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TOM TAT

Truong Dai hoc Can Tho sé hitu nhiéu thiét bi dién chuyén dung cé
gid tri cao. Cdc thiét bi chuyén dung nay phuc vu cho cong tac dao
tao, nghién ciru va thuong mai. Dé t6i wu héa viéc khai thac hiéu sudt
sir dung, ta can thiét phai xdy dung hé théng gidm sat tw dong thoi
gian hoat dong cua cac thzet bi chuyén dung nay. H¢ théng duwoc dé
xudt trong nghién ciru ndy gom ba thanh phan Thiét bi gidm sat thoi
gian vdn hanh cua thiét bi dién duoc ché tao dua trén cong nghé
Internet van vat. Quan tri dir liéu thu dwoc tir thiét bi giam sat thoi
gian vdn hanh, truy van dit liéu, xit Iy nghiép vu, va hé tro quan Iy cdc
hé thé'ng dwa trén chudn SensorThings. Truc quan hoa dir liéu dwoc
xdy dung trén nén tang Web. Ung dung cho phép theo doi cic théng
56 theo thoi gian van hanh cua thiét bi dién. Hé thzfng duwoc xdy dung
theo tiéu chudn mé, diéu nay cho phép dé dang tich hop thém cdc thiét
bi gidm st va mé réng cho nhiéu kién triic giao thirc khdc nhau.

Tir khéa: Gidm sdt thiét bi, IoT, SensorThings, tiéu chudn mo

ABSTRACT

Can Tho University have a lot of expensive specialist equipment. These
tools are meant to be used for business, research, and teaching. The
construction of a system that automatically tracks the running time of
these specialized devices is required to maximize usage efficiency. The
proposed system is made up of three parts. First, the study presents
the solution to develop IloT-based uptime monitoring devices for
electronic devices. Next, the system enables the management of data
collected from electronic devices in order to process operations, query
data, monitor operational time, and support system management
based on the SensorThings standard. Finally, this study also presents
data visualization functionality. Depending on how long the device is
in operation, the application permits parameter monitoring. Other
monitoring devices and extension of many communication protocols
can be easily included in the system because it is constructed in
accordance with open standards.

Keywords: Data visualization, device monitoring, IoT, open
standards, SensorThings
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1. GIOI THIEU

Trudng Pai hoc Can Tho hién dang sé hitu nhiéu
thiét bj chuyén dung c6 gia tri cao. Céc thiét bi nay
dugc quan 1y thong qua phan hé phan mém quan ly
tai san va hé théng ma vach. Tuy nhién, viéc quan
ly tan suit sir dung duoc thyc hién bang phuong
phap tha cong. Tan sut st dung dugc ghi nhan vao
sO nhat ky sir dung. Phuong phép quan 1y nay chua
that sy hiéu qua vi can bd sir dung thiét bi c6 thé
quén ghi nhan thong tin sir dung hodc ¢b tinh khong
cung cap thong tin sur dung Diéu nay c6 thé dan dén
khong truy vét dugc ai da su dung khi thlet bi gap
su c6. Hon nira, néu quan ly t6t vé tan suét sir dung,
va khai thac t6i wu cac thiét bi nay cho cac hoat dong
khac ngoai viéc hd trg chung cho hoat dong dao tao
¢6 thé mang lai loi ich to 16n vé mit tai chinh cho
don vi.

Thi truong hién nay c6 nhiéu giai phap dé quan
ly thoi gian van hanh cua thiét bi chuyén dung. Mot
sO thiét bi hién dai déu tich hop sin tinh niang nhan
dang, phan quyén str dung cho cac dbi tuong nguoi
dung khac nhau. Ching han, phan 16n cac may
photocopy da nang nhu Fuji Xerox, Canon iR,
Ricoh déu hd tro chirc ning quan Iy ngudi ding, cho
phép phéan quyén sir dung, truy cap tai liéu can thiét.
Hon nira, thong qua cac giao thirc mang, cic may
chuyén dung nay con cé thé tich hop vdi cac co so
dir liéu ngudi dung. Cach thie phd bién dé nguoi
dung chiém quyén sir dung cac thiét bj c6 hé théng
phan quyén 1a truy cap thong qua tai khoan va mat
khéu trén mot giao dién dd hoa, hodc thong qua co
ché quét thé nhu thé tir, thé RFID dugc trinh bay
trong cong bd cia Tran and Hong (2015). Tuy
nhién, trén thyc té, sé luong céc thiét bi c6 hd trg
chure ndng giam sat, quan ly nguoi dung nhu trén 1a
khéng nhiéu.
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Mot giai phap khac trong viéc giam sat tiéu thu
dién la st duyng cac cong to dién thong minh.
VinHome ciing giéi thiéu san pham Vconnex véi
kha nhiéu tinh nang hiru ich: quan ly va theo ddi
cong suit tiéu thy dién; tu dong canh bao khi sir
dung dién vuot dinh mirc, canh bao qua dong, qua
ap. Tuy nhién, thiét bi nay chi phu hop dit cho toan
bd co quan, hodc ting phong ban chic nang va
khong hd tro tinh ning quan 1y ngudi ding. Trén thi
truong, cac giai phap giam sat dién niang cac thiét bi
dién ciing kha phd bién, ching han hé thong gidam
sat dién nang cua NFAC st dung cong nghé
SCADA (SCADA) - Supervisory Control And Data
Acquisition. Mot giai phap dién hinh khac 1a hé
théng giam sat va diéu khién ta dién ha thé qua mang
Internet duoc trinh bay trong nghién ctru ctia Le and
Nguyen (2020). Giai phap gateway st dung hé diéu
hanh m& va phan ctimg mé Single Board Computer
(SBC) h trg nhiéu giao tiép mang khéc nhau, cho
phép giao tiép dugc cac thiét bi khac nhau trong ta
dién ha thé va Internet.

Mic du c6 nhiéu giai phap quan 1y hiéu suat cua
thiét bi khac nhau trén thi truong, nhung chua céd
giai phap pht hop véi yéu cu bai toan dit ra 1a vira
quéan ly duogc thoi gian van hanh cua thiét bi chuyén
dung va vura xac thuc dugc thong tin cia nguoi su
dung thiét bi chuyén dung. Kha ning d& dang mé&
rong hé théng khi tich hop thém thiét bi chuyén dung
mai va kha nang chia sé dir liéu dua trén tiéu chuén
vé dit liéu cling ndm trong pham vi yéu cau cia bai
toan. Pay 1a Iy do nghién ctru dé xuat giai phap giam
sat thoi gian van hanh thuc cla thiét bi dién chuyén
dung duya trén nén tang IoT va chuan SensorThings.
S liéu khao sat cho thiy giai phap dugc dé xuat
trong nghién ctru nay chua dugc tim thiy trong cac
cong trinh cong bd hién tai ciing nhu thuong mai
trén thi trudng.
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Hinh 1. Mb hinh téng quan ciia giai phap dé xuat
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Nhitng dong gop chinh cta giai phap dé xuét bao
gdm: ché tao thiét bi giam sat thoi gian van hanh caa
thiét bi dién chuyén dyng (UMD) dua trén cong
nghé Internet van vét (IoT); h¢ théng dé xuét cho
phép quan tri dir liéu thu dugce tur thiét bi giam sat
thoi gian van hanh, truy van dir lidu, xtr Iy nghiép vu
va hd tro quan 1y cac hé thdng dua trén chudn
SensorThings; va chirc nang truc quan hoa dir liéu
cling duogc trinh bay trong nghién ctu nay. Ung
dung cho phép theo ddi cac thong sb theo thoi gian
van hanh cua thiét bi. Pham vi cta nghién ctru nay
la d& xuét giai phap giam sat tw dong thoi gian van
hanh va thong tin cua nguoi st dung thiét bi dién.
Thoi gian van hanh giap cho viéc quan ly va khai
thac thiét bi dién dugc t6i vu nhdam mang lai hiéu
quéa dao tao va kinh té cho Truong. Thong tin xdc
thuc nguoi sir dung thiét bi dién giup truy vét khi
can thiét trong truong hop thlet bi xay ra su cb
khong mong muén. M6 hinh tong quan cla giai
phap dé xuit dugc minh hoa trong Hinh 1, trong d6
Monitor Device s€ theo doi thoi gian van hanh cua
cac thiét bi duoge giam sat. Server thuc hién tiép
nhan, luu trit, phan tich va truc quan hoa dir liéu
duoc gui tr Monitor Device. User la nguoi dung
truy cap vao hé théng dé quan sat dit liéu duogc truc
quan hoéa va thyc hién cac cAu hinh can thiét.

2. TONG QUAN TiNH HiNH NGHIEN CUU

Wau et al. (2023) trinh bay mot hé thong theo ddi
suc khoe thoi gian thuc hd trg ToT dua trén hoc su.
Hé théng duoc dé xuét sir dung cac thiét bi y té co
thé deo dé do cac dau hiéu quan trong va ap dung
céc thuét toan hoc sau khac nhau dé trich xuét thong
tin c6 gia tri. Thuat todn hoc séu gitp bac si phan
tich chinh x4c tinh trang cua cac vén dong vién va
cung cip loai thubc thich hop cho ho, ngay ca khi
bac si di Véng. Hiéu suét cua hé théng dé xuit duoc
danh gia rong rai thong qua st dung thir nghiém xac
thuc chéo bang cach xem xét cac sb liéu do ludng
hiéu suit dua trén théng ké khac nhau. Hé théng
duoc dé xuit duoc coi 1a mot cong cuy hitu hiéu dé
chan doan cac cin bénh nguy hiém ¢ van dong vién
nhu u ndo, bénh tim, ung thu.

Sitompul and Rohmat (2021) d& xuit mot hé
thong tu dong theo ddi thoi gian hoat dong ctia may
va giri théng bao vé lich bao tri phong ngira (PM)
clia may. Hé thong bao gdm bo diéu khién logic kha
trinh (PLC) va giao dién nguoi- may (HMI). HMI
dugc két ndi voi nén tang truc tuyen thong qua két
nbi Internet do bo dinh tuyén cung cip dé c6 thé truy
cap két qua giam sat thong qua dién thoai thong
minh Android hodc may tinh x4ch tay/PC. Hé thong
giam sat thoi gian chay dua trén IoT (IRTMS) nay
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dic biét hitu ich khi trién khai tai dia diém san xuét
bao gébm nhiéu may khac nhau. Cac hang muc PM
ctia may c6 thé khac nhau, tir vé sinh, thay d6i mot
bd phan cho dén dai tu, mdi hang muc c6 khoang
thoi gian khac nhau. Két qua chinh cua viée str dung
IRTMS la ngudi ding c6 cai nhin téng quan vé lich
trinh PM moi lic, moi noi va c6 thé biét trude viée
chuén bj nguyén li¢u, linh kién hoac cong cu.

Giai phap giam sat tinh trang may theo thoi gian
thuc dugc dé xuét trong cong bd cia Wong et al.
(2021) c6 thé cai thién hiéu suat tong thé cia thiét bi
(OEE), giam mirc tiéu thu dién, giam thiéu thoi gian
ngimg hoat dong ngoai du kién va kéo dai tudi tho
ctia may. Trong nghién ctru ndy, viéc thiét ké mot hé
thong theo ddi tinh trang may theo thoi gian thyc sir
dung may hoc két hop vé6i cong nghé IoT dugc dé
xuat. Hé thong c6 thé phan tich diéu kién can bing
ngudn cung trén hé thong ba pha. Hé thong nay dugc
xay dyng voi phan ctmg vat Iy nho gon va c6 thé thu
thap dir lidu dién tir tai sau d6 giri dén may chu. May
chu s& xtr 1y dit liéu va huan luyén dit liéu bang cach
sir dung may hoc. Hé théng phan cing dwoc lap dat
trén may tron trong nha may. Két qua cho thiy, hé
thdng dé xuét c6 kha ning giam sat hoat dong cua
may va phan loai cac giai doan van hanh cia may da
dugc phat trién. Ngoai ra hé thong con c6 kha ning
giam sét tinh trang cin bang tai ciia may.

Islam et al. (2023) dé xuit mot hé théng dua trén
IoT dé giam sat tir xa va phat hién som cac van dé
strc khoe tai co s& kham chita bénh tai nha. Hé thong
bao gdm ba loai cam bién: MAX30100 dé do ndng
do6 oxy trong mau va nhip tim; cam bién ECG
AD8232 cho dit liéu tin hiéu ECG; va cam bién
hdng ngoai khong tiép xtic MLX90614 dé¢ do nhiét
dd co thé. Dit liéu dugc thu thap s€ dugc truyén dén
méy chu bang giao thuc MQTT (Message Queue
Telemetry Transport) (MQOTT). Mot mo hinh hoc
sau dugc hudn luyén trude dya trén mang ludi no-
ron tich chap véi 16p chu ¥ duge st dung trén may
chu dé phan loai cac bénh tiém 4n. Heé théng con
cung cap bao cao vé nhip tim _vamirc oxy cua bénh
nhan, cho biét liéu ching c6 nam trong pham vi binh
thuong hay khong. Hé thong tu dong két ndi  ngudi
duing véi bac si gan nhat dé chan doan thém néu phat
hién bat thuong nghiém trong.

K¥y thuét tuy dong hoa qua trinh hoan thién cta
nganh véi trong céng bd ciia Dubey et al. (2022)
thyc hién gidm sat qua trinh hoan thién theo thoi
gian thyc bang cong nghé IoT. Bing cach ty dong
hoéa qua trinh hoan thién s€ c6 sy phén tich tdt vé vai
kém chat lugng va diéu nay ciing s& ngan ngira ling
phi vai. Qué trinh nay tiét kiém strc lyc cta con
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ngudi vi diu ra duge nhan tryc tiép thong qua Ung
dung WhatsApp hodc guri email du6i dang bleu do.
Diéu nay gitp han ché viéc phan tich tham s theo
cach thu cong. Do quy trinh hoan thién dugc ty dong
hoa nén chi phi dugc kiém soat va ciing lam ting
nang suét ciia may méc va nguon nhan lyc. Diéu nay
dan dén thuc tién lam viéc hiéu qua hon béng cach
loai bo cac cong viée gidy td va cac phuong phap
thi1 cong ton thoi gian.

3. NOI DUNG NGHIEN CUU

Trong phan ndy, cac chirc ning cua hé théng dé
xuét duoc trinh bay chi tiét, bao gdm giai phap phan
clng va giai phap phan mém. Thiét bj phan cimg
dugc trang bi kha nang két ndi voi hé thong may chu
thong qua giao thirc MQTT.

3.1. Mb ta tong quan vé giai phap dé xuit

Nghién ciru nay trinh bay giai phap ché tao thiét
bi phan cimg ding dé giam sat thoi gian van hanh
ctia thiét bi chuyén dung. Thiét bi phan cimg dugc
trang bi két nbi Internet thong qua mang khong day
wifi. Thlet bi phan cimg ndy dugc lap dat tai vi tri
cap ngudn dién cho céc thiét bi chuyén dung. Dé sir
dung thiét bi chuyén dung, can bd hodc giang vién
can quét bang tén vao vi tri dugc xac lap trén thiét
bi phan cting. Hanh dong nay nham xéc thyc danh
tinh clia nguoi dang st dung thiét bi chuyén dung,
va thong tin xac thyc nay ciing nham kich hoat trang
thai hoat dong cua thiét bi chuyén dung. Trong sudt
qua trinh van hanh cta thiét bi chuyén dung, théng
tin v& thoi gian hoat dong s& thuong xuyén duoc giri
vé may chii dé luu trit. Pinh dang dir liéu thiét bi
phan cimg giri v& may chu dugc mi hoa theo dinh
dang nhu minh hoa trong Hinh 2.

“"Datastream”: "Datastream”:

"id": 16 "id": 16

"result™:
"officerID":
"DeviceID"
"status":
"time": "10:59:15-05/04/2024"

" 2608266062 r‘ﬁsuh; s
"2308000-0403", DeviceID":
1, “status": 1,
“time": "16:59:15-85/04/2024"

"2308000-0403",

(a) (b)
Hinh 2. Pinh dang dir li¢u thiét bi phin cirng
giri vé may chii: (a) Quét thé xac thyc bat diu
str dung, (b) Quét thé xac thuc két thic phién
str dung

Dé két thiic phién st dung thiét bi chuyén dung,
cén b ciing can quét bang tén dé xac nhan két thuc
phién giao dich. Thong tin can bd st dung va thoi
gian sir dung thiét bi chuyén dung luu trit & may chi
theo chuan SensorThings dwoc truy véan, théng ké va
hién thi truc quan thong qua ing dung Web. Ngoai

42

Tép 60, S6 64 (2024): 39-49

ra, dé kiém tra trang thai con hoat ddng cta thiét bi
phan cimg, nghién ctru ciing thiét 1ap cdu hinh dé
thiét bi phan clg nay giri tin hiéu vé may chu sau
mdi 12 gid. Néu sau mdi 12 gio may chi khong nhan
dugc tin hiéu thi hé théng s& ty dong goi dién va giri
tin nhén théng bao cho can bd phu trach quan 1y thiét
bi chuyén dung. Trong nghién ctru nay, thiét bi phan
cung ché tao dugce st dung dé lép dat giam sat thoi
gian van hanh trén ba thiét bi dién chuyén dung cta
Trudng Pai hoc Can Tho duge mo ta trong Bang 1.

Bang 1. Danh muc ba loai thiét bi chuyén dung

Ma tai sdn Tén tai sdn Pon vi quin ly

1907080-  Lhictbiphantich o o o ppoa

0001 nhicu xa tia X hoc Ty nhién
(XRD) 'y 3

12308000 116 thong chung cat oy o iy

0403 dam, phd mau san
VAP20S

0503110- Maynénbetong, xi 3y 0 cane

oo ming 3000/250 kN nane
Matest CO71A ;

Cac thanh phén chirc ning trong Hinh 1 dwoc md
ta ngan gon nhu sau:

Monitor Device 14 cac thiét bi dé giam sat thoi
gian sir dung cua thiét bi. Pdi tuong giam sat cua
thiét bi 1a thoi gian bat dau sir dung, thoi gian két
thic st dung, loai thiét bi duoc st dung va nguoi su
dung. Cac dir liéu giam sat dugc Monitor Device ghi
nhén va dong goi thanh cac thong di¢p (Messages)
dé giri dén may chi trung gian (MQTT Broker) bang
giao thic MQTT. Dé dam béo tinh thdng nhat va
tuong thich trong viéc trao doi dir liéu, dir lidu giam
sat tr Monitor Device dugc dinh dang theo chuin
SensorThings.

SensorThings Server 1a may chi tiép nhan va luu
trir dit liéu do Monitor Device gtri dén. Tai may chu
nay, MQTT Broker duogc cai dat dé tré thanh may
chu trung gian (Broker) tiép nhan cac dir liéu giam
sat, MQTT Broker ma nghién ctru sir dung 1a EMQX
Broker. SensorThings 1& mot may khach thyc hién
hanh dong ding ky vio EMQX Broker dé nhan dir
liéu giam sat va sau do luu trir vao SensorThings
Database.

Monitor Server dam nhan nhiém vy truy xuat dir
liéu tir SensorThings Database dé truc quan hoa dir
liéu giam sat trén Gng dung web. Tai may chu nay,
Web Server s€ truy cap vao SensorThings Database
bang cac API dé truy xudt cac dir liéu giam sat. Cac
dir liéu nay dugc phan tich va luu trir tai
AnalyzerDB. Sau d6, cic dir liéu phan tich dugc
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Web Server thyc hién tryc quan héa trén ing dung
web.

User 1a nguoi dung déng nhép vao img dung web
dé quan sat dir lidu. Nguoi ding dugc cap tai khoan
dé truy cap vao ung dung Web. Hinh thirc truc quan
hoéa dit lidu dugc biéu thi dudi dang biéu do.

3.2. Ché tao thiét bi ph‘;?m cirng

Hinh 3 mé ta so do khdi cua bo giam sat thoi
gian van hanh thiét bj dién. Thanh phan cu tao cua
bd giam sat gdbm c6: mot module ESP32, mot
module doc thé RFID, mdt module thoi gian thuc
RTC, mot mach cam bién dong dién, mot man hinh
OLED va mot coi bao tin hiéu. Hé théng dugc cung
cap dién boi mot module chuyén ddi ngudn AC sang
DC véi cac muc dién ap 3,3 Vva5V.

.

ESP32 module
Buzzer

AC/DC Converter

Hinh 3. So' @ khéi b gidm st thoi gian van
hanh thiét bi dién

Module ESP32 (ESP32) dugc tich hop chuc
nang thu/phat Wi-Fi dong vai tro b xur 1y trung tim
ctia hé théng. Module ESP32 doc thong tin tir thé
bang tén nguoi st dung thong qua module doc thé
RFID. Mgt mach do cuong d6 dong dién ZMCT103
(ZMCT103) dugc sir dung dé ghi nhan gia tri cuong
do dong dién tiéu thu cua thiét bi dién. Module RTC
(RTC) cung cap thong tin vé thoi gian thuc cho hoat
dong cua hé thdng. Cac thong tin vé trang thai cta
bo giam sat va cac hudng dan danh cho nguoi sir
dung duoc hién thi trén man hinh OLED.

Khi thiét bj dién cin giam sat bit diu hoat dong,
ESP32 s& phat hién dwoc sy thay dbi gia tri dong
dién tiéu thu. Tiép theo d6, ESP32 s& xuét thong bao
dang van ban Ién man hinh OLED va dang &m thanh
(tiéng ‘bip> “bip’) dé yéu cau nguoi ding quét thé
nhan dang RFID c4 nhan dé bat ché do giam sat thiét
bi. Khi do, b giam sat ghi nhan cac thong tin quan
trong bao gom dinh danh (ID) nguoi st dung, thoi
gian bit dau st dung va giri 1én may chu théng qua
chuin MQTT. Khi thiét bi dién can giam sat ngimg
hoat dong, hé théng s& ghi nhan thoi gian két thic
qué trinh str dung thiét bi ciia ngudi dung theo thoi
gian thyc va guri dir liéu 1én may chu dé luu nhat ky
sir dung thiét bi.
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Cac mach dién cua bd gidm sat thoi gian van
hanh thiét bi dién dugc thiét ké co kich thudc phu
hop dé co thé dat vao bén trong mot hop nhya 6 cim
dién tiéu chuan (Hinh 4).

Power socket for
the monitored

l(,__/— Antenna
\

equipment

OLED
display

Put RFID
tag here
| —

-
AC power

supply cord ’
s
F (b)

Hinh 4. B giam sat thoi gian van hanh thiét bi
dién: (a) mach dién bén trong va (b) hinh ding
bén ngoai

3.3. Thiét ké giao tiép truyén thong dwa trén
giao thire MQTT

MQTT la mét tiéu chudn OASIS va ISO mé cho
mdy khach-mdy chu, giao thue truyén tai thong diép
theo dang xuit ban/dang ky. Nguyén tic thiét ké cua
giao thire nay tap trung vao viéc giam thiéu yéu cau
vé bang thong mang va tai nguyén thiét bi dé dam
bao phan phdi dang tin cdy. N6 c6 kha ning truyén
dir liéu qua mang bang thong thip hoac khong dang
tin cdy voi mirc tiéu thu dién nang rat thap Cac dac
diém nhu nhe, mo, don gian va de trién khai khién
MQTT trg thanh giao thiic truyén thong 1y tuéng
cho cac moi trudng han ché. Giao thirc MQTT sir
dung giao thie TCP/IP dé truyén dir liéu. MQTT
dugc sir dung phd bién cho céac thiét bi ToT. Ngoai
thiét k& gon nhe va hiéu qua, MQTT con cung cip
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mot sb tinh nang khac khién no tré thanh lua chon
ly tudng cho cac ung dung IoT. Hinh 5 mo ta mo
hinh két néi ctia hé thong dé xuét, trong d6 nghién
ctru dé xuat sir dung may chu trung gian EMQX
(EMOX). EMQX la ng dung mi ngudn mé dé thuc
hién giao thtc MQTT phién ban 5.6.1. Pay la
phuong phap truyén nhan cac thong diép mot cach
nhe nhat. Diéu nay phi hop véi Gmg dung giam sat
thoi gian van hanh cua thiét bi chuyén dung theo
dang thong diép.

— Do tin cady: MQTT cung cép tin nhin déng
tin cdy, dam bao rang tin nhin dugc giri dén nguoi
nhén dy dinh ngay ca khi mang bi gidn doan hoac
15i Piéu nay dat duoc thong qua viée sir dung cac
cép do chit luong dich vu (QoS), cho phep nha xuét
ban chi dinh mirc d6 tin cay can thiét cho mdi tin
nhén.

(MQTT broker)

/‘/
Publish //
Events /

Publish
Commands

\

’5\

Subscribe\\ \
Events

/5
/ /é
/ Subscribe
/ ,’ Commands

Device side
(MQTT client)

Hinh 5. Mé hinh két nbi thiét bi trong giao thirc
MQTT

Application side
(MQTT client)

— Khanang md rong: MQTT c6 thé xir Iy nhiéu
thiét bi va tin nhin, giup giao thirc trd nén 1y tuong
cho cac ung dung IoT yéu cau kha ning mé rong.
Diéu nay dat dugc thong qua viéc sir dung mot ing
dung trung gian dé phan phéi tin nhin, c6 thé xu ly
khéi lwong 16n tin nhén va phan phdi chung mot
cach hiéu qua dén nguoi dang ky.

— Bdo mat: MQTT cung cép mot s6 tinh ning
bao mat, bao gdm hd trg ma hoa SSL/TLS, xdc thyc
va kiém soat truy cap. Diéu nay dam bao rang dir
liéu duge truyén qua MQTT dugc an toan va bao vé
khoéi su truy cép trai phép.

— Do tré thap: MQTT duoc thiét ké dé giri tin
nhin nhanh chéng va hiéu qua voi d tré thi thiéu.
Diéu nay lam cho giao thirc trd nén 1y tudng cho cac
g dung yéu cau dif liéu thoi gian thyc.

Kién trac mirc cao cia MQTT gdm hai thanh

phén chinh 1a phia méay tram/ may khach (clients) va
ung dung trung gian. Clients ¢6 thé 1a nguoi nhan
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tin (subscriber) hodc nguoi gui tin (publisher).
Broker thuc hién nhiém vu két ndi cac clients bﬁng
cach nhan cac ban tin tir publisher va chuyén ban tin
d6 dén subscriber. MQTT st dung ba cap do chét
luong dich vu (QoS) dé dam bao do tin cdy cua
thong diép.

Mikc 0: Thong diép chi duge giri dén nguoi ding
ky mot lan (tdi da mot lan), thong diép khong duoc
luu trit va nguoi gii tin khong nhan duge bat ky
thong tin nao vé viéc giri tin nhén. Trong trudng hop
d6, néu nguoi nhan tin khong nhan duoc tin nhin
hodc khong két néi mang hodc ngudi guri tin gip su
¢d thi tin nhén s& bi mét.

Mike 1: Thong diép duogc giri dén ngudi nhén tin
it nhat mot 1an. Quy trinh xac nhan dwoc st dung &
cap d6 QoS d6 va néu ngudi gui tin khong nhan
duogc xac nhan thi cac nd lyc giri tin nhan dén nguoi
nhan tin cia ngudi g tin khac sé dién ra. Nguoi giri
tin str dung c& DUP d dit cho tin nhén tring lap va
moi tin nhan tring 1ap dwoc giri baing ¢ DUP cho
dén khi nhan duoc xac nhan tir ngudi nhén tin. bé
dam bao giri tin nhan it nhdt mot 14n tin nhin phai
dugc Iuu trir tai nguoi gui tin va ngudi nhan tin cho
dén khi nhan dugc xac nhan gui. Uu diém coa muc
QoS nay la phia tng dung trung gian nhan dugc ban
tin it nhit mot lan, nhugc diém 1a can xir 1y nhiing
ban tin tring ldp. Diéu nay co thé lam tang cong viée
phia méy chu g dung trung gian khi s lugng cong
ket noi mang 16n va tan suat ldy mau day. Do vay,
cong két ndi khong st dung mirc nay dé giri thong
diép.

Mirc 2: Pugc st dung dé dam bao an toan va
dam bao viéc guri tin nhin. Trong qua trinh giri tin
nhén, hai vong truyén duoc sir dung. Tin nhan cho
dén khi dugc xur Iy phai duoc Iuu trir tai nguoi g
tin va ngudi nhan tin. O vong dau tién, ngudi giri tin
giri tin nhén dén ngudi nhan tin va doi nguoi ding
ky xé4c nhén rang tin nhin da dugc luu trit. Twong tu
muc 1, néu nguoi gui tin khong nhan dugce xac nhan
thi nd lyc giri tin nhan dén ngudi nhan tin ciia nguoi
gui tin khac s& dién ra. Sau khi nhan dugc x4ac nhan
tir nguoi nhan tin, vong truyén thir hai dién ra. O
vong thir hai, nguoi giri tin bang cach sir dung tin
nhén PUBREL s& thong bao cho ngudi nhan tin ring
c6 thé hoan tit viéc xi Iy tin nhén va chd xac nhan
tin nhdn PUBREL tir nguoi nhan tin. Néu nguoi giri
tin khong nhan duogc xac nhan v& tin nhin PUBREL
thi nhitng nd lyc khac dé gui tin nhin PUBREL dén
ngudi nhan tin sé dién ra cho dén khi nhan dugc xéac
nhan. Chi sau khi nhan dugc thong bao xac nhan tin
nhin PUBREL, nguoi giri tin méi x6a tin nhin da
Iuu trit.
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Qua trinh thir nghiém cho thiy mirc QoS (mirc
0) phu hop dé truyén cac tham so tir thiét bi ché tao
1én ung dung trung gian va tir tng dung trung gian
v€ ngudi nhan tin, vi dam bao thoi gian thyc.

3.4. Quan tri dir li¢u

Dé d& dang tich hop cac thiét bi khac nhau trong
cac ung dung diéu khién dit liéu, Open Geospatial
Consortium (OGC) (OGC) di phat trién mot tiéu
chuén linh hoat, dé& sir dung dé trao doi thong tin
trong bbi canh IoT. Vi tiéu chudn giao tiép lap trinh
g dung SensorThings, mot khung két ndi cac thiét
bi cam bién, dir liéu va ing dung duoc cung cap trén
moi trudng web. Tiéu chuan tap trung vao dir lidu
chudi thoi gian. Chudi thoi gian 1a cac phép do cua
cuing mot dic tinh duge quan sat. Dit lidu chudi thoi
gian c6 thé dugc do trong mot khoang thoi gian it
nhiéu déu dan.

Mb hinh dir liéu giao tiép lap trinh tmg dung
OGC SensorThings khong chi bao gom céac phép do
cam bién don gian ma con bao gdm ca siéu dir liéu
nhu don vi do, md ta cam bién hogc vi tri. Siéu dir
lidu dwoc két ndi v6i ludng dir liéu gbe. Cac thanh
phéan dit liéu duoc lién két véi nhau cho phép nguoi
dung tim thiy tit ca cac thong tin can thiét ma nguoi
dung quan tim. M6 hinh dir liéu bao gém tam thyc
thé, bao gém cac thudc tinh va quan h¢, dugc hién
thi trong Hinh 6. M6 hinh duwoc mé ta chi tiét
nhu sau:

Tép 60, S6 64 (2024): 39-49

Mot Thing 1a mot dbi tugng ao hodc vat 1y. Tuy
thugc vao tinh hudng cu thé, Thing c6 thé 1a dbi
tuong dugc quan sat hodc nén tang cam bién.
Location md ta vi tri ciia mot Thing. Vi tri ¢6 thé
dugc mo ta thong qua vi tri dia 1y, dwgc ma hoa dudi
dang diém hoic khu vuc. Cac vi tri mang tinh biéu
tugng, cling co thé nhu dia chi buu dién.
HistoricalLocation 1a lién két gitta Thing va
Location véi thoi gian cho biét thoi diém Thing &
mot Location nhat dinh. Mot Sensor chuyén dong co
mot & HistoricalLocation, trong khi mét vat thé bat
dong thi khong c6. Pidu nay dwoc xac dinh thong
qua giao tiép 1ap trinh tng dung SensorThings, noi
HistoricalLocation dugc tao khi Thing di chuyén lan
dau tién. Mot Sensor tao ra dit liéu duge mo ta thong
qua md hinh dir liéu giao tiép lap trinh ng dung
OGC SensorThings. Mot Sensor co thé thu thap
nhiéu Datastream. Observation chita phép do dugc
thuc hién bdi Sensor. ObservedProperty 1a mot dac
tinh cia FeatureOfInterest dugc Sensor quan sat.
FeatureOfInterest c6 thé khac véi vi tri cua Thing,
phu thudc vao nhiing gi dugc chon lam Thing.
FeatureOfInterest 12 mot diém dia Iy hodc mot da
giac bao quanh mét khu vuc hodc khéi, thuong dugc
ma hoa theo dinh dang GeoJSON.

Mbi quan hé giira tit ca cac thyc thé nay dwoc
mo ta thong qua mo hinh dit liéu, diéu nay dam bao
tim théy tAt ca cac thue thé dit liéu thude vé mot thue
thé khac va chi co y nghia trong ngit canh riéng cia
cac thuc thé.

ObservedProperty

+definition: URI
+name: CharacterString

Sensor +name: CharacterString

+description: CharacterString

+description: CharacterString

+encodingType: ValueCode 1
+metadata: Any +observedProperty
1 +sensor
0..* | +datastreams
Observation
+d ms Datastream
+name: CharacterString +phenomenonTime: TM_Object
0..* | +description: CharacterString +datastream +observations | *resultTime: TM_Instant
+observationType: ValueCode +resuit: Any .
0..* | +unitOfMeasurement: JSON_Object 1 0.* 'resu\{Quamy DQ_Element[0..*]
+observedArea: GM_Envelope[0..1] +validTime: TM_Period[0..1]
+datastreams | +phenomenonTime: TM_Period[0..1] +parameters: NamedValue{0..*]
+resultTime: TM_Period[0..1]
+observations

B +thing

Thing

+name: CharacterString
+description: CharacterString 1
+properties: JSON_Obiject[0..1]

+things

0.* +things
HistoricalLocation

0..* |4iocations +time: TM_Instant
Location

+name: CharacterString +location

+description: CharacterString

+encodingType: ValueCode 1.

+location: Any

0..* +historicalLocations ValueCode

0..* +historicalLocations

0.+

-

+featureOfinteres

«CodeList» FeatureOfinterest

+name: CharacterString
+description: CharacterString
+encodingType: ValueCode
+feature: Any

Hinh 6. Mb hinh dir li¢u SensorThings API trong cong b ciia Feriani et al. (2020)
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Giao tiép 1ap trinh tng dung OGC SensorThings
dang chuyén d6i nhidu hé thong IoT roi rac thanh
mot nén tang duogc két ndi déy du, noi cac tac vu
phirc tap ¢ thé dugc dong bo hoa va hoat dong mot
cach hiéu qua. Phan cam bién (Sensing) cung cap
chuin méi quan hé giita cac thyuc thé duoc ding
trong co so dir lidu gitip cho viéc phan bd va luu trix
cac thong s6 do duoc tir cac thiét bi cam bién do
luong thuan tién, dé dang, twong minh hon. Tir d6
gitp cho viéc thém cac thuc thé quan hé dé trién khai
mo rong hé théng & céc linh vuc khac tré nén rat dé
dang. Phan tac vu (Tasking) cung cap mot cach tiéu
chuén dé tham s6 hoa hay duoc goi la tac vu clia cac
thiét bi [oT ¢6 thé hoat dong. Tan dung cAu trac dir
liu nay, nghién ctru cho thay cé thé d& dang xdy
dyng md hinh h¢ thong diéu khién mot cach hop 1y
va t6i uu hoa dir lidu xur ly. Cac tac vu duoc dinh
nghia mot cach rd rang theo tung loai xur ly ma
nghién ctru c6 thé thuc hién trén thiét bi ché tao dugc
dé xuat, cung cdp mot chuan dir lidu cho cac loai
diéu khién duogc luu trit mach lac va hop ly trén hé
thong. Tur déy, hé thong dé xuét c6 thé d& dang tich
hop céc loai thiét bi diéu khién bén ngoai véi nhiéu
kha ning xir ly khac nhau mot cach hiéu qua va dé
dang ma khong can quan tim dén viéc twong thich
va twong tac giao dién. Pdng thoi, thong tin cac loai
diéu khién dugc luu trir rd rang, tao thuan lgi cho
qué trinh truy xuét dit liéu thiét bi.

3.5. Truc quan héa dir lidu trén nén tang img

dung Web

Ngoai nhitng loi ich cua giao tiép lap trinh tmg
dung OGC SensorThings, giao dién tng dung can
phai c6 dé gitp nguoi dung c6 thé theo ddi, didu
khién, trong tac voi hé thong tir xa mot cach dé dang
va hiéu qua nhét. Giao dién timg dung dugc xay dung
dua trén nén tang tng dung web. Mot trong nhiing
tinh ndng cua hé thdng bao gém kha ning lap biéu
dd, v& do thi va truc quan hoéa dit li¢u theo thoi gian
thue. Sau khi dit liéu cam bién duoc tai Ién, ngudi
ding c6 thé truc quan hoa dir liéu ngay lap tic & cac
dinh dang nhu excel, csv hoac don gian 1a v€ trén
ban dd. Viée cai dat may chu nay thé hién y twong
vé hé théng theo dbi thoi gian van hanh cua thiét bi
chuyén dung sir dung céc tiéu chuan OGC.

Ngoai viéc cung cap giao dién nguoi dung,
ngudi dung cudi co thé quyét dinh sir dung cac dich
vu web (RESTful) cho yéu cau HTTP POST va
GET. Nguoi dung c6 thé chon nhan va giri dit liéu &
dinh dang JSON hodac XML mét cach thuan tién.
Diéu nay cho phép tinh linh hoat trong viéc két hop
chia sé dir liéu gitra cac nén tang phat trién tmg dung
khac nhau. Véi hé thdng dé xuat, nguoi ding c6 thé

46

Tép 60, S6 64 (2024): 39-49

thudn tién POST va GET béng cach truy cép giao
dién nguoi ding dd hoa hodc st dung giao thirc
HTTP. Trong nghién ctru nay, mdt tap 1énh Python
da dugc st dung dé thuc hién yéu cdu POST va
GET. Piéu nay thé hién tinh linh hoat cta viéc truy
cap dit liéu trong ng dung web dé xuit. Ung dung
web cho phép dé dang truy cap va quan 1y cac kho
co s6 dir liéu bén trong va bén ngoai. Quan ly co so
dir liéu duoc lién két truc tiép v6i may chii va ciing
c6 thé duoc truy cap thong qua giao thirc HTTP hodac
giao dién nguoi dung dd hoa. Co s dit lidu co the
duogc cu hinh d& dang, cho phép nguoi dung cudi
lién két co s dit liéu bén ngoai véi may chir chinh.
Trong nghién ctu nay, lién két co so dir liéu
MongleDB da dugc su dung. Co s¢ dir li€u
MongleDB dugc dinh céu hinh véi dia chi ‘may chu
va cong truy cap (5432 theo méc dinh) dé lién lac
gilta may chu va co s¢ dit liéu. Piéu nay cho phép
kha nang truy cap co so dit licu tr may chu hodc
bing cach ding nhap vao thiét bj dau cudi va truy
cap truc tiép vao co so dir lidu.

4. CAI PAT VA THU NGHIEM

Trong bai bao nay, nghién ctru da thir nghiém véi
thiét bi phan cimg ché tao va phan mém dé xuit.
Thiét bi ché tao duoc lip dat tai ba thiét bi dién
chuyén dung & cac vi tri khac nhau nhu duoc liét ké
trong Bang 1 (& cac toa nha khac nhau trong khuén
vién khu II cta Truong Pai hoc Cian Tho). Thiét bi
phan cimg nay dugc ndi két véi may chu théng qua
mang khong day Wifi. Co ché giao tiép giita thiét bi
phan ctng ché tao va may chu dua trén giao thic
MQTT (str dung méay chu EMQX). Dt li¢u gidm sat
thoi gian van hanh cua thiét bi dién chuyén dung
duoc ma hoa theo dinh dang chung va tuan thu theo
chuin OGC SensorThings. Tinh trang khai thac st
dung cua cac thiét bi chuyén dung dugc tryc quan
hoa théng qua biéu d6 va dwoc hién thi trén nén tang
mg dung web. Nghién ciru sir dung chuén dich vy
web (RESTful) trong NodelS dé giao tiép voi
SensorThings.

Day J_1gl1611
thiét bi

,

Day nguén
UMD

Hinh 7. UMD duoc lip diit dé theo déi thiét bi
chuyén dung
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Hinh 7 minh hoa UMD dugc ldp dat dé theo doi
thoi gian van hanh cta thiét bi dién chuyén dung.

Kich ban 1: Trong kich ban thir nghiém nay, tai
ba vi tri cua thiét bi chuyén dung, UMD doc céc
thong s van hanh tir cac thiét bi chuyén dung gém
thong tin xac thyc cua nguoi st dung thiét bi, thoi
gian sir dung, ngay sir dung va cong suit cia thiét bi
chuyén dung. Sau d6 UMD dong goi cac dit li¢u thu
thap dugc va gui 1én may chu trung gian st dung
giao thire MQTT véi mirc wu tién cao nhat QoS=2.

Buéde 1. Khi thiét bi chuyén dung dwoc cép
nguén dién va dugc khoi dong. Lic nay dong dién
dugc truyén sang UMD. UMD duoc thiét ké dé phat
ra am thanh “bip”. Am thanh nay dung dé nhéc nho
xac thyc thong tin dinh danh ctia ngudi sir dung thiét
bi chuyén dung. Ngudi st dung dugc yéu cau dat
bang tén vao vi tri xac thyc trén UMD, thong tin xac
thuc doc dugc tir bang tén sé dugc khdp voi thong
tin dinh danh cta can bo dugc luu trit trén hé théng
quan 1y chung ciia Truong Pai hoc Can Tho. Néu
thong tin xac thyuc 1a hop 1¢, UMD sé& tat am thanh
“bip” va bat ddu qua trinh giam sat thoi gian vén
hanh cuta thiét bi.

Buwéc 2. UMD thu théap dir liéu giam sat thoi gian
van hanh cia thiét bi chuyén dung, dong goi dit liéu
dudi dang JSON nhu duge mo ta trong Hinh 2 va
guri dit liu dong goi nay 1én may chu trung gian su
dung giao thirc MQTT.

Buwdére 3. NodeRed tuong tac voi may chu MQTT
dé 14y goi dir lidu giam sat va sau d6 luu trir vao
SensorThings théng qua giao tiép lap trinh ing dung
SensorThings.

Bude 4. Mot dich vu viét bang ngon ngit Python
s& lay dir liéu giam sat tir SensorThings dé phan tich,
thdng ké thoi gian sir dung thiét bi va hién thi théng
tin trén giao dién web. Pong thoi, dich vu nay ciing
luu trit cac s6 lidu théng ké duogc vao co so dir liéu
MongoDB.

Padng nhap

Tén dang nhap: || |

Mat khau:

Hinh 8. Giao dién xac thuc thong tin
nguoi dung

47

Tép 60, S6 64 (2024): 39-49

Kich ban 2: Kich ban nay mo ta giao dién Gng
dung web dé truc quan hoéa dit liéu théng ké thoi
gian van hanh cta thiét bi dién chuyén dung. Dit liéu
giam sat dugc théng ké bang tinh ning Analyzer
Service.

Bude 1. Ngudi st dung can xac thuc dinh danh
bang cach dang nhép vao hé thong véi tai khoan hop
1¢. Xac thyc thong tin dugc thye hién thong qua giao
di¢n dugc minh hoa trong Hinh 8.

Budre 2. Khi nguoi dung cung cp thong tin xac
thuc thanh cong, hé thong tr dong didu hudéng dén
trang thong tin quan 1y tan suat sir dung cua cac thiét
bi chuyén dung. Hinh 9 mo ta giao dién trang chu
ctia tmg dung web. Cac thong s6 vé thoi gian van
hanh cua thiét bi chuyén dung theo ngay, thang va
nim ciing dwoc tich hop dé hién thi trén Gng dung.
Tinh trang st dung cua thiét bi chuyén dung trong
moét khoang thoi gian nao do cing duoc phat trién
va cung cip trong ing dung. Bén canh do, dé kiém
tra tinh trang con hoat dong cia UMD, hé théng dé
xudt ciing tich hop chirc ning vé trang thai nay trén
giao dién dugc mo ta trong Hinh 9.

Trang thil thiét bi . Trang thil thiét bj . Trang thai thiét bi .
0503110-0069 oo 1907080-0001 i 2308000-0403 o

Hinh 9. Giao dién trang chi ciia wng dung

Bude 3. Dé giam sat thong tin chi tiét ciia cac
thiét bi chuyén dung, nguoi sir dung chon chirc ning
quan ly thiét bi trén tng dung. Hinh 10 md ta giao
dién dung dé hién thi ma dinh danh thiét bi (ma thiét
bi dugc dat theo quy cach quan 1y mé dinh danh thiét
bi ciia Trudong Pai hoc Can Tho), tén thiét bi va vi
tri cta thiét bi chuyén dung. Nghién ctru ciing trinh
bay giai phap tich hop tinh ndng Google Maps vao
ung dung web dé hién thi vi tri dia 1y ctia thiét bi,
diéu nay gitip nguoi dung dé dang quan sat dugc noi
lap dat thiét bi chuyén dung.
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Hinh 10. Giao dién hién thi thong tin va vi tri
dia ly cia thiét bi chuyén dung
Kich ban 3: Kich ban nay mé ta cac budc dé
nguoi quan tri ¢ thé cau hinh thém mdai thiét bi
chuyén dung.

m

Hinh 11. Giao dién thém thiét bi chuyén
dung méi

Buwéce 1. Trén giao dién thém thiét bi chuyén
dung méi, ngudi ding nhap vao biéu tuong hinh dau
cong (Hinh 11), khi d6 ngudi dung duge diéu huéng
dén mot ctra 80 nhép liéu. Tai cira sO nay, cac théng
tin vé thiét bi chuyén dung méi dugc yéu cdu nhap
(Hinh 12).

Thém thiét bi

Hinh 12. Giao dién nhép théng tin thém thiét bi

Bude 2. Nguoi ding chi nhap cac thong tin vé
thiét bi chuyén dung nhu: Ma thiét bi; Tén thiét bi;
Vi tri dia Iy ma thiét bi dang duoc bd tri st dung.
Riéng toa d§ chinh xac cia mdt vi tri cu thé trén ban
dd dugc UMD gui tu dong 1én hé théng.
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Bude 3. Khi tit ca thong tin vé thiét bi chuyén
dung dugc cung cdp, ngudi ding nhdp vao nat
“Thém” trén giao dién nhap thong tin thiét bi dé
hoan tit qua trinh thém méi thiét bi chuyén dung vao
hé théng quan ly. Khi d6 trén giao dién quan ly thiét
bi s& hién thi thong tin ciia thiét bi chuyén dung méi
thém vao hé thong.

Thuc nghiém trén ba kich ban nhu dugc trinh
bay, két qua cho thiy tat ca cac thong sé vé thoi gian
van hanh cua thiét bi dién chuyén dung da duoc gui
tire thoi dén hé thdng may chu théng qua giao thirc
MQTT. Thyc nghiém nay duoc tién hanh trén thiét
bi dién “May nén bé téng, xi mang 3000/250 kN
Matest CO71A” va “Hé théng chung cit dam, pha
mau VAP20S” dugc mo ta & Bang 1 trong khoang
thoi gian tir ngay 15/04/2024 dén 29/04/2024. Dix
liéu giam sat thoi gian vén hanh do UMD gui 1én
may chu trung khdp vai thoi gian su dung duoc ghi
nhan trong s6 nhat ky sir dung thiét bi. Pay la dir
lidu thuc té ma thiét bi dién van hanh phuc vu cho
hoat dong dao tao cta don vi. Trong thoi gian trién
khai thir nghiém, nghién ctru nhan duoc phan hoi
tich cuc cua nguoi str dung thiét bi UMD.

Bén canh d6, UMD ché tao trong nghién ctru nay
6 chtre nang luu dir liéu tam thoi trong trucmg hop
bi mét két ndi Internet. Dir liéu nay duogc giri vé hé
thdng luwu trix trén may cha khi UMD khéi phuc lai
két ndi Internet. Thiét bi UMD c6 kha ning luu trit
dir li¢u tam thoi trong 50 lan quet thé. Ngoai ra, nén
tang SensorThings dung dé luu trit dir liéu do thiét
bi chuyén dung giri vé hoat dong 6n dinh, chirc ning
quan 1y cac thiét bi IoT duoc tich hop va md rong
dé dang. Cac chtrc ning cua tmg dung Web dung dé
quén tri va hién thi truc quan hoa dir liéu hoat dong
chinh x4c. S6 liéu thong ké trong bai bao nay dugc
thiét bi UMD theo d&i va guri vé hé thdng may chu
trong hai tudn lam viéc.

5. KET LUAN

Bai béo trinh bay giai phap phan cimg va giai
phap phan mém duya trén chuan IoT va nén ting
SensorThings cho hé thdng giam sat thdi gian van
hanh cua thiét bi chuyén dung. Giai phap ché tao
thiét bi phan cing cho hiéu qua kinh té va hiéu suat.
Céc thong sb giam sat thoi gian van hanh cua thiét
bi chuyén dung dwoc luu trir theo tidu chuén
SensorThings APL trong d6 Sensing cung cép chuin
dé quan 1y, truy xuit cac thong s6 va thong tin thiét
bi chuyén dung tir cac hé thdng ToT, Tasking thuc
hién nhiém vu cung cap ké hoach 1am viéc cho thiét
bi chép hanh. Véi SensorThings API, cac lgi ich bao
gdm céc tinh nang nhu cho phép gia ting cac dich
vu méi gia tri cao v6i chi phi phat trién thap hon va
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pham vi tiép can rong hon; giam rui ro, thoi gian va
chi phi trén toan bd chu trinh thiét ké cac san pham
ToT ciing nhu don gian hoa cac két ndi giira thiét bi-
thiét bi, va thiét bi-mg dung. Nhin chung, giai phap
phan cig dugc dé xuat trong nghién ciru 6 chi phi
hop 1y, giai phap phan mém c6 kha nang dé dang mo
rong cho nhiéu kién trac giao thirc khac nhau. Két
qua cai dat va thir nghiém cho két qua dap ung yéu
cau thuc té dit ra.
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