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Tém tit. Hé théng tu dong héa toa nha BAS (Building Automation System) cho phép gidm sat va
didu khién hoat dong ciia céc thiét bj trong tda nha. Céc thiét bj ndy ¢6 chirc néng didu khién céc
thong sé méi truomg, quan 1y dién nang tiéu thy, diéu khién déng ngét cac thiét bi dién, béo chay,
kidm soét an ninh va didu khién céc qua trinh vao ra toa nha, v.v... BAS thyuc sy 12 mot hé théng
diéu khién tir dong v6i mot mang thong tin didu khién CCN (Control Communication Network)
trong no. Bai bao trinh bay viéc phan tich, thiét ké va thuc hi¢n mang thong tin CCN nay trong
mot tda nha cao ting nhim tao ra céc tién nghi hién dai cho né. HE théng duoc x4y dyng trén co
s tich hop hitu co giita c4c md-dun phan cimg va phan mém didu khién. C4c bd diéu khién dugc
ndi qua cac kénh truyén vét ly thich hop da dap tmg dugc cdc yéu chu vé k¥ thudt va kinh té. Céc
két qua tinh toan va m6 phong trén hai phan mang chinh cho théy hé théng thiét ké thoa man dugc
yéu cAu thong tin diéu khién toa nha.

Tir khéa: Hé théng tu dong hoa toa nha BAS (Building Automation System), Mang thong tin diéu
khién CCN (Control Communication Network).

1. Giéi thi¢u

Trong nhirng ndm gin day, s6 toa nha cao
ting & Viét Nam dwgc ting Ién nhanh chéng.
Nhirng tda nha nay khéng chi duge thiét ké hién
dai ma con dugc trang bi nhidu phuong tién
cong nghé cao. Hién nay thé gioi da biét dén
khai niém vé Hé thdng tw déng hoa toa nha
BAS (Building Automation System). D6 12 mt
hé théng diéu khién dugc 1ip dat, cho phép
giam séat va didu khién céc thiét bj trong toan
tda nha. Cac thiét bj ndy c¢6 chirc ning diéu
khién cac thong s6 méi trudng trong nha (nhu
nhiét d5, d6 4m), thu thap dir liéu tiéu thu dién
trong cac phan hé chinh (nhu hé théng chiéu
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sang, sudi am, hé thong may bom nudc), diéu
khién déng ngdt cac thiét b dién, bao dong khi
xay ra hoa hoan, kidm soat an ninh va diéu
khién cac qué trinh vao ra toa nha, v.v... Thuc
té cho thiy mot hé théng nhu BAS s& cho phép
tiét kiém duoc ning lugng sir dung trong tda
nha, cai thién duoc céc tién nghi va ting tinh an
toan ciing nhu gidm céc chi phi van hanh bao
dudng. Chi néi riéng vé mit ning lugng, cac
thong ké tin cdy chi ra rang, c6 téi 40% nang
lugng sir dung trong toéa nha thudc vé cac hé
théng c6 thé dat dudi sy giam sat diéu khién
ciia BAS: con néu tinh thém ca hé théng chiéu
sang vao thi con s6 nay 1én t&i 70% [1].

M6t hé BAS thudng duge chuong trinh héa
nhim quan ly mét cach tu dong cac phén hé
trong no. Chéng han nhu BAS c6 kha nang tu
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dong tat dén trong mot khu vuc khi khong c6
ngudi di chuyén, ty dong bat may didu hoa
khéng khi khi nhiét d0 hay d¢ 4m trong phong
dat t6i mdt ngudng nao d6. Cac thiét bi dién
dan dung trong cac phong cua can ho nhu dén
chiéu sang, may didu hoa, may giat, may thu
hinh c6 thé duge diéu khién tw dong hodc didu
khién tir xa trong pham vi tda nha hogc thim
chi tu bat cr noi dau bén ngoai toda nha. Piéu
khién cira ra vio ciling 1a mét (mg dung ty dong
héa toa nha cia BAS. Trong ung dung nay, hé
théng guri cac ludng dir lidu video tir cac camera
giam sat t&i phong bao vé moét cach dinh ky,
hodc ghi lai cac qué trinh ngoai nhip khi ¢
nguoi di qua cira ra vao. Nhu vay, su an ninh
cua toa nha sé dugce ting cudng.

Do nhu ciu céc dich vu trong tda nha hién
dai ngay cang ting, nén chic ning ctia mot hé
BAS hién nay thyc su 1a viéc giam sat va diéu
khién hang ngan cdc nhiém vu xtr ly thong
minh khéng tdp trung trong subt ngay dém &
tda nha. Vi vdy, BAS phai duoc thiét ké nhu
mot hé théng diéu khién dugc may tinh héa va
hé thong nay khéng chi dam bao cé tinh didu
khién tap trung ma con phai thyc hién dugc céc
hoat dong diéu khién phan tan nira.

Mot hé BAS dién hinh dugc cAu thanh tir 4
loai phan tir co ban: cac cam bién (sensors), cac
bé chd:p hanh (actuators), cac bg diéu khién
(controllers) va mot mang théng tin
(communication network). Nhu vy, viéc thiét
ké xdy dung mét mang théng tin diéu khién
CCN (Controlling Communication Network)
trong BAS cin duoc quan tdm dic biét. Mang
chi hoat déng hiéu qua khi chon duge mot hinh
trang mang (topology) va giao thirc thong tin
(protocol) thich hop, bdi vi chiing quyét dinh
dén hiéu qua théng tin, do tin cdy, cling nhu
tinh kinh té cia mang. Do d6 can phén tich cac
khia canh lién quan dén cac déi tugng cua mang
truéc khi quyét dinh thiét ké cic khéi phin

cling va phat trién cac chuong trinh phin mém
clia hé théng.

Trén co s& cic xudt phat diém ké trén, cong
trinh ndy bao cdo chi tiét qua trinh xiy dyng
mang thong tin diu khién cia BAS trong mot
tda nha cu thé. Dya trén viéc phén tich cic nhu
cau thiét yéu ciia mdt hé BAS dién hinh, ching
t6i chon cac thiét ké thich hgp cho cic mé-dun
dleu khién phan cimg va cac chuong trinh phén
mém cho mét toa nha cao tang cu thé. M6 hinh
mang di dugc tinh todn, md phong va dugc lip
dat cho céc chi tiéu chit lugng chip nhan duoc.

2. Phén tich h¢ théng BAS va mang CNN

Dé c6 thé thibt ké t8i wu mang théng tin,
ching t6i d4 tién hanh khao s4t phan tich céc
dic diém lién quan dén td chirc cua hé théng
BAS ¢ dam bao nhu ciu thong tin trong mang.

2.1. Cdc chitc ndng hién dai chinh ctia BAS

Can ctr vao nhu cau cy thé cua ting tda nha,
BAS bao gém cac phan hé khac nhau. Trong dé
tai nay, BAS duogc doi hoi cin c6 nhitng phén
h¢ nhu sau:

Phdn hé¢ HVAC (diéu khién sudi 4m, thong
gi6, diéu hoa khéng khi - Heating, Ventilation,
Air condltlomng Control), d6 14 mot hé théng
diéu khién vi khi hau ty dong duogc lip dit tai
cac khu vuc cong cong cla tdoa nha nhu sanh
16n, céc hanh lang, téng ham, thang may, nha
kho v.v... Trong phdn hé nay, chirc nang sudi
4m, thong gi6 1a mot xtr ly nhim didu khién
nhiét d6 hodc d6 im trong viing bang cAc cam
bién nhiét do, d6 4m, cam bién do lru lugng
khong khi va cam bién do ndng dd khi CO,
cung v&i b diéu khién dién tir qua cac thiét bj
chip hanh nhu quat, cac van gi6, van nudc. Mot
hé thng didu hoa nhiét dé dam bao viéc lam

mat, thong khi va lam khé cho mét ving xac
dinh,
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Phén hé chiéu sdng, didu khién cic dén
chiéu sang tai cac khu vuc cdng cong va céc
can ho. Viée dong ngit cac dén duoc thue hién
theo mdt sé cach: bing cbng tic tay, bing tin
hiéu cua cic cam bién phat hién vat chuyén
dong, bang tin hiéu do mic sing t6i cia mdi
treong xung quanh hodc dua trén mét lich biéu
thoi gian dinh trudc trong chuong trinh diéu
khién‘.

Phdn hé diéu khién dong ngdt cdc thiét bj
dién ddn dung, cho phép déng ngit cac thiét bj
nhét dinh khéng chi tir bén trong tda nha ma
con tir moi noi bén ngoai toa nha. Hau hét cac
thiét bj dién dan dung nhur dén chiéu sang, tu
lanh, may diéu hoa, 10 vi song, may giit va cac
thiét bj nghe-nhin déu tiéu thu nhiéu dién nang
va lang phi cong suét tiéu tan. Phan hé nay cho
phép sir dung hiéu qua cic thiét bj dién dan
dung, khong chi giam chi phi ma con lam sach
mdi trudng.

Phdn hé quan ly nang lugng dién, c6 nhi¢m
vu thu thip mic ti€u thu dién trong céc hé
théng cong cong cia tdoa nha, nhu hé thong
HVAC, hé théng chiéu sang c¢ong cong, hé bom
nudc, va trong cac can hg néu c6 nhu ciu. Mot
sb bd do dién tir s& dac biét duoc thiét ké mic
song song va&i cac cong-to dién trong cac phan
hé tiéu thy nhat dmh s& truyén thudng xuyén s
liéu tiéu thu dién vé may tinh trung tAm cna tda
nha. Tai d6, mét chuong trinh quan ly s€ tinh va
phét ra cic bao céo vé dir ligu qua khir vé lugng
dién di tidu thu nhim hru y ngudi sit dung
hoach dinh cac chinh sach sir dung sao cho tdi
wu.

Phdn hé bdo chdy, cho phép phét hién tin
hiéu bao chay tir cac cam bién nhay khoéi va tu
dgng phat tin hiéu canh bdo ciing nhu g cac
théng bao khén cdp t6i trung tdm tda nha hoic
tram ciru hoa.

Cdc phdn hé an ninh va didu khién ngoai
nhdp, ¢6 chirc nang giam sat va diéu khién viée
ra vao & ctra trude toa nha; phat hién va bao

dong nhiing xam nhap bit hop phap. Céc cira ra
vio va cira sb cin giam sat dugc lap dat cac
cam bién tiép xtc tir tinh, cac cam bién phat
hién v& ctra kinh, do d6 c6 thé bao dong dugc
c4c xam nhap bt thudng. Cac camera dugc lip
dit & cac khu vuc cin thiét cho phép quan sat
dugce cac hoat déng xay ra quanh toa nha. Hé
théng BAS con c6 thé cho phép nhin dang va
quéan 1y tidu st cia mdi nhan vién thudng ra
vao tda nha bing thé nhan dang vo tuyén RFID.

2.2. Cdc ddc diém thong tin trong mbi phdn hé
va moi quan hé giita chung

Thong tin trong m&i phan hé BAS cé nhimg
dic diém riéng doi hoi phai dugc truyén qua
mot méi treong thich hgp. Ching t6i phan biét
ching theo cac dic diém nhu sau:

Theo mutc dé wu tién. Thi dy, mot thong
diép bao dong dugc phat ra tir phdn h¢ bao chay
thi khin cfip hon 1énh bit mét may diéu hoa
trong phan hé déng ngit thiét bi. Do d6, mét
kénh théng tin bén vimg, khong bi tic nghén
can dugc danh cho phén hé béo chay.

Theo dic diém thong tin hiém khi duoc
phat hay thwong xuyén dwoc phdt ra. Thi du,
thong diép bao chay hiém khi dwoc phat ra,
trong khi céac s6 liéu tiéu thu dién lai cin dugc
truyén thudng xuyén qua mang tdi trung tim,
Do vay, giao thitc thong tin hdi vong (poll) 1a
thich hgp cho cac thiét bi trong phan hé quan ly
dién nang; nhung lai phai suy xét khi 4p dung
giao thirc nay cho phan hé bao chay nhim tranh
lang phi viéc hoi vong vé ich.

Theo hrong va téc do truyén théng tin. Hau
hét thong tin diéu khién trong cac phan hé cua
BAS ¢6 lugng va téc d6 truyén tin khong qué
cao do cac thong sb cin giam sat diéu khién c6
tbc d6 bién thién khéng cao (nhu sy bién thién
nhiét d§ phong, yéu ciu téc dé doéng mach dién
mét thiét bi dién dan dung, v.v...). Duy chi cé
ludng dir liéu video tir cdc camera gidm sat



132 T.Q. Vinh va nnk. / Tap chi Khoa hoc DHQGHN, Khoa hoc Tuw nhién va Cong nghé 26 (2010) 129-140

trong hé thdng 13 doi hoi mot kénh thong tin
bing réng, téc d6 di cao cho cic tng dung
quan sét thoi gian thue.,

Theo vigc thong tin dwgc dimg cho cdc muc
dz’ch cong cong hay cd nhdn. M6t bd dén duge
mac trong hanh lang toa nha duorc coi nhu mot
thiét bj cong cong, nhung néu né dugc mic
trong phong mot can ho thi lai 1a mot thiét bj ca
nhap. RS rang théng tin didu khién dugc dung
cho cac thiét bj cong cong hay cho cac thiét b
ca nhén (c6 tinh riéng tu) nén dugc truyén trong
cac moi trudng c6 dic diém khéc nhau.

Theo tinh hudng théng tin diéu khién duoc
truyén trong pham vi toa nha hay r ngoai toa
nha. Véi truong hop dadu, cin sur dung céc
phuong tién cé sin trong mot toa nha di xdy
xong nhu mang diy ndi chuyén dung hay mang
cuc by LAN cho théng tin diéu khién. Trong
trudng hop thit hai, c6 thé dung céc kénh théng
tin cong cong nhu mang vién thong ngoai tda
nha. f

2.3. Cdc kénh théng tin vdt Iy va kha ndng img
dung

Hién nay c6 mét vai loai dudng truyén vat
Iy véi céc chuan thong tin phd bién c6 thé ding
aé phat trién cac phan mang trong mang thong
tin diéu khién CCN ciia tda nha. D& tai da tién
hanh nghién ctru phan tich nhim chon ra cic
mang thich hop dung cho céc thiét bj nhu dusi
day.

Dudng mang chuyén dung theo chudn RS-
485, day 1a mot mang cuc bd cé day ré tién do
céc giao dién mang tuong ddi d& phat trién. N6
cho phép c6 duge mot kénh thong tin ban song
cong (half-duplex), da diém, dn thip véi tbe do
1€n t&i 100 kbps & khoang céach téi 1.200 m. Do
han ché vé tro khang dién, chi c6 téi da dén 32
nat vt Iy cé thé duoc ndi téi mét dudng bus.
So séanh v&i nhu cu thiét bi trong toa nha,
mang nay dugc dung cho mot sb han ché cac

thiét bj th6ng tin nhu cac thiét bi thu phat dir
liéu khén cip, nhung khong doi hoi lugng va
toc do thong tin qua cao. Can ctr vao d6 thiy
rang cAc thiét bj bao chay hay céc thiét bi cong
cOng trong tda nha cé thé dugc xem xét sir
dung.

buong mang LAN Ethernet 13 mot lya chon
t6t cho cac kénh théng tin cia CCN. Vi toc dd
1én t&i 100 Mbps, né dap img cho ca nhimg img
dung truyén di liéu tdc do cao nhur ludng video
ciia cic camera. Nhu vay, cac thiét bj diing cho
céc (mg dung gidm sit va diéu khién nhu IP-
camera, tin hiéu tir cdc cam bién an ninh, cam
bién chap hanh ngoai nhap, tin hiéu déng ngit
céc thiét bj dién co thé dung trong mang nay.
Trong nhitng nim gin d4y, bén canh mang cuc
b6 ¢6 diy LAN phé bién, mang khéng day
Wi-Fi cling dang dugc phét trién nhanh & Viét
nam, tao ra mét phuong tién rét thuin tién cho
mang CCN cia cic toa nha. Tém lai, mang
LAN Ethernet ¢6 thé ding dugc cho cac phén
hé nhu diéu khién an ninh, didu khién vio ra
ciing nhu didu khién déng ngit cac thiét b dién.

Duong mang dién thoaz cong cong cung cép
mot mang n6i diy c¢6 sin ma khong phai 1ip dat
méi trong tda nha véi cic diu nbi may dién
thoai trong cdc cin hd. Cac san phim thuong
mai hién nay ciing rit phd bién cung cép céc
dich vu ADSL véi thong tin tai xudng téc do
cao. Day 14 mét su lya chon t6t cho phép dong
ngit cac thiét bj dién trong mot cin hd tir mot
trinh duyét web qua mang Internet & bt ctr dau
trén thé gisi. Hon nita, bang viéc giri mot thong
diép dugc ma hda qua dich vu nhén tin SMS, ¢6
thé dung mét dién thoai di dong dé didu khidn
tir xa mét thiét bj trong phong qua mét Modem
GSM. Viéc thiét ké cic kénh thong tin nay
trong tda nha 1a hoan toan kha thi va d tai da
phat trién sin mot s6 mo-dun phan cing mau
cling nhur chuong trinh diéu khién. Viéc thue su
str dung con lai tuy thudc vao nhu ciu va kha
nang tai chinh clia timg cha can ho trong tda nha.
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Dudng mang dién luc co san & moi noi
trong toa nha co6 thé duoc ding cho viéc truyén
thong tin diéu khién cac thiét bi. Tuy nhién, do
chit luong cla cac day dién khong déng déu,
lai ¢6 mét luong 16n cac thiét bi dién duoc
déng/ngit mot cach nglu nhién nén mang nay
gap phai cac can nhiéu lam giam chét luong
thong tin dugc truyén trén nd. D6 1a ly do chinh
ma kénh thong tin nay chi dugce chon cho viéc
didu khién cac thiét bj dién trong cac khoang
cach ngén trong sb mot vai phong ctia mét cin
ho.

Mang cam nhdn khéng ddy WSN, bao gbm
cic nat cam nhan nho c6 thé cam nhén céc
thong s6 mdi truong quanh nat, thye hién tinh
toan, va thong tin vdi cac nat khac qua séng vo
tuyén. Do vay né s& 12 mét ung cir t6t cho viéc
str dung 1am mang truyén thong tin didu khién
trong tda nha. Uu diém chinh ctia mang nay 1a
tranh duoc viée di diy trong tda nha khi cén
phat trién méi hé théng. Tuy nhién, do gid
thanh qua cao ciing nhu mét so thach thirc trong
phin mém hé théng, giao thirc thong tin va van
dé quan ly ning lugng; nén dén nay mang nay
con it duge sir dung cho cac hé théng BAS [2].

2.4.Cdu hinh cia mang CCN lién quan dén tinh
tdp trung va phdn tdn cua hé thong

Can clr vao cac phén tich ké trén, mot hé
théng mang CCN khéng chi cin c6 tinh diéu
khién tdp trung ma con phai c6 tinh diéu khién
phdn tdn nira.

Diéu khién tap trung 1a mdt chirc ning tich
hop da dugc thé hién qua mot phin mém duge
@& tai phat trién goi 1a H¢ diéu hanh toa nha
BOS (Building Operating System) v&i mot giao
dién nguoi diung chuyén dung PUI (Professional
User Interface) cho phép giam sat tdp trung hé
théng. Liy mot thi du don gian nhét, hé thong
cho phép mot ngudi didu khién & trung tdm
kiém tra trang thai cia cic phén tir trong mot
phén hé nhu HVAC nhim diéu khién dugc cac

thiét bi tir xa. Truong hop khac 14 khi bd diéu
khién trung tdm c6 thé tich hgp céc hoat dong
cua hai hodc vai phan hé véi nhau. Néu mét tin
hiéu bao ddng nhan dugc tir phdn hé bao chay,
b6 diéu khién trung tdm c6 thé ra 1énh cho phén
hé HVAC tit quat ¢ lam giam luong gié luu
théng trong toa nha.

Piéu khién phén tan dugc biéu hién trén hai
khia canh. Thir nhét, hdu hét cac bd didu khién
& hién truong duge dung nhu cac bd diéu khién
tw quén trj. Chiing dugc phan bd thanh céc nit
didu khién théng minh ndi v&i bus thong tin.
Chiing c6 thé diéu khién cAc thiét bj mét cach
doc 1ap véi bd didu khién trung tdm. Cac bd
diéu khién hién trudng niy thuc chat 1a cac cac
thiét bi hoat dong doc 14p (stand-alone) c6 thé
phuc vu cho nhing muc dich diéu khién & khip
moi noi. Khia canh thir hai biéu hién & chd céc
thiét bj c4 nhén c6 thé dugc diéu khién bdi mdi
ngudi trong bét ky thoi gian nao, & bét ky noi
dau. Cac hoat dong didu khién nay c6 thé coi
nhu cac hoat ddng diéu khién riéng tu va khong
ddng bd. Do do cac thong tin lién quan dén né
can dugc mé hoéa bdi ngudi sir dung.

Dua trén dic diém cia céc toa nha phé bién
& Viét nam, mang CCN cua ching t6i di duge
thiét ké nhu mét giai phap tich hop va cé tinh
mé, cho phép ndi né véi cac trung tim dich vu
bén ngoai tda nha qua giao dién BOS. Kién tric
ctia hé théng dugc thiét ké bao gdm ba mire, tir
mirc thép dén mirc cao lan lugt 13: mic hién
truong (field level), mirc quan ly (management
level) va mirc dich vu (service level).

Mikc hién trucng bao gf‘)m mot mang phén
tan cac nat didu khién dugc ndi voi bus thong
tin. M3i nat c6 mét bd didu khién c6 kha ning
diéu khién mot sb thiét bj dugc dinh dia chi
cling v&i cac cam bién va cac by chip hanh.

Mike quan Iy cung cép mdt céai nhin théng
nhét téi tit ca cac phan hé thong qua BOS. Tat
ca cac phan hé dugc tich hgp véi BOS bing céc
trinh quan ly thiét bi (device driver). Ngoai cac
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1énh chung truyén t6i cac phan hé, hé diéu hanh
tdoa nha BOS trong mirc nay c6 sin it nhat mot
vai dich vu nhu bao déng, hru trir xu hudng lich
sir cia mot phan h¢, dang nhap va quan ly cac
tiéu sir ngudi ding.

Mikec djch vu cho phép hé théng duge nbi téi
céc trung tdm dich vu bén ngoai tda nha nhim
dé cung cép cac kha ning giam sat va diéu
khiép tir xa, kha ndng bao dong va phat hién
hong héc. Hign nay, cac trung tdm nay 12 cic
nha cung cdp dich vu Internet ISP (Internet
Service Provider) va nha cung cip dich vu vién
thong TSP (Telephone Service Provider).

3. Thiét ké, mé phéng va thyc hién

Qua qua trinh nghién ciru, phén tich, chon
lya ké trén; hé théng CCN da duoc thiét ké, mé
phong va thuc hién véi cac két qua chinh dugc
trinh bay nhu sau.

3.1. Cdc bé diéu khién

Cac bj diéu khién 13 mot trong bdn thanh
phan cia BAS déng vai tro quan trong trong
mang thong tin diéu khién. O trung tim, bd diéu
khién 1a mot may tinh v&i cac thiét bj ban phim,
man hinh 16n cing cac ngoai vi cho phép diéu
khién bang tay va giam sat cac hoat dong mét
cach thuan lgi. O hién truomg, ¢ cac bo diéu
khién dugc ldp trén vi xir ly (vi didu khién),
trong bao cdo nay dugc goi 1a ciac MC
(Microcontroller-based Controller). Cac MC c6
thé hoat dong dugc trong ché d6 doc 18p (stand-
alone).

Mic du s6 céc thiét bi cin dugc diéu khién
trong toa nha kha Ién nhung ching cé nhiing
dic diém gidng nhau nén ¢ thé dugc phéan
thanh mot vai loai ma théi. Do d6, cac bo didu
khién da duoc dé tai thiét ké va ché tao thanh
cdc mo-dun chuyén dung c6 thé dap (g cho
mot nhém cac thiét bi trong cung loai. Ngoai

tinh hiéu qua vé kinh té, cach phat trién nay
cling thudn tién cho viéc bdo dudng sira chira
cdc md-dun didu khién. Hinh 1 14 thi du v& so
dd khéi ciia mot bo diéu khién trong phan hé
HVAC. N6 c6 mot mach 15i dung vi diéu khién
(microcontroller-based core circuit) vai 4 15i
vao va 4 16i ra. B6 bién déi xx/232 12 mot mach
ghép nbi bién ddi dit lidu theo chudn bus bén
ngodi (nhur chuin RS-485 hay Ethernet) thanh
chuén RS-232 bén trong vi diu khién va ngugc
lai. C6 m6t ban phim va man hién thj LCD dé
nhép va hién dir lidu truc tiép. C6 mot giao dién
JTAG dugc ding dé tai cac chuong trinh nhung
tir may tinh vao vi diéu khién.
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Hinh. 1. Chu triic bd diéu khién HVAC.

Trong ché do diéu khién cuc bg, cac tin hiéu
ra tir cdc cam bién do nhiét do, d6 4m, luu
luong khi va ndng d6 khi CO, duoc cip t6i 4
16i vao Iy, Iy, In va I cia bd diéu khién.
Chuong trinh nhing trong vi diéu khién so sanh
cac gia tri nay vdi cac gia tri dit (set point), tinh
toan va glri cdc tin hiéu didu khién t6i 4 bo
khuéch dai cong suit P4 dé déng/ngdt cac thibt
bi dugc dinh dja chi qua cac ddu ndi ra O, t6i
O,. Trong ché d diéu khién tir xa, may tinh
trung tdm giri 1énh, bao gdm ca cac gi4 trj dit,
t6i MC. Bo diéu khién MC s& chay mot nhiém
vu rdi giri céc thong tin trang thai méi trudng
vé trung tAm qua ghép ndi bus xx/232.

No6i chung, cAu tric béntrong cla cac bd
diéu khién tuong tw nhu nhau. C6 khac nhau chi
la sb luong dau vao, du ra va cong sut céc bd
khuéch dai 16i ra PA.
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3.2. Thiét ké hinh trang mang

Pé tai ¢4 nhiém vu lép dat mang CCN trong
mot toa nha 9 ting, ké ca tAng him. Nha c6 4
clra ra vao, 3 thang may, 1 ciu thang di b, 1
cdu thang thoat hiém va nhiéu hanh lang cung
cac cira sb. Khong ké ting him, mbi ting c6 8
can ho va mdi cdn hd c6 4 phong. Tbng cong cb
64 cin hd trong tda nha. Cén cir vao cac khao
sat va.phéan tich ké trén, hinh trang cia mang
thong tin didu khién da dugc thiét ké nhu so dd
hinh 2 véi nhitng phan mang nhu sau:

e Phan mang ndi day chuyén dung RS-485
voi giao thic truyén ndi tiép Modbus/RTU.
Nhu chi ra trén hinh, mang nay c6 32 nit va
cho phép gidm sat diéu khién toi 216 thiét bj
duoc dinh dia chi trong cac phan hé¢ bao chay,
quéan ty nang lwong dién, HVAC, chiéu sang,
diéu khién vao ra va quan ly an ninh toa nha,

e Phin mang LAN Ethernet 1a mdt mang
truyén dir ligu giira céc may tinh c6 sin trong

tda nha. Mang nay c6 mdt chuyén mach trung’

tam tdc do 100 Mbps va 9 chuyén mach 10
Mbps cung vdi cic cap xodn UTP va cac dau
nbi RJ-45. Ngoai 144 nit dugc ding san cho
cic mdy tinh trong 9 tAng toa nha, cic phén tir
dugc dung cho tu dong hoa toa nha ciing duge
ndi v&i bus tao cho mang thong tin dir li¢u nay
¢6 thém chuc ning 1a mdt mang thong tin diéu
khién. Cac phén tir nay 1a 12 [P-camera va 68
bo didu khién MC. M3i bd diéu khién c6 t6i 4
18i vao va 8 18i ra dugce dinh dja chi. Cé nghia
1a 6 t6i 8 x 68 = 544 thiét bi dugc dinh dia chi
trong tda nha c6 thé duoc didu khién qua mang
Ethernet nay.

e Mbi Modem ADSL dugc lip xen vio
duong diy dién thoai cong cong trong mbi cin
ho ¢4 thé phuc vu cho viéc dong ngét cac thiét
bi dién dan dung trong cac phong tr mot
website trén mang Internet. Tbng cong cb6 64
Modem nhu vy duge du kién thiét k& sin cho

tda nha. Viéc giri mét tin nhin SMS qua dién
thoai di dong dé doéng ngét cac thiét bi dién
trong nha ciing doi hoi mét Modem
GSM/RS232 cho mdi cin hd. Nhu viy ciing
can t6i 64 Modem loai nay cho céc cdn hd cia
toa nha.

e M&i thiét bj duoc diéu khién qua mang
dién luc cin mét cip Modem PLC. Trong hiu
hét truong hop, cac vi didu khién thong tin theo
chuin X-10 dugc sit dung qua cic cong nbi
tiép. Cac Modem nay ciling da dugc thiét ké ché
tao va viéc trang bj cho cac cén h¢ 1a tiy thude
vio nhu cAu va kha ning kinh té ciia ngudi
dung trong tirng cén hd.

3.3. Danh gid hiéu sudt va mé phong mang
Mang théng tin diéu khién dugc thiét ké
trén phai dam béao dugc kha ning gidm sat va
didu khién cac phuong tién trong tda nha theo
thoi gian thyc. Néu d6 tré trong viéc thu nhan
dir liéu trén mang vugt qua cac gid tri nhét dinh,
thi cac phéan hé khéng thé dat dugc cic chi tidu
chét luong théng tin theo nhu yéu cau. Cac
théng sb hiéu suat mang, nhu tré thoi gian cia
mdt tic vu, phu thudc vao tai luu luong trén
mang. Tai luu lugng ciia mang c6 thé dugc dinh
lugng theo tham s6 G nhu sau [3]:
1yl M

J day, B 1a tc do truyén dit ligu (bit/sec), N
1a sb nut phat thong diép vao mang, T 1a khoang
thoi gian trung binh phat théng diép ¢ niit i tinh
theo gidy, va L la d¢ dai trung binh cta thong
diép dugc phat & nut i tinh theo bit. G ¢6 gia tri
tir 0 dén 1; G tién t&i 1 tirc 14 tai luu lugng trén
mang tang lén. Chi ti€u chét lugng clia hai phan
mang chinh trong CCN phu thudc vao su thay
d5i cua tai lwu luong G, dic biét 1a sb nit N
phat ra théng diép vao mang di dugc tinh toan
mo phong danh gia. Hai phdn mang nay la RS-
485 va LAN Ethernet.
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Hinh 2. Hinh trang mang CCN.

e Mang RS-485 & day sir dung giao thirc
Modbus/RTU la loai giao thirc chu - t& (master-
slave). Trén mang chi ¢6 mot nat cha va ¢é t6i
247 nat t¢. Thong tin Modbus 1udn duge khéi
phat béi nat chi. Nut chu phat mét théng diép
request t6i céc nit t& theo ché do Unicast trong
d6 c6 dia chi nit t& can lién lac. Sau khi nhan
va xtr ly thong di€p request, nit t& duge dinh
dia chi tra vé nit chi mét théng diép reply. Céc
nit t¢ khac khdng dugc dinh dia chi s& khong
lam gi ca trong mdt phién giao dich nhur vay.
Thong tin Modbus/RTU c¢6 mdi byte trong
thong di¢p chira 2 ky tv ma Hexadecimal 4 bit.
Dinh dang 11 bit cho mdi byte nhj phan la: 1 bit
start, 8 bit dif liéu, 1 bit chin 1¢, va 1 bit stop.

Céc thong diép Modbus dugc phat thanh
céc khung truyén c6 khoang phén cach dai it
nhat bang 3,5 thoi gian phat mot ky tw nhu hinh
dudi day [4].

Start Slave Function Data CRC End
Address.  Code

235 1 byte 1 byte Oup to 252 2 235

char byte(s) bytes char

Hinh 3 chi ra b thj thoi gian cia 2 tinh
huéng théng tin chu-té didn hinh cho trudng
hop tét nhit (khéng c6 18i) va truong hop xAu
nhét (18i gdy nén vuot qua thoi gian time-out).
Trén d6 thi thiy ring thoi gian tré cho mét trao
ddi dir lidu gitra nat chi va to-1a:

T Tt Lo+ Lo+ T

exchange = request wait reply replyanalyis

+T s
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Thoi gian lan truyén song dién tir Tyrop 12 nh
hon 1 ps trén d¢ dai cap dién hinh 12 100 m [2].
Do vy, khi so sanh vai gia tri 104 ps, 1a thoi
gian truyén di 1 bit trong mang & tbc do trung
binh 9.600 bps thoi gian lan truyén séng dit
liéu nay c6 thé dugc bo qua.
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Hinh. 3. D4 thi thoi gian trao ddi thong tin
trong mang.

Ba khoang thoi gian “wait” (doi), “request
treatment” (xir ly yé€u cu) va “reply analysis
and preparatlon of the followmg exchange i
(phén tich hoi dap va chuin bj cho trao ddi tiép
theo) phu thudc vao qua trinh xir ly dir liéu cua
chip vi xtr ly ¢ mdi nit. Vi téc dd hoat dong
cao cia cac vi diéu khién (thi dy, 1a 8 MHz voi
vi didu khién PIC 16F877A ctia hiing Microchip
duoc thiét ké cho cac mo-dun diéu khién cia de
tai), khoang thoi gian nay chi hét vai mlcroglay,
cling ngén hon khoang thoi gian truyén 1 bit.
Vay céac khoang thdi gian nay khong phu thude
vao trang thai ctia mang (nhu tai luru luorng) va
do d6 c6 thé coi chung 1a cac hing s6 nho hay
cho bang khong. Két qua, thoi gian trao aéi dir
liéu x4p xy bang:

Trime delay & 1 request + Treply

Cac khoang reques! va reply phu thudc vao
do dai cia khung truyen va thong 1u'o‘ng cla
mang. Trong mang dleu khién nay, chi can 2
byte cho truong s6 liéu ca voi thong dlep
request hay reply. Nhu viy, tdng thoi gian tré,
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tinh theo bit, trong trudng hop t8t nhat cho mét
giao dich & mdi nit s& la:
2x(@x35+11+11+11x2+11x2) = 160 bits

Vi phai héi vong (polling) ca 32 nut, nén
mdi nut s& chi duge phuc vu nhanh nhat 1a
0,532 sec (tirc 1a bang 5120 khoang thoi gian
truyen 1 bit). Két qua nay la du thoa mén yéu
cAu giam sat va didu khién cac thiét bj dién
trong toa nha.

e Mang LAN Ethernet 1a m{t mang truyén
thong tin dit liéu sir dung giao thirc CSMA/CD
(carrier sense multiple access with collision
detection), cho phép cac nit chia sé thong tin
trén mang. Thong tin trong mang v&i nhitng
thong diép duoc phat di ngiu nhién (dugc coi
nhtr c4c hoat dong khong ddng bd) va co lugng
1én véi nhidu tram may tinh. Do d6, viéc danh
gi4 chi tiéu chét lugng co phirc tap hon. Moi
tram Ethernet dugc gan cho mét dia chi MAC
48 b1t dugce dung dé dinh vi cho ca nit dich va
ngudn trong mdi gbi dit liéu. Mot khung truyen
Ethernet dién hinh dugc cho nhu dudi day [2]:

802.3 MAC Frame

Start-of-| MAC Elhemet Payload
Preamble | Frame- | destina- snnrcei Type/ | (Dataand | CRC32 _(mm
Dellmiter  tlon Length = padding) i gap

| S T T T T T T T
} 7 bytes of 1 byte of | : 46-1500
' 1ol01010 ‘1ototony| SPve Ebvies 2Byies e 4 bytes. | 12 bytes

= T T

64-1518 bytes

f T

72-1526 bytes

Téng thoi gian tré mang gém ba phé‘m tré &
nit ngudn, tré trén kénh truyen va tre 0 nut
dich. Thoi gian tré & nit ngudn bao gdm thoi
gian tién xir ly, Tpre, va thai glan doi, Tyair. Thoi
gian dgi 1a tdng cua thdi gian xép hang, Tyuewe »
va thoi gian nghén, Toock.

Thoi gian truyén trén kénh, Ty;,bao gdm thai
gian phét cia mot khung, Ttame, Va thdi gian lan
truyén song dién trén kénh, Ty

Thoi gian tré & nut dich [a thoi gian hiu xir
1y, Tpost-

Téng thoi gian tré nhu vy bang:
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Tdelay T Tpre it Twait + T;x it Tposl
=1 +T + T;Jlock <k rame < Tprap s Tposl

pre queue
“ [

Toair

TL(

Cac thoi gian tién va hau xir Iy 12 khong déi
so voi cac thoi gian doi va thoi gian phat.
Chung phy thudc vao cac tham sb xir Iy cia cac
bd diéu khién hon 1 phu thudc cac tham sé vat
ly va giao thirc mang.

Thoi gian khung truyén phu thudc vao kich
thude cia khung Ethernet. Thoi gian lan truyén
song khong dé& xac dinh vi khoang céch giita
ngudn va dich trong cdc giao dich khéac nhau 1a
khdc nhau. Trong trudng hop x4u nhdt véi
mang Ethernet dai 2.500 m, thoi gian nay chiém
mét 25,6 ps [2). Do vdy ta c6 thé gia thiét thoi
gian lan truyén séng trung binh & khoang cach
100 m 1a nhé hon 1 ps.

Tuy thudc vao luong dir liéu ma nat ngudn
phai giri cling nhu lvu lugng trén mang ma thoi
gian doi, Ty c6 thé c6 y nghia déng ké. Thai
gian xép hang, T, quene, 1 thoi gian ma mot théng
diép phai doi trong bd dém & nit ngudn trong
khi cdc théng diép trudc trong hang doi dang
dugc chuyén. N6 phu thudc vao thoi gian
nghén, Thie, cla thong diép trude trong hang
doi, phu thudc vao tinh tudn hoan cua cac théng
diép va tai xir ly. Thoi gian nghén, Typq, 14
khoang thoi gian ma thdng diép phai doi mdi
khi mét nit da sén sing giri n6. Thoi gian nay
bao gdm ca thoi gian va cham véi céc thong
diép khac va thoi gian doi dé phat lai. C6 nhitng
giai thudt tim x4c suét thoi gian doi, & mic cao,
thoi gian nghén c6 thé duge mé ta [3]:

O day, T,iq 12 thoi gian con lai cho dén khi
mang i, E{T,} 1a thoi gian doi hodi cia va
cham tha k. E{T;} phu thudc vao sb nat déang
nhap lai va khéng dang nhap lai cling nhur toc
d6 dén cua thong diép & mdi nat. Péi véi va

cham 1an thir 16, nut s& huy bé théng diép va
phat ra thong diép bao 16i t&i cac don vi xtr ly
murc cao hon.

Dé nghién ctru mod phong phan mang LAN
Ethernet, chiing t3i sir dung cong cu mé phong
mang ns-2 dugc phat trién bdi Defence
Advanced Research Projects Agency (DARPA)
qua the Virtual InterNetwork Testbed (VINT)
project [5].

Cac thiét bi thong tin dir liéu nhu cdc may
tinh PC vd camera doi hoi bang thong nhiéu
hon céc bd diéu khién MC. Hinh 4 chi ra két
qua mb phong do tré cia mang phu thude vio
s6 may PC va camera trén mdi tang toa nha. Ro
rang ring do tré ting 1én theo sé nit hoat dong
do doi hoi thém thdi gian xép hang va thoi gian
xur ly. Trong hé thdng cua ching t6i, sb nit nay
cho mdi ting tda nha 1én t6i 20 nat twong tmg
v6i thoi gian tré mang 1a 47 mili gidy. Két qua
ndy 1a chdp nhin dugc cho cac muc dich gidm

sat va diéu khién thiét bj.
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Hinh 4. D§ tré trung binh phu thuéc vao sé nut.

Dé dam bao sw lam viéc tin cdy va hiéu qua
cia mang CCN, cin chic ring nhitng tham sb
khac nhu loss rate (ty 1é tbn thét), throughput
(thong lwong mang) va delay jitter (bién thién
do tré) cling van phai dugc thoéa man, dé mang
it bi anh hudng nhét khi thém vao dé céc thibt
bi, ngoai nhimg thiét bj dang c6. Céc thiét bj
thém vao 14 nhom céc bd diéu khién MC doi
héi mot théng lugng cyc dai khi tit ca cac bo
diéu khién nay cung hoat dong trong mét lic.
Do lugng tin khéng nhiéu (chi cn t&i 2 byte
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cho tredng dir liéu), nén ngay véi trudng hop
nay, két qui md phong trén hinh 5 cho thy
ching ciing chi cin t&i mot bang thong téi 10
kbps va doi hoi nay d& thoa man ddi véi mbi
tang toa nha.

98
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3

Hinh 5. Théng lugng ctia cdc MC trén phan mang.

Hinh 6 vi hinh 7 chi ra cic thong sb
throughput va loss rate cia mang phu thudc
bang théng cua camera giam sit. Trong hé
thdng ciia chiing t6i, cac anh video camera dugc
truyén thanh ludng v&i do phén giai 160 x 120
pixel v&i chuin nén MPEG-4. Do do, viéc dat
mot bang théng 0,5 Mbps cho mdi camera 13 dtu
cho doi hoi bing thong toan bd trong khi cac
thong sb nhur loss rate, time delay va delay jitter
la ey tiéu.
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Hinh 6. Thong lugng mang phu thudc vao béng
thong camera.
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Hinh 7. Ty 1¢ tén th4t phy thudc bang thong camera.

Luu ¥ tir hinh 8 ring théng s6 delay jitter
trung binh ciia cdc gbi tin camera & day chi la
3,376 ms, tdt hon gia tri jitter cua cac lu(‘A)ng
video thdng thudng la 15 ms [6].
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Hinh 8. Bién thién do tré theo cac g6i dir liu
camgera.

4. Két luin

Cong trinh nay thyc hién nghién ciru Ung
dung, déng gép cho linh vyc thong tin dién tir
trong tu dong hoéa tdoa nha & Viét nam. Bude
dau, chiing t6i da dat dugc céc két qua nhu sau.

- Thiét ké va ché tao thanh céng cac mo-
dun didu khién. CAu hinh phan cing va phan
mém nhing cia ching da dap img yéu cdu
thong tin tip trung va phin tan trong hé thng
tw dong hoa (BAS) cua toa nha.

- P4 thiét ké va thuc hién mot mang thong
tin didu khién (CCN) tai mt toa nha cu thé &
Viét nam. Trén co s& khéo sat, phan tich chi
tiét, mdi phan mang d4 duoc lya chon cho phu
hop v&i dic diém thong tin ciia mdi phin hé
trong BAS.

- Hai phin mang chinh (RS-485/Modbus va
Ethernet LAN) véi nhiéu thiét bj thw/phét ndi
voi ching da dugc tinh toin, md phong nhim
danh gia hiéu suit ciia mang. Cac két qua cho
thiy mang dugc lip dat théda min vdi cac yéu
ciu thong tin diéu khién trong toa nha.

Hiéu sudt thyc su ciia mang con dugc tiép
tuc danh gia boi cac phép do dac thdng ké theo
thuc tai sir dung qua thoi gian.
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Controlling Communication Network in the Building
Automation System

Tran Quang Vinh, Pham Manh Thang, Phung Manh Duong
College of Technology, VNU, 144 Xuan Thuy, Hanoi, Vietnam

A Building Automation System (BAS) installed in a building permits monitoring and controlling
devices there. These devices have functions of controlling environmental parameters, electric
consumption management, appliance switching control, fire alarm, security and access control in the
building, etc. BAS is really an automatic control system included a controlling communication
network (CCN). This paper presents the analysis, design, and implementation this communication
network CCN in order to create modem facilities for a concrete building. The system is built-up by the
integration of controlling hardware modules and software. By selection of the suitable physical
transmission channels for controllers, the network can adapt requirements in technical and economic.
The results in calculation and simulation of two main sub-networks show that the performance of
designed system is satisfactory for needs of building control communication.

Keywords: Building Automation System (BAS), Control Communication Network (CCN).



