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Abstract. A Building Automation System (BAS) has functions of monitoring and controlling the
operation of all building sub-systems such as HVAC (Heating-Ventilation, Air-conditioning Control),
electric consumption management, fire alarm control, security and access control, and appliance
switching control. In the BAS, almost operations are automatically performed at the control centre;
the building security therefore must be strictly protected. In the traditional system, the security is
usually ensured by a number of cameras installed at fixed positions and it may results in a limited
vision. To overcome this disadvantage, our paper presents a novel security system in which a mobile
robot is used as a patrol. The robot is equipped with fuzzy-based algorithms to allow it to avoid the
obstacles in an unknown environment as well as other necessary mechanisms demanded for its patrol
mission. The experiment results show that the system satisfies the requirements for the objective of
monitoring and securing the building.

Tém tit. He thong tir dong hod toa nha (BAS) cho phép gidm sat va dieu khién hoat dong cia cc
phan hé trong toa nha nhu: dieu khién théng s6 moéi truong, quan 1y dién nang, diéu khién déng
ngat cdc thiét bi dién, bdo chdy, kiém sodt an ninh va cdc van dé vio ra toa nha, v.vTrong hé théng
toa nha théng minh nay, hau hét céc hoat dong déu dugc dieu khién va theo doi tai trung tam, vi
thé van dé an ninh cia toa nhd phai dugc ddm bdo tuyét ddi. Véi hé thong gidm sét truyén thong
thi camera thuomg duwoc lap dit tai cdc vi trf ¢8 dinh do dé han ché pham vi quan sat. Dé khac
phuc van dé nay, bai bdo trinh bay mdt hé théng theo déi an ninh tai cdc ting cla toad nha sir dung
robot di déng nhw mot ngudi tuin tra. Thudt todn logic me dwge tmg dung dé gidi quyét van dé
trdnh vat trong méi trudmg hoat dong khong biét trude cida robot tudn tra. Hé théng tuin tra tu
dong nay gitip tang tinh linh hoat va gidm ddng ké chi phi dau tw so véi hé thong truyen thong. Céc
két qud tinh toidn va thiue nghiém cho thiy hé théng thod man dugce yéu cau dé ra ddi véi nhiém vu
gidm sdt an ninh tai mot ting cia toa nha.

1. GIOT THIEU

Thong thwomg, trong mot hé thong tiwr dong héa toa nha (BAS- Building Automatic Sys-
tem), van dé ddm bdo an ninh cia toa nha dwge phan r6 cho mot phan hé riéng, dé la
phan hé dam bdo an ninh va diéu khién vio ra. Phan hé nay cé chitc nang gidm sét va dieu
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khién viéc ra vao & ctra trirde toa nha, phat hién va bdo dong nhirng xam nhap bat hop phép.
Céc clra ra vao va cira s6 can gidm sat dwoc 1lap dit cdc cdm bién tiép xic tir tinh, cdc cAm
bién phat hién v& cira kinh, do dé c¢6 thé bdo dong dwoc cdc xam nhap bat thuomg. Cac
camera dwoc lap dat & cdc khu vire can thiét cho phép quan sét dwoc cdc hoat dong xdy ra
quanh toa nha. Pong thoi, hé théng ciing cho phép nhan dang va quan Iy tiéu st cia moi
nhéan vién thuomg ra vao toa nha bang thé nhan dang vo tuyén RFID [1]. Trong truwomg hop
yéu cau dic biét thi camera sé dwge lap dat thém tai hanh lang cdc ting, tham chi 1a dat &
trong phong. Dir liéu tir cdc cdm bién, camera va thiét bi bdo dong dwgce cap nhat lién tuc
dé ghi lai nhirng hoat dong cta toa nha.

Tinh an ninh cia toa nha cang cao khi céc thiét bi lap dat c6 thé bao quat hét toan bo
hoat dong cia toa nha. Vi pham vi hoat dong cia cdc camera bi han ché, nén muén mé rong
pham vi quan sat chi bang cach 1a ting s6 lirong camera. Diéu nay khién chi phi mua sam,
van hanh va bdo dudng cdc thiét bi tang lén, dong thoi hé thong cling trdr 1én phite tap khé
quan ly. PE khic phuc van dé nay, ching toi dé xuit mot gidi phap mdi 1a st dung robot di
dong thue hién chitc nang gidm sat tai cdc tang cia toa nha.

Trong hé thong, robot déng vai tro nhwr mot nguwoi tuan tra, hoat dong tuw quan tri, thu
thap va xir Iy thong tin, dwa ra quyét dinh kip thoi dé dam bdo van dé an ninh. Robot
di dong dwgce trang bi camera thuwong, hodc camera toan phwong (Omni-directional Camera)
¢6 kha nang bao quat hét pham vi clla mot tang, yéu cau hoat dong tai céc thoi diém nhat
dinh, dac biét 1a & nhimg gio “giéi nghiém. Ty vao yéu cau cia toa nha, hoat dong tuin
tra cia robot c¢6 thé cé nhiéu phwong én, vi du 10h dém di tuan mot lan, 2h sdng di tuan
lan ti€p theo, hoac di lién tuc nhiéu vong hanh lang. Quang duwomg di tuan dwoc tinh tir
diém xudt phat, di chuyén doc theo tuwdng cta cdc can ho cho dén hét hanh lang cla tang
thi két thic. Thong thuong robot sé di chuyén véi mot téc do on dinh doc theo twomg ap
dung thuat todn bam twong wall-following [2]. Tuy nhién, trong moéi truomg hoat dong cua
robot di dong nhirng khé khan thwong xuat phéat tir moi truweomg lam viée nhw: thong tin vé
moi truomg khong day di va mang tinh twrong doi, moéi trwomg hoat dong phire tap thay doi
khong dy doan dwoge. Logic mo dwgc tng dung mot cdch hiéu qua khi xir Iy céc thong tin
mang tinh “khoéng chéc chan trong céc hé thong dan duwdomg va tranh vat can cia robot di
dong [3-7]. Trong bai bdo nay, ching toi tap trung xay dung mot hé théng robot di dong
m vu tuan tra va gidm sit hoat dong cia mot ting trong toa nha bao
gom viéc giri dir liéu tir camera vé trung tam dé lwu trit, st dung logic m& trong qué trinh
di tuan tra dé trdnh vat cdn, phat hién c6 sw cd bat thiromg hay kha nghi tir d6 kich hoat hé
thong bdo dong cta toa nha. Nhiéu thi nghiém da dwoc tién hanh dé danh gid hiéu qua ciing

nhw kha nang tng dung gidi phép dé xuat.

Bai b4o gom nam muc. Muc 1 giéi thiéu va dat van dé. Muc 2 mo ta cau tric phan ciing
va phan mém cua hé thong. Trong Muc 3, viéc tinh todn cai dat gidi thuat logic m& cho robot
dwge phan tich chi tiét. Muc 4 va Muc 5 trinh bay thue nghiém va két luan.
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2. CAU TRUC HE THONG

Trong bai bdo nay, ching t6i da xay dung mot hé thong an ninh toa nha sir dung robot
di d@ong thong minh bao gom ciu tric phan citng va cdc moé dun phan mém nhw sau.
2.1. C&u tric phan cirng hé théng

C&u tric phan ciing cta hé thong bao gom hai moé dun chinh: mé dun robot di dong va
mo dun diéu khién trung tam. Cédc mo dun nay dwoc dat cidch xa nhau va giao tiép véi nhau
thong qua mang cuc bo khong day Wireless LAN (Hinh 2).
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Hinh 1. Cau tric co khi cia robot Sputnik

Theo dinh nghia, Robot di dong dwoc dé cap dén nhwr 1a mot robot véi co cau banh xe
gan duwdi dé c6 kha nang di chuyén, hoat dong tir quan tri, thuwomg thwe hién chitc nang dan
dwomg hoac thdm hiém [8]. Trong hé thong an ninh toa nha, robot di dong dwoc sir dung
la robot Sputnik cia hang DrRobot [9] bao gom cdc thanh phan co bdn sau: sdu cdm bién
hong ngoai gan xung quanh robot; ba cdm bién siéu am lan lrot gan & phia trwde, bén phai
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va bén trai ctia robot; hai camera mau cho kich ¢& dnh 353x288 véi toc do 1dy mau 15 khung
hinh /gidy; hai cAm bién phét hién sur chuyén dong cia ngwdi HMS (Human Motion Sensor)
trong khodng 150 cm; va bon dong co diéu khién dieu khién toan bé chuyén dong ciia robot.
Ngudn pin cho phép robot hoat dong trong khodng 90 phiit. Ngoai ra, robot cé thé két noi
véi bo dieu khién trung tAm qua mang cuc bo khong day Wireless LAN hoac trire tiép véi
mang Internet qua mé dun khong day wi-fi 802.11. Hinh 1 mé td cau tric co khi va két ndi
phan citng cia hé robot tuan tra Sputnik.

Trong hé théng robot di dong tuan tra, ching t6i sir dung ba cdm bién siéu am cho nhiém
vu tranh vat va di men theo twomg (wall-following), mot camera dé truyén hinh anh veé trung
tam dieu khién va hai cam bién HMS dé phét hién nhitng chuyén dong bat thuong.

M6 dun diéu khién trung tAm bao gdm mét méy chi HP Intel Xeon 3.0Ghz chay hé dieu
hanh Windows 7 64bits Professional. M6 dun nay két ndi v4i robot thong qua mang LAN
khong day va két noi véi cde phan hé khdc cia toa nha thong qua hé thong bus 485 [10].
Nhiém vu ctia mé dun la gidm sét hoat dong ctia cdc phan hé va dira ra lénh dieu khién & mikc
wu tién cao trong nhitng truomg hop khan cdp. Chi tiét vé giao tiép cia mé dun trung tAm
vGi céc phan hé da dugce ching t6i trinh bay trong [1]. Trong bai bdo nay, mé dun trung tam
¢6 thém chitc nang diéu khién robot va lwu trit nhitng hinh dnh do robot truyén ve. Truong
hop ¢6 tin hiéu canh bdo nhirng xdm nhap bat hop phép, moé dun sé yéu cau déng tit ca cdc
thiét bi vao ra toa nha dong thoi kich hoat hé théng bdo dong.

!Wifi router May tinh trung tam
Visual Basic
d /' AN 2 e
Robotdi | A|CAmbien gy |
/ AN déng P
X Sputnik | <
Bao 1énh

Robot
Sputnik

dong

Trung tam

Hinh 2. C&u tric phan ciing hé thong Hinh 3. Cau tric phan mém hé thong
2.2. Phan mém diéu khién

Phan mém diéu khién dwoce viét bang ngon ngir Visual Basic [11] va dwgce cai dat trén
mdy chi HP ciia mo dun dieu khién trung tam. Giao tiép gitra chwrong trinh phan mém v
robot dwge thye hién qua céc giao dién lap trinh ing dung API (Application Programming
Interface) véi moi triromg truyén dan 1a mang LAN khong day. Nhuw chi ra trong hinh 3, phan
mém diéu khién bao gbm hai m6é dun: mé dun xi Iy trung tam va mé dun logic me. M6 dun
xtr Iy trung tam thuwe hién dong thoi cdc nhiém vu sau:

- Thu thap dir liéu phan hoi cia robot bao gom: téc do va vi trf hién tai, trang thai nguon
pin Lithium, dir liéu cdm bién hinh dnh, cdm bién siéu am, cam bién hong ngoai va cadm bién
phét hién chuyén dong HMS.

- Laru trit toan bo dir lieu phan hoi va hién thi t&i giao dién ngudi dung GUI (Graphic

User Interface).
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- Thuyc hién thuat toan wall-following xuat lénh diéu khién chuyén dong cta robot.

- G dir liéu siéu am t6i khéi logic mo va nhan tin hiéu diéu khién phan hoi.

- Thuec hién 1énh bdo dong trong trirdng hop nhan dugc yéu cau tir robot.

Véi cée chire nang nay, moé dun xir Iy trung tam déng vai tro diéu phdi trung tam va dam
béo hoat dong nhip nhang cia toan hé thong.

M6 dun logic m& dwoc phat trién dwra tré
(RHPTT) ctia Mathworks Ine [121. Thuat todn looi

MFLT) cua Mathworks Inc [12]. at todn log
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dwoc déng géi thanh mot d6i twong va nhiing truc tiép vao trong mo dun diéu khién trung
tam viét bang Visual Basic. Chi tiét viéc phan tich va cai dit thuat todn logic mo dwoe gidi
thiéu & phan tiép theo.

3. THUAT TOAN PIEU KHIEN LOGIC MO

Ap dung cho hé théng robot di dong tuin tra trong cong trinh nay, Iy thuyét logic mé
dwoc tng dung dé gidi quyét van dé tranh vat can. Khi di tuan tra, robot xuat phéat va di
bam tuwomng doc theo hanh lang sir dung thuat todn wall-following. Vi moi truong la khong
biét trurde, néu gap vat cdn, robot sé thwre hién viée tranh vat cuc bo va sau doé tiép tuc di
bam twong.

Thuat toan wall-following str dung cam bién siéu am phia bén tréi cia robot dé diéu khién

s

robot di chuyén doc theo tirdmg véi mot khoang cach cd dinh 1a 30cm. Robot s& xudt phat
theo hwdng c6 cdm bién siéu am bén trai gan v4i twong. Khi d6, bitc twdmg dwoc coi nhuwr 14
doi twrgng bam cia robot va la vat can cia cdm bién. Cam bién siéu am sé do khodng cdch
tir robot t&i bitc twong, néu gid tri nay l1a 30cm thi dieu khién robot di thang, néu nhd hon
30cm thi robot quay phai, Iém hon 30cm thi quay trai. Do ham diéu khién cia robot Sputnik
déi vé6i trieomg hop di thang va quay goc 1a doc 1ap véi nhau, nén dé tranh triromg hop robot
bi “ket v&i mot gia tri géc quay nao dé thi sau moi bude quay robot sé di thang mot doan
10cm 1oi ti€p tuc cap nhat gia tri cdm bién. Trong triromg hop dé phat hién su chuyén dong
cla ngudi, hé thong dwa vao hai cdm bién HMS.

W

u
1 G B X Al 4K DI Y DN
U, — _., .z N a
bieu khien mo |—
Us > Khoéng cach (cm) Géc quay (d6)
0 20 40 60 80 100 20 0 20 40 s
Hinh /. Céc bién vao ra Hinh 5. Ham thudc cia cdc bién vao/ra

Da6i véi yéu cau trdnh vat, hé thong sé sir dung hai cam bién siéu am & gitra va bén phai
cho thuat toén logic mo. Bo dieu khién mo st dung cdc gid tri khodng cich U2 va U3 cia
hai cdm bién siéu am phia trirée va bén phai 1a bién 16i vao, bién 16i ra 1a géc quay ? ma
robot cin thire hién dé tranh vat. Khi d6, robot sé tranh vat theo hwéng phia truée va bén

phéi cia robot. Theo cau tric co khi cia robot, hai cam bién siéu am nay sé tao thanh dai
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hoat dong trong pham vi tir -20° dén +60°. So d6 khaéi x4c dinh cdc bién vao ra cia bo dieu
khién mo dwrge thé hién & Hinh 4.

Trong hé théng cia ching toi, viéc cai dat thuat toan logic mo dwgce thue hién qua bon
buée bao gom: xéac dinh cdc bién ngdén ngir vao ra, dinh nghia cdc ham thuodc cia cac bién
ngdn ngir, thiét 1ap cdc luat md va cudi cing 1a thire hién viée gidi mo.

Céc bién ngon nglr vao/ra dwge xdc dinh nhw sau:

Uy, Us : {Gan (G), Trung binh (TB), Xa (X)}

o : {Am it (AI), Khong (K), Dwong it (DI), Duong vira (DV), Dwong nhiéu (DN)}.

Giéi han cua cam bién siéu am tir 4-255 cm trong khi dong téc trdnh vat chi can thue hién
tai nhimmg khodng cdch gan, vi thé hé théng gidi han pham vi xir Iy thong tin trong khodng
4-100 cm va chia thanh ba khodng gin, trung binh, xa la di dé robot cé thé tranh vat an
toan. Géc quay robot thue hién dwgce trong pham vi -20° dén +60° dé phu hop véi pham vi
quét cia cadm bién siéu am.

Ham thuoc cia céc bién ngon ngir dwoc dinh nghia 1a ham dang hinh thang va hinh tam
gidc, nhirng ham co ban c¢6 kha nang tich hgp don gian (Hinh 5).

Luat md dwoc xay dung dwa trén ménh dé suy dién “Néu.Thi. va theo luat hop thanh
Max-Min tao thanh 9 luat theo Bang 1 nhuw sau:

Bdng 1. Luat mo cua céc bién vao/ra

U;

G |TB| X
G | DN | DI | DV
TB | Al K K

X | Al K K

Cudi ciing 1a bwée gidi mo dé xdc dinh 16 gid tri géc quay 16i ra. Phrong phép gidi mor

dwoc chon 1a phwong phép diém trong tam theo cong thirc:

> ()

trong dé, z; la gid tri trong mién xdc dinh cua tap mo 16i ra va p(x;) 1a gid tri cia ham thude
cia diém xi trong mién d6. Pay 1a phwong phéap dwoc st dung nhiéu nhat bdi kha nang cho
phép xéc dinh gid tri 16i ra véi s tham gia cla tat ca cac tap mo dau ra cia luat diéu khién
mot cach binh dang va chinh xéc.

Sau burdce nay, ta sé xdc dinh dwoc géc quay tranh vat cia robot. Cling giéng trwomg hop
ctia thuat todn bam twomg, vi hoat dong di thing va quay géc la doc lap, nén dé tranh bi
“ket” thi robot sé di thang mot doan 10cm sau moi bude quay tranh vat. Luu do thuat toan

ctia toan hé théng dwoc thé hién & Hinh 6.
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4. THUC NGHIEM

Mot hé thong robot tuan tra ki€m soat an ninh toa nha da dwoc ching to6i xay dung va
cai dit tai tang 3 toa nha G2 thudc Khoa Dién tir - Vién thong, truong Pai hoc Cong nghé,
Pai hoc Qudc gia Ha Noi. Nhiéu thire nghiém da dwoc tién tai cdc thoi diém khéc nhau,
trong nhirng diéu kién khac nhau va véi nhieu tinh huéng gia dinh c¢é thé xay ra. Muc dich
cla cac thyre nghiém 1a kiém tra tinh 6n dinh va hiéu qua ctia hé thong dé tir d6 cé danh gia
vé tinh kha thi ciia gidi phép dé ra doi véi yéu cau an ninh toa nha.

Hét hanh lang ?
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Hinh 7. Giao dién ngu®i st dung

Tranh vat
(Logic mo)

Guri tin hiéu
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Hinh 6. Luu db thuat toan diéu khién

Hinh 9. Robot di chuyén doc hanh lang Hinh 10. Robot di chuyén tranh vt can Hinh 11. Robot phat hién chuyén dong ctia ngudi

Hoat dong tuan tra cia robot dwge thuwe hién tai hanh lang nha G2 véi cau tric dwoc
trinh bay nhwr trong Hinh 9. Téng chiéu dai mot vong quanh hanh lang 13 5000cm, chiéu
rong 220cm. Trong cic thire nghiém cia ching t6i, robot di chuyén véi van téc trung binh
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10cm/s. Nhuw vay, v6i thoi gian nguon pin cho phép hoat déng 90phiit, robot c6 thé thurc
hién dwoc 10 lan tuan tra trong mo6i phién lam viéc. Néu dat thoi gian tuin tra 13 tir 8h t6i
t&i 6h séng, robot sé thye hién dwge trung binh 1 lan tuan tra/gio. Gid tri nay la phu hop
cho hoat dong dam bdo an ninh toa nha.

O thire nghiém thit nhat, ching t6i ki€m tra hoat dong bam twomg ctia robot sir dung
thuat todn wall-following. Robot xudt phat tai diem S, di doc theo hanh lang khong gap vat
cdn nao va trd vé diém S ban dau. DE nhan ra diém S, robot st dung mdt khodng tréng
trwée diem nay. Khi gid tri dit liéu tir cdm bién nhan dwogc 1a 255 (gid tri khong ¢ vat can)
trong 5 lan doc lién tiép, robot sé quay mot goc 90° va di thing mot doan 10cm dé két thiic
tai diem S. Hinh 9 trinh bay duwong di ciia robot dwrgc ghi lai. Trong thire nghiém nay, robot
da hoan thanh mot vong tuan tra véi thoi gian hoat dong 1a 9 phit.

Hinh 10 biéu dién dwong di ctia robot trong triromg hop cé mot vat can dwoc dat tai diem
O1 trén hanh lang. Khi d6, dira vao thuat todn logic mo, robot di chuyén tranh vat va tiép
tuc hoat dong tudn tra doc theo hanh lang. Hinh 12 biéu dién quan hé gitta géc quay 16i ra
trdnh vat theo gid tri ciia hai cAm bién siéu am 16i vao Us, Us. Tir hinh vé, ching ta thay véi
cdc gia tri cia hai cdm bién 16m, twong ting véi trirdomg hop khong phét hién vat can, thi gia
tri ciia géc quay 1a 0°, nghia 1 robot sé di thang bam twomg. Trong trwong hop cé vat can,
gid clia cdc cAm bién nhd, gid tri géc quay sé thay doi khdc 0° dira trén thuat todn logic mo
dé robot thuc hién viéc tranh vat.

Trong thwe nghiém tiép theo, robot xuat phét tir diém S dén diém T thi cam bién HMS
phét hién ra chuyén dong cia ngudi, khi dé robot da giri mot tin hiéu ve trung tam dé trung
tam kich hoat hé thong bdo dong va dirng hoat dong tuan tra (hinh 11). Trong tat ca cdc
trong hop thir nghiém trén, khi di chuyén, robot lién tuc giri dit liéu tir cdc cAm bién va
camera v&i toc do 15 khung hinh/gidy vé trung tadm diéu khién. Nhan vién an ninh c6 thé
ngdi tai mdy tinh trung tam dé gidm sat tinh trang an ninh toa nha thong qua di liéu giki
ve tir robot va cé thé dieu chinh vi tri clia camera dé cé géc nhin thich hop. Ngoai ra, robot
ciing dwoc trang bi co ché dieu khién bang tay. Do dé, nhan vién an ninh cé thé truc tiép
diéu khién robot khi can théng qua giao dién chwong trinh diéu khién GUI (hinh 7). Trong
thirc nghiém ctia chiing t6i, méy chi diéu khién trung tAm HP dwoc dit tai phong thi nghiém
Diéu khién tiwr dong va Robotics, phong 315 toa nha G2. Hinh 8 trinh bay mot s6 hinh anh
cia robot trong qud trinh tuan tra va tranh vat.

Trong qué trinh tién hanh thwe nghiém, cing c¢6 mot s6 trirdomg hop robot da khong thanh
cong trong hoat dong tuan tra. P4 1a khi xuat hién vat can c6 géc canh nho, vat can dat bén
phai robot qué gan tao thanh hanh lang hep, hay vat cdn xuat hién quéd gan ca phia trurde va
phia bén phai robot. Nguyén nhan la do han ché vé mat cau tao ciia robot va dic diém cia
cam bién siéu am. Pham vi quét cia cam bién siéu am theo dang hinh quat, dién tich bé mat
quét cang rong thi cang dé phat hién, trong nhirng triromg hop géc canh ciia vat can qué nhd
thi khong phéat hién dwge. Ngoai ra, do robot Sputnik chi ¢c6 ba cAm bién siéu am gan phia
trude, bén trdi va bén phai tao thanh géc quét hep trong pham vi tir -60° dén +60° nén kha
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nang tranh vat bi han ché. Nhitng han ché trén c6 thé dwoc khic phuc khi lip thém cdc cdm
bién siéu am quanh than robot hodc két hop véi cdc cam bién khéc nhwr cdm bién dnh hay
cam bién lazer (laser range finder). Khi d6, robot sé ¢6 kha nang phan ving trdnh vat tir xa
nho cam bién lazer, cAm bién dnh va trdnh vat gan xung quanh nhd pham vi hoat dong cia
cdc cdm bién siéu am duwge md rong.

GocEuayidal

CamBien3icm) CamBien2(cm)

Hinh 12. Gié tri géc quay robot theo gia tri vao
cla hai cam bién siéu am thu dwoc tir thuét todn logic mo

5. KET LUAN

Bai béo da dé xuat mot gidi phap méi trong viéc kiém soat an ninh cta hé théng toa nha
thong minh: str dung robot tuin tra cé trang bi nhiéu loai cdm bién dé thay thé cho hé thong
nhiéu camera truyén thdéng. Mot hé thong robot di dong tuan tra da dwoc xay dung thanh
cong véi cac chite nang: tuan tra mot hanh lang cia toa nha, tranh vat trong qud trinh tuan
tra, gii dir liéu cam bién vé trung tam va kich hoat hé thong bdo dong khi phat hién nhirng
chuyén dong bat thiromg. Cac két qua tinh todn va thire nghiém da chirng minh tinh 6n dinh,
hiéu quéa va kha thi cia hé thong.

Trong thoi gian tiép theo, mot s6 cam bién siéu am sé dwoc trang bi thém cho robot va
thuat todn logic m& sé dwoc cai tién dé khic phuc nhitng han ché con ton tai cia hé thong.
Clng véi dir liéu hién tai thu dwge tir camera, hé thong sé mé rong kha nang tranh vat phic
tap khi dwra thém thuat toan xit ly 4nh. Ngoai ra dé danh gid su twong téc giita céc robot
trong nhiém vu nang cao hiéu qua kiém sodt an ninh chiing téi sé tién hanh nghién ctru va
thire nghiém véi hé théng gom nhiéu robot hoat dong dong thoi (multi-agent system). Viéc
phét trién tié€p hé thdng hoan toan kha thi vi m6 dun diéu khién trung tam dwoc dat trén
mdy chi v4i cau hinh manh c¢é kha nang thu nhan dir liéu tir nhiéu robot thong qua mang
LAN khong day va xit Iy mot cach dong bo hoat dong cia nhiéu robot.
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