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NGHIEN CU'U THIET KE MANG WSNs THU THAP
MOT SO THONG SO MOI TRUONG TANG HAM

RESEARCH AND DESIGN OF WSNs FOR MEASURING SOME PARAMETERS

IN THE ENVIRONMENT OF BUILDING BASEMENTS

TOM TAT

Mang cam bién khong day (WSNs) ngay cang phd bién va duoc ing dung
viéc td chic thiét k& mt céu tric mang WSNs dé thu thap mot s6 thong s6 trong
moi truong tang ham. WSNs dugc thiét ké dva trén nén tng mang RF 433 MHz
va hé thdng nhing PIC (PIC18F4550) cta Microchip. Kt qua thuc nghiém cho
thdy hé thong hoat dong n dinh va tin cy.

Tir khod: Mang cam bién khong day, Iap trinh, mang khong déy.

ABSTRACT

Wireless sensor networks (WSNs) are becoming increasingly popular and
widely used in many technical areas. In this paper, we introduce the organization
to design a WSNs network structure in order to measure some parameters in the
environment of building basements. The WSNs are designed based on the 433
MHz RF network platform and Microchip's PIC (PIC18F4550) embedded system.
Experimental results show that the system operates stably and reliably.
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KY HIEU
Ky hiéu Y nghia
A, PiachinGt SN vaRT
Aparent Dia chi GW
CHU VIET TAT
WSNs  Mang cdm bién khong day
RF Séng vo tuyén
RT Khau dinh tuyén mang (Router)
SN DBiém cam bién (Sensor Node)
NC Diém diéu phoi (Network Coordinator)
GW Diém chuyén déi giao thirc mang (Gateway)

Quéch Btrc Cuong’,
BUi VAn Huy, D6 Duy Hop

1.GIOI THIEU

Mang cam bién khong day (WSNs) la mét hé thdng
phan tan ty t0 chic bao gdbm nhiéu ndt cdm bién thu thap
di liéu hién truong va lién két, trao doi thong tin véi nhau
gua mang giao ti€p khdng day. Pham vi (*ng dung cua
WSNs rét rong, bao trum nhiéu linh vyc khac nhau: hé
théng mang di liéu trong cong nghiép; néng nghiép
thong minh; y té; gidm sat mai treong; nha thdng minh
[1]... WSNs tich hgp céng nghé cam bién, mang truyén
thong, k§ thuat x& ly tin hiéu, cbng nghé nhing... Trong
nhitng ndm gan day, nghién ctu va tng dung WSNs vao
thuc tién da co6 nhitng budc phéat trién manh mé. Tai
Tredng Bai hoc Cong nghiép Ha Noi, B6 mén Ty dong hoda -
Khoa Bién va Vién Cong nghé HaUl cling da phdi hop thuc
hién mét so deé tai, dv &n lién guan dén WSNs nhu: 1) mang
cam bién dién rong thu thap dir liéu tham so chéat lvong
nuoc cong nghiép thai ra méi truong tai cac khu cong
nghiép trén dia ban Hai Duvong; 2) WSNs thu thap dir liéu
nong dd khi déc hai va khi chay né tai tang ham toa nha;...
Thanh céng buéc dau cha nhitng du an trén da tao nén
mong cho viéc nghién clru phat trién va ¢ng dung WSNs
vao cong nghiép tai B6 mdén Ty ddng hoda - Khoa Dién va
Vién Céng nghé HauUl, Truong Bai hoc Cong nghiép Ha Noi
[4, 5]. Dva trén nhitng thanh qua da dat dwgc trong thuc
tién, nhom nghién clru s& giGi thiéu so lugc vé thiét ké
WSNs st dung mang RF 433MHz va vi diéu khién
PIC18F4550 ctia hdng Microchip.

2. MOT SO CONG NGHE MANG KHONG DAY VA CAU
TRUC MANG

Trong thuc tién phd bién mot s6 mang khdng day nhu:
Zigbee, Wi-fi, BlueTooh (BLE), RF, Z-Wave hay LoRa. Mbi
mot cdng nghé mang sé co dic diém k§ thuat pha hop voi
mot s6 (rng dung cu thé. Vi du, mang Zigbee c6 céng suét
tiéu thu thap, khoang truyén duwéi 100m sé phu hgp cho
cac hé théng WSNs st dung ngudn pin va méat dé phan bé
SN twong ddi cao. Mang RF c6 khoang truyén xa nhung
cong sudt tiéu thu I6n sé phu hgp véi moéi truong nha may,
xi nghiép hodc nhirng noi c6 sdn ngudn dién ludi. Bai bao
nay, chang toi gidi thiéu thuc hién WSNs dya trén mang RF
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CONG NGHE

& dai tan diéu ché 433MHz dung trong cong nghiép. Bay la
mang c6 cong sudt tiéu thu cao, bu lai khoang truyén kha
I6n dat téi mot vai km trong diéu kién khong gian phang
khéng vat can.

Bang 1. M4t s6 cong nghé mang khdng day [6, 11, 12]

STT | Mang Dac diém ky thuat

1| zighee IEEE‘802.1£5.4, tiét kiém pin, giao thic da dang, khoang
truyén ngan 10-100m, 2,4GHz

2 | Wifi Phii s6ng < 100m, 2,4GHz hodc 5GHz

3 | BLE Phii song ngan < 10m, 2,4GHz

4 | RF Phii s6ng xa vai km, 3kHz - 300GHz, 433MHz, tiéu t6n CS

5 | Z-Wave | Ph{isong ngan <100m, 908,42MHz, tiét kiém pin

6 | LoRa Phi s6ng xa tdi 10km, cOng sudt thap, 433MHz, 915MHz

C4u trdc mang phé bién cé ba dang nhu trén hinh 1.
Trong dé GW, RT va SN lan luot la c6ng mang di liéu, thiét
bi dinh tuyén va cac di€ém cadm bién. Dang hinh sao (Star) cd
wvu diém don gian nhung kha nang phl réng thap do
khodng cach truyén vé tuyén bi han ché. Truong hop can
WSNs v&i khodng pht I&n ¢é thé st dung cau trdc hinh cay
(Tree) hodc dang lw6i (Mesh). Lac nay trong hé théng WSNs
can b6 sung thém cac thiét bi dinh tuyén RT.

e

—® @

Hinh 1. M6t s0 cdu triic mang WSNs dién hinh

Treong hop can tao ra mdét mang WSNs dién rong,
chiing ta cé thé két ndi di¥ liéu ciia mang WSNs vao moi
trwong Internet théng qua cdc dich vu mang nhw

GSM/GPRS, Internet... Cau tric mang dién rong dugc to
chitc nhw trén hinh 2.

Hinh 2. Cau trdc WSNs dién rong st dung dich vu mang Internet
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3. THIET KE PHAN CUNG

Trong bai bao nay, ching t6i gi6i thiéu viéc thiét ké
mang WSNs dua trén mang RF. Qua trinh thiét ké va thuc
nghiém tap trung vao van dé két néi mang, lap trinh va
kiém tra 16i mang cuc bd. Cac yéu té nhu t8i vu hoa ning
lvgng tiéu thu cla ndt cdm bién hay toan mang, bang
thong, luu trir, kha ning séng sot trong moi truong khic
nghiét... chua dwgc dé cap dén.
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Hinh 4. Cau trac khoi ctia nat cam bién SN
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Cau tric mang th* nghiém bao gém ba tang I&p, mot
Router RT, mot GW (bao gobm may tinh PC va thiét bi diéu
ph6i NC) va ba nt cdm bién SN nhu trén hinh 3. Cac nt SN
duoc thiét ké dwa trén MCU PIC18F4550 cua Microchip
duoc mo ta bang so dd khdi nhw trén hinh 4 va trén so do
nguyén ly nhu hinh 5. Mdi SN két ndi voi cac cam bién
DS18b20, DHT22 va MQ-7 dé do cac théng s6 nhiét do, do
am va nbng doé khi CO. Module Wireless st dung loai
RF433-E30 hoat dong ¢ dai tan 433MHz, cong suat 100 mw
va khoang truyén xa trong diéu kién ly tuéng la 3000 m.
Ngoai ra trén module SN con tich hgp thém man hinh LCD
thuén tién cho viéc quan sat di¥ liéu tai hién truvong.
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Hinh 7. So do khoi GW

Thiét bi RT don gian la kh6i MCU PIC18F4550 két ndi véi
module RF433-E30 qua cdng UART. MCU PIC18F4550 s&
nhan khung dit liéu tir kh6i NC qua UART va dinh tuyén
duong truyén (hinh 6). Khéi GW ddng vai tro chuyén déi
giao thirc két ndi dir liéu ctia WSNs véi mang Internet. GW
bao gébm khau diéu ph6i mang NC va may tinh PC. Trong
do NC thuc chat la module RF433-E30 két ndi v6i PC qua vi
mach MAX232 nhuv hinh 7.
4. 7O CHUC BIA CHI VA LAP TRINH MANG
4.1.T6 chirc dia chi va lvu d6 thuat toan téng quat

Bia chi ndt mang A, dugc thiét lIap theo cach thiét 1ap
dia chi n(t mang Zigbee va dugc xac dinh theo (2) [2], [3].

1+C,, x(L,, —d-1);khiR,, =1
Cskip (d) =11+ Cm _Rm _Cm XRErl;midil)
1-R

(d)xR_+n )

khiR 21 D

An = Aparent +C

skip

Trong do, L, C,,, R, 1an lvgt 1a d6 sau clia tang mang, s6
lvgng nut I6n nhat (bao gdm ca RT va SN) két ndi véi tang
phia trén, s6 lugng nat RT 16n nhat két ndi tang phia trén.
Chi s6 n, Apens 1N luot 1a thir ty nat cdm bién va dia chi
gbc clia GW.

Lwu db thuat toan tong quat thuc hién trén GW, RT va SN
nhuv trén hinh 8 [2]. Phat hién qua trinh nhan di¥ liéu cla cac

Node théng qua s kién ngat céng UART trén MCU. Dé tranh
xay ra 16i trong qua trinh thu nhan chudi dit liéu, can thuc
hién mot s6 ky thuat: 1) ma héa khung dit liéu; 2) két hop gidi
thuat kiém tra I16i khung di liéu; 3) thuc hién ché do “thoi
gian cho” tai cong UART, néu vurgt qua khoang thai gian cho
clia 1 byte thi két thic qué trinh nhan chudi dit liéu.

Khi khéi ddng mang, GW thuc hién viéc truyén di liéu cai
dat t6i tat ca cac SN (bao gom cac thong s6: dia chi SN, cac
di¥ liéu vé tan s6 lay mau cac ngudng canh bao cia SN...) va
thiét 1ap dinh khoi dinh tuyén RT (dia chi RT va quan ly
nhitng dia chi nao...). NC s& nhan d¥ liéu tlr cac dia chi gtri vé
va gl [én PC thdng qua UART. PC nhan dit liéu trong ché do
cho va hoi vong. B6i v6i RT, khi RT nhan khung dit liéu yéu
cu tlr NC, RT s& phan tach khung dit liéu dé tim dia chi cua
SN. Sau dé so sanh dia chi nay v6i danh muc dia chi ma RT
dang quan ly. Néu dia chi nay thudc pham vi RT quan ly thi
RT sé truyén ti€p khung dir liéu tlr NC glvi téi SN, nguoc lai né
sé khdng phat khung dir liéu. Qua trinh nhan di liéu NS g
vé NC tuong tu nhu trén. Bai véi SN khi nhan dugc khung div
lieu (c6 keém dia chi), SN s& phan tach di liéu trong khung
(loc dia chi, ki€ém tra CRC, phan tich mé Iénh yéu cau...) néu
duing la dia chi ctia SN thi né s& kiém tra CRC ban tin va thuc
hién lénh truyén di¥ liéu vé NC.

installation

N

Hinh 8. Liru d thuét todn dang tong quat clia WSNs [2]
4.2. Binh dang khung dit liéu

Pinh dang khung di liéu tir SN gti Ién GW mo ta trén
hinh 9. Trong do:

- nlaso lwvgng byte di liéu can truyén;

- byte khé&i dau (start byte) va byte két thic (stop byte)
déu c6 gia tri OXTE;

- byte trang thai S, néu hé hoat dong binh thuong
S =0x17 va nguoc lai S = 0x1D.

- Add la hai byte dia chi ctia thiét bi;

1 2 3,4 5-n n+1 n+2 n+3
loxtE| s [Add| pata | crc | crc | oxiE |

Hinh 9. Khung di liéu tlr SN gUi 1én GW

- Chudi di¥ lieu Data: bao gdbm tap dir liéu ctia nhiéu
thoéng s can do, mbi théng s can do bao gdém 3 thong tin:
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Byte 1 la ID cla di liéu; Byte 2, 3 la gia tri byte cao, byte
thap cla dit liéu thdng s6 can do.
Bang 2. Gid tri ID mé héa cho cac thong s6

T Thong s6 ID
1| Nhiétddmoi truong 0x01
2 | Poam 0x02
3 | Nong dokhi CO 0x03

Kiém tra/ddi sanh di liéu st dung ma CRC-16, gia tri nay
chira dyng trong 2 byte n+1 va n+2. SN sé tinh gié tri CRC-
16 twong ng voi chudi dir liéu va giri [1én PC. PC s& tinh lai
cac gid tri nay dé déi sanh phat hién 16i chubi dif lieu. Ham
kiém tra CRC-16 duoc thic hién nhu code dudi day:

intlé CRC16_Soft Process(int *pktcrc,int pktLen,long
int CRC_16)

{//pktLen la s6 lvgng phan ti trong mang dii liéu
*pktcrc, CRC_16 = 0x1021 la s6 ma hda

longint cre=0;
unsigned char crc_Cur=0;
unsigned char i=0;
while(crc_Cur<pktLen)
{
crc=(crc™M(long int)(*(pktcrc+crc_Cur)*256));
for(i=0;i<8;i++)
{
if(crc&0x8000)
(long int)crc=(crc*2)~"CRC_16;
else
(long int)crc=crc*2;}
crc_Cur++;
}
return (long int)crc; //tré lai gia tri CRC-16bit

}

Trong toan b khung di liéu tir byte thi 2 dén byte th
n+2 néu ton tai mot byte nao c6 gia tri la OX7E (trung voi
gia tri clia byte dau va byte cudi) hodc 0x7D thi can phai di
lai gia tri theo quy luat sau: Néu di liéu la 0x7D d6i thanh
0x7D 0x5D va néu di liéu l1a Ox7E ddi thanh 0x7D Ox5E. Nhuw
vay c6 thé thay do dai khung di liéu khong cd dinh, né phu
thudc vao s6 lvgng byte c6 gia tri 0x7D va Ox7E trong toan
b6 khung truyén trir 2 byte dau va cudi cia khung dit liéu.

Dir liéu ctia cadm bién duwgc chi dinh thu thap dinh ky va
tai hién truong SN con ¢6 chirc nang canh bao khi tham s
can do vuot ngedng. Do d6, can phai thiét 1ap ba loai tham
s0 clia cam bién théng qua Iénh céng noi tiép va cac tham
s6 nay khong bi mat khi tit ngudn (lvu gitr trong EEPROM
clia MCU). Céac tham s6 can dwoc cau hinh la: 1) loai dit liéu
duwoc thu thap béi SN; 2) chu ky thu thap di liéu; 3) nguéng
di¥ liéu an toan. Binh dang khung giao thic cdu hinh tham
s0 cAm bién mé ta trong hinh 10.

1 2 3,4 5 6 7 8-9 10
lox7E| s | Add | 1D [ ox00 | ox00 | crc | ox7E |

Hinh 10. Khung d@ liéu tir PC xudng thiét bi
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Byte bat dau Ox7E, byte két thdc Ox7E. M4 Iénh chi thi
cau hinh SN: S = 0x18. Add la dia chi ctia SN. Tir Iénh cau
hinh cdm bién (ID): Theo yéu cau cula cac tham sb cdu hinh,
¢6 7 loai Iénh cdu hinh; OXFE ~ 0xF9. Cac Iénh cau hinh chi
tiét thé hién trong bang 3.

Bang 3. Gia tri ID twong (rng v6i y nghia thiét lap

T Thdng s6 ID
1 | BGtri chu ky lay mau OXFE
2 | Ngudng trén clia nhiét do 0xFD
3 | Ngudng dudi clia nhiét do OxFC
4 | Ngudng trén clia do 4m OxFB
5 | Ngudng dudi cliadd am OXFA
6 | Ngudng trénclia CO 0xF9

Phan mém giao dién dwgc phat trién trén Visual Basic
2012. Phan mém c6 chitc nang ty phat hién cong két ndi dé
thuc hién két ndi thiét bi trung tam véi may tinh hién
treong. Giao dién than thién, dé st dung va co thé cdu hinh
cac trang thai hoat dong clia cac SN.

Wireless Sensor Networks

System  Sensor Nodes | Plot

OUTPUT |7E 00 OF 12 25 A102 FO FF

O Auto Clear output Send

Hinh 11. Phan mém va thiét bi SN, RT, GW
5. KET QUA THUC NGHIEM
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Mo hinh thiét bi mang WSNs dugc ché tao thr nghiém
nhuv trén hinh 12 va 13. Hé théng dugc cdp ngudn nudi 5V.
Hé théng thir nghiém bao gom 3 SN két n6i voi GW
thong qua moét RT nhu trén hinh 3. Qua trinh th* nghiém
duwoc thuc hién tai tang ham chung cv Gemek tower Il, xa An
Khanh, huyén Hoai Burc, thanh phé Ha Noi. Cac gia tri trung
binh cda5 lan do thu thap duoc cho trong bang 4, 5 va 6.
Bang 4. Thu thap dit liéu tir SN 1 tai khodng cach 50m trong tang ham

SN1 | Bonvi Gid tri do trong ngay 24/02/2019
. 1 2 3 4 5 |Trung
Lando 1-5 .
10h00 | 10n15 | 1030 | 10h45 | 11h00 | binh
Nhiét df °c 288 | 298 | 284 | 301 | 295 |29,32
Do am %RH | 786 | 776 | 775 | 791 | 766 |77,88
NongddCO| ppm | 285 | 272 | 31,84 | 306 | 30,1 [29,65

Bang 5. Thu thap dit liéu tir SN 2 tai khodng cach 40m trong tang ham

SN2 Bonvi Gi4 tri do trong ngay 24/02/2019
. 1 2 3 4 5 | Trung
Lan do 1-5 N
10h00 | 10h15 | 10h30 | 10h45 | 11h00 | binh
Nhiét do °c 212 | 218 | 268 | 281 | 275 | 27,48
Do am %RH | 784 | 766 | 778 | 762 | 781 | 77,40
NongddCO | ppm | 265 | 27,7 | 278 | 286 | 293 | 27,95

Bang 6. Thu thap dit liéu tir SN 3 tai khodng cach 20m trong tang ham

SN3 Bonvi Gia tri do trong ngay 24/02/2019
. 1 2 3 4 5 | Tung
Lan do 1-5 \
10h00 | 10h15 | 1030 | 10h45 | 11h00 | binh
Nhiét dg °c 267 | 211 | 268 | 261 | 265 | 26,64
Do am %RH | 786 | 781 | 768 | 776 | 784 | 77,90
NongddCO | ppm | 285 | 30,7 | 31,3 | 308 | 29,7 | 30,21

Khoang cach truyén t6i da ciia module RF433-E30 trong
diéu kién ly twéng la 3000m do nha san xuét thiét bi cung
cap. Tuy vay trong thuc tién khoang truyén nay phu thudc
nhiéu vao dia hinh thyc tai (vat can, mat do vat can, nha
cao tang, khéng gian, cay xanh, vi tri dat diém thu va diém
phat..). Két qua tht* nghiém trong méi trvong thanh phé
v6i digu kién thiét bi thu-phat déu dat dudi mat dat cho
thay khoang cach truyén chi dat duoc con s6 dwéi 150m,
tham chi trong méi trudng khdng gian véi nhiéu vat can
khoang cach nay con nhé hon 90m.

Trong qua trinh thir nghiém, nhém téac gia da thir kiém
sai cac khung truyén dir lieu trong 20 lan dir liéu ngau
nhién va st dung phan mém test thiét bj viét trén Visual
Basic 2012. Két qua cho thdy 100% phat hién 16i khung
truyén di liéu. Biéu do cho thdy do tin cay cla dwong
truyén di liéu dwoc to chiic, thiét ké va cau hinh.

6. KET LUAN VA HUONG PHAT TRIEN

Bai bao da trinh bay so lvgc vé qué trinh thiét ké phan
clng, phan mém, cach thirc t6 chirc dia chi cac Node va
dinh dang khung di liéu trong hé thng WSNs. Hé thong
WSNs duoc thiét ké thlr nghiém trén MCU PIC18F4550 clia
Microchip vaéi 3 diém thu thap di liéu (SN), 1 thiét bi dinh

tuyén (RT) va 1 cong thu thap di liéu trung tam (GW). Két
gué thr nghiém cho thay hé thdng hoat dong on dinh, kha
nang phat hién 16i duong truyén cao. Tuy vay hé théng
WSNs trén van chua hoan thién. Trong d6 ton tai mot s6
van dé nhu: téc d6 thu thap cham do co ché thu thap di
liéu thuc hién tuan tu tir yéu cau Iénh trén GW, chuwa quan
tam dén van dé toi vu dinh tuyén dudng truyén; cac van dé
vé thiét ké tiét kiem ngudn nudi... Nhitng van dé nay sé
dugc nhém nghién clru phét trién quan tam va thuc hién
trong nhitng nghién clru ti€p theo.

LOI CAM ON

Nhém tac gia xin chan thanh gti 1&i cAm on t6i B6 mon
Ty ddng hoa, Khoa bién va Vién Céng nghé HaUl, Truong
Pai hoc Cong nghiép Ha Noi da ho tro trong qua trinh thuc
hién nghién ctu.
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