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~ NGHIEN CUU THIET KE
HE THONG PEN GIAO THONG THONG MINH

Nguyén Chi Ngén*
ABSTRACT

This paper purposes to design a traffic light system for a crossroads with its signals
depend on traffic flow situation acquired from two cameras observing two roads. An
algorithm for traffic density estimating and 25 rules of a fuzzy controller are developed to
determine the next green signal period. An ATMEL AVR ATMegal6-based light driver
and an experimental model using plastic balls simulating transports are implemented to
verify the control algorithm. Results of 450 experiments indicate which road has higher
traffic flow has longer green signal period and reverse. The maximum and minimum
periods are correspondently 78+2 and 18+2 seconds in case the traffic flow of one road is
4 times higher than the other one.
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Bai bdo nham muc tiéu thiét ké mét hé thong den giao théng cho mot giao 19, voi chu ky
den tin hiéu tuy thugc vao tinh trang xe luu thong trén hai tuyen duwong quan sat duoc boi
2 camera. Mot giai thudt woc luong luu lwong xe va 25 ludt dleu khién mo dwoc xdy dung
dé quyét dinh thoi gian cia chu ky dén xanh ké tiép cho tuyén dwong tiong irng. Mach
kiém sodt hién thi dén tin hiéu duoc thiét ké dwa trén vi diéu khién ATMEL AVR
ATMegal6 va mot mo hinh thuc nghiém sw dung cdc qua bong nhuwa gia ldp cdc phwong
tién giao théng dwoc thiét ké dé kiém chirng gidi thudt diéu khién. Két qud trén 450 thuc
nghiém cho thdy tuyén dwong nao cé heu heong xe I6n hon thi chu ky dén xanh ciia tuyén
duwong dé dai hon va nguoe lai. Chu ky dén xanh t6i da la 78+2 gidy va toi thiéu la 18+2
gidy, twong g voi triweong hop luu heong xe trén 2 tuyén dwong chénh léch nhau 4 lan.
Tir khéa: Diéu khién mo, dén giao théng, vi diéu khién, xiv Iy dnh

1 GIOI THIEU

Trong dleu kién cac phuong tién giao thong cong cong ¢ Viét Nam chua duge phat
trlen tot, thém vao do la sy tran ngdp xe gan may Trung Quoc gia ré, nhiing ndm
gan day van dé ach tic giao thong ¢ cac tuyén duong huyet mach cua cac thanh
phé 16n 1a diéu khong thé tranh khoi. Trong khi d6, hau hét cac hé thong dén tin
hi€u giao thong & nudc ta hién nay hoat dong dya trén nguyén tac dinh thoi, voi
chu ky tit m& dén xanh-do duoc thiét 1ap ¢ dinh cho ca 2 tuyén dudng. Diéu nay
t6 ra kém hiéu qua khi cic phuong tién luu thong trén hai tuyén duong cé sy chénh
léch. Lugng xe trén tuyén duong cé luu lugng cao sé tich Ity theo thot gian, 1a mot
trong nhitng nguyén nhén co ban dan dén tac nghén. Diéu nay khong chi gay lang
phi vé thoi gian, nhién liéu ma con anh hudng xdu dén strc khoe, tim 1y ngudi dan
va moi truong sinh thai.

1 B6 mon Tu Dong Hoa, Khoa K§ thuat Cong Nghé, Trudng Dai hoc Can Tho
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O cac quéc gia tién tién trén, giai phap dua ra la lap dit cac hé thong camera
dé tu dong diéu tiét giao thong tai cac giao 1 trong yeu Trong qua trinh phat trién
hé théng kiém soat giao thong, da cd rat nhiéu cong bd vé viée nghién ctru thong
qua mo phong va thyc nghiém nham t6i wu héa cac bo didu khién dén tin hiéu.
Trong d6, cac nghién ctru dién hinh vé viéc sir dung k¥ thuat xir 1y anh két hop voi
diéu khién mo (fuzzy control) dén tin hiéu dd duoc ap dung thanh cong (Lin, H.,
K. M. Aye, H. M. Tun, Theingi and Z. M. Naing, 2008; Wiering M., J. v. Veenen,
J. Vreeken and A. Koopman, 2004; Tan K. K., M. Khalid and R. Yusof, 1996;
Kulkarni, G. H.; Waingankar, P.G., 2007). Cac hé théng nay co gia rat cao, vi du,
mot hé théng dén giao théng théng minh thuong mai st dung mAay tinh cong
nghiép va cac camera giam sat duoc gidi thidu boi AdvanTech 1én dén hang ti
ddng cho mdi chét giao thong (AdvanTech, 2007).

O nudc ta, hau hét cac hé théng dén giao thong hién dai déu duogc nhap khau
voi gia thanh cao va kem theo hang loat cac van dé can khic phuc, do chung ta
chua lam chu dugc cong nghé. Chang han, dé lap dit 121 tru dén giao théng do
Téay Ban Nha san Xuat trong du an “Tang cuong nang luc giao thong Thanh phé
H6 Chi Minh”, can dén 3,5 triéu USD. Tuy nhién, chua day mot nam st dung,
chung ta da “phoi ning’ ’so tién khong 16 nay, do céac tru dén giao thong trén khong
hoat dong duoc (Ngoc An, 2004). Nam 2007, S& Giao Thong Cong Chanh Thanh
phé H6 Chi Minh trién khai lap dat 48 chot dén gan cam bién dé dicu tiét giao
thong ty dong, bang nguon von ODA (Lé My, 2007). Tuy vay, méi sau mdt thoi
gian ngan st dung, cac chdt dén giao thong nay da bi bénh “nan y”. Uy Ban Nhan
Dan thanh phé HO Chi Minh phai chi hon 8.456 USD dé moi chuyén gia nuéc
ngoai “chan bénh” (Anh Nguyét va Thu Hong, 2008). RS rang 1am chu cong nghé
deén giao thong thong minh 1a nhu cau thiét thuc ma xa hoi da va dang dit ra.

Nghién ctu nay huong toi viée xay dyng mo hinh thyc nghiém dé kiém
chtng giai phap dé thiét ké deén giao thong thong minh dya trén cong nghé xur ly
anh va ky thuat diéu khién mo. Hé thong dung 2 camera dé quan sat 2 tuyén
duong. Tuyén duong nao cé luu luong xe cao hon thi chu ky dén xanh twong tng
cho tuyén dudng d6 s& dai hon tuyén dudng con lai.

2 PHUONG TIEN VA PHUONG PHAP NGHIEN CUU
2.1 M hinh h¢ thong

Nguyén 1y cta hé théng dén giao thong thong minh dwoc mé ta trén hinh 1. Tinh
trang xe luu thong trén 2 tuyén duong thu tir 2 camera dugc truyén vé may tinh.
Phéan mem xu ly anh (image processing) trén may tinh s€ udc lugng luu luong xe
trén moi tuyén dudng va cung cap dit liéu trong ing cho mot bo didu khién mo
(fuzzy controller). Tuy thudc vao luu luong xe tai thoi dlem quan sat, bo diéu
khlen mo s& quyét dinh thoi gian cua chu ky dén xanh ké tiép. Thoi gian nay dugc
truyen tr may tinh xudng mach kiém soét hién thi dén tin hiéu théng qua cong
truyén thong nbi tiép RS232.

Pé kiém chung giai thuat diéu khién, mo hinh thuc nghiém mét giao 10 dugc
thiét ké nhu hinh 2. Cac qua bong nhya dugc st dung dé gia 1ap cac phuong tién
luu thong trén dudong. Mach giao tiép may tinh va hién thi dén tin hi€u dugc thiét
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ké dua trén vi diéu khién ATMEL AVR ATMegal6, hinh 3. Mach nay c6 nhiém
vu nhén tham s6 vé thoi gian ctia chu ky dén xanh tir by di€u khién mo trén may
tinh va duy tri viéc hién thi dén tin hi¢u theo tham s6 nhan dugc.
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Hinh 2: M hinh thwe nghiém
2.2 Uéc lwgng luu lwgng xe

Thyc nghi¢m cho théy, néu tién hanh dém chinh xac sb lugng xe tir hinh anh chup
dugc dé tinh toan luu lugng xe thi thuat toan to ra cham chap va kém hi¢u qua.
Diéu nay thé hién ¢ chd thoi gian xir Iy anh d6i khi 16n hon chu ky dén tin hiéu.
Do vy, ching t6i dé xuat mot giai thuat nhanh hon dé wéc luong twong dbi luu
luong xe. Giai thuat niy can chup lién tiép 2 anh tinh trang xe dang ding trudc dén
do cua mot tuyén duong. Anh tht nhit duoc chup sau khi dén do duogc bat 1én 5
gidy; anh thr 2 dugc chup cach anh thir nhét 5 gidy tiép theo. Bang cach chup nhu
thé, anh thtr hai s& bao gdm toan bo sd xe dang cho trude dén do c6 trong anh thir
nhat cong véi s6 luong xe vira chay dén dén do trong 5 gidy tiép theo. Thong tin vé
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su khac biét gitra anh thir nhét va anh thir hai chinh 1a co s& dé xac dinh luu luong
xe trén tuyén duong tuong trng.
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Hinh 3: Mach giao tiép va hién thi dén tin hi¢u

Van dé bay gio 1 so sanh su khac biét gitta anh chyp lan tht nhat va anh
chup 1an tht hai. Su khac biét giira hai anh nay thuc chat khong phai 13 luu luong
xe trén duong, nhung no chira thong tin vé su thay dbi luu luong xe tai thoi diém
quan sat, do vay, dugc goi tat 1 1 lvu luong xe. Hinh anh thu dugc tir camera sau
khi dugc chuyén sang muc anh xam va ap dung thuét toan loc trung vi dé khir
nhidu, s& dugc chia thanh timg khdi co kich thude (10x10) diém anh. Vi d6 phan
giai (320x240) diém anh, hinh anh thu duoc tir camera duoc chia 1am 768 khéi. Dé
so sanh sy khac biét giita hai khoi, ta dya vao cudng do sang trung binh ciia khi
d6. Goi Ik 1a cuong do sang tai diém anh tha k, thi cuong d6 sang trung binh cia
khéi anh kich thude (10x10) duoc xac dinh nhu (1).

100
ly = ®

Giai thudt udc lugng luu lugng xe thong qua vi¢e xac dinh su khac biét vé
cuong do sang trung binh giita 2 khéi anh, 4p dung cho toan buc anh cta 2 anh
tuong tng, dugc tom tit nhu (2).

MatDoXe=0;
forn=1:768
L Itb_anhl(n)' Itb_anhz(n)>30r Itb_anhl(n)' Itb_anhz(n)<'3 (2)
MatDoXe=MatDoXe+1,;
end
end
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Minh hoa két qua gidi thuat uéc luong luu lugng xe duge cho trén bang 1.
Truong hop tht nhit: anh chup 1an 1 chira 4 qua bong (tuong trung cho 4 xe), anh
chup 1an 2 chira 8 qua bong, thi sy khac biét giita hai anh 1a 208 khéi. Trudong hop
thr hai: anh chyp lan 1 chira 4 qua bong, anh chup 1an 2 chira 12 qua bong, thi su
khac biét giira hai anh 1a 366 khdi.

Biang 1: Minh hoa két qua wéc hrgng hru lwong xe lwu thong trén duwong

Anh chup lan 1 Anh chup lan 2 Luu lugng xe

Thuc nghiém cho thdy giai thuat nay chay nhanh hon khoang 4 lan so véi
viéc d‘ém, chinh xac s6 lugng xe. Mac du, thong tin thu dugc khong cho ching ta
biét vé s0 luong xe that sy, nhung no lién quan dén luu lugng xe dang luu thong
trén dudng. S& di co thé chon giai phap udc lugng twong d6i nay 1a vi chung ta co
thé tan dung dugc uu diém ciia bo diéu khién mo dung dé xac dinh chu ky dén
xanh. Uu diém d6 1a bo diéu khién mo c6 thé dua ra quyét dinh chinh xé4c tir thong
s0 dau vao “khong ro rang” nhu thé nay.

2.3 Thiét ké bp diéu khién mo
Nhiém vu cta bo diéu khién mo 14 quyét dinh chu ky dén xanh tiép theo duwa vao

lwu lwong xe ude luong duogc trén 2 tuyén dudng. Ngd vao va ngd ra cua bo diéu
khién m¢ duoc thiét ké nhu hinh 4.

208

366

dengiaothong —
hatDoReln ThoigiandenxanhCr
/ (emdany \
MatDoxXeh2 ThoigiandenxanhD2

Hinh 4: Ngb vao-ra ciia bd diéu khién mo
O day, luu lwong xe trén tuyén duong D1 (MatDoXeD1) va trén tuyén dudng
D2 (MatDoxeD2) c6 gia tri vat 1y bién thién trong [0, 768] khdi, duoc md hda
thanh 5 tdp md chinh tic: RatVang, Vang, TrungBinh, Dong va RatDong nhu trén
hinh 5a. Ung v&i mdi gia tri vat 1y cia luu lugng xe ma giai thuat udc luong cung
cp, ta co do phu thudc trong tng ciia ngd vao bo diéu khién mo xac dinh theo (3).
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Tuong tu, thoi gian dén xanh tuyén dudng D1 (ThoigiandenxanhD1) va thoi gian
dén xanh tuyén duong D2 (ThoigiandenxanhD?2) cé gia tri vat ly bién thién trong
[15, 80] gidy, dugc mo hoa thanh 5 tdp mo chinh tic: Ratngan, Ngan, TrungBmh
Dai va Ratdai, hinh 5b. B9 luat diéu khién mo duoc thiét 1ap qua thuc nghiém gom

25 luat, nhu Bang 2. Ta co thé minh hoa mot luat diéu khién cu thé nhu (4).

MatDoXe — u(MatDoXe) =

yRatVang(MatDoXe)

Ayang (MatDoXe)

#TrungBinh(MatDoxe)

HDong (MatDoXe)

yRatDong(MatDOXe)

IF MatDoXeD1= RatVang AND MatDoXeD2 = RatDong
THEN Thoi gianden xanhD1=Ratngan AND Thoi gianden xanh D2 = Ratdai

Do phu thuoc (100%)

r 3
RatVang Vang
1

T
RatDong

200

300 400 500 600
MatDoXe D1/D2

a) Cac ham lién thudc biéu dién luu lugng xe trén 2 tuyén dudng

U
Ratngan Ngan
1

Do phu thuoc (100%)

T U T C C
TrungBinh Dai Ratdai

50 60 70 80 90
Thoi gian den xanh D1/D2 (s)

b) Céc ham lién thugc biéu dién thoi gian dén xanh cho 2 tuyén duong

Hinh 5: M& héa ngd vao (MatDoXe D1/D2) va ngo ra (Thoi gian den xanh D1/D2)

= [a3) us}
o =) o

Den xanh D1 (s

P
o

atDaxeDz 200
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o

sl

Den xanh D2 (3)

04

B00

400 400
MatDoXeD2 200 200 tdatDoXeD1

Hinh 6: Mt phang mé twong ing cho dén xanh 2 tuyén duong

3)

(4)
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Ap dung co ché suy dién mo MAX-MIN va gidi mo theo phuong phap diém
trong tim, v6i bo luat diéu khién duoc xay dung nhu bang 2, mat phing mo tuong
quan gitta luu lugng xe trén 2 tuyen duong va thoi gian den xanh twong tmg dugc
thé hién nhur hinh 6. Hai mat phang mo nay d6i xtmg, chimg t6 luat diéu khlen den
xanh cia hai tuyén duong 1a giéng nhau. Ngoai ra, luu luong xe trén tuyén dudng
nao 16n hon thi thoi gian dén xanh cho tuyén duong d6 dai hon va nguoc lai.

Bang 2: Luit diéu khién
D2

D1 RatVang Vang TrungBinh Dong RatDong
RatVang Dl:TrungB?nh Dl:Ngf':ln D1:Ngf':1n D1:Ratng<j:1n Dl:Ratngfem
D2:TrungBinh D2:Dai D2:Dai D2:Ratdai D2:Ratdai
Vang D1:Dai D1:TrungB?nh Dl:Ngf';m Dl:Raanan Dl:Ratngfam
D2:Ngan D2:TrungBinh D2:Dai D2:Dai D2:Ratdai
T O e oo oo s
Dong D1:Ratdai D1:Ratdai D1:Dai D1:TrungB?nh Dl:Ngf';ln
D2:Ratngan  D2:Ngan D2:Ngan D2:TrungBinh D2:Dai
RatDong D1:Ratdai D1:Ratdai D1:Dai D1:Dai Dl:TrungB?nh
D2:Ratngan  D2:Ratngan  D2:Ngan D2:Ngan D2:TrungBinh

Bang 3: Két qua thyce nghiém
MatDoXeD1 1 Thoi gian Thot gian

- - - 0, 1 Y
MaDoxeD2° ! dan xanh DI (s) dén xanh D2 (s) Ghi cha
25 76 %2 18 +2 D1 dong gép 4 lan D2
33,33 71+2 26 + 2 D1 dong gap 3 1an D2
50 53+2 32+2 D1 dong gép 2 1an D2
66,67 47 +2 36+2 D1 dong gap 1,5 1an D2
100 45 + 2 45 + 2 D1 va D2 bang nhau
150 36+2 47 +2 D2 dong gap 1,5 1an D1
200 33+2 54 + 2 D2 dong gap 2 1an D1
300 25+2 72+2 D2 dong gap 3 1an D1
400 18 +2 77+2 D2 dong gap 4 1an D1

3 KET QUA VA THAO LUAN

Giai phap thiét ké dugc kiém chung trén mé hinh thyc nghiém véi 9 trudng hop,
bao gdm trudng hop luu lugng xe cia 2 tuyén duong 1a nhu nhau va cic truong
hop Iuu lugng xe trén 2 tuyén duong tuong ung chénh 1¢éch nhau lan luot 1a 1,5
lan, 2 lan, 3 lan va 4 lan. Trong mdi trudong hop, phep thir dugc thyc hién 50 lan.
Nhu vy, tong cong co 450 thuc nghiém da duoc tién hanh. Két qua tuong tng cho
trén Bang 3. Két qua nay cho thdy, khi s6 phuong tién luu thong trén 2 tuyén
duong gan bang nhau thi thoi gian dén xanh cua 2 tuyén duong chi chénh 1éch
nhau trong khoang tir 2 giay dén 4 gidy. Khi luu lugng xe c6 su chénh léch thi
tuyén dudng nao co nhiéu phuong tién hon, thoi gian den xanh s¢ dai hon. Thoi
gian dén xanh toi da 1a 78+2 gidy va thoi gian t6i thiéu 1a 1842 gidy Gng véi
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truong hop luu luong xe cua tuyén duong nay nhiéu gip 4 1an tuyén con lai. Ngoai
ra, két qua cing cho thdy vai trd ctiia bd diéu khién mo dbi v6i hai tuyen duong la
gan giong nhau. Dleu nay 1a mot thuan loi cho qua trinh 1dp dat, néu hé théng co
thé trién khai thyc té.

4 KET LUAN VA PE NGHI

Viéc tan dung uu diém cta bo diéu khién mo - c6 thé ra quyét dinh chinh xac tur
thong tin dau vao “khong rd rang”, nghién ctru nay dd phat trién duoc giai thuat
udc lugng twong ddi luu luong xe luu thong trén duong mot cach don gian, nhung
c6 thé dap img nhanh chong va hi€u qua cho viéc thiét ké hé thong dén giao thong
thong minh. Bang viéc xay dung mo hinh thyc nghiém sir dung cac qua bong nhya
mo phong cac phuong tién luu théng, bd diéu khién md di duge kiém nghiém mot
cach nhanh chéng, boi thao tac thuc nghiém dé dang nho dong thai lin nhanh cua
cac qua bong. Viéc ung dung vi diéu khién ATMEL ATMegal6 cho phép thiét ké
mach giao tiép may tinh va kiém soat hién thi dén tin hiéu kha nhé gon va linh
hoat trong khau 1ap trinh. Néu hé thong dugc thir nghiém trong diéu kién thuc té,
viéc xay dung quy trinh san xuat cong nghiép hé théng dén giao thong thong minh
nay la hoan toan kha thi.
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