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Tém tit: Bai bao trinh bay nghién ctru, thiét ké va ché tao tram két ndi da niang (Smart Pole)
tich hop xur 1y Al tai bién, hudng toi giai phap ha tang thong minh “Make in Vietnam” phuc vu
giam sat d6 thi. Hé thong sir dung kién trac mo-dun linh hoat, tich hop cac chirc nang thiét yéu nhu:
chiéu sang thong minh tu diéu chinh theo su kién Al quan tric moi truong (nhiét do, do am, PM2.5/
PM10), phi song Wi-Fi cong cong, loa phat thanh va man hinh trinh chiéu LED. Nghién ctru da giai
quyét thanh cong thach thirc tich hop phan cimg da dang va xay dung phan mém nhing phan tang
t6i wru cho xir 1y tai bién (Edge AI), dam bao chi quyén cong nghé va an toan thong tin. Két qua thir
nghiém cho thay hé thong tin cdy cao, tu phuc hdi sau sy ¢ dién trong 10 gidy va tong cong suit tiéu
thu t6i wu 224W, chirng minh tinh kha thi va phut hop véi diéu kién ha tang, khi hau tai Viét Nam.

Tir khoa: Tram két néi da nang; D6 thi thong minh; Tri tué nhan tqo tai bién.

Abstract: This paper presents the research, design, and fabrication of a multi-functional
connectivity station (Smart Pole) integrated with edge artificial intelligence (Edge Al), aiming
to provide a “Make in Vietnam” smart infrastructure solution for urban monitoring. The system
adopts a flexible modular architecture and integrates essential functions, including Al event—driven
adaptive smart lighting, environmental monitoring (temperature, humidity, PM2.5/PM10), public
Wi-Fi coverage, public address speakers, and LED display screens. The study successfully addresses
the challenges of heterogeneous hardware integration and develops a layered embedded software
architecture optimized for edge processing, ensuring technological autonomy and information
security. Experimental results demonstrate high system reliability, with automatic recovery within 10
seconds after power interruptions and an optimized total power consumption of 224 W, confirming
the feasibility and suitability of the proposed system for Vietnam’s infrastructure and climatic
conditions.

Keywords: Smart Pole; Smart City; Edge Artificial Intelligence.
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1. Gi6i thiéu chung

Qua trinh d6 thi hoa nhanh chong dit ra thach thirc 16n vé qua tai ha ting, un tic giao thong,
6 nhiém moi trudng va an ninh trat tu tai nhiéu thanh phé 16n. M6 hinh “d6 thi thong minh” dugc
xem 1a xu hudng giai quyét cac van dé nay, doi hoi ha tang két ndi linh hoat c6 kha nang thu thap
va xir 1y dir liéu thoi gian thuc. Cong nghé tram két nbi da ning (Smart Pole) da duoc nghién ciru
va g dung rong rii tai nhidu qudc gia tién tién nhu An Do (Press Information Bureau (PIB), Govt.
of India, 2025), Han Quéc (Lee, Y., Han, S., & Cho, Y., 2025) va khu vuc chau Au (Market Report
Analytics, 2025), dong vai tro 1a ha ting tich hop chiéu sang thong minh, giam sat an ninh, quan tric
moi trudng va cung cap ha tang vién thong. Viéc tich hop bd xir 1y Al tai bién gitip Smart Pole ¢
kha niang phan tich di liéu cam bién va video tai chd theo thoi gian thyc thay vi giri 1én dam may.
Diéu nay cho phép hé théng phan tng gan nhu tic thoi trude cac sy kién dién ra trong thanh phd,
gitip giam thiéu dang ké do tré so véi kién tric dién toan ddm may truyén thong, nho d6 nang cao
hiéu qua giam sat va kha nang tng pho nhanh trong céc tinh hudng khan cip tai do thi (Srinivasa
Kalyan Vangibhurathachhi, 2025). Tuy nhién, tai Viét Nam, viéc trién khai ha tang Smart Pole vin
con nhiéu han ché, chu yéu 1a cac nghién ctru don 1é, thiéu tinh lién két va ddng bd. Mot rao can 16n
dbi voi viée ap dung cac giai phap nay 1a su thiéu hut vé& quy chudn ky thuat ddng bd (Ngoc Luu,
2023), chi phi cao ctia cac giai phap nhap khiu véi hé sinh thai phan mém dong, gay kho khin cho
viéc tich hop va tiém 4n nguy co vé an toan thong tin khi dit liéu quan trong dugc quan Iy béi may
chu nudc ngoai (L€, Q. M., & Phan, V. H., 2025).

Nghién ciru nay nham thiét ké, ché tao va lam chu cong nghé tram két ndi da nang tich hop
xtr Iy Al tai bién, cung cdp giai phap ha tang thong minh tong thé, hiéu qua va an toan. Trong tim
nghién ciru 13 giai quyét thach thie tich hop phan cting da ching loai va phat trién kién tric phan
mém nhung phén tang t6i wu cho xtr 1y tai bién (Edge Al), gitip giam tai mang va ting toc do dap
{mg. Dong thoi, hé thong quan 1y va diéu khién tap trung tir xa dugc phat trién dé giam sat va diéu
khién tram tir xa.

2. N¢i dung nghién ctru

2.1. Thiét ké phan ciing

Hé théng phan cimg cua tram két ndi da ning dugc bd tri trén mot cot thép cao khoang
6-8 mét theo kién trac mo-dun linh hoat (Hinh 1). Cac thanh phan két ndi vé ti diéu khién trung tdm
dat duoi chan cot, dong vai tro “bd nao” va “huyét mach” cta hé théng. Cot da nang dugc chia thanh
ba ting chiéu cao chirc nang dé tdi wu ving phu va tién loi cho nguoi dung: dinh cot tich hop thiét
bi mang vién thong chuan 5G va dén chiéu sang thong minh (dé t6i uvu ving phu va han ché nhiéu
tin hiéu); t?mg gitra (2,5-8 m) lép dit cac camera IP va mo-dun cam bién moi truong phuc vu gidm
sat an ninh, quan tric nhiét do, Am va bui min; téng dudi (dudi 2,5 m) bd tri cac thiét bi tuong tac
nguoi dung nhu man hinh LED hién thi, loa cong suét 16n va nat goi khéan cép & do cao thuan tién.
Tua dién duoc ma kém theo tiéu chuin ASTM A123/A123M-24 (ASTM A123/A123M-24, 2024)
va ISO 1461:2022 (ISO 1461:2022, 2022) nham ting kha ning chdng dn mon, dong thoi hé thong
chéng sét duoc thiét ké tuan thu TCVN 9385:2012 (TCVN 9385:2012, 2012) dé dam bao d6 bén co

khi va an toan dién ngoai troi.
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Hinh 1. Kién trac tong thé tram két ndi trung tam
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Nguon: Nhom tac gia thuc hién.
Hinh 2. So d6 khéi tong thé phan ctng tram két ndi da ning
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Hinh 2 minh hoa so dd khéi phﬁn cung cua tram két ndi da nang, dugc thiét ké theo kién trac tap
trung va mo-dun hoa, trong dé router cong nghiép dong vai tro nat mang trung tim két ndi toan b
thiét b trong tram. Két néi mang bing rong duoc cung cap qua cap quang, phan phdi dén cac thiét
bi IP gdm Al Box xir 1y tai bién, camera IP, loa IP va may tinh nhiing thong qua Ethernet, st dung
nguén DC 12V cép tap trung. Al Box thyc hién cac thuat toan tri tu¢ nhan tao tai bién (nhén dién,
dém nguoi), trong khi may tinh nhung déng vai trd bo diéu khién logic trung tim, diéu phdi cac tac
vu va giao tiép véi nén tang quan 1y. Khéi hién thi sir dung man hinh LED, nhén tin hiéu tir b diéu
khién man LED qua giao dién HDMI va sir dung nguon 220V AC. Hé thong chiéu sang thong minh
gdm dén LED cong sudt 100W cta hing Philip, LED Driver ctia hing MeanWell diéu khién bang
tin hiéu analog 0—10V, két hop relay dong/ngit 220V dé bat/tit tir xa. Cam bién moi truong ngoai
troi ES-INTEGRATE-ODR-01 (PM2.5, PM10, nhiét do, d6 am) str dung chuan truyén thong cong
nghiép RS-485, két ndi qua bd chuyén dbi Ethernet-RS232/RS485 dé tich hop vao mang IP. Kién
trac phan cing nay dam bao tinh mo-dun héa, an toan dién va kha ning xu 1y tai bién, phii hop cho
trién khai tram két ndi da ning trong d6 thi thong minh.

2.2. Kién tritc va trién khai phan mém

Hinh 3. So d6 kién trac tong thé cua hé thdng phan mém

TANG UNG DUNG [ Diéu khién ] [ Diéu khién ] [ Giam sat thong J [Glao tidp Server ] [ Nhin dién Al ]

chiéu sang da phuong tién 50 méi trudng tai bién

[ Dich vy quan Iy ] Ejich vu chiéu ;:'mg] {chh vy nhin dlén]

da phwong tién théng minh Al tai bién [ Gram sat ] [ o14 ] [Lu'u tx0 c2u hish ]

TANG DICHVY Dich an 1y Dich vu cip nhi Luu tri¥ va phd
1ch vu quan Iy 1ch vu cap nhit N wu tri¥ va phan
[ thiét bi J [ Dich v MQTT ] [ tho tet ] [ Lap lich ] [ tich Log ]
DICH VU NEN TANG CUA SPOLE TIEN iCH MO RONG

- T KHI s Bé diéu khién Bé diéu khién Bé diéu khién B6 diéu khién Bé diéu khién
TANG DIEU EN { dén chiéu sing ] { loa phit thanh ] [ man hinh LED ] [ AT tai bién ] [c:im bién méi nu{mg]

Phan cimg SPOLE - Dén chiéu sing/Loa/Man hinh LED/Cam bién méi trwémg/AIBox
Nguén: Nhom téc gia thyc hién.

Phan mém cua hé thong dugc phat trién theo mo hinh da tang (Hinh 3) nham dam bao tinh
mo-dun hoa, dé mo rong va tach biét trach nhi¢ém. Céu trac gém ba tﬁng chinh: (1) tﬁng diéu khién,
(2) tAng dich vu va (3) tng ing dung. Tang diéu khién giao tiép truc tiép véi phan cing qua cac giao
thire nhu Modbus, 12C, SPI, bao gdm cac mo-dun diéu khién dén LED, Al Box, loa va cam bién.
T?mg dich vu chtra cac dich vu nén tang nhu dich vu chiéu sang thong minh, dich vu nhan dang Al
tai bién, dich vu da phuong tién va dich vu MQTT. Tang tng dung diéu phdi chirc nang téng thé cia
tram qua cac chirc ning diéu khién chiéu sang, diéu khién da phuong tién, gidm sat thong s6 moi
truong theo yéu cau nguoi dung hodc kich ban dinh trude.

Hé thdng tich hop cac mo-dun diéu khién théng minh nhu: (1) didu khién chiéu sang thong
minh quan ly dén theo ba kich ban chinh: lich trinh dinh trudc, 1énh diéu khién tir may chu va tu
dong diéu chinh theo sy kién AI (dya trén mét d6 nguoi); (2) diéu khién da phuong tién xir Iy dong
bd va phat ndi dung (video, 4m thanh, hinh anh) qua FTP, bao gdm kiém tra tap tin trudc khi tai vé
nham t6i wu bang thong; (3) nhan dién Al tai bién quan Iy Al Box, truyén tham s kich ban tir trung
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tam va theo doi két qua su kién nhan dién, sau do kich hoat cac hanh dong vat ly (bét/tét dén, phat
canh bao qua loa); (4) MQTT Service dam bao giao tiép nhe giita tram va may chu trung tdm: tram
dong vai tro MQTT client, dinh ky guri trang thai va chd nhan 1énh diéu khién tir cic kénh tuong tng.
Ngoai ra, cac mo-dun ti€n ich hd trg bao gém luu trit cu hinh hé théng, quan ly lich hoat dong (dinh
dang JSON, ho trg lap lai hang tuf‘in) va cdp nhat phﬁn mém tir xa v&i kiém tra tinh toan ven (MD5)
dé dam bao an toan va kha ning phuc hoi.

Nén tang quan Iy tap trung duoc trién khai trén phan mém véi co so dit liéu MS SQL. Cau tric
quan hé duoc chuin héa (3NF) véi bang trung tam luu thong tin tram (vi tri dia 1y, trang thai két ndi),
lién két voi cac bang con quan 1y thong s6 ctia timg thiét bi (camera, Wi-Fi, loa, Al Box, cam bién,
v.v.). Bang trang thai tram (tblSpoleStatus) luu trit thoi gian thuc cac chi s6 moi truong va trang thai
thiét bi nhu PM1, PM2.5, PM10, nhiét d, do 4m, do sang dén va am lugng loa.

Hinh 4. Giao dién phan mém quan 1y
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Nguén: Nhom tac gia thyc hién.

Giao dién phan mém quan 1y tip trung cung cip chirc ning giam sat va didu khién tir xa toan
dién: hién thi vi tri tram va canh béo trén ban d6 GIS, bang diéu khién (dashboard) theo doi déng
thoi trang thai thoi gian thuc cia cac thanh phan thiét bi. Nguoi dung ¢ thé diéu khién chiéu sang
thong minh tr xa (diéu chinh d¢ sang den, thiét 1ap kich ban tu dong theo lich hodc dua vao su kién),
giam sat cac thong s6 moi trudng va thiét 1ap ngudng canh bao (vuot ngudng sé kich hoat canh bao
truc quan trén giao dién va giri email). Ngoai ra, nén tang hd trg quan 1y ndi dung da phuong tién va
phat thanh: cho phép dong bo va diéu khién viéc phat/dimg video, am thanh 1én man hinh LED va
loa cong cong, bao gdm tinh ning phat thanh khan cap ngay lap tirc khi can thiét

3. Thir nghiém va danh gia hiéu nang

3.1. Thiét lgp méi trwong thir nghiém

Trong phan nay, cac kich ban va méi truong thir nghiém, két qua dinh luong va danh gia hé
thong tram két ndi da ning dugc trinh bay mot cach tong hop. Hé théng di duoc thir nghiém ca trong
phong thi nghiém 13n ngoai troi thuc té. Cu thé, tram dwoc lap dit tai Trung tim MEMS/NEMS (Hoa
Lac, Ha Noi) dé danh gia ddy du trong diéu kién thuc té. Cac thir nghiém bao gdm do cong suét tiéu
thu, do thoi gian phuc hdi sau mat dién, kiém tra hoat dong camera — Al, hi€u nang phat Wi-Fi, man
LED, loa phat thanh, cung cac bai kiém tra do bén trong diéu kién mua bui, nhiét do va do 4m cao.
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Hinh 5. Tram két ndi da nang lép dat thr nghiém tai Hoa Lac
yr

Nguoén: Nhom téc gia thyuc hién.

Trong mdi trudng phong thi nghiém, cac bai kiém tra duoc trién bao gdm: bai thir dién nang do
dong va cong sudt toan hé thong; bai ngat ngudn do thoi gian ty khai dong lai cac mo-dun; bai danh
gi4 camera va tinh niang AI véi kich ban dém ngudi va diéu chinh dén; bai kiém tra Wi-Fi va song
song chay toan bo thiét bi. Sau d6, hé thdng duoc trién khai ngoai troi khong che chan thém trong 1
thang dé danh gia kha nang chng bui/nude, chiu nhiét am va chong an mon theo tiéu chuan thiét ké.

3.2. Két qua danh gid higu sudt dién va dp on dinh

3.2.1. Thir nghiém cong sudt tiéu thu

Dé tién hanh danh gia cong suit tiéu thy cta toan hé thong, nhom nghién ctru da sir dung thiét
bi do, phan tich cong suit chuyén dung PPA5500 ctia hing Newtons4th. Cong suit tiéu thu cta hé
thdng sau thoi gian van hanh on dinh 1a 224W (Hinh 6). Mirc tiéu thu dién niang thap nay 1a yéu t6
then chdt, khang dinh tinh kha thi va bén viing vé mit kinh té cho viéc tich hgp hé thong da chirc
nang, déng thoi tao diéu kién thuan lgi cho vi¢e tich hop céac nguén nang luong tai tao tai chd, giam
dang ké chi phi van hanh dai han.
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Hinh 6. Thiét 1ap thir nghiém do d4nh gia cong suit cua hé thong

—

Nguén: Nhom téc gia thyuc hién.
3.2.2. Thir nghiém khd ning tir phuc hoi hé thong
Thir nghiém chirc ning ty khéi dong lai nguon khi mét dién da dugc thuc hién 5 lan, két qua
dugc ghi nhan & Bang 1 cho thiy toan bo hé thong tu khai dong lai va phuc hdi ddy du chirc ning
sau sy ¢b voi thoi gian nho hon 15 gidy.

Bang 1. Thoi gian tu khoi dong lai cua cac mo-dun

. Thoi gian tw khéi dong (s)
Lan thir 7
Camera LED Loa Wi-fi | Cam bien [ May chi | AI Box
1 5 6 8 9 6 10 12
2 5 6 8 9 6 11 12
3 5 6 8 9 5 10 12
4 5 6 8 9 6 11 13
5 6 6 8 9 6 11 12

10
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Kha ning tu phuc hdi nhanh chong nay 1a mot chi sé quan trong vé do tin cdy. Trong ha tang
do thi, viéc gian doan dich vu an ninh (camera) hoac canh béo khén cép can dugc giam thiéu tdi da.
Tdc do phuc hdi nho hon 15 giay dam bao réng tram két ndi co thé nhanh chong trd lai hoat dong
binh thudng, ngay ca trong diéu kién ludi dién khong on dinh, gop phan duy tri tinh lién tuc va do
6n dinh cao cho cac dich vu thiét yéu cong cong.

3.3. Két qud thir nghigm chirc ning thong minh

3.3.1. Hiéu nang xu ly Al tai bién

Thur nghiém tinh nang Al (dém nguoi) da xac nhan do chinh xac ciia mo6 hinh va co ché tu dong
diéu khién dén chiéu sang theo mat d6 nguoi (Hinh 7). Cudng d6 sang dén duoc diéu khién ty dong
& mirc 30% trong trudng hop ¢ tir 0 dén 3 nguoi; & mirc 65% trong truong hop tir 4 dén 7 nguoi va
& mirc 100% v6i mirc 8 nguoi trdr 1én. Két qua duge ghi nhan ¢ Bang 2.

Hinh 7. Thir nghiém tinh ning dém nguoi

e i

Camera 01
-

Nguon: Nhém tac gia thue hién.

Bang 2. Két qua thir nghiém tinh ning dém nguoi va didu khién dén chiéu sang

S6 ngudi thye té S6 nguwdi phat hién D0 sang dén (%)
1 1 30
1 1 30
3 3 30
3 3 30
4 4 65
4 4 65
7 7 65
7 7 65
9 9 100
9 10 100

Nguon: Két qua tir nghién clru cuia nhom tac gia.

11



SO 3 (27) - 2026 PIEN - PIEN TU - TU PONG HOA

Tinh nang Al dém nguoi va diéu chinh dén theo kich ban di dugc xéac thuc chinh xac véi sai
s6 nho. Bang 2 cho thiy két qua chi tiét cua ba tinh hudng: Nho (0-3 ngudi), Vira (47 ngudi) va
Nhiéu (>8 ngudi). O mbi kich ban, hé thong gan nhu nhan dung sé nguoi, diéu chinh do sang tuong
tmg (30%, 65%, 100%). Trong kich ban thir nghiém véi 9 ngudi dong thoi, két qua tra vé cua hé
thong trong mot s6 truong hop c6 sai léch 1 nguoi. Két qua nay khang dinh phan mém Al tich hop
hoat dong 6n dinh va hiéu qua.

3.3.2. Hiéu nang truyén théng va cam bién méi truong

Truyén thong dir lidu: do tré truyén dit liéu tir cam bién vé server qua giao thirc MQTT duoc do
dat trung binh chi 1.5 gidy. Do tré thip nay dam bao dit liéu quan tric va sy kién dugc cap nhat gin
nhu thoi gian thuc, hd tro viée ra quyét dinh va phan tmg kip thoi ctia hé thong quan 1y trung tam.

Wi-Fi quang ba: hé théng wi-fi dat thong luong tai xudng trung binh 85 Mbps (tai ban kinh
20m) va hd tro 6n dinh 20 thiét bi két nbi dong thoi véi ty 18 mat goi (Packet loss) <1%. Didu nay
khang dinh kha ning cung cép dich vu Internet cong cong chét lugng cao.

Do chinh x4c cam bién méi truong duoc danh gia tai Phong thi nghiém Cong ty c¢b phan ching
nhan va kiém dinh Vinacontrol theo sd gi?iy chuing nhan higu chuén 25A06817/TBYT.DL/VNCE.
Két qua thir nghiém & Bang 3 cho thdy cam bién méi truong duy tri do chinh x4c cao trong thir
nghiém: nhiét do , d6 am .

Bang 3. Két qua thir nghiém danh gia d chinh xac cam bién méi truong
tai Phong thi nghiém Cong ty Co phan chiing nhan va kiém dinh Vinacontrol

n o .2 1.~ | Gia tri trung binh o
Thong so hi¢u | Diém hi¢u il ohilth G o Gia tri trung Sé hi¢u chinh

chuan chuan trudng KK-68CH binh cua UUT
20 °C 20,0 °C 20,1 °C -0,1 °C
Nhiét do (°C) . . . .
tai do Am 60% 40 °C 40,0 °C 40,2 °C -0,2 °C
65 °C 65,0 °C 65,6 °C -0,6 °C
40 % 40,0 % 432 % -3.2%
Do am (%) tai o o o 2 n0
nhiét 6 40 °C 60 % 60,0 % 63,2 % 32%
80 % 80,0 % 79,9 % 0,1 %

Nguon: Két qua tir nghién ctru cua nhom tac gia.
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3.3.3. Pdnh gid kha ndang chong chiu méi truong thuc té

Thir nghiém tai Khu Cong nghé cao Hoa Lac di xac nhin d6 bén ciia phan cing dudi diéu kién
van hanh khéc nghiét:

Chéng chiu nhiét d6 va d6 4m: sau mot thang van hanh, cac mé-dun dién tir bén trong tu diéu
khién, camera va cam bién méi truong hoat dong on dinh, khong ghi nhan 14n 13i hodc tu khoi dong
lai nao, mac du dai nhiét d ngoai troi dao dong tur 5 °C dén 45 °C va d6 4m tir 60% - 95% RH.

Chéng nude, chong bui va chdng dn mon: viée kiém tra sau thir nghiém cho thay than cot (thép
ma kém) va ti diéu khién (son tinh dién) hoan toan khong xuét hién du hiéu gi sét hay an mon. Cac
thiét bi bén trong ti diéu khién va cac thiét bi gin ngoai (camera, loa, cam bién) khong c6 dau hiéu
bui hodc nudc xam nhép, xac nhan thiét ké co khi va lua chon vat liéu dat tiéu chuan IP65/IP66.

4. Két luan

Nghién ctru di thanh cong thiét ké, ché tao va thir nghiém hé thong tram két ndi da ning (Smart
Pole) tich hop xir Iy Al tai bién. Hé thong theo kién triic mo-dun va phan mém phén ting ba 16p
(Driver-Service-Application) dam bao lam chu cong ngh¢ va an toan thong tin, loai bo sy phy thuge
vao giai phap phan mém déng nudc ngoai. Két qua do luorng cho thay do tin cay va hiéu suét cao:
tong cong sudt tiéu thy toi wu 224W va kha nang tu phuc hoi sau mat dién chi trong 10 gidy. Pic biét,
kha ning xir 1y tai bién cho phép phan tich dong thoi bon ludng video ngay tai tram, gitip phan h01
turc thoi céc su kién, giam tai cho mang va thuan lgi cho mé 1Ong quy mo hé théng. Giai phap de Xudt
c6 tinh kha thi cao, phu hop voi diéu kién khi hau va ha tang tai Viét Nam, gop phan tao nén tang
khoa hoc va thuc tién ving chic cho quy hoach d6 thi thong minh dya trén di li€u thoi gian thuc.

Loi cam on: Nghién ctru ndy duoc tai tro boi dé tai cip B “Nghién ciru, thiét ké ché tao hé thng
tram két ndi da nang tich hgp cong nghé xir Iy Al tai bién”, do Vién Ung dung cong nghé chu tri.
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