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MO DAU

Trong qué trinh phat trién ctia con ngudi, nhitng cudc cac mang vé cong
nghé dong mot vai tro rat quan trong, chung lam thay ddi timg ngdy timg gio
cudc sdng ctia con nguoi, theo hudng hién dai hon. Pi d6i voi qua trinh phat
trién ctia con ngudi, nhitng thay d6i do chinh tic déng cua con ngudi trong tu
nhién, trong moi trudng séng ciing dang dién ra, tac dong tro lai ching ta, nhu 6
nhiém mai trudng, khi hau thay doi, v.v... Dan sb cang ting, nhu cu ciing ting
theo, cac dich vy, cac ti¢n ich tir d6 cling dugc hinh thanh va phat trién theo.
biac biét 1a ap dung cac cong nghé cua cac nganh dién tir, cong nghé thong tin
va vién thong vao trong thuc tién cudc séng con ngudi. Cong nghé cam bién
khong day dugc tich hop tur cac k¥ thuat dién tir, tin hoc va vién thong tién tién
vao trong muc dich nghién cuu, giai tri, san xuét, kinh doanh, v.v..., pham vi
nay ngiy cang duoc mé rong, dé tao ra cac ung dung dap tmg cho cic nhu cau
trén cac linh vuc khac nhau.

Hién nay, cong nghé cam bién khong diy chua duoc ap dung mot cac
rong rii ¢ nudc ta, do nhimng diéu kién vé k¥ thuat, kinh té, nhu cau st dung.
Song n6 van hira hen 1a mot dich dén tiéu biéu cho cac nha nghién ctru, cho
nhimg muc dich phat trién day tiém niang. Dé 4p dung cong nghé nay vao thuc
té trong twong lai, dd c6 khong it cic nha khoa hoc di tap trung nghién ciru,
nam bat nhitng thay doi trong cong nghé nay.

Pugc su dinh huéng va chi dan cua Tién si Duong Lé Minh, em da chon
dé tai dd 4n “Nghién ctru tng dung céng nghé IoT cho giam sat mdi truong”.
Véi myc dich tim hiéu vé mang cam bién khong ddy, dua trén cong nghé mang
di dong tam thoi, trién khai nhanh khong can mdt co s& ha tang trong linh vuc
cam bién thu nhan dir liéu. Trong dd 4n con thuc hién mot mod phong cho mang
cam bién khong day v6i muc dich tim hiéu phuong phap mé hinh hod, md
phong mang va phén tich danh gia két qua tir mot chuong trinh mé phong. Noi

dung cua dd 4n duoc thé hién qua 4 chuong:



Chuwong 1. Tong quan vé ToT
Trong chwong nay, luan van s& trinh bay tong quan vé IOT, Gng dyung
cua [OT.
Chuwong 2. Nghién ctru vé mang cam bién khong day
Trong chuong nay toi s& gidi thiéu mang cam bién khong day, cac cong
nghé duoc st dung trong mang cam bién khong day.
Chuong 3. Nghién ctru cic ing dung cong nghé cam bién khong day
Chuong nay s& néu 16 cac ing st dung cong nghé cam bién khong day
trong doi séng con nguoi.

Chuwong 4. Xay dung chwong trinh, cai diat va danh gia
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CHUONG 1: TONG QUAN VE 10T
1.1. Dinh nghia

- Thiét bi(devices): Di vé6i Internet Of Things, ddy 1a mot phan cua ca hé
thng vai chire niang bat budc 1a communication va chirc ning khong bat budc 1a: cam
bién, thuc thi,thu thap dit liéu, luu tri va xir ly di liéu.

- Internet Of Things: L& mot co s ha ting mang tinh toan cau cho x& hoi
thong tin, mang dén nhitng dich vy tién tién bang cach két ndi cac “Things” (ca
physical 13n virtual) dva trén sy ton tai cua thdng tin, dua trén kha ning twong tac cua
cac thong tin d6, va dya trén cac céng nghé truyén thdng.

- Things: Déi véi Internet Of Things, “Thing” 1a mot d6i twong cua thé gidi
vat chat (physical things) hay thé gioi thong tin ao(virtual things). “Things” c6 kha
nang dugc nhan dién, va “Things” ¢6 thé duoc tich hop vao trong mang ludi thong tin
lién lac.

1.2. Khéi niém cuaa loT

loT c6 thé duoc coi 1a mot tam nhin sau réng cua céng nghé va cudc séng. Tir
quan diém cua tiéu chuan k¥ thuat, 10T c6 thé duoc xem nhu 13 mdt co sé ha tang
mang tinh toan cau cho x& hoi théng tin, tao diéu kién cho céc dich vu tién tién théng
qua sy lién két cac “Things”. 10T dy kién s& tich hop rat nhiéu cong nghé mai, chang
han nhu cac cong nghé thdong tin machine-to-machine, mang tu tri, khai thac di liéu
va ra quyét dinh, bao vé su an ninh va sy riéng tu, dién toan dam may. Nhu hinh
dudi, mot hé thong thong tin trude ddy dd mang dén 2 chiéu — “Any TIME” va “Any
PLACE” communication. Gid 10T da tao thém mot chiéu mai trong hé thdng thdng
tin do 1a “Any THING” Communication.

Any TIME communication

- on the move
- night
- daytime

- outdoor
- indoor (away from the computer)

- at the computer o
p Any PLACE communication

- between computers

- human to human, not using a computer

- human to thing. using generic equipment
- thing to thing

Any THING communication
Y.2060(12)_FO1

1.3 10T tw goc nhin ky thuat

Nhu d& cap 6 muc 1, “Things” trong IoT c6 thé 1a dbi twong vat ly (Physical)
hoac 1 d6i tugng thdng tin (hay con goi 1a d6i twong ao — Virtual). Hai loai d6i tuong
nay co thé anh xa (mapping) qua lai 1n nhau. Mot d6i tuong vat ly c6 thé dugc trinh
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bai hay dai dién boi mot dbi tugng thong tin, tuy nhién mot dbi twgng thong tin ¢ thé
tdn tai ma khong nhat thiét phai duoc anh xa tir mot dbi twong vat Iy nao.

Y&u cau tdi thiéu cua cac “device” trong IOT 1a kha ning giao tiép. Devices s&
dugc phén loai vao cac dang nhu device mang thong tin, device thu thap dir liéu,
device cam nhan(sensor), device thuc thi, hay general device:

1.4. Pic diém co ban va yéu cau & mirc high-level cia mét hé théng 10T
1.4.1 Dac tinh co ban
— Tinh két ndi lién thong(interconnectivity).
— Nhiing dich vu lién quan dén “Things”.
— Tinh khong d6ng nhat.
— Thay d6i linh hoat.
— Quy mo I6n.
1.4.2 Yéu cau & mirc high-level déi véi mot hé thong 10T
Mot hé théng 10T phai thoa man cac yéu cau sau:
— Ké&t ndi dua trén sy nhan dién.
— Kha nang cong tac.
— Kha nang tu quan caa network.
— Dich vu thoa thuan.
— Cac Kha nang dya vao vi tri(location-based capabilities).
— Bao mat.
— B4ao v¢ tinh riéng tu.
— Plug and play.
— Kha nang quan ly.
1.5 M6 hinh ctia mét hé théng 10T

Bat ky mot hé théng IOT nao ciing dugc xay dung Ién tir sy két hop cua 4
layer sau:

— Lép tng dung (Application Layer)

— Lép Ho tro dich vu va hd trg ang dung (Service support and application
support layer)

— L6ép mang (Network Layer)
— Lop thiét bi (Device Layer)
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CHUONG 2: MANG CAM BIEN KHONG DAY

r
A

2.1 Tong quang mang cam bién
Mang cam bién hay con goi 1d mang cam bién khéng diy (Wireless
Sensor Network) 13 sy két hop cac kha ning cam bién, xur 1y thong tin va cac
thanh phan lien lac dé tao kha ning quan sat, phan tich va phan tGng lai véi cac

su kién, hién tugng xay ra trong moi trudong cu thé nao do.

Remote Se nso_r\
. Remote Sensor —_—
C Remote Sensor Single-hop
Wirale 5-q f O
links ™ et [/—\} O
-~ Singlfe-hop . i O
O O @ Clustering Mode Remote Sensor™

(also, interrmeadiate
procassing nodea) q (\;__)

Single-hop

U\ Mufti-hops
O_\ [ RHemote

| Sensors

5 1

S
e L_“O Wireless ) -
Wireless or wiraline links Clustering Node
links (also. intermediate

—___\_\_\_\_\_\_\—'_F.’_'/’

processing node)

: ) Final Processing Node

Céc ung dung co ban cua mang cdm bién chu yéu gom thu thap dir ligu,

Sensor Fiaeld

giam sat, theo doi ,va cac ing dung trong y hoc.Tuy nhién ing dung cua mang
cam bién tiy theo yéu cau sir dung con rat fia dang va khong bi gidi han.
C6 4 thanh phﬁn co ban tao nén 1 mang cam bién:
- Cac cam bién dugc phan bd theo mé hinh tap trung hay phéan b rai.
- Mang lué6i lién két giira cac cam bién (c6 ddy hodc vo tuyén).
- Piém trung tam tap hop dit liéu .
- B0 phan xtr 1y dit li€u & trung tam.
Hiéu qua sir dung cong suat ciia WSN dura trén 3 yéu to:
- Chu ky hoat dong ngan.
- Xt ly tin hi¢u ndi bo tai cac node dé giam thoi gian truyén.
- M6 hinh dang multihop lam giam chiéu dai duong truyén .

Mot vai dac diém cia mang cim bién:



- Cac node phan bd day dic.

- Céc node dé hong.

- Giao thirc mang thay d6i thuong xuyén.

- Node bi gidi han vé kha nang tinh todn,cong suét, bo nhd.
2.2 K§ thuat xdy dung mang cam bién

2.2.1 Phan cirng

Antenna

Sensing unit Sensing unit Processing
#1 #2 unit

Processor |e—e

Sensor| ADC Sensor| ADC Transceiver
Storage

T Y . T

4 T
Power unit

Power
generator

ADC = Analog-to-Digital Converter

Céc thanh phan ciu tao nén mot Node :

- Mot cam bién (1 hay mot diy cam bién).
-DPon vi xur ly.

-Pon vi lién lac bang vo tuyén.

- Ngudn cung cap.

- Cé4c phan tng dung khac.
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Céc node c6 kha nang lién lac vo tuyén voi cac node 1an can va cac chuc
nang co ban nhu xur 1y tin hiéu, quan 1y giao thirc mang va bat tay voi cac node

lan can dé truyén dir li€u tdi trung tam.

Softwara
Sengor |Drver |
A
Amanna
Communication:
Mini- Netwonsng
sppécations Topoogy =2
& Neat inn’
Communication: |
e Ra::‘: S F
Opersting System (O5)

Proceasor Memory Storage

Phan mém: 5 nhom chinh

Hé diéu hanh (OS) microcode (con goi 13 middleware): lién két phan mém
va chirc ning bd xtr Iy. Cac nghién ctru hudng dén thiét ké ma nguon mo cho OS
danh riéng cho mang WSNs Sensor Drivers: day 1a nhiing module quan 1y churc
nang co ban ctia phan tir cam bién.

Bo xir Iy théng tin: quan 1y chirc ning thong tin, gdm dinh tuyén, chuyén
cac goi, duy tri giao thirc, ma hoa, sira 10i,. ..

Bo phan xt Iy dir liéu: xu 1y tin hi€u da Iuu trit, thuong & cac node xur ly
trong mang

2.2.2 Giao thirc dié¢u khién truy céap:

Mang WSNs duoc xdy dung véi s6 lugng 16n cam biém , phan bd trén
mot ving dia 1y. Cac thiét bi cam bién (node) nay bi han ché vé ngudn cung cip
va do d6 bi gid1 han kha nang xur Iy va thong tin.

Viéc khai thac dé sir dung hiéu qua céc loi ich tiém ning cia mang WSNs

doi hoi kha nang tu t6 chic va két hop & mirc dd cao cua cac node cam bién. Do
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d6, thiét ké giao thirc mang va lién lac hiéu qua cho WSNis tré thanh diéu quan
trong dé mang lai thanh cong trong hoat dong ciia mang. Xay dung phan ctng
cho mang khéng day lién két da duong dé truyén dir liéu doi hoi phai tao sy lién
lac giita cac node lan can. Khong giéng thong tin trong mang c6 day dan, mang
khong day dua trén truyén séng dién tir qua méi truong khong khi, tudn theo cac
dic tinh truyén song. Viéc dbi xtr véi cac node trong mang phai ngang nhau. dé
dat dugc cac muc ti€u nay, viéc st dung giao thuc diéu khién truy nhap moi
truong MAC (Medium Access Control) 13 can thiét.

Mot sb giao thuc MAC da duoc dé nghi cho mang WNSs, lua chon giao
thirc do dic tinh ctia mang quyét dinh.

dic diém kénh truyén chi cho phép mot node truyén thong di¢p tai mot
thoi diém xac dinh. Viéc chia sé truy cap kénh truyén can phai xay dung giao
thtc MAC cho cac node trong mang. Tu mé hinh tham khao OSI (Open
Systems Interconnection Reference Model OSIRM), giao thitc MAC duoc xay
dung & 16p thap cta 16p lién két dit liéu (Data Link Layer DDL) . L6p cao cla
DDL dugc xem nhu 16p diéu khién ligic (LLC). Su ton tai cta 16p LLC cho
phép nhiéu Iya chon cho 16p MAC, phu thudc vao ciu tric va giao thic cla
mang, dic tinh kénh truyén, va chat luong cung cip cho tmg dung.

Lép vat Iy (PHY) gém cac dic tinh vé méi trudong truyén va cdu hinh
mang. N6 dinh nghia giao thirc va chirc niang céc thiét bi vat 1y, giao dién vé mat
dién dé dat dugc viée thu nhan bit. Chirc ning cha yéu 16p PHY bao gdm cac
qui udc vé dién, mi hoa va khoi phuc tin hiéu, déng bd phat va thu, qui udc vé
chudi bit. ..

L&p MAC nam ngay trén 16p vat ly. Cung cap cac chiic ning sau:

Két hop dit lidu vao frame dé goi di bang cach thém vao truong header

gom thong tin vé dia chi va truong kiém soat 161.
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Tach frame thu duoc dé 1ay ra dia chi va thong tin kiém tra 16i khoi phuc
lai thong diép. diéu chinh truy cap d6i véi kénh truyén chia sé theo cach phu hop

vai doi hoi vé dic diém cua img dung.

Application

Presentation | Upper Layers l

I ]

Session =5 |

I LLC Sublayer |
Transport

4 T
Network [ MAC Sublayer ]
Data Link \L T
Physical I Physical Layer I

Hinh 5.1: M hinh tham khdo OSI va cdu trc 16p lién két da lidu

Lép LLC ctia DDL cung cp giao dién truc tiép cho 16p cao hon. Muyc
dich chinh 13 dé ngin cach 16p cao véi cac 16p thap hon phia duéi, do d6 tao ra
kha nang hoat dong gitra cac dang khéac nhau ctia mang.

2.3 Phan loai mang cam bién

2.3. 1 Category 1 WSN (C1WSN)

Hé thong ludi két ndi da duong giita cac node qua kénh truyén vo tuyén
sir dung giao thirc dinh tuyén dong,cac node tim duong di t6t nhat dén dich.

2.3.2 Category 2 WSN (C2WSN)

Mo hinh diém-diém hay da diém-diém, chu yéu 13 cac lién két don giira

cac node (single hop), dung giao thirc dinh tuyén tinh.
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CHUONG 3: CAC UNG DUNG CUA CONG NGHE MANG CAM
BIEN KHONG DAY

3.1 Giam sat va diéu khién cong nghiép

Mot nha may cong nghiép, c6 quy mé rong dién hinh c6 mot phong diéu
khién twong dbi nho, xung quanh c6 cac thiét may moc twong ddi 16n. Phong
diéu khién co cac dong ho chi bao va cac may hién thi dé mé ta trang thai cac
thiét bj (trang thai cac van, trang thai thiét bi, nhiét d6 va ap suét cua nguyén
lidu duoc luu trit, v.v...), dau vao cac thiét bi dé diéu khién cac bo truyén dong
trong cac may moc (cac van, cac bép 10, v.v...) ma tic dong dén trang thai dugc
theo ddi cia may moc. Cac cam bién mé ta trang thai cidc may moc, cac két qua
hién thj ctia chiing nam trong phong diéu khién, cac thiét bj ddu vao diéu khién,
va cac bo truyén dong trong cac may tat ca twong d6i ré khi duoc so sanh véi
chi phi cta cac dudng diy boc kim loai ma dugc sir dung dé truyén thong gitra
chung. Tiét kiém chi phi dang ké dugc hoan tit néu mot phuong tién khong day
ré ¢ san dé cung cap kiéu truyén thong ndy. Bai vi thong tin duoc truyén thong
1a thong tin trang thai, nd thuong thay d6i cham. Vi vay, trong ché do van hanh
binh thuong, thong luong dit liéu duoc yéu cdu cia mang twong dbi chim,
nhung do tin cay duoc yéu cau ciia mang lai rat cao. Mang cam bién khong day
ctiia nhiéu node, cung cip nhiéu dudng dan dinh tuyén ban tin cia qua trinh

truyén thong multi-hop, c¢d thé nhan dugc cac yéu cau nay.

3.2 Tw dong hoa gia dinh va dién dan dung

Gia dinh 1a khong gian ung dung rat 16n cho cdc mang cam bién khong
day. Nhiéu timg dung cong nghiép vira duoc mé ta c6 méi lién hé tuong tu trong
gia dinh. Vi du mgt hé théng HVAC duoc trang bi vdi cac bo on nhiét va chéng
rung khong day co thé bao vé cac phong dudi anh nang mit troi ctia ngdi nha -
s€ hi¢u qua hon mot ngdi nha chi trang bi mdt bo on nhiét don ¢6 day.

Mot ing dung dugc diéu khién chung tur xa, mot PDA loai thiét bi c6 thé
chi khéng diéu khién TV, May nghe DVD, dan 4m thanh ndi va cac thiét bi

dién tr gia dinh khac nhung vo1 cac bong deén, cac canh cua, va cac 6 khoa cling



12

dugc trang bi v6i mot két ndi mang cam bién khong day. Voi diéu khién chung
tir xa, mot bo c6 thé didu khién ngdi nha tir tién ich trén ghé. Tuy nhién, kha
ning hip din nhat dén tir sy két hop nhiéu dich vu, giéng nhu cac canh cua tu
dong dong khi TV duogc bat, hoac co thé tu dong ngung hé théng giai tri gia
dinh khi mét cudc dugc nhan trén may dién thoai hodc chudng ctra kéu. Véi
chiéc can va may tinh c4 nhan ca hai duoc két ndi voéi nhau thong qua mot
mang cam bién khong day, strc nang cua mdt vat cod thé dugc tu dong ghi lai
khong can yéu cau su can thiép bang tay.

Mot muc dich 16n cua cac mang cam bién khong day trong gia dinh duogc
mong chd 13 cac thiét bi ngoai vi may tinh c nhén, gidng nhu cic keyboard va
mice khong ddy. Cac tng dung ndy dem lai wu diém gia thip va muc tiéu thu
nguon thap 1a diéu kién thiét yéu cua cac mang cam bién khong day. Ung dung
khé&c trong gia dinh 14 cac dung cu thong tin dya trén cam bién (sensor-based)
ma tac dong va lam viéc cong sinh 1o rét cung nhau dé thoa méan chu nha. Cac
mang nay 1a mot mo rong ciia cac dung cu thong tin duge dé xuat bdi Norman.

Ung dyng gia dinh 16n hon khac 13 mot mé rong coa dic diém RKE
(Remote Keyless Entry) dugc tim thiy trén nhiéu 6 t6. V4i cac mang cam bién
khong day, 6 khoa khong day, cac cam bién ctra ra vao va cira s, va cac bo
diéu khién bong dén khong day, chu nha cdé mdt thiét bi tuong tu nhu mot key-
fob v&i mot node bam. Khi badm node, thiét bi khod tit ca cac cira ra vao va clra
sO trong nha, tat hau hét cac bong dén trong nha (trir mot vai bong dén ngir), bat
cac bong dén an toan ngoai nha, va thiét 1ap hé théng HVAC dén ché do ngu.
Nguodi str dung nhan mdt tiéng beep mot lan hoi dap thé hién tat ca da thuc hién
thanh cdng, va nghi ngoi hoan toan, nhu vay ngéi nha an toan. Khi mgt canh
ctra hong khong thé md, hoic van dé ton tai, mot man hinh hién thi trén thiét bi
chi thi noi bi hdng. Mang c6 tham tri c6 thé tan dung moét hé théng an ninh gia
dinh dy da dé phat hién mot cira sd bi giy hoic chd hong khac.

Bén ngoai ngdi nha, cac kha nang location-aware ciia cic mang can bién

khong day phu hop vdi mét tap khac nhau cua cac hoat dong consumer-related,
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bao gém du lich va mua sim. Trong cac Gng dung nay, qua trinh dinh vi c6 thé
dugc s dung dé cung cdp thong tin context-specific dén ngudi tiéu dung.
Trong trudng hop cua nguodi huéng dan vién du lich, nguoi sit dung chi dugc
cung cap thong tin lién quan dén quang canh hién tai, trong trudng hop cia
nhan vién ban ban hang, nguoi st dung duoc cung cép thong tin lién quan dén
san pham trudc mit. bao gdm cac khoan mua ban va khau hao dic biét va tro
giup.

3.3 Mang cam bién trong quén sy

Céac mang cam bién khong diy 1a mot phan khong thé thiéu trong cac tmg
dung quan su ngdy nay véi cac hé thong ménh 1énh, diéu khién, thu thap tin tirc
tinh bao truyén thong, tinh toan, theo doi ké tinh nghi, trinh sat va tim muc tiéu.
Céc dic tinh trién khai nhanh chong, tu t6 chic va kha ning chiu dung 15i cua cac
mang cam bién cho thay day la mot cong nghé day trién vong trong linh vuc quéan
su. Vi cac mang cam bién dua trén co s& trién khai day dac voéi1 cac node gia ré va
chi dung mot lan, viéc bi dich pha huy mot s6 node khong anh hudng té1 hoat dong
chung nhu cac cam bién truyén théng nén chung tiép can chién trudong tét hon. Mot
) ung dung ciia mang cam bién 1a : kiém tra luc lugng, trang bi, dan dugc, gidm
sat chién truong, trinh sat ving va luc luong dich, im muc tiéu, danh gia thiét hai

tran danh, trinh sat va phat hién cac vii khi hoa hoc - sinh hoc - hat nhan (NCB).

3.4 Cam bién trong y té va giam sat strc khoé
Mot sd tng dung trong y té cia mang cam bién 13 cung cap kha ning giao
tiép cho nguoi khuyét tat; kiém tra tinh trang cta bénh nhan; chan doan; quan 1y
duoc phém trong bénh vién; kiém tra sy di chuyén va cac co ché sinh hoc bén
trong cua con trung va cac loai sinh vat nhé khéac; kiém tra tir xa cac sd liéu vé
sinh Iy con nguoi; gidm sat, kiém tra cAc bac si va bénh nhan bén trong bénh vién.
3.5 Cam bién mdi trwomg va nong nghiép thong minh
Mot s6 cac img dung vé& méi truong ctia mang cam bién bao gom theo ddi sy
di chuyén cua cac loai chim, loai thu nho, con trung; kiém tra cac diéu kién moi

truong anh hudng téi mua mang va vat nudi; tinh trang nude tudi; cac cong cu vi mo
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cho viéc giam sat mat dat & pham vi rong va tham hiém cac hanh tinh; phat hién hoa
hoc, sinh hoc; tinh toan trong ndng nghiép; kiém tra moi truong khong khi,dat tréng,
bién; phat hién chay rirg; nghién ctru khi tugng va dia ly; phat hién 1i lut; v€ ban dd
sinh hoc phtic tap clia moi truong va nghién ctru 6 nhiém mai trudng.

- Phat hi¢n chay rung.

- V& ban d6 sinh hoc phirc tap ctia méi truong.

- Phat hién 10 lut.

- Trong ndng nghiép.
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CHUONG 4: XAY DUNG UNG DUNG GIAM SAT THONG SO
MOI TRUONG

4.1 Tim hiéu vé thiét bi Raspberry Pi
4.1.1 Gidi thiéu chung
Raspberry Pi 1a mét chiéc may tinh ti hon chay hé diéu hanh Linux ra mat
vao thang 2 nam 2012 voi gia chi $25. Ban dau Raspberry Pi duoc phat trién
dua trén y tuong tién si Eben Upton tai dai hoc Cambridge mudn tao ra mot
chiéc may tinh gia ré dé hoc sinh c6 thé dé dang tiép can va kham pha thé gioi
tin hoc. Dy dinh khiém tén cta ong dén cudi doi 1a c6 thé ban duogc téng cong
1000 bo mach cho cac truong hoc. Tuy nhién véi nhitng wu diém noi bat, hon

mot tridu board Raspberry Pi da duoc ban ra chi trong vong chua diy mot nam.

Hinh 4.1: Board Raspberry Pi

Chi can 1 ban phim, 1 tivi hodc 1 man hinh ¢6 cong HDMI/DVI, 1 ngudn
USB 5V va 1 day micro USB 1a di c6 thé sir dung Raspberry Pi nhu 1 may tinh
binh thudng. Véi Raspberry Pi, ta c¢6 thé s dung cac Gmg dung van phong,
nghe nhac, xem phim dd nét cao... M{t diéu quan trong 1a n6 rat tiét kiém dién

va kha nang chay lién tuc 24/24.
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Phan Cing
Théng s6 ky thuat

Model B

System-on-Chip

Broadcom BCM2835 (CPU+GPU)

(SoC)
CPU 700 MHz ARM 11 nén tang ARMv6
Broadcom VideoCore 4, OpenGL ES
GPU 2.0, OpenVG 1080p30 H.264 high-profile
encode/decode
B06 nhé (SDRAM) 512 MB

USB 2.0 Ports

2 (qua hub USB tich hgp)

Video Outputs

Composite RCA hoac HDMI

Audio Outputs

3.5 mm jack hoac HDMI

Audio Inputs

Khong o, nhung c6 thé thém vio

Onboard Storage

Secure Digital|SD / MMC / SDIO card

slot

Onboard Netword

10/100 wired Ethenet RJ45

Cong suét

700 mA (3.5 W)

Nguon dién

5V DC qua céng micro USB hoic GPIO

Kich thudc

85.0x56.0x17.0 mm

Théng s6 ky thudt ciia board Raspberry Pi model B
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Cau tao

RCAVIDEO AUDIO  LEDS USB

SD CARD POWER
Hinh 4.2: Cdu tao ciia Raspberry Pi

Trai tim cua Raspberry Pi la chip SoC (System-On-Chip) Broadcom
BCM2835 chay ¢ tbc do 700mHz. Chip nay twong dwong voi nhiéu loai duoc st
dung trong smartphone pho théng hién nay, va c6 thé chay duoc hé diéu hanh Linux.
Tich hop trén chip nay 13 nhan d6 hoa (GPU) Broadcom VideoCore IV. GPU nay du
manh dé c6 thé choi 1 s6 game phé thong va phat video chuan full HD.

Hé théng GPIO (General Purpose Input Output): gdm 26 chan chia lam
hai hang. Pung nhu tén goi cta nod, tir day ta co thé két ndi va diéu khién rat
nhicu thiét bi dién tir/co khi khéc.

Ngd HDMI: dung dé két ndi Pi véi man hinh may tinh hay tivi c¢6 hd trg
cong HDML.

Ngd RCA Video (analog): khi thiét ké Pi ngudi ta ciing tinh dén trudong
hop ngudi st dung & cic nudc dang phat trién khong co diéu kién saim mot
chiéc tivi doi méi tich hop cong HDMI. Vi vay cong video analog nay duoc
thém vao, gitip Raspberry Pi co thé két ndi voi chiée tivi doi cil.

Ng6 audio 3.5mm: két ndi dé dang véi loa ngoai hay headphone. Dbi vi
tivi c6 cong HDMI, ngd am thanh dugc tich hop theo duong tin hiéu HDMI nén

khong can st dung ngd audio nay.
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Cong CSI: khe cam nay la dé cam modul camera vao Raspberry Pi. Khi san
xuat Raspberry Pi thi nha san xuat con san xuit thém mot modul camera SMP
nhung nguoi mua khong duoc hd trg ma phai mua thém. Ching ta c¢6 thé chup
hinh, quay phim, ... 1am viéc tat ca cic tac vu nhu trén mot camera binh thuong.

Cong DSI: noi day s& gitip ta ¢ thé két ndi Raspberry Pi voi man hinh
cam tmg dé hién thi va sir dung Raspberry mot cach truc quan nhat. Chung ta co
thé thuc hién cac tac vu tuong duong nhu khi sir dung chudt va ban phim.

Cong USB: mét diém manh nita ctia Raspberry Pi 14 tich hop 2 cong USB
2.0. Ta c6 thé két ndi v6i ban phim, chudt hay webcam, bd thu GPS... qua do
c6 thé mo rong pham vi tng dung. Vi Raspberry Pi chay Linux nén hau hét
thiét bi chi can cam-va-chay (Plug-and-Play) ma khong can cai driver phuc tap.

Cong Ethernet: cho phép két ndi Internet dé dang. Cam day mang vao Pi, két
n6i v6i man hinh may tinh hay tivi va ban phim, chudt 13 ¢6 thé luét web dé dang.

Khe cam thé SD: Raspberry Pi khong tich hop 6 ctng. Thay vao dé né
dung thé SD dé Iuu trir dit liéu. Toan bo hé diéu hanh Linux s& hoat dong trén
thé SD nay vi vy né can kich thudc thé nhd téi thiéu 4 GB va dung lugng hd
tro t6i da 1a 32 GB.

Céu tric phan mém

Cac Raspberry Pi str dung hé diéu hanh dua trén nén tang Linux. Phan
cung GPU duoc truy cap thong qua Image Firmware dugc nap vao GPU vao
luc khoi dong tur thé SD. Image Firmware duoc goi la ddm mau nhi phan
(Binary Blob), trong khi ARM lién két véi ma trinh diéu khién Linux ban dau
duoc dua vao nguén dong. Mot phﬁn ctia ma diéu khién da duoc giai phong, tuy
nhién nhiéu chuong trinh diéu khién thuc té dugc thuc hién bang cach sir dung
mi ngudn dong GPU. Phan mém ung dung st dung cac cudc goi dén thu vién
thoi gian chay ngudén dong (OpenMax, OpenGL ES hay OpenVG). N6 s& goi
mdt trinh diéu khién ngudn md bén trong 161 Linux, sau d6 goi ma diéu khién
ngudn déng GPU VideoCore IV. Cac API cua trinh diéu khién 15i 1 cu thé cho
nhitng thu vién dong. Cac tng dung Video str dung OpenMax, ung dung 3D su
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dung OpenGL ES va tng dung 2D sir dung OpenVG va ca hai lan luot st dung

EGL. OpenMax va EGL sir dung trinh diéu khién nén taing ma nguén mo.

\v

Application Application Application

| |

Media 3D I 2D

I
/

> Arm

.

il

Kernel Driver

Open Closed Binary
Source Source Blob

Hinh 4.3: So do két noi API.

Nha san xuit Raspberry s& cung cip mot tip hop cac thu vién mi ngudn
dong cho phép chiing ta truy cdp vao cac tinh ning ting toc GPU. Cac thu vién
s& ¢ san la:

> OpenGL ES 2.0 (opengl) 13 mot thu vién 3D, rat thuong duoc sir dung trén
may tinh dé ban va cac hé théng nhiing. N6 duogc dinh nghia boi Khronos Group.

» OpenVG la mét thu vién ban v€ véc to 2D, cling thuong dugc sir dung
trén may tinh dé ban va cac hé thong nhiing. Mot 1an nira, duoc dinh nghia boi
Khronos Group.

» EGL la mdt giao dién lap trinh Gng dung gitta Khronos va API nhu
OpenGL ES hay OpenVG va hé théng ctra s6 nén tang ngudn gbc co ban.

> Openmax cung cAp mot tip hop cac API v6i khai niém triru twong cua
nguoi dung cho nhiing théi quen st dung trong am thanh, video, vaxtwr 1y hinh

anh tinh. OpenMax dinh nghia ba 16p, day 1a 16p IL, cung cap mét giao dién
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giita cac khuon kho da phuong tién nhu Gstreamer va mot tp hop cac thanh
phan da phuong tién (nhu bang ma).

» Openmax IL khong c6 mot API chuan & giai doan nay, vi vay do 1a
mot cai dit tuy chinh. Tit ca cac thu vién nay dugc cung cap boi chip SoC
Broadcom.

4.1.2 Tim hiéu hé diéu hanh

Raspberry Pi [a mot may tinh, dé may tinh nay hoat dong can cai dit hé
diéu hanh. Trong thé giéi ngudn md linux, c6 rat nhidu phién ban hé diéu hanh
tiy bién (distro) khac nhau. Tuy theo nhu cau va muc dich, cling nhu kha ning
hoc hoi ma ta s€ su dung distro phu hgp véi minh.

C6 5 phién ban hé diéu hanh dugc cung cip chinh thirc cho Raspberry Pi:

» Raspian "wheezy": day la distro dya trén Debian wheezy, su dung
hard-float ABI (tinh toan ddu cham dong bang phan cing) cho thdi gian chay
cac ung dung nhanh hon. C6 sin giao dién dd hoa. Phu hop v6i ngudi méi bat
dau tiép can Linux vi tinh d& sir dung va truc quan.

> Soft-float "wheezy": van dugc xay dung dua trén Debian wheezy
nhung viéce xir Iy dau chim dong duoc thuc hién bang phan mém. Viéc nay giup
c6 thé str dung may ao Java (Oracle JVM) trén Raspberry.

» Arch Linux: phién ban gianh cho ARM. Pam bao thoi gian khoi dong
trong vong 10 gidy. Chi khoi dong va load cac goi can thiét. DBé sir dung dugc
Arch Linux can c6 kién thirc co ban vé Linux.

> Pidora: 13 phién ban cta Fedora dugc tdi uu cho Raspberry Pi, c6 sin
giao dién d6 hoa. Gianh cho nhiing ai dd quen xai Fedora.

> RISC OS: 1a hé diéu hanh do nhom phat trién ARM thiét ké riéng. Pay
khong phai 13 mot phién ban Linux, do vdy can lam quen vé&i cdu tric va cau
lénh dic trung cho hé diéu hanh nay.

4.2 Xay duyng mang cam bién gidm sit cac thong s6 moi trudng qua
viéc sir dung thiét bi Raspberry Pi va c4c Sensor

Chung ta s& xdy dung mot (mg dung dé giam sat cac thong s6 mdi truong

tiéu biéu do1 vdi viée bdo quan thuc pham, dac biét la thuc pham tuoi song
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trong qué trinh van chuyén, d6 1a: nhiét do, d6 4m va anh sang. Ching ta s& sir
dung thiét bi Raspberry Pi va cac Sensor cam bién DHT22 va BH1570 nhu d3
trinh bay & trén. Ngoai ra ching ta cling sé dung ngon ngir 1ap trinh Python va
cac thu vién dung riéng cho cic sensor cam bién (thu vién adafruit) dé viét
chuong trinh dung Raspberry Pi dé doc cac thong sb cia cac Sensor.

- M6 hinh hoat dong cua chuong trinh biéu dién dudi dang so d:

Bt dau
)

Cac sensor gan
trén Raspberry Pi

|

Raspberry Pi m& 1 web
service dé& dap tng khi co
yéu ciu cla ngudi dung

True Péng Cho cé request cla ;

o~ A . 3 Ky
Két thic < Service S ngudi dung

),

co

False request

tlr nguoi
dung

|

Sensor doc dit ligu moi
truong

!

Raspberry Pi nhén di¥
liéu tlr cac sensor

\,

Raspberry Pi tao ban
HTML twong (rng

GUri ban HTML vé
cho nguoi dung

False
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KET LUAN

Cong nghé 10T néi chung va mang cam bién khong day ndi riéng hia hen
tao ra nhitng ing dung day tiém ning, c6 thé 4p dung trong nhiéu linh vuc khac
nhau, ma ddi véi cac cong nghé khac con nhiéu han ché. Tuy nhién dé trién
khai mang nguoi thiét ké hé thong yéu cau phai ndm bat duoc nhimmg nhan td
tac dong dén mang, nhitng nhugc diém cua mang can phai duoc khic phuc. Tuc
13, nguoi thiét ké can phai quan tdm dén cac tham sé mang, vi du nhu tip cac
chat lugng dich vu QoS. Nho qua trinh md phong ngudi thiét ké hé thong c6 thé
danh gia duoc chat luong dich vu mang cung cip, dé tir d6 c6 thé thiét ké hé
théng theo cach tdi wu nhat.

Trén co s& nghién ctru tong quan vé IoT, cong nghé cam bién khong day
va cac tng dung trong thuc tiénm, em di xay dung thanh céng mot chuong
trinh thuc nghiém c6 tinh kha thi cao (nhu di trinh bay trong phan danh gia két
qua chay thr nghiém). Tuy nhién, do thoi gian va sé lugng cic cam bién han
ché, chuong trinh chua chay thir nghi€ém vé1 mot sb lugng 16n cac thiét bi cam
bién, vi vay chua danh gia hét duoc mot sd van dé nhu: viée truyén nhan dir
liéu tir thiét bi cam bién dén cic node mang cam bién, van dé xung dot dit
liéu... Pay ciing 1a mét trong nhitng hudng nghién ctru, phét trién tiép theo cta

luan van.
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