho phép lap trinh phén tan cho cac tac tir va c6 thé d& dang tao cac
hé thdng nhung néu tc tir ndy thue su duoc cai dat 1én cac thiét bi phan tan [9].

Trong hé théng c6 3 tac tir chinh 14 tac tir dén GT, tac tir xir 1y dit liéu TDC ctia mdi tac tir TLC, tac tir xtr 1y
trung tdm TCC va cudi cung 1a tac tir phuong tién GT. Moi tac tir s€ ¢6 nhiing thudc tinh va phwong thirc cta chinh no
thé hién ¢ so d6 16p Hinh 9.

TLC Yee
ArathclightPosition HistStatus
~currantState -umberOfVaehiclest
-nextState umberOfiVehiclos2
AitoCycio numberONVehiclass
“numbarOiVehicle Lo o= el L _sloumberQivehiciesd
TGO Addronn i L PG yolo
ocalAddross -maxLifeCyclo
-othor TLCASdross rafficlightAddross
TanndMassage ToTGG() 0\ 1
+sondMessageToTLE() )
srocaiveMaxange() e e AT "'"’

/:\ snondMausnge TaTLC()

‘a4 +recolveMossage()

'

e
cumentTime
«cumentPharse
AraffiolightStatus
wurrentLifeCycle
~averagoVebhicleWaiting
*nondMessageTaTLC()
+rocelveMassage()

Hinh 9. So db 16p céc tac tir

e Actioas Tools Resols Pationns  Hep

| &8 FESg Ry &@ \!_- 2 "'_3"'__ - d.d.:

nams

2 163 .0 195.109
nn NAME

05 109

. 1 C. 10 trumg thi

T30 tir Jum tr did Tids

Tic tar dém g0 thomg

Hinh 10. Cai dat tac tir cua khu vuc nghién ctru ¢ trong Jade
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Hinh 10 biéu dién c4c tac tir trong hé théng duoc cai dit vao Jade. Vi du TLCLeDuan I tac tir dén GT ¢ huéng
Lé Duan, twong trng véi n6 s€ co tac tt TDCLeDuan la tac tur luu trit dit liéu cua no.

5.2. Tich hgp tac tir Jade vao moi treong moé phong giao thong SUMO

Dé d4nh gia mo hinh, chung t6i s& sir dung hé thdng SUMO (Simulation of Urban Mobility) [8]. Pay l1a mot hé
thdng ma ngudn mo, cho phép thiét 1ap co so ha ting GT ciing nhur cdu hinh mé phong bang d6 hoa ludng GT nham
kiém tra cho céc thut toan va nhitng mé hinh nghién ctru GT. Ngoai ra SUMO cung cip API goi 1a TraCl [8] dé c6 thé
giao tiép v4i bén ngoai hé thong. TraCl sir dung giao thirc TCP dua trén kién trac Client-Server dé két ndi voi bén
ngoai trong qua trinh md phong.

Co s6 ha tang giao thong cling nhu thiét 1ap tham s mo6 phong dNéu dugc thiét ké trong SUMO. Co s¢ ha tﬁng‘()’
day chinh 1a nga tu L& Duan — Tran Phu — cau S6ng Han tai TP Pa Nang v6i 3 dén GT ¢ 3 hudng 1a L€ Duén, Tran
Phu va cau Song Han.

Béng phuong phap dém thi cong, trong khoang thoi gian 30 gidy vao gio cao diém 1a 17h00 ngay lam viéc, luu
lwong xe tai nut giao cat dugc biéu dién trong Bang 3. V6i s0 liéu thyc té, hé théng mod phong trong SUMO da dugc
xdy dung thé hién & Hinh 11. S6 liéu nay cung cap cac xac sudt sy xuat hién xe 2 banh hay 4 banh, x4c sudt cac huéng
ré ciia cac xe dé mo phong danh gid mo hinh dé xuat & phan 3.

ran Phi

Hinh 11. Méi trudng md phong dua trén SUMO

Bang 3. S6 luong va ti 16 cac phuong tién luu thong cac hudng

Huéng xe di Soxed4 | Tiléxed | Sbxe2 | Til¢xe2
béanh béanh banh banh
Tir Lé Duin di vé huéng chu Séng Han 10 24% 68 24.5%
Tur cau Song Han di vé hudng Lé Duan 8 19.7% 86 31%
Tur cau Song Han di vé hudng Tran Phu 3 7.5% 16 5.7%
Trén Phi di thing 9 22% 61 22%
Trén Phi di vé hudng cau Séng Han 11 26.8 46 16.8%
Téng sb xe 41 100% 277 100%

Muén tich hop nhiing tac tir JADE vao trong SMO, bai bao sir dung traSMAPI (Traffic Simulation Manager
Application Programming Interface) [10]. TraSMAPI cung cap mot API giup cho hé thong bén ngoai c6 thé truy xuat

vao SUMO theo thoi gian thye (xem Hinh 12).

JADE

TraSMAPI

—( ) Traftic nght)—

Hinh 12. M6 hinh anh xa tac tir Traffic Light tir Jade vao trong SUMO [10]
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5.3. Mt s6 kich bin mé phéng dé danh gid md hinh

D thir nghiém md hinh da téc tir diéu khién tin hi¢u dén GT thong minh da dwoc cai dit trong Jade, bai bao xay
dung 170 kich ban, véi moi kich ban kéo dai trong 60 phut véi so lugng cac PTTGGT thay d6i 6 1an, moi lan kéo dai 10
phut dé danh gia tinh hiéu qua cua viéc thay doi linh hoat thoi gian tin hiéu dén cua mé hinh. Trong 7 kich ban nay, goi
tuyén duong Lé Duan va cau S6ng Han la (1), tuyén duong Tran Phu la (2), 7 kich ban dugc mé ta nhu sau:

- TH 1: Véi luu lugng giao thong vira phai, s phuong tién on dinh trong vong 60 phut ca hai tuyén (1) va (2).

- - TH 2, TH 3: V6i luu luong giao thong vira phai, s6 phuong tién 6n dinh trong vong 60 phit ¢ tuyén (1).
Tuyeén (2) c6 su thay doi nhe so lugng phuong tién & cac khoang thoi gian khac nhau.

- TH 4, TH5: Véi luu luong giao thong vira phai, sb phuong tién thay d6i nhe ¢ tuyén (1) trong cac khoang
thoi gian khic nhau. S6 phuong tién 6n dinh trong vong 60 phit & tuyén (2).

- TH 6: V6i luu luong giao théng vira phai, ca hai tuyén déu co sé lugng phuong tién thay ddi ¢ cac khoang
thoi gian khac nhau.

- TH 7: Véi luu luong giao thong cao, s6 luong phuong tién co nhiéu thay d6i ¢ cac khoang thoi gian khau &
tuyén (1). S6 phuong tién 6n dinh trong vong 60 phut ¢ tuyén (2).

- TH 8: V¢i luu lugng giao thong cao, s6 luong phuong tién ¢6 nhiéu thay ddi ¢ cac khoang thoi gian khau &
tuyén (2). S6 phuong tién 6n dinh trong vong 60 phit & tuyén (1).

- TH 9: Véi luu luong giao théng cao, sd lwong phuong tién ¢ 2 tuyén duong c6 nhiéu sy thay ddi ¢ nhimng
khoang thoi gian khéac nhau.

- TH 10: Vi luu luong cao, sé luong phuong tién & 2 tuyén dudng 6n dinh trong khoang thoi gian 60 phut.

06 truong hop dau tong s luong phuong tién ¢ 2 tuyén dudng trong vong 60 phut 1a khong thay do6i 1a 5100
phuong tién (tuyén 1 ¢6 3600 phuong tién va tuyén 2 c¢6 1800 phuong tién) va 4 truong hop tiép theo tong sO luong
phuong tién ¢ 2 tuyén duong ciling khong thay doi la 8100 phuong tién (tuyén 1 c6 5400 phuong tién va tuyén 2 co
2700 phuong tién).

Bang 4. S6 lugng phuong tién trong 10 kich ban mé phong

Kich Tuyél} dwong Lé Duin va | Tuyén dwong Tran Phii (2) Biéu do bjén thién
bén cau Sdng Han (1) ciia 2 tuyén duong
600 — 600 — 600 — 600 — | 300 — 300 — 300 — 300 — 300 1
600 — 600 } -300 : —
1 (600 chiec cho moi 10 | (300 chiéc cho moi 10 phut) 0 —
phut) 123456
600 — 600 — 600 — 600 — | 200 — 300 — 400 — 400 — 400 1000 -
600 - 600 : -200 i 1
2 (600 chiéc cho méi 10 | (200 chiéc cho 10 phiit dau, A
phit) 400 cho 30 phit sau va 200 123456 2
cho 10 phut cuoi)
600 — 600 — 600 — 600 — | 200 — 200- 200 — 400 — 400 1000 -
600 — 600 —400 1
3 —_—
O I L N I N A | 2
123456
500 — 600 — 700 — 700 — | 300 — 300 — 300 — 300 — 300 1000 -
600 — 500 —300 P — |
4 0 I I I N I B | 2
123456
500 — 500 — 500 — 700 — | 300 — 300 — 300 — 300 — 300 1000
700 - 700 - 300 |
— —
5
0 T T T T T 1 2

123456
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500 - 500 — 500 — 700 — | 200 — 200 — 200 — 400 — 400 1000 -
700 - 700 —400 —— —_—1
6 —_—
0 +—r++1m )
123456
600 — 600 — 600 — 1200 — | 450 — 450 — 450 — 450 — 450 2000 -
1200 - 1200 — 450
—
] —
0 T T rrrr — 2
123456
900 — 900 — 900 — 900 — | 300 — 300 — 300 — 600 — 600 1000
900 — 900 - 600 = Q= —
I
8 O T T rrrr 2
123456
600 — 600 — 600 — 1200 — | 300 — 300 — 300 — 600 — 600 2000 -
1200 - 1200 - 600
—
9 J
0+t —
123456
900 — 900 — 900 — 900 — | 450 — 450 — 450 — 450 — 450 1000 -
900 - 900 — 450 —1
10 0 -
T )
123456

5.4. Pdnh gid két qud dwa trén mé phéng

Pé danh gia kha ning thuc thi va hiéu suit cta thuat toan 16gic mo, chung t6i so sanh két qua cia thuat toan
I16gic mo voi phuong phap diéu khién tin hiéu dén GT c6 thoi gian dwgc thiét 1ap trude va chon tiéu chi danh gia 1a so
lwong phuwong tién cho ¢ nga tur.

Dé thyc hién viéc so sanh giira 2 phuong phap, c6 mot so diéu kién can dugc thiét 1ap dé dam bao tinh dung
dén ctia chuong trinh nhu 14 khi mé phong s6 luong xe & cac tuyén dudng ciia 2 phuong phap déu twong dong nhau,
chu ky dén trude khi mo rong cua 2 phuong phap nhu nhau, thoi gian m6 phong giong nhau. Két qua danh gia dya trén

tiéu chi 1a s6 lugng phuong tién cho tai nut giao cit & 2 phuong phap trén va dugc thé hién qua Bang 5.

Bang 5. SO lugng phuong tién tham gia va chd dén d6 ¢ 2 phuong phép

S6 lwgng tham gia S6 lrgng phwong tién cho
(don vi: phwong ti€n) (don vi: phwong tién)
. - A TR Phuong pha Phwong pha Chénh léch
Kich ban | 1.2 Dgan 3 , Lc“)gicg rl:u‘r b Fixedg'l'li)mep (Fixed Time —
N Cal{ Tran Phu Fuzz Logic)
Song Han Ti 1€ cho Tilé cho
1 3600 1800 2485 46% 2897 54% 8%
2 3600 1800 2689 50% 3292 60% 10%
3 3600 1800 2574 48% 3174 58% 10%
4 3600 1800 2308 43% 3156 58% 15%
5 3600 1800 2289 42% 2970 55% 13%
6 3600 1800 2463 46% 3291 61% 15%
7 5400 2700 4455 55% 5615 59% 14%
8 5400 2700 4215 52% 5543 68% 16%
9 5400 2700 4491 55% 5742 70% 15%
10 5400 2700 4140 51% 5075 62% 11%

Khi s6 luong phuong tién & hai tuyén dudong chay 6n dinh tirc 1d can bang nhau thi sé lugng xe cho & dén do
cua 2 phuong phap khong chénh léch nhau nhiéu nhu & kich ban 1, 2, 3,10 va s0 lugng phuong tién cho chénh 1éch
nhau khoang 400 dén 800 phwong tién. Nhung khi c6 mot tuyén duorng c6 su ting dot bién sb luong phuong tién thi
phuong phap lo-gic mo t6 ra hiéu qua hon khi sd luong phuong tién chd ¢ dén do giam hon nhiéu so v&i phuong phap
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thoi gian dugce thiét 1ap truée nhu & kich ban 4, 5, 6, 7, 8, 9 va sb lugng phuong tién cho chénh léch nhau khoang 800
den 1200 phuong tién.

Qua biéu d6 & Hinh 13, c6 thé nhan thiy riang & 10 kich ban khac nhau da dé xuét & trén thi thuat toan lo-gic
md van t6 ra hiéu qua hon so v&i by diéu khién c6 thoi gian duge thiét 1ap trude do ¢6 s6 lwong xe chd ¢ nga tu it hon.
S6 lugng phuong tién chd & nga tu da giam khoang 8% dén 16% khi 4p dung thuat toan lo-gic mo so véi phuong phap
thoi gian thiét 1ap trudc. Didu nay cho thay chi s6 tdc nghén GT tai ngd tw ciing giam khi ap dung thuat toan lo-gic mo.

So sanh fuzzy légic va thoi gian thiét 1ap trwéc

7000
6000

5000 J—a N
4000 ;Mﬂ_
000 -g—f—g—u—n—i
2000

1000

TH
10

== Fuzzy logic| 2485|2689 (2574|2308 2289|2463 (4455 |4215|4491|4140
== Fixed time | 2897|3292 (3174 |3156|2970|3291|5615|5543|5742|5075

TH1|[TH2|TH3|TH4|TH5|TH6|TH7 TH8|THO

Hinh 13. So sanh s lugng phuong tién cho giita 2 phuong phap theo 10 kich ban
V1. DANH GIA VA KET LUAN

Bal béo nay da nghién ctru Ve cac phuong phap diéu khién tin hiéu dén GT théng minh, nhiing dac diém riéng biét
ciia mdi phuong phép va mot sé wu diém cua no. Chung toi da dé xuat mo hinh da tac tir két hop véi thuat todn l6gic
mo trong viéc diéu khién tin hiéu dén GT mot cach tdi wu. M6 hinh hé thong da tac tir nay da dugc cai dat trén nén tang
Jade va di duoc tién hanh mé phong trén phin mém mé phong SUMO. Bai bao ciing dd dwa ra 10 kich ban mé phong
dién hinh trong hé thong GT vé6i d6 bién thién sb lugng PTTGGT cé hai tuyén duong. Dya trén két qua mo phong,
ching t0i da danh gia duoc tinh hiéu qua ctia m6 hinh dé xuét. Sau khi thuc hién viéc danh gia chung t6i thiy rang, sb
luong phuong tién cho da giam tuong dbi khi sir dung cong nghé da tac tu két hop véi thuat toan l6gic mo. Pic biét 1a
voi trudong hop s6 luong PTTGGT c¢6 su dot bién 16n. Hudng ma sép ti 14 s& nghién ctru tinh hiéu qua cia mo hinh
trén tiéu chi vé thoi gian cho trung binh cia cac PTTGGT tai cac vi tri nat giao thong. Pong thoi, dé danh gia m6 hinh
tuong tac, cac kich ban vé tinh dong bo dit lidu cua cac tac tir dén trong truong hop co sy ¢b vé giao tiép giira tac tir
trung tAm va cac tac tir dén s& dwoc nghién ctru va dé cap trong thoi gian sip t6i.
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FUZzZY LOGIC MODEL FOR

INTELLIGENT TRAFIC LIGHT CONTROL

Hoang Thi Thanh Ha, Kieu Anh Tuan, Le Van Lam

ABSTRACT — Most system of traffic lights in Vietnam operate based on the principle of timing with fixed cycle of green and red
light at intersections. This is not really efficient and flexible as the fact that the number of vehicles on the roads is often uneven. The
amount of vehicles on high traffic routes will accumulate overtime, is one of the basic causes leading to serious congestion situation.
This article demonstrates some researches and developments of intelligent traffic lights control system which can automatically
control the timing of green and red lights flexibly based on traffic flow of each route in real time. We have built multi-agent model to
control intelligent traffic lights at the intersections. The model uses fuzzy logic algorithms to dynamically change interval of green
and red light in an optimal way, it also reduces the waiting time for vehicles. The model has been installed on Jade platform and
integrated with SUMO traffic-simulation system to evaluate the efficiency of this new method and compare it to the traditional
approach of which, the cycle of light is set fixed.



