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Trong nhirng nim gin day, mang cam bién khong diy (wireless sensor networks - WSN) ngay cang dwoc
st dung rong rai trong hé thong giao thong thong minh. Bai bao trinh bay vé hé thong diéu khién va giam

sat cac bd didu khién dén tin hidu glao thong (THGT) tai cac mit giao thong sir dung WSN va truyén thong
qua mang 3G. Véi sur két hop ciia phan mém diéu khién va glam sat dwgrc cai dit tai trung tim va cdc cim
bién lap dat tai cac ta diéu khién, hé thong cho phép thay ddi ché do hoat dong ciia cac nit giao thong, cai
dat chu ky den ciing nhw phat hién cac sw ¢b ciia cac b0 diéu khién. Nho d6, nang cao dg tin ciy va chit
lwgng trong cong tac quan ly va vin hanh ddi voi mang lwdi cac nit diéu khién THGT.

Tir khéa: diéu khién dén giao théng, mang cim bién khéong day, truyén thong 2G/3G.

Chi s6 phén loai 2.2

APPLYING WIRELESS SENSOR
NETWORK TO CONTROL AND
SUPERVISE TRAFFIC LIGHT NODE
CONTROLLERS

Summary

Recent years, Wireless Sensor Networks - WSN
have been widely used in Intelligent Traffic
System. This paper introduces an observing and
controlling system of traffic light node by using
WSN and 3G communication network. The
proposed system can change operation modes
(normal, yellow blink and system-off) as well
as the cycle time of traffic light of each node.
Based on collected data of the traffic light cycle
and current measurements, this system offers
warning and determines which node has error
(corrupt light, communication error, power-off,
etc). As a result, the management and operation
of the traffic light system will be improved.

Keywords: traffic light controller, wireless sensor
networks, 2G/3G.
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pat van de

Hién nay, nhiéu tinh/thanh phd trong ca nude da va
dang thyc hién cac du 4n giao thong thong minh, két
ndi cac nit THGT vé trung tim diéu khién. Tai thanh
phé Da Ning, ngoai 64 niit dén THGT thude du an do
Chinh pha Tay Ban Nha tai trg dugc két ndi va diéu
khién tai trung tim thong qua phian mém Adimot, con
22 niit ndm ngoai dy an dang hoat dong doc lap khong
duoc két ndi vé trung tim va nam & vi tri kha xa so vai
trung tam diéu khién. Viéc két ndi 22 nat THGT doc
lap nay vé trung tm doi hoi kinh phi dau tu cao va 1¢
thudc vao cong nghé cta nha thau cung cap phan mém
Adimot. Do d6, cong tac quan 1y va van hanh d6i vai
22 nut THGT nay hién gip rat nhiéu kho khan. Chinh
tir thuc té d6, nhom nghién ctru da dua ra giai phap két
ndi cac bd diéu khién cua 22 nat THGT nay vé trung
tam diéu khién bang phan mém do nhom thiét ké voi
muc tiéu: tan dung lai cac thiét bi trong ti diéu khién
den tin hiéu hién co; dam bao hoat dong on dinh, lam
chii cong nghé, ¢ tinh md rong, phét trién ning cp
trong trrong lai; chi phi van hanh thap nhét. Trén co s¢
g dung WSN va truyén thong qua mang 3G s& dem
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lai hiéu qua dau tu.

Trudc day, cac to THGT sir dung bo diéu khién
logic kha trinh (PLC) Logo 230RC vi chiing thuén lgi
cho viéc cai dat lai thong s6 chu ky dén ma khong can
thém bét ky thiét bi phu trg' nao khac nhur méy tinh, cp
nap... Tuy nhién, véi xu hudng diéu khién, gidm sét tir
xa nhu hién nay thi cac tii diéu khién THGT sir dung
PLC Logo 230RC tr¢ nén han ché vi 2 1y do sau: PLC
Logo 230RC khong c6 chirc ning két ndi voi thiét b
khac dé truyén nhan di liéu; 1énh timer (b thoi gian)
va counter (bd dém) chi cho phép nhap thong sb truc
tiép tir ban phim ctia PLC Logo 230RC va khong cho
phép gan bién s nén viéc 1ap trinh thay doi chu ky
dén rat phirc tap. Vi vdy, phan 16n cac nat diéu khién
THGT lp dat méi sau nay déu sir dung PLC S7-200
hodc PLC S7-1200 vi mdt s6 nguyén nhéan sau: c6 tap
1énh h tro truyén thong; cac 1énh timer va counter cho
phép 1ap trinh linh hoat; c6 cong giao tiép RS485.

Trong pham vi nghién ctu nay, nhom tac gia thuc
hién két n6i mang cac bg diéu khién THGT st dung bd
didu khién PLC S7-200 CPU 224. Giai phap duoc dé
xuét bao g6m viéc thi cong mach diéu khién dugc tich
hop voi tu didu khién hién c6 va thiét ké phan mém
quan ly cai dat tai may tinh diéu khién trung tadm. Noi
dung dugc tom tat nhu sau: 1) mach diéu khién duogc
tich hop tai mdi tu diéu khién c6 cdu tao va hoat dong
nhu mot nat trong WSN. Cac cam bién nay phuc vu
cho viéc do dong dién cép cho cac dén THGT, phat
hién m& cira tii didu khién, phat hién mét dién hé thong
cling nhu trang thai ctia cac nit nhén chon ché d¢ hoat
dong dén THGT. 2) phan mém quan 1y cho phép diéu
khién hé thong nhu thay doi chu ky dén THGT, bat/
tit va thay doi ché do 1am viéc cua cac bo diéu khién
THGT. Ngoai ra, phan mém thyc hién gidm sat cic
thong $6, trang thai, ché d6 lam viéc cling nhu sy cb tai
céc ti diéu khién THGT.

No6i dung nghién ciu
Gidi phdp ky thudt va phén cirng
M5 hinh tong quét ciia hé théng dwoc mé ta ¢ hinh 1.

TAP CHI

HOA HOC |,
ONG NGHE I} Nam 41 1.2018

£ - Ving - Xanly - 6 B - Nanh B9 |

[u}

»_ Internet

Hinh 1: mé hinh tong quat ciia hé thong

Hinh 1 trinh bay mo hinh tong quat cta hé thong
diéu khién va giam sat cac bo diéu khién dén THGT.
Ngoai bo diéu khién PLC S700-200ICPU224 hién co,
md hinh tich hop thém mach diéu khién b6 sung, thuc
hién giao tiép véi phan mém quén 1y tai trung tam diéu
khién thong qua mang 3G.

N

Hinh 2: nguyén Iy diéu khién va gidm sdt hé thong
Nguyén ly diéu khién va giam sat h¢ thong deén
THGT tai mdi nut tin hiéu duoc thé hién & hinh 2 va
lam viéc nhu sau:

Bo diéu khién PLC diéu khién dén THGT theo
chuong trinh da duogc cai dat san.

B6 do dong thuc hién viéc do dong dién cép ngu(‘?m
cho dén THGT, dong thoi cac gia tri dong dién nay s&
dugc chuyén doi sang ADC va guri vé may tinh trung
tam thong qua bg truyén nhan 3G.

Ngoai ra, tin hiéu diéu khién tir may tinh trung tm
dua dén PLC ciing thong qua bd truyén nhan 3G. May
tinh nay c6 két nbi véi mang internet va duoc ding ky
thué bao IP tinh dé thuc hién chirc nang diéu khién va
giam sat.

Mach diéu khién b6 sung

Cdu tao chung: mot niat cam bién khong day co vai
trd va cu tao dugc gidi thiéu ¢ hinh 3, bao gom 4
thanh phan co ban 1 bo cam bién, bo xir Iy, bd thu phat
khong day va ngudn dién [1].
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Hinh 3: cdc thanh phan ciia mit cam bién khong déy

Trong nghién ctru nay, mach diéu khién bo sung co
céu tao trong ty mot nit cam bién khong day, bao gom
mo-dun do dong, mo-dun 3G va ngudn cip dugc thé
hién & hinh 4.
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Ta THGT hién trang Bo mach tich hgp b sung

Hinh 4: céu triic mach diéu khién hé thé'ng

Moé-dun do dong: cac thong sé ciia mo-dun cam
bién nhu sau: nguon hoat dong: 24VDC; by xu ly
chinh: PIC18F46K20 (c6 13 kénh ADC 10 bit); cong
giao tiép v6i mo-dun 3G: RS232; gia tri dong c6 thé
do duoc: 0-3A.

Moé-dun do dong sir dung cac bién dong dién dé do
dong dién cép cho cac dén THGT. Tht cdp cua cac
bién dong dugc ndi voi cac chan dau vao ADC cua vi
diéu khién PIC18F46K20. Vi diéu khién thuc hién ldy
mau tin hi¢u, ddng thoi truyén dir lidu sau khi xtr 1y
dén mo-dun 3G.

Moé-dun 3G: cac thong sé cia mo-dun 3G nhu sau:
nguon hoat dong: 24VDC; don vi xu ly trung tam:
PIC32MX795F512L; cong giao tiép voi mé-dun do
dong: RS232; cong giao tiép voi PLC: RS485; dau vao
s6: 3 DI (12-24VDC); mo-dun SIM900 truyén nhéan
dir liéu bang giao thirc TCP/IP [2-5]; mo-dun thoi gian
thuc (RTC): MCP 79410.

Moé-dun 3G lam chire ning do dém thoi gian chu ky
dén, phat hién ché do lam vigc cua hé thong, dong goi
dit liéu va thyc hién truyén thong. Mé-dun nay truyén
nhan cac di li€u sau: nhan gia tri dong dién tir mo-
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dun do dong (truyén thong RS485) dé xac dinh chu ky
cling nhu ché d6 hoat dong hién tai cua nut THGT; cac
tin hi¢u tr cong tac hanh trinh duoc 1ép dat trén cura ta
diéu khién, tin hiéu tir role trung gian dé phat hién mat
nguon AC, tin hi€u tir cac cOng tdc chon ché do hoat
dong cua chuong trinh didu khién dén THGT cung véi
g6i dit liéu tir mo-dun do dong dugc dong gbi va guri vé
server. Ngoai ra, mo-dun 3G nay con thyc hién nhiém
vu trich xuit dir liéu cai dat chu ky dén, ché d6 hoat
dong tir server dé cap nhat cac thong sé nay cho PLC
(truyén thong RS485), gitip thay doi trang thai hoat
dong hay chu ky ctia dén THGT.

Nguon cép cho mach diéu khién bd sung: mach
dicu khién bo sung duoc cap dién tr nguon 24VDC
cua Adapter va nguon du phong acquy nhu hinh 5.

NGUON BO BIEU KHIEN
3G+DO DONG

NGUON 24vDC

TUADAPTER  220VAC 0VDC

SIGPO

4o
dcquy  24VDC

Hinh 5: so' dé nguén cdp cho mach diéu khién bé sung

Nguyén 1y 1am viéc: khi bi mat dién ngudn hodc co
su ¢6 cham chép trong ti diéu khién THGT, aptomat
tong cla ti diéu khién tac dong Thong qua cac tlep
diém cua role trung gian, hé thong s& tu dong chuyén
do6i nguon cung cap tor nguon Adapter 24VDC sang
ngudn dc quy 24VDC dé duy tri mach diéu khién.
Ngoai ra, tin hidu tir tiép diém cua role ciing dugc sir
dung lam tin hiéu bao mat ngudn hoic su cd cham
chap trong ti diéu khién THGT. Khi tiép dlem nay tac
dong, vi diéu khién s& gui tin h1eu bao mét ngudn vé
mo-dun 3G dé truyén canh bio vé trung tim.

Tan s6 Idy mau tin hiéu: tan sd tin hidu cuc dai cua
h¢ thong chinh la tan s6 cia dén THGT vang ¢ ché do
nhay vang f =1 (Hz) Do do, theo dinh 1y 1dy méu tin

hiéu Nyqulst [3], tan sb ldy mau tin h1eu f trong h¢
théng nay duoc chon bang 8 1an tan s cua dén vang.

f=8f =8.1=§(1fz) (1)

Gidi phap do dong dién cdp cho dén THGT: dén
THGT str dung dién ap xoay chieu 220VAC, nén viéc
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do dong dién cap cho cac dén nay dugc do thong qua
bién dong. Vi mdi kénh dén THGT (xanh, vang, do,
xanh di bo, d6 di bo cia mdi tuyén) co thé 1a 1 hay
nhiéu dén mac song song véi nhau. Do do, gia tri bién
dong do duge phan anh gia tri dong dién tong ciia mdi
kénh dén THGT. Gia tri dong dién nay duoc chuyén
d6i thanh dién ap roi dién tro c6 tri s 100 Q trude khi
dua vao bd ADC cua vi diéu khién PIC18F46K20. So
d6 nguyén 1y dugc thé hién trong hinh 6.

i £
Hinh 6: so' do mach dém tin hiéu tir bién dong
Khi gia tri ADC tir bién dong 16n hon gia tri ngudng
thi dén THGT dugc xem la dang cé dién, nguoc lai dén
THGT duoc xem la tit. Bang két qua thuc nghiém, gia
tri ngudng ADC dugc chon bang 10 dé bu offset ctia
cac bd khuéeh dai thuat toan.

Kiém tra ché d@¢ lam viéc cia dén THGT: cac ché
d0 lam viéc cua dén THGT duoc kiém tra nhu sau: ché
d6 1am viéc binh thuong (ché d6 ba mau): chu ky cua
dén THGT duoc xac dinh bang thoi gian giita hai suon
xudng cua cung mot dén THGT. Tai cac suon xubng
ndy, by dém thoi gian ciia cac dén THGT khéc duoc
dat vé gia tri 0. Thoi gian sang cua cac dén THGT
trong mét chu ky dugc xac dinh thong qua thoi gian co6
dién cta cac dén do. Thoi gian nay dugc xac dinh theo
cong thire sau:

LIGHT _TIME = N.T,(s) )

Trong do:

N 1a s6 1an 1dy mau ma gia tri ADC 16n hon gia tri
ngudng trong mot chu ky.

T lachuky lay mau:

1 1
T, =—=— 3
V=g &)

Ché do nhay vang dugc xac dinh khi 8 kénh dén
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THGT c6 gia tri dong dién cuc dai béng 0 va hai kénh
dén THGT c6 gia tri dong dién cyuc dai khac 0 lién tuc
trong thoi gian di 16n (dé tai chon thoi gian nay 1a
15s). Ché do nghi dugc xac dinh khi gia tri dong dién
cuc dai do duoc & tat ca cac kénh bﬁng 0 trong thoi
gian du 16n (twong ty, nghién ctru nay chon thoi gian
nay la 15s).

Thudt toan phat hién s c6 dén THGT: trong thuc
té, tiy theo quy mo cua nit giao thong nén sé lugng
den lép dit cho mdi kénh dén THGT c6 thé khac nhau.
Vi vay, dé xac dinh dugce su c¢b dén THGT, ta can dbi
chiéu gia tri dong dién do dugc voi gia tri dong dién
cuc dai chudn va cuc tiéu chudn cua cac kénh dén
THGT. Gia tri cyc dai chudn nay la gia tri dong dién
téng cap cho tit ca cac dén cua mdi kénh dén THGT
khi cac kénh hoat dong & ché d6 3 mau. Gia tri dong
dién cuyc tiéu chudn la gia tri dong dién tuong tng véi
gia tri offset cia ADC. Céc trang thai sy ¢b ¢6 thé duoc
xac dinh nhu sau: khi gia tri dong dién cyc dai do duoc
nho hon gia tri dong dién cuc dai chuén thi nat THGT
bi chay mot hoac nhiéu dén trong cung mét kénh dén;
khi gia tri dong dién cuc tiéu do dugce ludn 1én hon gia
tri dong dién cuc tiéu chuan thi nat THGT khong ngit
dién duge mot hodc nhiéu dén tron g mot kénh (nghia la
cling mot thoi diém co hai dén khac kénh cing séng).

Phén mém gidm sdt va diéu khién

Co ché trao doi dir liéu: viée didu khién hé thong
dén THGT khong can téc do dap tng tirc thoi va dir
liéu truyén nhan c6 dung lugng nho. Vi vay, nham dap
g cac yéu cau ky thuat ma van dam bao kinh phi van
hanh thap nhat c¢6 thé (kinh phi nay phan 16n 1a chi
phi cho viéc truyén nhén dit li¢u qua mang 3G), nhém
nghién ctru lya chon mo hinh Server/Client lam co ché
trao ddi dir liéu trong h¢ thong. Client 1a cac bo didu
khién tai nit THGT da dugc tich hop mach diéu khién
bd sung. Server 1a may tinh chu tai trung tdm, duoc cai
dat mo-dun truyén thong nhim quéan 1y cac két ndi tir
Client, nhan va luu trir dit liéu trang thai cia cac nut
THGT vao co s¢ dir li¢u. Ngoai ra, server con dugc
cai dat mot giao dién nguoi dung cho phép giam sat
va diéu khién hé thong cac ntiit THGT. Server duoc két
ndi internet va ding ky thué bao dia chi IP tinh.

No6i dung buc dién tur client:



SIM LIGHT MIN MAX CABINET
ID TIME CURRENT | CURRENT | STATUS
11 bytes | 2x 10 bytes | 4 x 10 bytes | 4 x 10 bytes 3 bytes

Hinh 7: cdu triic bike dién tir Client

SIM ID 1a s6 ¢6 dinh ciia SIM duoc lép cho mdi bo
diéu khién tai mdi nut giao théng. SIM ID gom 11 chir
s6 duge quy dinh boi nha mang vién thong, vi vay dé
thé hién con s6 nay can dung 11 byte dir liéu.

LIGHT TIME la thoi gian c6 dién cua cac kénh den
THGT theo thr ty nhu sau: dén xanh, dén do, dén vang
tuyén 1; dén xanh, dén do, dén vang tuyén 2; dén xanh
di by, dén do di bo tuyén 1; dén xanh di bd va dén do
di bo tuyén 2. Mdi gi tri thoi gian nay dugc biéu dién
tuong g véi 2 byte dit liéu cho mdi dén.

MIN CURRENT Ia cac gia tri dong dién cuc tiéu
cia cac kénh dén theo thtr tu trén va duoc thé hién
tuong ing v4i 4 byte dir liéu cho mdi dén.

MAX CURRENT Ia gia tri dong dién cuc dai cua
cac kénh dén twong tng voi 4 byte dir liéu cho mdi
den.

CABINET STATUS la cac trang thai déng/mé cua
tu diéu khién, trang thai ctia cong tédc chon ché do béng
tay va cong tdc chon ché do tu dong, twong ung véi 3
byte dir li€u.

Noi dung btrc dién tr may chu:
TIME DATE COMMAND
6 bytes 8 bytes 15-20 bytes

Hinh 8: cau triic bire dién tie méy chii
TIME: thoi gian nhan dir liéu
DATE: ngay nhan dir liu
COMMAND: ma lénh diéu khién

Lénh cai dat chuong trinh hoat dong trong ngay:
$REDTIME + thoi gian chu ky cua tung gio trong
ngay (24h)

Lénh tit nat THGT: $SYSTEM_OFF,0,0,*
Lénh bat nat THGT: $SYSTEM_ON,0,0,*

Lénh chon chuong trinh nhay vang: SYELLOW

BLINK,0,0,*

Nguyén 1y trao ddi dir liéu trong hé thng: & ché 46
hoat dong binh thuong (ché d6 3 mau), mdi bo diéu
khién THGT (Client) s& ty dong giri dir liu mang
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thong tin vé trang thai ctia nut diéu khién THGT dén
may chu theo cAu tric bire dién di duoc trinh bay &
hinh 7. Chu ky giri dit liéu bang chu ky ctia dén THGT.
Déi voi ché do nhay vang va ché d6 nghi, chu ky duoc
chon trong khoang 5-15s nham tiét kiém chi phi truyén
thong.

Khi nhan dugc burc dién tr Client, can cur vao dia
chi SIM ID c6 trong butrc dién, may chu s€ gui tro lai
Client birc dién c6 cau trac nhu hinh 8. Néu khong
c6 yéu cAu cai dat hodc diéu khién tir may chu thi )
lugng byte trong truong dit lisu COMMAND cua biic
dién 1a 0. Nguoc lai, sé luong byte nay tir 15 dén 20
byte. Dir liéu trong cac truong TIME va DATE dugc
Client ding dé tham chiéu va dong bo thoi gian voi hé
thong.

Cau truc Server:

Phiin mém tmg dung

¢

Maé dun truyén théng

Server

Hinh 9: cdu triic phan mém
Nghién ctru str dung hé quan tri co so dir liéu SQL
Server 2008 dé luu trir tat ca dir liéu vao ra cua hé
théng.

Phan mém tmng dung: dugc ldp trinh bang phan
mém Visual C# - Microsoft Visual Studio 2010 [6].
Giao dién nguoi ding cho phép diéu khién va giam sat
h¢ thong cac niit THGT nhur sau: cho phép ding nhap
quan ly thong qua giao dién khoi dong hé thong; cho
phép cai dat chu ky va ché do hoat dong ctia mdi nut
THGT theo tiimg gio trong ngay thong qua giao dién
cai dat hé théng; hién thi trang thai ciia cac nat THGT
thong qua giao dién giam sat va van hanh hé théng.
Giao dién nay bao gdm céc truong dit lidu nhu tén giao
19, thoi gian cai dat, thoi gian thuc té, dong dién cuc
tiéu va cuc dai thuc té, trang thai ctra td, nguoi phu
trach; trich xudt cac bao cao vé su ¢b va trang thai
dong/mé cira ti diéu khién THGT theo ngay, thang,
quy, ndm.

Mo-dun truyén thong: 1a phan mém quan 1y két
ndi véi cac Client theo giao thic TCP/IP va quan Iy
viée truyén nhan va luu trir dit liéu vao co so dit liéu
(Database). Khi Client két ndi thanh cong voi may



cht, mo-dun truyén thong s& cap phat mot ludng xur 1y Mo-dun 3G c6 cdu tao nhu trinh bay & hinh 12.
moi nham quéan 1y két ndi nay. Vi cach t6 chire nhu
véy, mo-dun truyén thong co thé quan 1y da két nbi
cling mot thoi diém, tu dong ngat két nbi va giai phong
ludng khi Client khong truyén thong trong thoi gian
du dai (time-out). Chirc ning nay nham giai phong tai
nguyén may chu.

Két qua thuc nghiém

Dé kiém tra tinh on dinh va t6i vu hé thong trude
khi dua vao lép dat thuc té, hé théng da duoc lép dat
trén mot ti that dang duoc ap dung cho diéu khién
THGT 6 ba N?mg va mot tu & dang mo hinh, m6 hinh
nay chi khéc tu that ¢ phﬁn tai, tirc cac deén giao thong,
cong sudt tai duge chon tuong dwong véi cong suat . i
that dang duoc ap dung tai cac nat THGT. Hinh 10 thé Bén trong tu di€u khién sau khi cai tao: (1) B6 PLC,
hién so d6 mach dién cua mot ti dicu khién va gidm  (2) Mo-dun 3G, (3) Mé-dun do dong dién, (4) Acquy

sat THGT tur xa.
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Hinh 12: mat truoc va sau mo-dun 3G

du phong.
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Hinh 10: so dé mach dién cua ti diéu khién sau khi cdi tao

Phén cirmg

Mo-dun do dong gdm cac phan tir chinh sau: (1)
Bién dong dién, (2) Cong giao tiép v6i mo-dun 3G

Hinh 13: bén trong tii diéu khién sau khi cdi tao

theo chudn RS232, (3) Cép ngudn 24VDC. Phdn mém
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Hinh 11: hinh anh mé-dun do dong Hinh 14: giao dién khéi dong hé théng
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Hinh 15: giao dién diéu khién hé thong
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Hinh 16: giao dién cai dat hé théng
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Hinh 17: giao dién gidm sdt va van hanh hé thong
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Két luan

Bai bdo di trinh bay giai phap diéu khién va giam
sat hé théng THGT tir xa st dung mang cam bién
khong day trén co sé nang cap cac ti THGT hién c6
chua dugc két ndi vé trung tim. Nho do, giup nang cao
chét luwong van hanh va quan 1y hé théng, kinh phi dau
tu thap, giam chi phi van hanh ciing nhu dap tng duoc
nhu cau hién dai héa hé théng giao thong ciia thanh
phé, phtt hop cho sy phat trién hé théng giao thong bén
virng cho nhiéu tinh/thanh phé ¢ Viét Nam. Dya trén
hé théng ma nhém nghién ctru da thyc hién, rt can bo
sung thém cac thuat toan dé he théng c6 thé tu dong
tinh toan ti wu thoi gian chu ky dén THGT tuwong tng
v6i méat do giao thong ting thoi diém trong ngay va
giita cac nat co sy phdi hop voi nhau, dam bao giao
thong thong sudt trén tuyén.
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