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Tom tat
Vi su phat trién cua cong nghé két ndi internet van vat, cac thiét bi do dac birc xa ngay Nhan 28/07/2025
nay thuong duoc thiét ké v4i kha nang két ndi mang khong day. Tuy nhién, trong thuc  Puoc duyét 16/09/2025
té nhiéu thiét bi lai thiéu tinh nang nay, gy kho khin trong viée trich xuat dit lidutirxa  Congbd  28/10/2025
cling nhu tich hop vao chung mét hé¢ thong quan trac phong xa da diém. Nghién ctru
nay nham thiét ké mot hé thong c6 tén RadOCR giup trich xuét tir xa sé doc duoc hién
thi trén man hinh LCD cua may do phong xa Radiation Alert Ranger® theo thoi gian
thuc. Hé thong bao gom mat thiét bi gan kém v6i may do va mot phan mém trén may
tinh. Thiét bj RadOCR bao gdm mdt module ESP32-CAM gitip ghi nhan hinh anh sé
doc trén LCD clia may do phong xa va gt dit liéu dén phan mém thong qua két ndi wifi Tu khoa
trén mang ndi bo. Phan mém sir dung cac thuét toan xir Iy anh trong thu vién OpenCV  internet van vat, nhan
va md hinh nhan dién ky tu quang hoc Tesseract OCR dé trich xudt, hién thi két qua dién ky tu quang hoc,
nay trén mot giao di¢n do hoa va luu trir theo cac moc thoi gian trong file csv. Két qua  quan tric phong xa
thir nghiém cho thay hé thong hoat dong on dinh véi d6 chinh xac (97,365 = 0,082) %.
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1 bat véan dé hon muc gidi han an toan theo quy dinh. May do khao
sat birc xa thuong duoc st dung dé quan tric suat lidu

Ung dung ning luong nguyén tir ¢ phét trién kinh té 9 ; :
& CUTE Tang UOHE AW P moi truong. Cac may do nay thuong c6 cau tao gom

a hoi la mot chién luoc 16n duge dé ra t : ; ,
xa hol a’ m('), 2 ¢ 1,en uoe Ofl voe de ra erngq Quy dau do birc xa dang chira khi hodc nhap nhay ran, hé
hoach phat trién, ung dung nang lugng nguyén tr thoi
ky dén nam 2030, tim nhin dén nam 2050 ciia nudc ta.
Trong do, ning luong nguyén tir dugc ky vong ngay

mach dién tir xir 1y tin hiéu, va bo hién thi két qua do
(sb6 doc — readout) dang ddng hd analog hodc man hinh
LCD. Hién nay, mot s6 may con c6 kha ning truyén két

cang c6 mat rong rai trong cac linh vuc tir nong nghiép, o, . Lz s N
g b Iong £ i g nghiep qua vé may tinh thong qua k&t ndi bang day cap,

0 hi¢p, tai én moi trud ang 1 h : . . X
C(:ng n% lfp’ o ngu}ie.n 7m01 ’ru'orng, n;ing ‘uoﬂng cﬂo bluetooth, hodc mang wifi. Tuy nhién, chi phi giay
deny € [1]. Trong boi canh d6, quan tréc va dam bao phép (license) cho céc tinh ndng nay con cao. Thém vao

an toan bic xa la cong tic co y nghia vO cung quan 44 yiac két ndi lién thong cac thiét bi khic nhau vao

trong. Céc thiét bi chu yéu dugc st dung cho cong tac
nay bao gém liéu ké va may do khao sat phong xa
(radiation survey meter). Liéu ké thuong duoc trang bi
cho nhan vién 1am cong viéc lién quan dén burc xa,

cling mot hé thong ciing 1a van dé nan giai. Ngoai ra,
tai nhiéu co s& van dang st dung cac may do khao sat
btrc xa thé hé ci, thiéu kha nang truyén tin hiéu dé do
dac tir xa hoic lién két thanh mang luéi quan tric da

nham ghi lai licu lugng ma ngudi d6 da phoi nhiem g4 pé “internet hoa” cac thidt bi dang nay, can can

trong qua trinh lam viée. Mirc liu lugng nay phai thap thiép vao phan cing dé gan thém module trich xuét tin
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hiéu va két néi mang. Cach lam nay s& anh huéng dén
dd chinh xac, tinh 6n dinh va an toan cua thiét bi. Mot
cach tiép can khac 1a st dung cac k¥ thuat nhan dién ky
tu quang hoc (optical character recognition — OCR) dé
trich xuét s doc cua thiét bi, sau do st dung module
internet van vat (Internet of things — IoT) dé truyén két
qué nay lén mang chung.

OCR 1a mot k¥ thuat cta thi giac may tinh (computer
vision) dung dé chuyén chudi ky tu dang hinh anh
thanh chudi ky tu co thé xir Iy duoc trén méy tinh. Mot
hé thong OCR bao gdm cac thanh phan chinh nhur: thiét
bi quét hinh anh quang hoc; c4c thuat toan dinh vi ving
phan doan, tién xir 1y, phan doan, tai thé hién, trich xuét
dac trung, huin luyén va nhan dién, va hau xu 1y [2].
Budc dau tién trong tién trinh OCR 14 sir dung thiét bj
quét dé s6 hoa hinh anh. Ving anh chira chudi ky tur s&
duoc léy ra b?mg cac thuit toan dinh vi va phan doan.
Thuét toan tién xir 1y giup loai bé nhidu trude khi anh
duge dua vao bude trich xuéat dic trung. Noi dung
tuong ung v&i chudi ky tu trén mau anh s& duge tao ra
béng cach phéan loai cac dac trung trich xuét duge dua
trén mo hinh da duoc hudn luyén véi di ligu mau trudc
d6. Cong doan kho khan nhét trong tién trinh nay la
trich xuat dic trung (feature extraction) va phéan loai
(classification). Cac m6 hinh OCR hién dai trong
nhitng niam gin dy tap trung vao viéc sir dung mang
neural tich chap (convolution neural network — CNN)
dé trich xuét cac thudc tinh bac cao trong anh. Cac
thudc tinh niy sau d6 dugc phan loai bang mang neural
nhan tao (artificial neural network — ANN) [3]. Mot s6
mé hinh OCR st dung cach tiép can nay c6 thé ké dén
la Tesseract OCR, EasyOCR, Google Cloud Vision
OCR, PaddleOCR, docTR. Uu diém cta cidc mo hinh
st dung k¥ thudt hoc sau la d¢ chinh xac cao, ap dung
duge cho nhiéu loai ngoén ngii, co thé duoc tinh chinh
va huén luyén chuyén tiép (transfer trainning) dé phu
hop cho ting trudng hop cu thé. Ngoai ra, cdc md hinh
d3 trai qua hudn luyén véi tap dit 1iéu mau du 16n c6 thé
dugc str dung dé phat trién cac tng dung nhu doc bién
s6 xe hodc chi sb déng hd dién, nudc, gas [4-6]; trich
xut thong tin bia hodc gay sach [7]; truy xudt ngudn
gbc va truy vét duong di cia thuc pham [8].

Tesseract OCR la mo6 hinh nhan dién ky tu quang hoc
dugc phat trién 1an dau tién boi Ray Smith va Hewlett-
Packard vao nam 1985, dugc tai trg va phat trién boi
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Google tir nam 2006 [9]. Tt phién ban 4.0 trd 1€n, mo
hinh st dung mang neural LSTM (long short-term
memory neural network). Hién nay, Tesseract OCR la
mo hinh ma ngudn mé duge cung cap mién phi, khong
ngimg duoc bd sung va phat trién boi cac chuyén gia
trén khap thé gioi. Trong ngon ngir Python, viéc giao
tiép voi Tesseract OCR ¢6 thé duoc thuc hién thong
qua trinh dong go6i API (API wrapper) co tén la
PyTesseract [10]. Nguoi ding c6 thé sir dung mé hinh
da duoc huin luyén sin hodc tai huan luyén bang tap
dit liéu cua minh. Nho d6, Tesseract OCR c¢6 thé duoc
st dung cho nhiéu dy 4n khac nhau tir don gian nhu doc
bién s6, chi s6 dong hd dién nudc cho dén phirc tap nhur
nhén dién chit viét tay hodc ky tu phi Latinh.

Hinh 1 May do phong xa Radiation Alert
Ranger®

May do Radiation Alert Ranger® (Hinh 1) 1a thiét bi do
khao sat phong xa méi truong. May duogc trang bi dau
do birc xa dang budng chira khi Geiger-Mueller véi do
nhay cao, co thé do dac buc xa alpha, beta, gamma, va
tia X. Ngudng phat hién ciia may dbi vai tia alpha co
nang lugng tdi thiéu 2 MeV, tia beta t6i thiéu 0,40 keV,
tia gamma t6i thiéu 10 keV. S6 doc dugc hién thi trén
man hinh LCD 16n véi nhiéu ché d6 (mode) do khac
nhau tiy theo lwa chon ctia ngudi ding. Tan sb cap nhat
sd doc trén man hinh 13 1 1an mdi gidy. May do dugc
thiét ké nho gon, dang cam tay phul hop cho cac tng
dung can tinh di dong cao. Pay 1a mot trong nhitng thiét
bi do birc xa dugc st dung rat phé bién tai Viét Nam.
Tuy nhién, mot s6 model cii khong duoc tich hop tinh
nang truyén tin hiéu khong day va do dac tir xa. Do do,
mday do Radiation Alert Ranger® dugc st dung trong
nghién ctru nay nhu mét dbi tuong dién hinh dé xay
dung phan cimg va phin mém phuc vu viée trich xudt
sd doc tir xa qua két ndi khong day.

Trong nghién ctru nay, cac tac gia ing dung mo hinh
Tesseract OCR d3 duoc huin luyén san dé trich xuét tyu
dong s6 doc hién thi trén man hinh LCD cua may do
phong xa Radiation Alert Ranger®. Module IoT
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ESP32-CAM dugc stir dung dé chup anh man hinh LCD
ciia may do, ddng thoi truyén ludng anh ghi duoc vé
phan mém xir 1y (dugc goi 1a RadOCR) trén mot may
tinh thong qua két ndi mang wifi. Trude khi dua vao
Tesseract OCR dé trich xuét s6 doc, mét loat thao tac
xtr 1y anh dugc thuc hién dé loai bo cac chi tiét gy
nhiu nham tang do chinh xac cua két qua dugc trich
xudt. Phan mém RadOCR con duoc thiét ké véi giao
dién d6 hoa (graphical user interface — GUI) dé thuan
tién cho viéc hién thi s doc theo thoi gian thuc hodc
thong ké két qua dudi dang file csv. Thyuc nghiém danh
gia thiét bi va phan mém RadOCR ciing duoc tién hanh
trén 2000 anh. Két qua cho théy d0 chinh xac dat
(97,365 £+ 0,082) %.

2 Phuong phap

2.1 Thiét ké va gia cong phan clng

Phan cung cla thiét bi RadOCR bao gém mot module
ESP32-CAM co tich hop camera OV2640, ngudn dién
5V, va mét bo gia do dé ¢ dinh vi tri ctia camera va
may do. Module ESP32-CAM [a m{t ban mach IoT
duge str dung rat phd bién véi gia thanh thap. ESP32-
CAM c6 kich thudc chi (27,0 x 40,5 x 4,5) mm, rat nho
gon phu hgp cho cac ung dung tich hop loT.

| | ‘ | WIFI router

Radiation Alert Ranger® \§ %)

E

ESP32-CAM

Hinh 2 Minh hoa cach két ndi va truyén thong tin
giita ESP32-CAM va phan mém RadOCR
Module nay cho phép giao tiép thong qua két ndi khong
day wifi, bluetooth; hoic két ndi nbi tiép (serial) qua

ESP32-CAM
firmware

Module
Giao tiép camera

7
.....

cdng micro USB. Camera OV2640 c6 do phan giai tb
da 2 MP cho phép ghi hinh 5 trong khoang cach gan.
Trong nghién ctru nay, module ESP32-CAM duoc st
dung nhu mot may anh IoT dé ghi hinh s6 doc hién thi
trén LCD cta may do Radiation Alert Ranger®. Cac
hinh anh nay s& duoc truyén vé mdy tinh c6 cai phan
mém xur 1y thong qua két nbi wifi chung dén mot mang
ndi bd bét ky nhu minh hoa trong Hinh 2.

B6 gia do co6 tac dung ¢ dinh vj tri gitta ESP32-CAM
va mdy do phong xa Radiation Alert Ranger®. Gia d&
duogc thiét ké trén phﬁn mém AutoCAD duéi dang
module dé dé& dang lap ghép 1én may do. Hinh 3 1a mo
phong 3D cua gia d& nay. N6 duoc thiét ké thanh 4 tang
riéng biét, duoc két ndi voi nhau thong qua cac khép
nbi ma sat. Tang 1 co thé truot vao khu vuc man hinh
ctia may do phong xa, gitp ¢ dinh thiét bi chic chin
1én may do. Tang 2 1a bd phan trung gian két ndi tang
1 va tAng 3, gitp gitt khoang cach ¢ dinh tir camera t6i
LCD cua may do dé hinh anh thu dugc rd nét. Bén
ngoai tang 2 dugc gin voi mot chan chdng gitip thiét bi
dung vitng khi gin vao may do. Tang 3 1a khoang chira
ESP32-CAM va dai dén LED cung cép 4nh sang. Tang
4 1a ndp day gitip c6 dinh ciing nhu bao vé camera. Cac
bd phén cua bd gia & duge gia cong bang phuwong phap
in 3D trén chit liéu nhua nhiét déo acrylonitrile
butadiene styrene (ABS).

Hinh 3 Thiét ké cua bo gia 46

e ST E Module Giao dién

nguoi dung (GUI)

Hinh 4 Cac module ctia phan mém

2.2 Céu triac phan mém
Hinh 4 trinh bay c4u tric ctia phin mém. Trén ESP32-
CAM, mét firmware duoc cai dat dé lién tuc chyp anh

man hinh may do phong xa, giri ludng dnh nay dén phan
mém xu 1y thong qua mdt socket mang. Module
ESP32-CAM s€ dugc dinh danh trén mang thong qua
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dja chi IP va port. Phin mém xir Iy trén may tinh duoc
lap trinh bang ngon ngir Python, bao gdm 3 module
chinh: module giao tiép camera, module xi 1y anh, va
module giao dién @b hoa nguoi dung (GUI).

Module giao tiép camera quan 1y socket két nbi dén
firmware dé nhan luéng anh lién tyc theo thoi gian thuc
v6i toc @6 mac dinh 1a 10 khung hinh mdi gidy (frame
per seconds - fps), kich thuéc mdi dnh 1a (320 x 240)
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pixel, tuong trng va4i kich thude vat 1y 1a (2,0 x 1,6)
inch. Ludng anh nay néu khong bi giéi han lai thi s&

lam qua tai cac module phia sau. Do d6, module giao
tiép camera c6 nhiém vu tai iy mau trén ludng anh véi
tbc d6 2 khung hinh mdi gidy. Tdc d6 tai 1y mau nay
dugc chon dua trén thuc té 13 tan sd cap nhat sb doc 1én
man hinh may do Radiation Alert Ranger® 14 1 lan mdi
giay.

Phép Tai Phé Thé
<— . P ém
invert sép xép closing nén

Hinh 5 Cac budc xu ly anh

Module xik 1y dnh 14 trai tim ctia ca hé thong phin mém.
N6 chiu trach nhiém chuyén d6i sé doc dang hinh anh
thanh s6 doc dang s6 bang cach sir dung thuit toan nhan
dién ky tu quang hoc Tesseract OCR. Tuy nhién, viéc
sir dung truc tiép cac khung hinh tho tir module giao
tiép camera dé chay thuét toan Tesseract OCR s€& cho
két qua rat t& vi anh dau vao chira nhiéu chi tiét gay
nhidu. Do d6, anh thé can phai duoc tién xir 1y (pre-
processing) [1] qua nhiéu budc nhu minh hoa trén Hinh
5. Cac budc nay dugc thuc hién chu yéu dua vao bo thu
vién OpenCV cuia Python. Trir nén va cit cip 1a budc
gitip loai bo ving nén (background) chtra cac chi tiét
khong lién quan va khu tra vao ving chira sé doc. Nhj
phan hoéa (voi nguong 10 %) sé gitp phan doan anh
thanh ving chit s6 va nén voi do tuong phan t6i da.
Phép bién dbi hinh thai hoc dong (morphology closing)
duoc st dung dé tiép tuc loai bo nhiu va lam min
duong bién cua cac chit s6. Budc phan tach va tai sap
xép gitp khoang cach giira cac chit s6 tré nén déu nhau
nham ting hiéu suit nhan dién. Anh sau xir 1y tai sap
xép can dwoc nghich dao (invert) cuong do trudc khi
dua vao Tesseract OCR theo khuyén cdo. Cac thong sb
thiét 1ap cho mé hinh Tesseract OCR bao gom: loai
ngoén ngl (Lang), tuy chinh phan doan (Page
Segmentation Modes - PSM), tiy chon dir liéu dau ra
(Output), va bd tham sé mé hinh. Dé phu hop cho viée
nhan dién sé doc, nghién ctru ndy st dung mot bo tham
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s6 da duoc Shreeshrii huan luyén trén 8704 anh, danh
riéng cho ky tu dang chir s6 [12]. Tesseract OCR s& tra
vé két qua bao gdm gi4 tri nhan dién dugc (OCR value)
va dg tu tin ctia thuat toan (confident factor). Chi nhiing
gid tri dugc nhan dién véi do tur tin tdi thiéu 90 % méi
dugc chap nhan.

2.3 Phuong phap chay thur va danh gia

Do muc tiéu chinh ctia d8 tai 1a phat trién thiét bi va
phan mém gitp trich xuat s6 doc tir may do phong xa
Radiation Alert Ranger® nén phan nay chi trinh bay
viéc kiém thir va danh gia d6 chinh xac cua qua trinh
trich xuat s6 doc, khong lién quan dén do chinh xac do
dac cua may do. Hinh 6 mé ta bé tri hinh hoc ctia phép
do. Mot ngudn phong xa Cs-137, hoat d6 180,61 uCi
(hiéu chinh suy giam dén 01/02/2024) dugc sir dung dé
tao tin hiéu cho may do. Pé thu dugc nhiéu két qua do
khac nhau, can giam hoat d6 ngudn dé khong gay bio
hoa két qua do ciia may. Diéu nay c6 thé dat duoc bang
cach giit nguyén ngudn phong xa trong vo chi va giir
cho khoang cach tir ngudn dén may 1a 26 cm. Dé thu
dugc cac két qua trai déu trén toan bo thang do ciia may
(0 dén 9999), can thyc hién chay thi trong thoi gian 10
phat mdi 1an

C& mau tbi thiéu can 1iy duogc tinh toan bang cong thirc

(1) [13]

_ ts xp(1—p)xN (1)
S (IN-1Dxa?+t2xp(l-p)

n
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Trong d6, N 1a s6 gia tri kha di cua s doc (kich thuée
dam dong), p 1a ti 1¢ chinh xac, a 1a mirc nghia thong
ké, t, 1a gia tri coa phan bd chuin tuong ung véi
khoéang tu tin (confident interval, CI = 1 — @). Trong
khao sat nay, muc y nghia thong ké duoc chon 1a a@ =
0,05. Khi do, ty g5 = 1,96. LCD cua may do Radiation
Alert Ranger® c6 thé hién thi 4 chi sé tir 0 dén 9. Do
d6, sb gia tri kha di cua s6 doc 1a N = 10 000. Do ti 1¢
chinh xéc chua biét nén chon gid tri dién hinh lap =
0,5. Khi d6, ¢& mau tinh dugc 1a n = 380. Pay la kich
thuéc mau t6i thiéu can khao sat dé dat duge muc v
nghia théng ké 0,05. Pé dat duoc ¢& miu nay, dong
thoi dam bao tinh ngau nhién doc 1ap va phan phdi dong
nhat (independent and identical distribution — IID) cta
mau duoc chon, can duy tri mdi lan do trong khoang 10
phut.

Hinh 6 B6 tri hinh hoc cta phép do d6 chinh xac

O moi 1an do, mét loat cac s6 doc kém theo két qua
OCR s& dugc luu lai. Cac hinh anh nay sé& dugc loc dé
loai bo cac sé doc trung nhau. Thao tac kiém tra thu
cong s& duge thuc hién trén timg anh dé dém s truong
hop cho Kkét qua OCR dtng so véi s6 doc dugc hién thi.
Khi d6, 6 chinh xac s€ dugc tinh theo cong thirc (2)

T ()

Trong do6, T 1a sb lwong két qua dang, S 1 ¢& miu
thuc té.

3 Két qua va ban luan

Hinh 7 1& cac bo phan va lap rap hoan chinh ciia thiét
bi RadOCR. Hinh 8 1a giao dién d6 hoa (GUT) cua phin
mém. Giao dién nay c6 cac khung dé hién thi theo thoi
gian thuc anh diu vao dugc truyén tir ESP32-CAM,
anh chtra két qua OCR; cac nit chirc nang dé khoi dong
(start), ngimg (stop) qua trinh do, hodc xut (export)
file thong ké csv.

[
Hinh 7 Cac thanh phan cua thiét bi RadOCR trudc
va sau khi duoc lip rap hoan chinh vao méay do

O radocr o x

v TRUONEDAI HOC A AP
NGUYEN TAT THANH f

al Image OCR Result Image

Value detected

177

Confident

Hinh 8 Giao dién phin mém RadOCR

Bang 1 trinh bay két qua danh gia do chinh xac trong
trich xuét s6 doc cua thiét bi va phﬁn mém RadOCR.
Co tit ca 5 mau duge chon. Do chinh xac trung binh
dat (97,365 + 0,832) %. Trong d6, d6 chinh xé4c thap
nhit 12 96,190 %, cao nhit 1a 98,165 %. Két qua cho
théy thiét bi va phﬁn mém RadOCR hoat dong 6n dinh
va ¢6 do chinh x4c cao.

Bang 1 Két qua danh gia do chinh xac

Miiu Co miu | S6 két qua | S6 két qua | P chinh
S sai (S —T)| ding (T) | xac P (%)
Mau 1 409 9 400 97,799
Mau 2 420 16 404 96,190
Mau 3 414 13 401 96,860
Mau 4 411 9 402 97,810
Mau 5 436 8 428 98,165
Trung binh 97,365
Do léch chuén 0,832

Do chinh xac cia RadOCR duogc phat trién trong
nghién ciru nay nhit quan véi cac nghién ciru khac ciing
st dung Tesseract OCR cho nhan dién ky tu dang $6.
Nghién ctru [8] stir dung mé hinh nay dé trich xut sb
serial trén bao bi thuc phém vO1 d0 chinh xac dat duoc
1a 87,5 % trong trudng hop anh dau vao dugc tién xir
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1y bang cac cong cu trong thu vién OpenCV. D6 chinh
x4c giam con 62,0 % néu anh dau vao khéng trai qua
cong doan tién xtr 1y. Nghién ciru [7] ciing st dung
phuong phap tuong tu dé trich xuat ty dong ma sb sach
dua vao hinh anh gay sach voi do chinh xac dat dugc
hon 90 %. Ngoai ra, tuy tdn dung md hinh Tesseract
OCR dugc huin luyén san, d6 chinh xac trong nghién
clru ciia chiing t6i van dat mirc c6 thé so sanh dugc véi
cac nghién ctru st dung mang neural tich chap duogc
huén luyén trén tap dir liéu 16n. M6 hinh CNN tmyén
thong duoc sir dung trong nghién ciru [6] va [14] ddi
v6i hinh anh 1a chi s6 ddng hd gas c6 d6 chinh xac dugc
béo céo lan luot 12 96 % va 85,71 %. Trong khi do6, cac
mod hinh CNN phirc tap hon gitup dat @6 chinh cao hon.
Nghién cuu [15] da sir dung mang neural tich chap da
nhanh (multi-branch CNN) dé nhan dién ting chir s6
riéng 1é trong dy s6 doc ciia cong to dién voi do chinh
xé4c 96,3 %. Nghién ctru [5] d& xuit mot cach tiép can
khac trong d6 str dung Mask-RCNN dé ty dong trich
xuat ving anh chtra chir s6, sau d6 sir dung mo hinh
GoogleLeNet da tinh chinh dé trich xuat dic trung. Két
qué cho thdy do chinh xac dat x4p xi 100 %.

Thiét bi va phin mém RadOCR 13 mét giai phap giup
“internet hoa” may do phong xa ma khong can phai can
thiép vao phan cing hodc phan mém cta may. Béng
viéc tan dung mang wifi ndi bo dé két nbi dén may do
phong xa, giai phap nay khong can dung hé thong day
cap truyén tin hiéu cong kénh nhung vin cho phép ghi
lai s6 doc ctia may tir xa. Qua d6, n6 giup nhan vién do
dac khong bi phoi nhiém boi ngudn phéng xa nguy
hiém. Giai phap nay c6 thé tiép tuc duogc cai tién nham
tich hop cung lic nhidu may do phong xa thanh mot
mang ludi quan tric da diém theo thoi gian thuc, ¢ thé
két ndi dé hién thi va luu trir trén mot may tinh trung
tam. Ngoai ra, bd gia do cua thiét bi RadOCR c6 thé
dugc diéu chinh dé phit hop véi cac loai may do phong
xa khac.

Mot sb han ché cua nghién ciru co thé ké dén 1a: phﬁn
mém RadOCR chi méi trich xuét duogc cac sb doc dang
s6 nguyén khong chira ddu chdm thap phan; kich thudc
bd gia d& con to va cong kénh; mot sb truong hop két
qué trich xuét bi sai so véi s6 doc. Cac tac gia da thir
nghiém trich xuét ddi véi cac thang do ma sé doc co
chtra ddu chdm thap phan. Két qua cho thiy do chinh
xéc thap, chi dat khoang 60 %. Nguyén nhan chi yéu
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12 do d4u chdm thap phan bi dinh vao chir s6 1an can
nhu minh hoa trong Hinh 9. Van dé nay c6 thé dugc
giai quyét bang cach tang sb 1an 1ap khi thyc hién phép
co (erosion) trong budc tién xir Iy anh. Tuy nhién, viéc
co qua muc c6 thé 1am bién mat cac chir s6. Mot cach
giai quyét khac 1a st dung Mask-CNN dé xac dinh
vung anh chira s6 doc [5]. Do camera OV2640 c6 tiéu
cu dai nén can khoang cach 16n tir camera dén LCD cua
may do, 1am cho kich thudc ctia bo gia d& tro nén cong
kénh. Dé giam kich thudéc, can sur dung camera véi thau
kinh ¢6 kha ning ghi hinh gan (macro lens).

Hinh 9 Mot vi du c6 két qua OCR sai khi sb doc
¢6 chira diu chdm thap phan

Céc két qua OCR sai dugc dd duoc phan tich, qua do
thdy dugc ¢ hai nguyén nhan chinh: sé doc dang trong
qua trinh cap nhat hodc 16i do thuat toan xir 1y anh. Do
LCD cua may do Radiation Alert Ranger® c6 thoi gian
chuyén d6i twong dbi dai, nén nhitng anh dugc ghi nhan
trong lac sb doc dang cap nhat tir gia tri nay sang gia tri
khac thi s& chira s6 doc khong rd rang nhu minh hoa
trong Hinh 10a. Diéu nay lam cho két qua trich xuét b
sai. Van d& nay co thé duoc giai quyét bang cach tan
dung cac anh khac trong ludng ma co thoi diém ghi
nhan xung quanh thoi diém cap nhat sé doc dé hiéu
chinh 14n nhau. Nguyén nhén thir hai gdy ra két qua sai
1a do 13i ctia thudt toan. Mot s6 hinh anh hién thi rd nét
nhung két qua trich xuit van sai nhu minh hoa trong
Hinh 10b. Nguyén nhén 1a do mo hinh Tesseract OCR
chua duoc huin luyén mot cach tdi wu, nhét 1a ddi véi
kiéu chir s6 hién thi trén man hinh may do Radiation
Alert Ranger®. Han ché nay co thé dugc khic phuc
bang cach hudn luyén lai hodc huin luyén chuyén tiép
(transfer learning) mo hinh Tesseract OCR bang mot
b anh phu hop hon.
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(a) (b)

Hinh 10 (a) Két qua OCR sai do LCD dang chuyén tir
hién thi s6 doc nay sang s doc khac. (b) Két qua OCR
sai ngay ca khi s6 doc hién thi rd rang

4 Két luan

Nghién ciru nay d thiét ké va gia cong thiét bi va phan
mém RadOCR @ trich xut tir xa, tu dong sb doc cua
may do phong xa Radiation Alert Ranger®. Module IoT
ESP32-CAM dugc st dung nhu mdt camera dé ghi

ludng hinh anh theo thoi gian thuc vé phin mém xur ly
thong qua két ndi mang wifi. Cac cong cu trong thu
vién OpenCV dugc st dung dé tién xur 1y anh trudc khi
dura vao trich xuét s6 doc bang Tesseract OCR. Két qua
danh gia d6 chinh xac cho thiy thiét bi va phan mém
hoat dong on dinh véi d6 chinh xé4c cao. Tuy nghién
ciru dugc thuyc hién trén may do Radiation Alert
Ranger® nhu mot truong hop dién hinh, phuong phap
dé ra c6 thé duogc hiéu chinh dé phu hop voi nhiéu loai
may do khac nhau. Pay la giai phap hiru ich cho phép
do dac tir xa, gitip han ché phoi nhiém do tiép xtic gan
ngudn phong xa. Ngoai ra, giai phap nay cling c6 thé
dugc phét trién dé tich hop nhidu may do khac nhau
vao mot hé théng quan tric phong xa da diém.

Loi cdm on

Chung t6i xin cam on Trudng Pai hoc Nguyén Tat
Thanh, Thanh phé H6 Chi Minh d4 hd trg cho nghién

nhn s6 doc hién thi trén LCD cia may do va truyén  ¢qy nay.
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Application of Internet of Things module and optical character recognition algorithm to
automatically extracting readouts of radiation survey meters

Pham Nguyen Phat, Nguyen Tan Duoc”
Biomedical Physics Department — Faculty of Medicine, Nguyen Tat Thanh University, Ho Chi Minh City
‘ntduoc@ntt.edu.vn

Abstract With the development of Internet of Things, radiation measuring devices today are embedded with
wireless network connections. However, many devices being used in facilities lack this feature, making it difficult
to remotely access data as well as to integrate into a multi-point radioactive monitoring system. In this study, we
designed a system called RadOCR that extracts the readouts displayed on the LCD screen of Radiation Alert
Ranger® survey meter in real time. The system consisted of a device attached to the meter and a software deployed
on a computer. The RadOCR device consisted of a ESP32-CAM module which took photo of the meter’s LCD and
sent to the software via a WiFi connection on a local network. The software utilized image processing algorithms
from OpenCV and the optical character recognition Tesseract OCR model to extract the readouts, then showed
them on a graphical interface, and saved them with timestamps to a csv file. The test results show that the system
operates stably with an accuracy of (97.365 + 0.082) %.

Keywords Internet of Things, optical character recognition, radiation measurement
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