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TOM TAT
Nghién ciru nay d@é xudt va phat trién hé thong Internet of Things (IoT) theo cdch tiép cdn hé thong thiec - do
(Cyber-Physical System - CPS) nham gidm st theo thoi gian thuwc nhiét dj, do am va vi tri trong vin chuyén con-
tainer lanh, phuc vu ddo tao logistics va hé tro nghién ciru tng dung trong qudn Iy chubi cung g lanh déi véi
cdc nhém hang nhay cam véi nhiét do. Hé thong duwoc thiét ké theo hiedng chi phi thap, phit hop véi cde mé hinh
thue hanh va nghién civu 1ing dung trong dao tao ky thudt. Thiét bi thu thap dit liéu sir dung vi diéu khién ESP32,
tich hop dau do nhiét dj - dé am sik dung cam bién SHT40 va mé-dun dinh vi GPS NEO-6M. Dit liéu duwoc truyén
qua mang 4G LTE sir dung mé-dun ML307R-DL hodc két noi Wi-Fi dén may chii dam mdy véi chu ky cdp nhdt
mdc dinh 60 gidy. M6 hinh container lanh ty 1é 1:5 dwoc ché tao véi I6p cach nhiét PU, dat nhiét @ on dinh ¢
mike thdp nhat khoang 6 °C, phit hop véi muc tiéu kiém chimg hé thong & quy mé thiee nghiém nho. Két qua thue
nghiém cho thcfy hé théng hoat dong on dinh véi do wré truyén dir lieu 200-300 ms, ty I¢ mat 20i tin duoi 1% va
thoi lwong pin khoang 8 gio: khi van hanh lién tuc & ché do tdi cao véi chu ky truyén dit liéu 6 gidy/lan. Nghién ciu
g6p phan xdy dung mé hinh gidm sat chudi lanh triec quan, nhan manh muc tiéu kiém chiing kién triic IoT-CPS va
hé tro dao tao theo dinh hieéng Problem-Based Learning (PBL) trong béi canh Logistics 4.0.
Tir khéa: Internet of Things (IoT), container lanh, chudi cung iing lanh, gidm sat hanh trinh, Cyber-Physical
System (CPS), Logistics 4.0.

ABSTRACT

This study proposes and develops an Internet of Things (IoT) system based on a Cyber-Physical System
(CPS) approach for real-time monitoring of temperature, humidity, and location in refrigerated container trans-
portation, supporting logistics training and applied research in cold chain management for temperature-sensitive
goods. The system is designed as a low-cost solution suitable for practical training models and applied research
in technical education. The data acquisition device is built around an ESP32 microcontroller and integrates a
temperature-humidity probe based on an SHT40 sensing element and a NEO-6M GPS module. Data are trans-
mitted to a cloud server via a 4G LTE network using an ML307R-DL module or via Wi-Fi, with a default update
interval of 60 seconds. A 1:5-scale refrigerated container model was fabricated with polyurethane (PU) insula-
tion and achieved a minimum temperature of approximately 6°C, which is appropriate for small-scale system
verification. Experimental results indicate stable system operation, with data transmission latency of 200-300 ms,
packet loss of less than 1%, and battery life of approximately 8 hours under high-load continuous operation with
a 6-second data-transmission interval. The study contributes to the development of a visual cold chain monitoring
model, emphasizing verification of the IoT-CPS architecture and supporting Problem-Based Learning (PBL) for
Logistics 4.0-oriented education.

Keywords: Internet of Things (IoT), refrigerated container, cold chain supply chain, route monitoring,
Cyber-Physical System (CPS), Logistics 4.0.
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I. PAT VAN PE

Trong bdi canh thuong mai cac nhom hang
nhay cam v6i nhiét d§ nhu thuc phém, thuy
san, noéng san tuoi sdng, duge pham va sinh
pham ngay cang gia ting, chudi cung (mg lanh
tro thanh ha tang logistics quan trong nham
duy tri chat lvong hang hoa, kéo dai thoi han
sir dung, giam ton that sau thu hoach va hd trg
yéu cau an toan, truy xuat ngudn gbc. Chudi
cung mg lanh dugc hiéu 1a hé théng c6 kha
nang kiém soat va duy tri nhiét 49, do am phu
hop trong toan bd qua trinh ché bién, luu trit,
van chuyén, phan phdi va tiéu thu dbi voi cac
nhom hang dé hu hong nhu rau qua, thiy san,
thit, sita, dwoc phdm va sinh pham [1], [2]. Tai
Viét Nam, nhu ciu phat trién logistics lanh
ngdy cang cap thiét do Viét Nam 1a qudc gia
c¢6 thé manh xuit khau nong san va thity san,
nhung ty 1¢ ton that sau thu hoach van con cao,
mot phan déang ké xuat phat tir han ché trong
bao quan, van chuyén lanh va két ndi giita cac
tac nhan trong chudi [3].

Céc nghién ciru trong nudc di chi ra ring
chudi cung tng lanh tai Viét Nam tuy da dugc
quan tAm nhung mutc d6 4p dung van chua
ddng déu. Bui Thi Bich Lién [3] cho rang phan
16n doanh nghiép san xuét, xuat khau néng san
van chua hinh thanh day du tu duy “tir nong
trai dén ban an” trong viéc str dung chudi lanh;
viéc tim kiém nha cung cip dich vu logistics
lanh uy tin van con gap nhiéu kho khin, trong
khi thi truong kho lanh, xe lanh va container
lanh vin con phan manh. Nghién ctru nay ciing
cho thiy thi truong logistics lanh Viét Nam
cha yéu phuc vu cho thyc pham, nhung nhiéu
kho lanh ty dau tu quy moé nho c6 tiéu chuan
béo quan va quéan ly chua chuyén nghiép. Bay
1a bang chimg cho thay nhu cau logistics lanh
khong chi nim ¢ md rong ha tang ma con &
quan tri, tiéu chuan hoa va tng dung céng nghé
giam sat.

O cép d6é dia phuong, Tran Thi Thim va
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cong sy [1] khao sat 212 dbi tuong trong chudi
cung tig ndng san tai thanh ph Can Tho, bao
gdém nha cung cap, nha phan phdi, nha béan 1¢,
doanh nghiép ché bién va cong ty logistics. Két
qué cho thay chudi lanh néng san méi chi duoc
ap dung budc dau; trong nhom nha cung cap,
78,5% chua biét vé& chudi lanh, 83% khong
bao quan sau thu hoach va 90,7% van sir dung
phuong tién van chuyén théng thuong. Piéu
nay phan anh r6 khoang cach giita nhu cau bao
quéan lanh va nang lyc trién khai thyc té, dic
biét & cac ho san xuit nho, thuong 1ai va cac
kénh phan phéi truyén thong.

Bén canh nong san, thuy san la nhém hang
¢6 yéu cau nghiém ngit hon vé viéc duy tri
nhiét d6 va truy xuit ngudn gdc. Nghién ciru
vé phat trién chudi cung tng lanh thuy san tai
Pong bang song Ctru Long cho thdy khu vuc
nay dong gop trén 60% tong san luong thiy
san cd nudc, nhung ha téng kho lanh, van tai
lanh va trung tam logistics chuyén dung con
thiéu dong bo; ton that sau thu hoach c6 thé
lén t61 25-30%, dac biét trong mua thu hoach
cao diém [4]. Nghién ctru ciing ghi nhéan rang
céc doanh nghiép 16n d bit dau ung dung IoT,
blockchain, GPS/Telemetry, WMS, TMS va
ERP, nhung doanh nghiép nhé va hop tac xa
van kho tiép can do chi phi dau tu cao, thiéu
von, thiéu nhan luc ky thuat va thiéu nén tang
dir liéu dung chung.

Vé khia canh quan tri rti ro, Tran Thi Thiam,
Huynh Tan Phong va Lé Minh Luat [2] d4 dé
xudt md hinh tich hgp SCOR va DEMATEL
nham nhan dién va danh gia rii ro trong chudi
cung ung lanh néng san tai Can Tho. Nghién
cuu xac dinh 16 rui ro trong cac khau hoach
dinh, nguén luc, san xuét, giao hang va thu hoi;
trong do, rui ro tang chi phi van hanh c6 muc
dd quan trong cao nhét. Céac rii ro nhu nhiét
d6 kho hang duy tri kém, nhiét do van chuyén
va giao nhan khong 6n dinh, hang héa hu hong
trong qua trinh phan phdi va dut giy hé thong
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phan phdi cho thiy nhu cau cap thiét phai c6 hé
théng giam sat dir liéu nhiét dg, do 4m va trang
thai van hanh theo thoi gian thyce [2].

Mot hudong nghién ctru trong nude khac tap
trung vao viéc t61 wu hoa van hanh kho lanh.
Dao Trung Quan, Nguyén Mai Linh va Pham
Thi Mai Phuong [5] dé xuét Gmg dung thuat
toan FCFS két hop Branch and Bound dé 1ap
lich don hang va phéan cong ca lam trong kho
lanh. Nghién ctru nhin manh riang cong nghé
moi hién chii yéu pho bién & cac kho 16, trong
khi cac kho lanh nho van quan 1y tha cong, gip
khé khan trong viéc 1ap lich, diéu phdi nhan
lyc va xur Iy un tac tai khu vuc cho. bay la van
dé quan trong vi tan suat mo cira kho, thoi gian
lam hang kéo dai va viéc lap lich kém c6 thé
lam ting tiéu thu nang lugng, anh hudng dén
su On dinh nhiét d6 va chat lugng hang hoa [5].

O gboc do lua chon nha cung cép dich vu
logistics lanh bén vitng, Mai Vin Thanh [6]
da st dung phuong phap SWARA tich hop ly
thuyét s6 mo dé xac dinh 18 yéu td anh hudng
dén quyét dinh lga chon nha cung cép tai Viét
Nam. Két qua cho thiy cac nhom yéu té kinh
té, x4 hoi, moi truong va cong nghé — dich
vu déu c6 anh huong dang ké; trong do, yéu
t6 “kha ning tich hop hé thong s cia khach
hang” duoc bo sung tu thuc tién, phan anh vai
tro ngdy cang quan trong cua chuyén doi sd,
tich hop dir liéu va nang luc két ndi hé thong
trong chudi lanh [6].

Trén nén tang d6, nhiéu huéng nghién ciru
dd dugc phat trién nhim nang cao hiéu qua
giam sat va quan tri chudi lanh. Mot nhom
nghién cu tdp trung vao mang cam bién
khong day (Wireless Sensor Network — WSN)
va Internet of Things (IoT) nhdm thu thap dit
liéu moi truong theo thoi gian thuc phuc vu
kiém soat nhiét do, d6 4m va chét lugng san
phim trong sudt qua trinh van chuyén va luu
trir. Qi va cong su (2014) dd xay dung hé théng
hd tro ra quyét dinh dua trén WSN nhim du

béo han sir dung san pham va tdi wu chién lugc
xuét kho theo nguyén tic “least shelf-life first
out” [7]. Xiao va cong su (2016) tiép tuc mo
rong hudng tiép can nay bang cach két hop
compressed sensing voi WSN nham nang cao
hiéu qua truyén dir liéu va giam chi phi gidm
sat dbi v6i cac san pham thuy san dong lanh
[8]. Bén giai doan sau, Tsang va cong su (2017,
2018) da phat trién cac hé thong giam sat chudi
lanh dua trén IoT véi kha nang theo doi hang
hoéa theo thoi gian thyc, canh bdo rii ro va hd
trg van hanh thong minh, cho thiy xu hudng
chuyén dich tir “giam sat dir liéu” sang “quan
tri rai ro chi dong” trong logistics lanh [9],
[10].

Song song voi d6, nhiéu nghién ctru tong
quan gin day cho thdy linh vuc chudi lanh
dang phat trién theo hudng tich hop da cong
nghé nhu RFID, WSN, IoT, dién todn dam
may, tri tu¢ nhan tao va phan tich dir li€u 16n.
Badia-Melis va cong su (2018) da téng hop cac
xu huéng méi trong giam sat chudi lanh va chi
ra rang thach thtrc 16n nhat hién nay khong con
nam & kha ning do luong nhiét d6 ma ¢ viéc
t6i uu héa van hanh, kha niang chia sé dit liéu
va kha nang khai thac dit liéu phuc vu ra quyét
dinh [11]. Zhao va cong su (2018), khi danh
gia thuc trang hé théng chudi lanh tai Trung
Qudc, ciing nhin manh khoang cach dang ké
giita nhu cau logistics lanh va mirc d6 sin sang
cong nghé & cac qudc gia dang phat trién [12].
Gan day hon, Konovalenko va cong su (2021)
da dé xuat md hinh dy béo nhiét d¢ theo thoi
gian thyc dua trén dinh ludt lam ngudi Newton
nham nang cao d chinh xac trong viéc kiém
soat nhiét do chudi lanh [13]. Trong khi do,
Jiang va cong su (2023) Uing dung thuat toan
K-Means++ két hop mang LSTM hoc sau dé
du bao méi trudng van chuyén nong san lanh
v6i do chinh xéac cao [14]. Cac cong trinh nay
cho thdy xu hudng chuyén d6i manh mé tir hé
thdng giam sat phan tng (reactive monitoring)
sang hé thong gidm sat dy bao thong minh
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(predictive monitoring) trong quan ly logistics
lanh.

Ngoai bai toan giam sat, nhiéu nghién ctru
gin ddy con md rong sang truy xudt ngudn
géc va minh bach dit liéu chudi lanh. Ahmad
va Bailey (2021) tong quan vé& vai trd cua
blockchain trong truy xuat thyc pham va cho
rang blockchain ¢ tiém ning nang cao tinh
minh bach, d6 tin cay ciing nhu kha ning xac
thue dit liéu cam bién trong chudi lanh [15].
Tuong tu, Shamsuzzoha va cong sy (2024) da
dé xut hé thong blockchain phuc vu truy xuat
ngudn gdc trong nganh thity san bén ving, nhan
manh vai trd clia truy xuat minh bach trong xuat
khau thity san va dap tmg cic yéu cau cua tiéu
chuan qudc té [16]. Pong thoi, Jara Ochoa va
cong su (2023) da chimg minh wu thé tiét kiém
nang lugng cua giao thte MQTT so voi HTTP
trong giam sat van chuyén lanh trong thoi gian
dai, qua d6 md ra hudng thiét ké cac hé thong
IoT chi phi thip, tiéu thy dién nang thip nhung
van bao dam kha ning truyén dir lidu lién tuc
theo thoi gian thuce [17].

Tuy nhién, khi ddi chiéu véi bdi canh Viét
Nam, ¢6 thé nhan théy mét s6 khe hé dang chu
¥ trong nghién ciru. Thir nhét, cac nghién ciru
trong nudc hién chu yéu tap trung vao khao sat
thuc trang, danh gia nhu cau, nhan dién rui ro,
lga chon nha cung cép hodc tdi wu 1ap lich kho
lanh; trong khi cac mé hinh IoT thuc nghiém
tich hop day du cam bién, truyén dir liéu, luu
trlt co s¢ dit li€u, dashboard giam sat va canh
bao thoi gian thuc cho container lanh van con
han ché. Tht hai, nhiéu nghién ciru dé cap dén
vai tro cua IoT, WMS, GPS, blockchain hoac
truy xudt ngudn gdc, nhung chua di siu vao
viéc thiét ké mot kién tric IoT chi phi thép,
c6 kha nang trién khai thir nghiém trong diéu
kién doanh nghiép vira va nhé hodc tai co so
dao tao. Thir ba, cic cong trinh qudc té thuong
huéng dén hé thong thwong mai hodc mé hinh
thuat toan phuc tap, trong khi nhu cau tai Viét
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Nam doi hoi cac giai phap dé trién khai, truc
quan, c6 thé phuc vu ca giam sat thyc té 1an
dao tao ngudn nhan lyc logistics lanh. Thir tur,
con thiéu cac mé hinh hoc cu thuc — 4o theo
huéng Cyber-Physical System phuc vu dao
tao Problem-Based Learning trong linh vuc
logistics lanh, container lanh va quéan 1y chudi
cung tmng sb.

Tir cac khe ho néu trén, nghién ctru nay dé
xudt phat trién hé thong IoT giam sat container
lanh theo hudng chi phi hop ly, truc quan va
¢6 kha nang g dung trong dio tao. Hé thong
hudng dén viéc tich hop cam bién do nhiét do
—d6 am, truyén dir liéu qua mang khong day/di
dong, luu trir dit li€u trén nén tang co so dit licu,
truc quan hoa bang Web Dashboard va canh
b4o céc trang thai bat thuong. Trong tdm cua
nghién ctru 13 kiém chimg kién trac IoT-CPS
trén mo hinh thuc nghiém quy mo nho, khong
nham thay thé hay mé phong diy di nang luc
van hanh cua container lanh thuong mai. Cach
tiép can nay tao nén tang thuc nghiém gitp
sinh vién nganh logistics, hang hai va k¥ thuat
tiép can truc tiép cong nghé IoT trong bdi canh
Logistics 4.0.

IL. POI TUQONG VA PHUONG PHAP

NGHIEN CUU

2.1. Kién triic tong thé hé thong (Tiép can
theo hé thong thuc - 20 CPS)

Nghién ctru duoc phat trién theo hudng
bottom-up nhim xdy dung hé théng giam
sat container lanh tir 16p thiét bi bién (Edge
Devices) dén nén tang quan tri dir lidu tap
trung trén ddm may (Cloud Platform). Thay vi
ké thira nguyén ban cac nén tang IoT sin co,
nghién ctru chu dong dé xuat mo hinh IoT bén
16p duya trén cac yéu cau trién khai thyc té va
dbi chiéu voi cac hudng tiép can IoT dd duoc
4p dung trong giam sat chudi lanh [9], [10].

Dudi goc do dao tao, hé théng duoc dinh
hudng nhu mot mé hinh Cyber-Physical System
(CPS), dong vai trd nén tang thuc hanh phuc vu
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phuong phap Problem-Based Learning (PBL)
trong ddo tao logistics va chudi cung tg lanh.
V& miat k¥ thuat, kién tric tong thé duoc t6
chirc thanh bén 16p lién két chat ché gom: (i)
16p thu thap dir liéu (Perception Layer) thyuc
hién do luong toa d va cac thong s6 vi khi hau
thong qua hé thong cam bién; (ii) 16p truyén
thong (Network Layer) dam nhiém truyén dir

lidu tir thiét bi bién 1én may chu thong qua
mang vién thong di dong; (iii) 16p xir 1y dit ligu
(Processing Layer) thuc hién x4c thuc, ddng bo
va luu trir dir liéu tdp trung; va (iv) lop Gng
dung (Application Layer) hd trg truc quan héa
dir liéu va cung cap giao dién quan tri da nén
tang theo thoi gian thuc.

LOP UNG DUNG END USER Interacts WEB DASHBOARD
(Application Layer) : (Responsive Web App: Desktop, Tablet, Mobile)
. (
Background ‘
Jobs BACKEND | FRONTEND
LOPXU'LY i
(Processing A -
Database |« Business Logi Authentication | | | . . State ul
Laycr) abase e Togie & Security o : APLclient Auth Guard Management Components
\ S ——— T N —
[
i
WAN
(Internet)
. T o
LOP TRUYEN Phuong in 2 Phuong in 1 [ Internet Gateway H""‘"ﬂ\z‘l‘“"’“ J
THONG s Sirdung 4G LTE | Sirdung song Wifi
(Network Layer) Satellites l [
4G n BIS EPC { Wifi Router ONT oLT
(ML307L) (Base Transceiver Station)| (Evolved Packet Core) (Access point) (Optical Network Terminal) (Optical Line Terminal)
UVARY (7
AT commar nd SoC (System on chip) Wifi Sing Wifi
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (24Ghz)
MCU ESP32 CONTAINER
LOP THU THAP -a
DU LIEU NEO-6M O ©
i T o Pinhvi (RS455) :
(Perception Layer) GPS Cim bién HTS4L-PG i i
""""""""" | HE THONG LANH
Ponhigtdd | | Podoim |

Hinh 1. So d6 khéi kién tric hé théng giam sat container lanh theo tiép cin CPS

2.2. Thiét ké va ché tao phan cing IoT

Tai 16p thu thap dir liéu, thiét bi IoT Node
dugc thiét ké véi trung tam xir 1y 1a vi diéu
khién ESP32 nham dam bao kha nang xt ly dir
lidu va truyén thong khong ddy theo thoi gian
thuc. Dé dap tng diéu kién nhiét do thap va do
am cao trong container lanh, h¢ théng st dung
dau do nhiét d6 - do am cong nghiép c6 16p
bao vé IP67; phén tir do 1061 thudc ho SHT4x/
SHT40 cua Sensirion AG [18]. Pau do dugc
két nbi véi ESP32 thong qua mach chuyén doi
MAXA485 st dung giao thuc RS485/Modbus

RTU theo co ché truyén tin hiéu vi sai nhim
nang cao kha ning chdng nhiéu dién tir va
duy tri d6 6n dinh ca tin hiéu truyén dan. Két
qua hiéu chuan thuc nghiém cho thiy sai s6
do nhiét dd cua hé théng dugc duy tri trong
khoang +0,5 °C.

Song song voi chltc nang gidm sat vi khi
hau, hé théng tich hgp mo-dun dinh vi GPS
NEO-6M ctia u-blox AG [19] nham theo d&i
hanh trinh van chuyén véi sai s6 dinh vi khoang
2,5 m trong diéu kién thu tin hiéu thuan loi. Dit
lidu sau khi duoc xtr Iy va dong goi duoc truyén
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vé may chi thong qua ha tang Internet sir dung
mo-dun truyén thong 4G LTE ML307R-DL
[20]. Bé dap tmg yéu cau van hanh linh hoat
trong qua trinh van tai, toan bd hé théng phﬁn
cting dugc cAp ngudn bsi mach Battery Shield

Bing 1. CAu hinh phén cirng chinh ciia IoT Node

V3, két hop hai pin lithium-ion 18650 mic
song song voi tong dung lugng khoang 6000
mAh, cho phép hé thong hoat dong lién tuc
trong khoang 8 gid & ché d6 tai cao, v6i chu ky
truyén dit liéu 6 gidy/lan.

Thanh phan | Chitc ning Théng s6/ngudn tham chiéu

ESP32 Xt 1y dit liéu tai bién | Vi diéu khién tich hop Wi-Fi/Bluetooth

Déau do SHT40 | Do nhiét d6 va do am | Phan tir cam bién SHT4x/SHT40; sai s hé théng thuc nghiém
+0,5°C [18]

GPS NEO-6M | Pinh vi hanh trinh Sai s6 dinh vi khoang 2,5 m trong diéu kién thun loi [19]

ML307R-DL | Truyén dit liéu 4G LTE | LTE Cat.1, tai liéu k§ thuat ML307R-DL [20]

Pin 18650 x 2 | Cp ngudn di dong Tong dl{ng lugong khoang 6000 mAh; van hémh khoang 8 gio
trong di€u kién hoat dong ¢ murc tai cao (truyen dit ligu lién
tuc).

G21
G22

(NIdSE)
edSa

33V

GND

G26 (TX)

125 (RX)

1 5v
GND

ML307R  gx

(4G LTE) TX
EN

(ND

a
<

@ G34 (ADC)

MAXA485
(RS485)

9 n
gz g2

Hinh 2. So' d6 két ndi phan cirng ciia thiét bi thu thap di liéu (IoT Node)
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2.3. Thiét ké phin mém va ciu triic co s¢
dir liéu

H¢ thong phan mém duoc trién khai theo
kién trac Client-Server nham hd trg giam sat va
quan tri dit liéu theo thoi gian thyc trong chudi
van chuyén container lanh. Tai 16p truyén
tai dir lidu, theo két qua nghién ctru cia Jara
Ochoa va cong sy [17], HTTP POST tiéu tén
nhiéu ning lugng hon MQTT do thiét bi phai
lap lai két néi TCP. Du vay, nghién ctru van
chon HTTP POST dé don gian hoa qua trinh
tich hop Web API theo kién traic RESTful va
phu hop véi muc tiéu dao tao sinh vién.

A

Thiét bi thu thip
(ESP32 Node) .
Phan hoi trang thai
(ACK/Error)

Di ligu
(JSON) 1.0
API

Yéu cau tra ciru thiét bi

(Tiép nhan

& xac thuc)

RELP

Dir li¢u tho
(Pa xéc thyc)

Két qua xéc thuc

Lugc d6 co s¢ dit liéu duoc t6i uu cho dit
liéu chudi thoi gian (time-series data), dp tmg
yéu cau luu vét, truy xuit va phan tich di liéu
van hanh; ddng thoi c6 thé tham chiéu dén cac
yéu cau luu giit ho so truy xuat trong FDA
FSMA 204 [21].

O phia may khach (Frontend), hé thong
dugc phat trién dua trén kién trac Single-Page
Application (SPA), cung cap Web Dashboard
da nén tang nham truc quan hoéa di liéu nhiét
d6 theo thoi gian thyuc va hién thi ban d hanh
trinh van chuyén sb héa cta container luu trit
lanh.

Xulydirhidu | Lyudilicu DI Cor so dir liu Xéc thuc
& logic nghiép vu (Time-series DB) & Phan quyén

B
Nguoi diing cudi
(End User)
Truy van
& Lénh cau hinh
Phan hoi
giao dién
Xir ly Giao dién
Ul
J
- Dir liéu thoa
S diéu kién
+ User token :
(Json)
Yéu cau truy vén (
lich sir

— 4

Lénh céu hinh hop 1¢

Dir liéu truy xuét

—

Hinh 3. So d6 ludng dix liéu mirc 1 (Level 1 DFD) ciia hé théng phin mém

2.4. Thiét ké va gia cong mé hinh container
lanh

Nhim mé phong mot sé ddc trung co ban
clia container lanh trong diéu kién phong thi
nghiém, mé hinh vat 1y duoc ché tao theo ty
1& 1:5 dya trén hinh dang va nguyén 1y két ciu
cuia container lanh 20 feet theo tiéu chuan ISO

1496-2 [22], vé6i kich thude tong thé 1,212
m x 0,488 m x 0,518 m. V& mat két ciu, vo
container dugc ché tao béng vat liéu inox 304
két hop véi 16p cach nhiét polyurethane (PU)
day 3 cm nham nang cao kha ning cich nhiét
va han ché hién tuong cau nhiét tai cac vi tri
lién két.
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Hé théng 1am lanh ctia mé hinh st dung
may nén kin (Hermetic Compressor) két hop
v6i modi chit lanh R134A. Qua trinh tuin
hoan khi lanh duoc thiét ké theo nguyén
1y phan phdi khi lanh tir phia trén (Top Air
Delivery), tham khdao cu trac van hanh cta
container lanh thuc té, nhung dugc gian
luge dé phu hop véi mo hinh thuc nghiém
quy mo nhoé. Trong qua trinh hoat dong, quat

hudng truc tao luéng khi lanh doc theo phﬁn
tran container; ludng khi sau d6 khuéch tan
xudng khong gian chtra hang nho co ché dbi
luu cudng buc, giup hap thu nhiét tr moi
trudong bén trong. Cudi cung, khong khi duoc
thu hoi thong qua khe hdi khi bd tri gin mat
san va dugc dua tré lai dan bay hoi dé tiép
tuc chu trinh lam lanh tudn hoan.

[ T T—dr—mnl

™
- ]
( — =
L (T v - |
& L ) L )
— I — =
. s J
/ / 1] —— ¢
\ ] J(
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Hinh 4. Ban vé thiét ké mit cit container va nguyén 1y ludng khi di luu

2.5. Quy trinh thu thap, déng géi JSON
va xir ly dir liéu tai bién

Tai khéi vi diéu khién trung tdm, hé diéu
hanh thoi gian thuc FreeRTOS dugc trién
khai nhdm quan 1y da nhiém cac qua trinh
thu thap va xt 1y dir liéu tir cac thiét bi ngoai
vi. Giai phap nay giup han ché hién tugng
blocking trong qua trinh x1r 1y khi mo-dun
truyén thong 4G phai cho phan hoi tir mang
vién thong, qua d6 nang cao tinh 6n dinh cta
hé thong IoT Node.

Dit lidu tho thu thap tir cam bién dugc xir
ly thong qua bd loc nhidu sé trude khi tién
hanh chuan héa. Bé tdi vu bing thong truyén
din va giam chi phi sir dung mang di dong
4G, cac truong dir liéu dugoc ma hoa dudi
dang Minified JSON nhiam giam kich thuéc
g6i tin truyén tai. Hé thong duoc céu hinh
v6i chu ky 1dy miu va truyén dir liéu mic
dinh 1a 60 gidy/1an (co thé thay ddi trong cu
hinh thiét bi, téc do 1dy miu tbi da 5 gidy/
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lan), dap tng yéu cau giam sat theo thoi gian
thuc trong qua trinh van chuyén container
lanh.

2.6. Piéu kién thwe nghiém va phwong
phap danh gia

Nham kiém chtng tinh kha thi va do tin
cdy cua hé théng IoT-CPS, m6 hinh duoc
dua vao van hanh thyc nghi€m trong diéu
kién nhiét do thép, voi nhiét do khoang lanh
khoang 6 °C. Muc nhiét nay dugc xac dinh la
diéu kién van hanh ciia mé hinh thuc nghiém
quy md nhé, nham phuc vu viéc danh gia kha
ning thu thap, truyén dan va truc quan hoa
dit liéu. Viéc thiét lap nhi¢t d6 thuc nghi€ém
& muc khoang 6°C xudt phat tir dic tinh k¥
thuat va gidi han cong suit cia md hinh thu
nhoé (may nén cong suat nho, moi chat lanh
R134A); trong diéu kién nay, 6°C la nhiét
d6 thip nhit ma hé thong cé thé duy tri 6n
dinh. V& mat tng dung thyc tién, mic 6°C
dai dién cho dai nhiét d6 bao quan mat ti€u
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chuén (2-8°C), duoc 4p dung phd bién trong
van chuyén ndng san twoi, rau qua va duoc
phﬁm. Déng thoi, su chénh 1éch nhiét d6
gilta khoang lanh va méi truong lam tang d9
am, tao diéu kién dé danh gia d6 on dinh cua
cam bién. Dt liéu duoc cap nhat lién tuc trén
man hinh ciling giap hinh thanh mét md hinh
truc quan cho ngudi hoc. Do d6, mirc nhiét
nay khong dugc xem la ngudng dai dién cho
toan bd diéu kién van hanh cda container
lanh thwong mai (nhu cac dai dong lanh sau)
ma phu hop véi muc tiéu cua mot md hinh
hoc cu. Nghién clru ap dung phuong phap
danh gia dinh lugng dé phan tich 4 chi tiéu
k¥ thuat chinh cta hé théng IoT.

(1) Sai sé do ludng (Measurement
Accuracy): Gia tri nhiét do thu thap tu dau
do str dung phan tir cam bién SHT40 [18] va
dit liéu toa do tr mo-dun GPS NEO-6M [19]
duoc ddi chiéu voi cac thiét bi do kiém chuan
dé danh gia d6 chinh xac cua hé thong.

(2) Pp tré truyén din (Latency): Thoi
gian truyén dit liéu dugc xac dinh bang
khoang thoi gian tinh theo mili-gidy tu thoi
diém thiét bi bién guri yéu cau HTTP POST
chtra dit liéu JSON dén khi may chu phan hdi
vo1 ma trang thai “200 OK”.

(3) Ty 1é mat goi tin (Packet Loss): Chi
ti€u nay dugc xac dinh dya trén ty 1¢ phén
tram s6 goi dir liéu khong nhan duge phan
hoi hodc gip 16i truyén dan trén tong sb luot
truyén dir liéu o tang ung dung.

(4) Thoi lwgng pin (Battery Lifetime):
Hiéu qua tiéu thy nang luong cuia thiét bi
dugc danh gia thong qua thoi gian van hanh
lién tuc, tinh tir khi pin dugc sac day dén khi
dién ap dat ngudng ngit ngudn. Trong phép
thr bao cdo, thiét bi duge van hanh & ché do
tai cao v6i chu ky ldy mau va truyén di liéu
6 gidy/lan; cau hinh van hanh mic dinh cua
hé théng 1 60 gidy/lan.

III. KET QUA VA THAO LUAN

3.1. Két qua ché tao thuc té thiét bi IoT
va m6 hinh container

Heé thong giam sat IoT va mo hinh container
lanh di duoc ché tao va dua vao van hanh thuc
nghiém nham danh gia kha niang hoat dong
cua kién trac IoT-CPS trong diéu kién nhiét
d6 thap. Khoi thiét bi IoT duoc tich hop hoan
chinh véi vi diéu khién ESP32, mé-dun dinh
vi GPS NEO-6M va méd-dun truyén thong 4G
LTE ML307R-DL. Toan bd cum thiét bi duoc
bb tri trong hop k¥ thuat chuyén dung lip dit
bén ngoai container nham thuan tién cho qua
trinh bao tri va han ché anh huéng tir moi
truong nhiét do thip bén trong khoang lanh.

Pau do nhiét do - do am st dung ph?m to
cam bién SHT40 dugc két ndi voi hé thong
thong qua cap tin hi¢u di xuyén qua lop cach
nhiét tai vi tri chuyén dung nham giam thiéu
thit thoat nhiét va duy tri d6 6n dinh ctiia moi
truong lanh bén trong khoang.

V& mit co khi, md hinh container lanh ty
1¢ 1:5 duoc ché tao bang vat lidu inox 304 két
hop véi 16p cach nhiét polyurethane (PU) day 3
cm. Két céu nay gitp ting kha ning cach nhiét
va han ché su truyén nhiét qua thanh vach cia
container. H¢ thong 1am lanh str dung méay nén
kin két hop voi moi chét lanh R134A, cho phép
md hinh dat nhiét do 6n dinh thdp nhat duy tri
khoang 6 °C trong diéu kién thir nghiém. Day
la mirc nhiét phu hop véi dai nhiét d6 bao quan
mat trong thuc té, dap umg tot muc tiéu kiém
chting hé thdng giam st trén mé hinh hoc cu
thuc nghi€ém quy mo nho.

Két qua thuc nghiém ban du cho thdy mo
hinh ¢6 kha niang van hanh 6n dinh & quy mé
thir nghiém, dap g yéu cau kiém chimg chirc
nang gidm sat [oT-CPS va phuc vu nghién ctru,
dao tao trong linh vuc logistics lanh va chudi
cung tng lanh.
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AGLTE @ 45%E)
8§ 5.9 °C
4 86.5%RH

12.26936, 109.28233

Hinh 5. M hinh container lanh thue té (trai) va cin canh cum thiét bi IoT (phai)

3.2. Danh gi4 @) 6n dinh va sai s6 thuc
nghiém ciia cac thong so

Pé danh gia do tin cdy cua hé théng do
luong, mo6 hinh dugc van hanh lién tuc trong
diéu kién nhiét do thap, v6i nhiét d6 khoang
lanh duy tri 6n dinh khoang 6°C. Két qua thuc
nghiém cho thdy dau do nhiét do - d6 am sir
dung phan tir cam bién SHT40 véi 16p bao vé
IP67 duy tri d6 6n dinh trong méi trudng cd
dd 4m cao va xudt hién hién tuong ngung tu
suong, phu hop vdi cac dac tinh ky thuét do
Sensirion AG cong b [18]. Nho st dung giao
tiép vi sai RS485/Modbus RTU, anh hudng cuia
nhiu dién tir trong qué trinh truyén tin higu
dugc giam dang ké.

Khi dbi chiéu v&i nhiét ké thuy ngan chudn,
sai s& nhiét d6 ctia toan hé théng dao dong trong
khoang 0,5 °C. Mrc sai s6 nay dwoc xem la
phu hop trong diéu kién van hanh thyc té. Mic
du @6 chinh xac danh dinh cua phz‘in tr cam
bién SHT40 trong méi trudng 1y tudng cod thé
dat dén +0,2°C [18], sai s6 thuc nghiém +0,5°C
phan anh anh huéng téng hop cua cac yéu tb
van hanh nhu d6 tré nhiét ciia 16p bao vé IP67,
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hién tugng ddi luu lién tuc cua luéng khi lanh
va diéu kién ngung tu 4m bén trong container.
Dong thoi, kha ning gidm sat lién tuc nhiét
d6 ctia hé thong phu hop voi nguyén tic theo
doi, kiém soat nhiét do trong quan 1y an toan
thuc pham theo HACCP/Codex Alimentarius
Commission [23].

Vé kha nang dinh vi, két qua thuc nghiém
cho thdy mo-dun GPS NEO-6M cin khoang
5-10 phiit dé hoan tat qua trinh tai dit liéu thién
vin (ephemeris data) va xac 1ap két ndi vé tinh
ban dau trong trang thai khoi dong lanh (cold
start). Khi chuyén sang ché d6 theo dai lién tuc,
sai sO dinh vi ban kinh dat khoang 2,5 m trong
diéu kién moi truong 1y tuong, twong duong
v6i thong sé do nha san xuat cong bd [19].

Tuy nhién, trong diéu kién van hanh thuc
té, hé thong do6i lac xudt hién hién twong 1éch
toa d6 v6i do sai 1éch téi da khoang 15 m. Gidi
han nay xuét phat tir 2 nguyén nhan k§ thuat
¢bt 13i. Thir nhét 13 hién twong nhidu da duong
(multipath effect) cua cac mo-dun dinh vi st
dung bang tin don L1 [24]. Tin hiéu vé tinh bi
phéan xa qua vat can, lam kéo dai thoi gian lan
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truyén song va gy sai sb trong qué trinh tinh
toan. Thir hai 1a anh hudng ciia nhiéu dién tir,
do tinh chit thu nho ctia mé hinh hoc cu, thiét
bi IoT dugc bd tri gan hé théng co dién. Trong
qua trinh van hanh, viéc déng/ngit cia cac
thiét bi may nén, dan néng sinh ra xung nhiéu
va dao dong dién ap, tic dong tryc tiép dén
mo-dun NEO-6M vén khéng dugc boc mang

chdng nhiéu chuyén dung nhu cac thiét bi cong
nghiép. Viéc phan tich rd cic hién twong nhiéu
vat 1y va co dién nay cung cap bai hoc thyc tién
rat gia tri cho sinh vién khi trién khai hé thong
IoT. Mac du vay, véi ung dung giam sat quy
dao vi mo (vén tai lién tinh), mirc sai s cuc bo
nay khong lam dut gy tinh lién tuc cua hanh
trinh téng thé.

Bang 2. Tong hop chi tiéu thuc nghiém chinh cia hé thong

Chi tiéu Két qua ghi nhan

Y nghia danh gi4

Sai s nhiét do +0,5°C

Phu hop diu kién van hanh cia mé hinh thye nghiém
quy mo nho ¢ khoang 6°C

Sai s dinh vi GPS | Khoang 2,5 m; drift toi da
khoang 15 m

Pap (g yéu cau theo ddi quy dao van chuyén lién tinh

Do tré truyén dan | 200-300 ms

Dap (mg yéu cu giam sat va canh bao trong pham vi mo
hinh thyc nghiém

Tylematgditin | <1%

Cho thay truyén dit liéu n dinh ¢ tang img dung

Thoi lugng pin Khoang 8 gi¢

Thiét bi hoat dong trong diéu kién tai cao (truyén dit liéu
lién tuc). Phu hop véi cac bai thir nghi¢m va tinh huong
m6 phong van chuyén ngén han.

3.3. Hiéu suit truyén din va truc quan
hoéa dir liéu trén Web Dashboard

Dit liéu thu thap tir thiét bi IoT dwoc ma
hoa dudi dinh dang Minified JSON va truyén
vé méay chu PostgreSQL véi chu ky cap nhat 60
gidy/lan. Mic du hé thong sir dung giao thic
HTTP POST - yéu ciu qua trinh thiét lap két
nbi TCP thong qua co ché three-way handshake
- viéc truyén dir liéu trén ha téng mang 4G LTE
Cat.1 sir dung mo-dun ML307R-DL [20] van
cho hiéu niang truyén dan 6n dinh trong quéa
trinh thuc nghiém.

Do tré truyén din (Latency)

Thoi gian trung binh tir khi thiét bi giri yéu
cau HTTP POST dén khi nhan phan hoi “200
OK” tir may chi duoc ghi nhan dudi 300 ms.
Két qua nay cho thiy hé théng dap ung yéu
ciu giam sat va canh béo theo thoi gian thuc
trong pham vi mo hinh thyc nghiém va cac tinh
hudng dao tao Logistics 4.0.

Ty 1&¢ mit goi tin (Packet Loss)

Nho st dung co ché truyén tai dua trén
giao thuc TCP, ty 1¢ mat goi tin ¢ ting Ung
dung duoc duy tri duéi 1%. Diéu nay cho
thay tinh 6n dinh cao cia hé thong trong diéu
kién truyén dir liéu qua mang vién thong di
dong.

Thoi lwgng hoat dong cia pin (Battery
Lifetime)

Thiét bi IoT duwgc cap ngudn boi mach
Battery Shield V3, két hop 2 pin lithium-ion
18650 mic song song véi téng dung lugng
khoang 6000 mAh. Trong thtr nghi¢m danh
gia thoi lwong pin, thiét bi duoc van hanh
& ché do tai cao v6i chu ky truyén dit lidu 6
gidy/lan, thay vi cdu hinh mic dinh 60 giay/
lan; hé théng duy tri hoat dong lién tuc trong
khoang 8 gid. Két qua nay cho thiy thiét bi
c6 kha nadng van hanh dgc lap trong cac bai
thir nghiém va cac tinh hudng mé phong van
chuyén trong thoi gian ngén.
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Kha ning trec quan hoa dir li¢u

Tai 16p ung dung, Web Dashboard dugc phat
trién theo kién truc Single-Page Application
(SPA), cho phép truc quan hoéa dir li¢u nhiét do
va do 4m theo thoi gian thyc dudi dang biéu do

NTU

8 Glamsat Container ~

Container NTU 001

NTU-TOT-001 @EEIED © Rauch

G QuéntriPhinmém ~

Biéu dé cam bién

1 S6liéucambién(4491) © DUuliguGPS(4104)

chudi thoi gian, dong thoi cap nhat lién tuc quy
dao GPS cua container lanh trén nén ting ban
d6 s6. Hé thong hd trg truy cap da nén tang trén
may tinh cé nhan, may tinh bang va dién thoai
thong minh.

Tiéng Viét g Admin

@D Bitamthanhcanhbio

11/06/2026 08:18 12/06/2026 17:18
17:01:0012/6/2026

VitriGPS
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Hinh 6. Giao di¢n truc quan héa thong sb trén Web Dashboard

3.4. Thao luin vé kha ning ing dung md
hinh lam nén ting dao tao lién nganh

Bén canh céc gia tri k¥ thuat, nghién ctru con
cung cip mot nén tang Cyber-Physical System
(CPS) phuc vu dao tao trong linh vuc logistics
lanh va cac hé thong IoT tmg dung. Khac véi
cac phuong phap mo phong thuan tiy, mé hinh
thuc nghiém cho phép két ndi truc tiép giita
mai truong vét 1y va hé thdng s hoa, qua do
hd tro trién khai phuong phap Problem-Based
Learning (PBL) trong dao tao Logistics 4.0.

Trén nén tang hé théng da duoc phat trién,
sinh vién khéi ky thuat c6 thé tiép can va thuc
hanh véi cac thanh phan phan cting, giao thirc
truyén thong IoT va kién triic hé thong nhing,
phit hop véi dinh hudng phat trién k§ nang sb
trong bdi canh Logistics 4.0. Pong thoi, sinh
vién thudc linh vuc logistics va chudi cung tng
6 kha niang khai thac dir liéu chudi thoi gian tir
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hé thong dé thiét 1ap ngudng an toan hang hoa,
phan tich diéu kién van chuyén, tdi uu hda hanh
trinh va hd tro ra quyét dinh quan trj rai ro trong
chudi lanh.

Két qua nay cho thdy mé hinh dong vai trd
la hé théng giam sat container lanh thyc nghiém
va la nén tang dao tao lién nganh, gop phan hd
trg phat trién k¥ ning sb va tu duy Logistics 4.0
trong giao duc dai hoc. M6 hinh khong dugc
dinh vi nhu mét giai phap thay thé container
lanh thuong mai ma la mét cong cu kiém chung
nguyén ly va phuc vu thuc hanh.

3.5. So sanh hiéu qua chi phi va tinh niang
v6i cac gidi phap thwong mai

Khi dbi chiéu véi cac giai phap giam sat
chudi lanh thwong mai hién nay, tai liéu san
pham cta Zebra Technologies [25] cho thiy cac
thiét bi nhu Zebra ZS300 dwoc phét trién nhu
giai phap cam bién thwong mai cap kién hang,
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di kém nén tang quan ly va dich vu hd tro tir
nha cung cap. Tuong ty, cac hé thong giam sat
container lanh nhu Maersk Remote Container
Management (RCM) duoc phat trién theo kién
tric proprietary, phu thudc vao nén tang quan tri
va h¢ sinh thai dich vu ctia nha cung cép [26].
So voi cac giai phap thuong mai nay, hé
thdng dwoc dé xuét trong nghién ctru cho thiy
tinh kha thi kinh t& & cp d6 m6 hinh thir nghiém
khi tong chi phi phan cimg ciia mot IoT Node
chi dao dong trong khoang 80-120 USD. Bén
canh yéu t6 chi phi, kién trac m3 ngudén mo cua
hé thdng cho phép co s& dao tao, nhoém nghién
ctru va doanh nghiép nho chi dong quan ly di
liéu van hanh trong cac thir nghiém ma khong

phu thudc hoan toan vao cac goi dich vu thué
bao (subscription-based services) tir bén thir ba.

Ngoai ra, kha nang tiry bién kién trac phan
mém va ph?m cing cling tao diéu kién thuén loi
cho hoat dong nghién ctru, dao tao va mé rong
hé thdng theo cic nhu ciu tmg dung khac nhau
trong linh vyc logistics lanh va chudi cung tig
s6. Tuy nhién, hé thong hién méi duoc trién khai
¢ quy mo6 md hinh thye nghiém, dat nhiét do duy
tri 6n dinh thip nhat khoang 6°C va chua duoc
danh gia trén container lanh thuong mai trong
thoi gian van hanh dai han. Pay s€ 1a hudng
nghién ciru tiép theo nhim hoan thién tinh sin
sang trién khai thuc té ctia hé thong.

Bang 3. So sanh hé théng dé xuit véi mot s giai phap thwong mai

Tiéu chi H¢ thong dé xuat

Zebra 7.S300

Maersk RCM

Murc trién khai M6 hinh mo, phuc vu

Thiét bi thuong mai

Nén tang thuong mai cho

kiém chtng IoT-CPS, cip kién hang [25] container lanh [26]
dao tao va thir nghiém
quy mo nho

Chi phi phan cimg | Khoang 80-120 USD/ | Tuy g6i thiét bi va dich | Phu thudc hé sinh thai
IoT Node vu dich vu

Kha ning tity bién | Cao, kién triic mo Han ché theo cau hinh | Han ché do kién trac

nha cung cap proprietary

Dit liéu van hanh | Ty quan tri trén hé Phu thudc nén tang nha | Phu thude nén tang
thong ctia nguodi dung | cung cap Maersk

Gia tri dao tao Cao, hd tro kiém chung | Khong dinh hudng dao | Khong dinh hudng dao
ToT-CPS va dao tao tao tao
Logistics 4.0 theo PBL

IV. KET LUAN VA KIEN NGHI

4.1. Két ludn

Nghién ctru da dé xuit va phat trién mot hé
thong IoT phuc vu giam sat chudi cung tmg lanh
dya trén mé hinh kién tric bon l6p. HE théng
tich hop cac thanh phan phan ctig gom vi diéu
khién ESP32, dau do nhiét do - d6 am st dung
cam bién SHT40, mo-dun dinh vi GPS NEO-
6M va mo-dun truyén théng 4G LTE nhim
thu thap dir liéu vi khi hdu va hanh trinh van
chuyén theo thoi gian thyc. Dir liéu dugc luu
trir tip trung trén nén tang PostgreSQL va duoc

trie quan hoa thong qua Web Dashboard da nén
tang, gop phan kiém chimg kién trac giam sat
container lanh theo tiép can IoT-CPS & quy mo
thuc nghiém nho.

Két qua thuc nghiém trén mé hinh container
lanh vat Iy ty 1€ 1:5, sir dung két cAu inox 304 két
hop véi 16p cach nhiét polyurethane (PU), cho
thdy hé théng duy tri hoat dong on dinh trong
diéu kién nhiét do thap, v6i nhiét do khoang
lanh dat khoang 6°C. Cac chi ti€u k¥ thuat ghi
nhan gém do tré truyén din 200-300 ms, ty 18
mét goi tin dudi 1% va thoi lwong hoat dong
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lién tuc khoang 8 gio trong diéu kién tai cao,
v6i chu ky truyén dir liéu 6 gidy/lan thay vi cau
hinh mic dinh 60 gidy/lan. Cac két qua nay cho
thay hé théng dap timg yéu cau kiém chimg chirc
nang giam sat thoi gian thyc trong mo hinh thuc
nghiém va phuc vu dao tao Logistics 4.0.

Bén canh gid tri k¥ thudt, nghién ctu con
xdy dung mot nén tang Cyber-Physical System
(CPS) phuc vu dao tao lién nganh trong linh vuc
logistics va k¥ thuat IoT. Hé théng hd trg trién
khai phuong phap Problem-Based Learning
(PBL), tao diéu kién cho sinh vién tiép cin dong
thoi cac ndi dung vé phan cimg nhing, truyén
thong IoT, xtr ly dit li€u thoi gian thuc va quan
tri chudi cung (mg lanh trong moi trudng thuc
nghiém truc quan.

4.2. Kién nghi va hwéng phat trién

Dé nang cao kha ning tng dung thuc tién va
tiém can cac tiéu chuin céng nghiép, nghién ctru
dé xuat mot s6 hudng phit trién tiép theo.

Thir nhét, hé¢ thong ¢ thé duoc md rong
theo hudng tich hop tri tué nhan tao (Artificial
Intelligence — Al) va phan tich dir li¢u 16n (Big

TAI LIEU THAM KHAO

Data Analytics) nhiam xdy dung co ché bao tri
du bao (Predictive Maintenance) va canh bao
som rii ro nhiét d6 trong chudi lanh dua trén dit
liéu chudi thoi gian.

Thit hai, can trién khai thi nghiém hé théng
trén céac container lanh dang hoat dong thuc té
nham danh gia d6 bén co hoc cua thiét bi, tinh
6n dinh cua truyén thong 4G LTE, kha ning van
hanh lién tuc dudi tdc dong ctia rung dong trong
van tai duong bo va duong bién, ciing nhu kha
nang dap tng cac dai nhi€t dd van hanh rong
hon ctia container lanh thuong mai.

Ngoai ra, nghién ctru trong twong lai ¢ thé
mé rong sang cac hudéng nhu tdi wu hoa ning
luong ti€u thu ctia loT Node, tich hop giao thic
MQTT cho truyén thong thoi gian thuc va (mg
dung blockchain nhim ting cudng kha ning
truy xuat ngudn gdoc dir lidu trong chudi cung
ung lanh.
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