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Abstract. Ultrasonic non-destructive testing (NDT) is a method for detecting defects without
causing damage to the object being inspected. Most current systems in use are imported,
typically requiring high initial investment and operators with advanced knowledge in
structural health diagnostics and signal processing. In this paper, the author presents a
preliminary study on the development of a low-cost NDT system for measuring concrete
surface structures. The system is based on a Time-of-Flight (ToF) calculation method
implemented using an ATmegal28 signal processing chip on an Arduino board, utilizing data
from a commonly available commercial ultrasonic sensor, the SRF05. The system was first
tested to determine the optimal measurement distance between the concrete surface and the
sensor. With the optimal distance set at approximately 50 mm, measurements were carried
out across the entire surface of the sample in laboratory. The collected data were analyzed
using computer software, allowing for a relatively accurate 2D mapping of the surface,
distinguishing between flat and uneven concrete areas. These initial research results
contribute to the development of low-cost NDT devices for applications in transportation
infrastructure construction, and also pave the way for localizing the technology and reducing
reliance on imported equipment.
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Tom tat. Kiém tra khong pha huy bang siéu &m (NDT) 1a phuong phap phat hién khuyét tat
ma khong gay hai cho dbi tuong duoc kiém tra. Cac hé thong do dang sir dung hién nay da
s6 12 nhap ngoai, thuong c6 chi phi dau tu ban dau cao va doi hoi ngudi van hanh co kién
thirc chuyén sau vé chan doan strc khoe cong trinh va xur ly tin hiu. Trong bai bao nay, tac
gia trinh bay nghién ctru phat trién thir nghiém hé NDT do bé mit két cau bé tong gia thanh
ré. Hé thong dya trén phuong phap tinh toan ToF cho Chlp xu ly tin hiéu ATmegal28 trén bo
Arduino véi dir liéu tir cam bién siéu am thuong mai phd thdng SRF05. Hé thong trudc hét
dugc thir nghiém dé tim ra khoang cach do tdi wu gitra bé mat bé tong va cam bién. Vi
khoang cach tdi wu duge sir dung khoang 50 mm, cac phép do dugc thuc hién trén toan bo bé
mit mau trong phong thi nghiém. Dit liéu do duoc phan tich bang chwong trinh may tinh va
c6 thé anh xa 2D bé mit gém cac khu vuc phang, g6 ghé cuia bé tong twong d6i chinh xac.
Két qua nghién ctru ban dau nay gop phan phat trién céc thiét bi NDT ing dung trong xay
dung cdng trinh giao théng vai gia thanh thap, dong thoi mo ra hudng tiép can noi dia hoa
cdng nghé, giam phu thudc vao céac thiét bi nhap khau.

Tir khéa: kiém tra khong pha huy bé t6ng, cam bién siéu am, ATmegal28, SRF05, ToF
@ 2025 Truong Pai hoc Giao thdng vdn tdi

1. PAT VAN PE

Chét luong va do bén cua cac két ciu bé  tong dong vai tro song con trong viéc dam bao an
toan va hiéu qua hoat dong cua h¢ thong ha ting giao thong [1-16]. Cac yeu t6 nhu tai trong lap
di 1ap lai, tac dong ctia mdi trudng khic nghiét (nhiét 4o, dd 4m, héa chit) va qua trinh 130 hoa
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tu nhién c6 thé dan dén sy hinh thanh va phat trién cta cac khuyét tat bén trong bé tong nhur
nut gdy, bén ngoai nhu bong troc, 16i 16m,... Viéc phat hién sém va danh gia chinh xac cac
khuyet tat nay la rat quan trong dé c6 cac bién phap bao tri va sira chira kip thoi, tir d6 keo dai
tudi tho cong trinh va giam thiéu chi phi duy tri. Cac phuong phap chan doan truyen thong, nhu
kiém tra truc quan, gb bua, hodc khoan lay mau, thuong mang tinh chu quan, tén nhiéu thoi
gian va cong strc ciing nhu khong cung cdp thong tin ddy du vé tinh trang bén trong két cau.
Kiém tra khong pha huy (Nondestructive investigation) 13 phwong phap phat hién khuyét tat/ton
hai ma khdng gay hai cho dbi tuong dwoc kiém tra. Phuong phép nay ¢ tng dung da dang
trong doi song nhu trong y t&, quan su va dac biét 1a trong linh vuc giao thong van tai [1-5].

Dén nay, c6 mot s huong tiép can trén thé gisi dé phat trién hé do khong phé hity trong
linh vuc xay dung cong trinh giao thong [6-13], cu thé:

e Phuong phap st dung chup anh cén canh la mot phuong phap thong dung va de su
dung [6]. Chup anh cén canh dya trén nhimg phat trién ctia may anh ky thuat sé do
phan giai cao va phan mém chup anh da ning. Viéc sir dung k¥ thuat chup anh can
canh di duoc ing dung trong linh vuc k¥ thuat két cau cho phép do dac nhirng bién
dang hay hinh hoc ctia cau. Tuy nhién, viéc trién khai chup anh can canh doi hoi
may anh k§ thuat s6 va cac phu kién lién quan, can quan tam t&i bé tri phan b diém
muc tiéu trén cau tric tham chiéu va phuong phap nay thuong chi duoc dung dé
kiém tra trén bé mat.

e Phuong phap dong dién xody: Pau do dugc tich hop gitta mot cuon day phat tir
truong voi mot cuon day cam tng hoic cam bién tir truong [7]. Tro khang cia cudn
day s& thay ddi khi c6 su xuét hién caa vét an mon. Phuong phap dong dién xoay
1a phuong phép tién tién sir dung trong kiém tra va dénh gia tinh trang khuyét tat.
Tuy nhién phuong phap nay chi phii hgp kiém tra mot sé vat lidu c6 tir tinh nhu vat
ligu dan dién — nhdm trong budng dét phi co va than vo may bay.

 Phuong phép chup anh hong ngoai: Su pha huy dudi bé mit bé tong dan téi pha v
su truyén nhiét va duoc thu lai boi camera hong ngoai [8]. Sir dung xir Iy anh nhiét,
hinh anh bé téng s& duoc tai tao, cin cir vao phan tich anh dé tim ra vét nut, khuyét
tat hay su pha huy. Pay la phuong phap kiém tra khong pha huy nhanh chong, dang
tin cdy, tuy nhién nhuoc diém cua phuong phap nay 1a can c6 ngudn nhiét trong
qua trinh do, cho nén khong thuan tién 1am khi thuc hién do dac tai cong truong.

e Phuong phap chup cat [6p siéu am: day 1a phuong phap cho két qua chinh xac [9],
nhung pham vi do lai kha hep va nhuogc diém 16n nhat d6 1a can c6 cac chuyén gia
dao tao lau ndm mai c6 thé van hanh va phan tich dit liéu do. Bén canh do, cac san
pham san xuét cho muc dich kiém tra chung, khong hudng téi trong tam la céc két
cau cong trinh giao thong.

e Phuong phap sir dung song siéu &m trong kiém tra khéng pha hiry nhan duoc nhiéu
sy quan tam nghién cuu. St dung bude song dién tir dan dung (khong phai dang
ky) chiéu vao khdng gian can kiém tra, su phan xa cia song dién tir s& khac nhau
g véi moi trudng vat chat khac nhau. Qua phan tich twong quan cua tin hiéu thu
vé két hop véi xir ly tin hiéu s& gitp kiém tra, danh gia cac khia canh khac nhau
bén trong hay bé mat két cau bé tong [10-13].

Mat khac, nhirng nam gan day, trong linh vyc nghién ciu vé kiém tra khéng pha hay bat
dau nhan duoc su quan tdm dau tu nghién ciu ciia nha khoa hoc va céc chuyén gia tai Vigt

Nam. Nhom cua TS. Phan Hai Dang-Truong Dai hoc Duy Tan da tép trung vao phat trién mo
hinh md phong song truyén c6 dan hudng trong cau trac 16p (guided wave propagation). Ho da
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thu dwoc nhitng két qua rat kha quan khi st dung séng Rayleigh va séng Love trong viéc danh
gi& cAu trdc phan 16p [16]. Nhém nghién ciru cia TS. Lé Minh Huy- Truong Dai hoc Phenikaa
tap trung vao viéc nghién ctru phuong phap k1em tra khong pha huay khuyét tat trong két cau
nhiéu lép [15]. Cac nhém nghién ctru nay chu yéu 1a tap trung vao nghién cau ly thuyét hay sir
dung mét sé thiét bi da thwong mai hda cua cac hing nhu ScreeningEagle (Thuy si), hay hang
IDS GeoRadar (Y),.. Tuy nhién, cac hé thong thuong mai thuong c6 chi phi dau tu ban dau cao
va doi hoi nguoi van hanh co kién thtrc chuyén sau vé xtr 1y tin hiéu va chan doan strc khoe
cong trinh. Piéu ndy tao ra mot rao can ddi véi viée ing dung rong réi trong cong tac kiém dinh
va bao tri thuong xuyén. Do dd, viéc nghién ctru va phat trién cac hé thng NDT c6 chi phi thip
hon, dé st dung hon, nhung van dam bao duoc hiéu qua chin doén 1a mot hudng di c6 y nghia
khoa hoc va thyc tién cao.

Bai bdo nay trinh bay két qua nghién ciru vé qua trinh phat trién thiét bi chan doan so bo
két cau bé tong khong tiép xtic NDT, dua trén sy két hop cta cam bién siéu &m thuong mai phd
thong SRFO5 va phuong phép tinh toan ToF cho chip xu ly tin hi¢u ATmegal28 trén bo
Arduino. Dit liéu thr nghiém trong phong thi nghiém cho thay nghién ctru 6 kha néng gop
phan vao giai ma, phat trién thiét bi do si€u am bé tong gia thanh ré bang nguon lyc trong nudc.
2. THIET KE VA CHUONG TRINH CHO THIET BI
2.1 H¢ théng thiét bi phan cing

So d6 hé théng do khong pha huy bé mit bé tong NDT st dung cam bién siéu &m SRF05
thé hién ¢ hinh 1. Hé théng gdm bdn thanh phan chinh: cam bién siéu am, bo mach xtr 1y tin
hiéu, ngudn dién (AC/DC) va may tinh thu thap, hién thi két qua.

AC
TN

Cam bién Bo mach x@r May tinh thu
siéu am ly tin hiéu thap div liéu

Hinh 1. So d6 hé thong do khong pha hay bé mit bé tong str dung cam bién siéu am SRFO05.

e Cam bién siéu am: Cac tham sb co ban cua cam bién siéu &m SRF05 thé hién & bang
1. Tan s6 phat séng 40 kHz, day 1a tan sé dugc phép sir dung trong cac wng dung dan dung,
khong phai xin cap phép. Khi dugc kich thich bang tin hiéu dién phi hop, cam bién s& phat ra
song siéu am truyén dén khdi bé tong roi quay lai cdm bién, dugc thu nhan thanh tin hiéu dién;

e Bomach xir Iy tin hi¢u: Bo mach xir Iy str dung vi diéu khién ATmega128 trén Arduino
dé tao xung kich thich cam bién siéu 4m, thu nhan séng phan hdi, khuéch dai, loc nhiéu, s6 hoa
tin hiéu analog thanh dang sb.
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e Ngudn dién AC/DC: Hé thong sir dung ngudn dién xoay chiéu duoc chuyén d6i thanh
dién ap mot chidu phu hop dé cung cap ngudn 5VDC cho toan bd mach dién;

e May tinh thu thap dir liéu: Dit liéu dugc truyén tir bo mach xtr 1y 1én may tinh thong
qua két ndi c6 ddy USB. Két qua do duoc cd thé hién thi trén may tinh hozc luu vao file exel
dé phan tich tiép.

Bang 1. C4c tham sb ctia cam bién SRFO5.

Thong so ky thuat Tham s6
bién 4p hoat dong 5vDC

Dong tiéu thu 10-40mA
Chan tin hiéu Echo, Trigger
Tan sb phat song 40 kHz

GOc quét <15°

2.2 Phat trién cong theec tinh va chwong trinh cho phan cieng

Trong phuong phép siéu &m, néu két cau c6 khuyet tat nhur 16, 16m, rong, nit, phan I6p,
song bi phan xa, khuc xa hoac hap thy, 1am thay doi thoi gian truyén ToF, bién do tin hié7u, h‘mh
dang xung. Trong ba phuong phap nay, ToF 1a phuong phép kha thuén tién dé phat trién thict
bi do trong diéu‘kién phong thi nghiém tai Truong dai hoc. Bai vi, tin hiéu siéu am phat di dap
vao doi twong can do va phan xa lai dau thu, cho nén khoang cach gitta cam bién va doi tuong
do d tinh theo cong thac [12]:

d=>(vxt) (1)

Trong do: v, t 1a van tc va thai gian truyén song, trong do6 toc d6 am trong khong khi duoc

tinh theo céng thuc [17]:

RT
v= [T )

Trong do:

e v:tis6 nhiét dung (= 1,4 cho khong khi)

« R:hang s khi 1y twong (8,314 J/mol-K)

« T:nhiét do tuyét d6i (Kelvin)

« M: khéi lwgng mol khi (= 0,029 kg/mol cho khong khi)
Sau khi thay hang s6 va chuyén nhiét d6 tir Kelvin sang 6 C, cong thirc (2) duoc xap xi
thanh:

v~331,3 + 0,606 X T (3)

Gia thiét, cac thi nghiém duoc thyc hién tai nhiét d6 phong 25°C, v 1a 346450 mm/s.

Nhu vay cong thire (1) duogc rat gon thanh cong thuc (4) tinh theo mm sau:
d = (346450 x t) (4)
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Khai tao phan cung
(Serial, Pin Trigger/Echo, ADC, Timer)

Y

Phat xung sieu am

AN

Poi tin hieu Echo

/

Do TOF (Time of Flight)

J

Poc tin hieu ADC (cuong do)

l o

Tinh khoang cach
va cuong do

l

Gui két qua len may tinh

\

Tre 100 ms

Kieém tra tiép tuc?

Hinh 2. Luu d6 thuat toan cho chip ATmegal28 trén bo mach Arduino.

Luu do thuat toan cho chip ATmegal28 duogc vé trén hinh 2, bao gdm toan bd cac budc tir
khau khéi tao phan cung, phat xung, thu thap dir liéu cho dén truyén két qua 1én may tinh. Bat
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dau quy trinh, h¢ thdng thuc hién Khoi tao phan cimg, cdu hinh cac thanh phan can thiét gom
cong nbi tlep qua USB, chan Trigger/Echo, bo ADC (bd chuyén d6i twong tu-sd), cung bién
Timer dé dém thoi gian truyén song. Sau do, h¢ thong tién hanh phét xung siéu am bang cach
kich hoat chan Trigger trén cam bién, tao ra xung song siéu &m lan truyén trong khong khi dén
két cau can do. Khi song phan hoi quay tro lai, hé théng s& doi tin hiéu Echo trén chan Echo dé
xéc dinh thoi diém song quay vé. Sau khi nhan dugc tin hiéu phan hoi, hé théng thuc hién do
TOF nham xac dinh khoang thoi gian song di chuyén tir ngudn phat dén dbi tuong can do roi
quay lai cam bién. Tiép d6, hé théng doc tin hiéu ADC dé xac dinh mirc d6 cuong do cua song
phan hoi, giup danh gia tinh trang hoat dong cua hé théng. Hé thdng sé tinh toan khoang cach
theo cong thirc (4) néu trén. Két qua duoc gui 1én may tinh dé hién thi, phuc vu cong tac giam
sat, danh gia. Sau khi truyén két qua, hé thong thuc hién Tré 100 ms dé tranh tring lap dir licu,
gitp duy tri tinh 6n dinh trong chu ky do. Chwong trinh cho Iuu @b hinh 2 dwoc phat trién va
nap vao chip trén nén tang Arduino IDE v&i ngon ngir C/C++.

3. THU NGHIEM, PANH GIA PHAN TiCH
3.1. Thar nghiém trong phong thi nghigm

Hinh anh thir nghiém trong phong thi nghiém tai nhiét do phong thé hién & hinh 3. Mau bé
tong tiéu chuan co kich thuéc 400x100x100 dd dwoc tao sin v6i bé mat 16i 16m, c6 16 rdng
dugc st dung dé thir nghiém hé thong do. Mau bé téng dugc ¢d dinh chic chin trén mat ban dé
giam thiéu sai s6 do bj rung v0i cac tac dong bén ngoai gy ra. Trén mat ban thi nghiém, cam
bién siéu am SRF05 dugc gan tryc tiép 1én dé dé truyén phat song siéu 4m vao két cdu. Cam
bién duoc két ndi bang day dan tin hiéu sang phan bo mach xtr 1y tin hiéu. Nhin chung hé théng
don gian, dé lap dat va trién khai hon va thao d& so véi cac hé thong cong nghlep phtre tap [1-
10]. Dit liéu dugc do nhiéu 14n va toan bd bé mit bé tong ciing dugc do dé giam thiéu sai sé va
phan tich.

Maiu bé tong

Cam bieén - -

Bo mach xir
ly dir li¢u

May tinh - ---
Hinh 3. Hinh anh thir nghiém hé théng do khong pha hity bé mit bé tong trong diéu kién
phong thi nghiém.
3.2. Méi quan hé gisa dé chinh xéc va khodng céch giira cam bién va bé mdt bé tong.

Pa s6 cac cam bién siéu am dan dung déu c6 khoang mu, vi vay do chinh x4c cua phép do
theo khodng cach tir cdm bién dén bé mat do can dugc kiém tra can than trude khi chinh thue

857



Tap chi Khoa hoc Giao théng van tai, Tap 76, S6 06 (08/2025), 851-861

str dung trong hé théng. Hinh 4 the hién di liéu do vé mdi quan hé gira sai s6 & (%) va khoing
cach d (tinh bang mm). Truc hoanh dugc chia theo thang khoang cach tir 0-1000 mm, con truc
tung biéu dién phan trim sai sd trong khoang tur 0% den 100%. Khi khoang cach con rat gan
(duéi 20 mm), tirc diém mu, ¢6 the nhan thdy sai s6 rat cao, 1én ti trén 100%. Khi dat khoang
cach trong doan 20100 mm, sai sé duoc duy tri trong d6i thap, dao dong trong khoang tir 0—
30%. Khi khoang cach d tir 40 mm Ién khoang 80 mm, sai s0 ¢6 xu huéng giam veé gan muc
0%. Khi khoang cach bt dau vuot trén 100 mm, do thi cho thiy xu huéng ting dan cua sai sb,

1én murc 30-50%, va khi khoang cach gén dat muc ti da trong thi nghiém (1000 mm), sai sé
tang manh 1én mirc gan 100%. Hinh dang tong thé cta dudng bleu dién phan anh rd dac tinh do
cta hé thdng siéu 4m trén khoang cach thay dbi: trong doan gan, hé théng chiu tac dong cua
hiéu ¢mg ving mu hodc phan hdi séng siéu 4m bi anh hudng nghiém trong, khién sai sé cao;

trong doan trung gian, hiéu suét do On dinh, dat do chinh x4c cao nhét (sai $0 thép), phu hop dé
su dung trong thuc t&; con khi khoang cach ngay cang 16n, sai s6 lai c6 xu hudng gia ting do
song siéu am bi suy hao, nhiéu loan trong khong khi, goc phan héi thay ddi, hodc do nhay cua
cam bién suy giam. Tur dir liéu hinh 4 suy ra khoang lam viéc t6i wu (tir ~40-80 mm) noi sai s6
thap. Thong sd ndy c6 ¥ nghia tham khao hiru ich khi thiét 1ap phép do.

110

100 %
90

80 y

70

60

50 /@/

40

30

20

10

0
-10

r

Sai so 8 (%)

-5 95 195 295 395 495 595 695 795 895 995
Khoang cach d (mm)

Hinh 4. Méi quan hé gitra do chinh xac va khoang cach gitra cam bién va bé mat bé tong.
3.3. Thi nghiém do bé mt bé tong

Hinh 5 I hinh anh anh xa 2 chiéu két qua do dac bé mat bé téng st dung phuong phép siéu
am hinh 3 véi khoang céch giira cam bién va bé mit thiét 1ap trong khoang 50 mm. Cac gia tri
chiéu cao thyc té ctia mat bé tong tai mbi diém co thé duoc xac dinh va anh xa theo mat cat
ngang (hinh 5). Ving mau xam phia dudi biéu thi phan than khéi bé tong, con duong bién gb
ghe phia trén dai dién cho bé mat that cua bé tong duoc xac dinh qua tin hiéu siéu am phan xa.
MJ3i dai mau trén mit bé téng thé hién cac tin hiéu phan hdi khac nhau tuong tng véi cac diém
do dugc tai cc vi tri khac nhau theo chiéu ngang. Trén hinh cd thé thiy r5 tinh khong dong déu
cuia bé mat bé téng, véi cac gd ghé va vét 16i 16m ngau nhién, thé hién dic trung cua bé mat
mau bé téng hinh 3. C6 thé thdy, mic du d6 chinh xac chua thuc sy cao nhung hinh anh do thé
hién duoc tinh truc quan vé hinh hoc bé mat bé tong.
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A

Khu vue gd ghé (chuin hoa)

Khu vire phiing (chuén hoa)

Chiéu cao (chuén hoa)

i . N Chiéu dai (chuén hoa)
Hinh 5. Anh xa dit liéu do bé mat mau thir.

So sanh mot sé tham sb cua céc thiét bi siéu am bé tdng co trén thi truong va thiét bi phét
trién trinh bay trong bai bao nay thé hién & Bang 2. C6 thé thiy mic di con mét sé han ché can
tiép tuc nghién ciru hoan thién nhu tinh nang nhu tang do chinh xac, kha ning do bén trong bé
tong, ting tan s6 1am viéc, ting do tin cay... Nhung c6 thé thiy hé do ¢ chi phi thanh phan rat
thap va phan cing, phan mém c6 thé diéu chinh mot cach thuan tién do tu phat trién.

Bang 2. So sanh céc thiét bi siéu &m bé tong va thiét bi trong bai béo.

Tén thiét bi Tan s<_)A D? bé Pobén Gia thanr] NgAUOn, goc Van hanh
lamviéc mat  trong (tham khao) xuat xir
Matest Cao (~500 ¢ A A
369N 54kHz v triéu VND) Y Can chuyén gia
Trung binh
iWin U910 g&)lzk;'z y y (~88,4 triéu guuc‘?cg Can chuyén gia
VND)
PCE PCE- 1 kHz - Cao (~288 , A N
UCD100  500kHz Y v trieu VNP) ~ PUC Can chuyen gia
Proceq
. 24 — Cao (>300 - A A o
E:Junsdlt Lab o4 kHz v v triéu VND) Thuy Si Can chuyén gia
Hé thong < . . Chi can xem
X " Thap (6 tricu  Truong . X o
trong bai 40Hz & NA ; huéng dan sir
b0 VND) PHGTVT
4. KET LUAN

Bai bao d3 trinh bay qua trinh thiét ké va phat trién thiét bi kiém tra khong phé huy NDT
bang siéu &m trén co s cam bién siéu 4m thuong mai phd thdng SRFO5 l1am viéc tai tan sé 40
kHz va chip xt ly tin hiéu ATmegal28 trén bo Arduino. Dya trén phuong phap ToF, cong thirc
tinh khoang cach tir cam bién dén ddi tuong do duoc tim ra va trién khai 1ap trinh cho chip.
Trudc khi thir nghiém thiét bi duoc can chinh va xac dinh khoang cach téi wu khi thiét 1ap phép
do. Két qua thtr nghiém cho thay hé thdng c6 thé xay dung ban db dia hinh 2D cua bé mit bé
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tong. Mac du d6 chinh xac, d¢ tin cdy ciing nhu tinh ning can duoc tiép tuc nghién cau phat
trién, hé do phat trién trong nghién ciru ndy co thé hd tro trong cac cong viéc nhu kiém tra chét
lugng thi cong, giam sat sy 1o hoa cong trinh hodc ho tro tai thi cong va sira chira. Tur d6 c6
thé thdy y nghia nghién ctru 1a gop phan trong viéc giai ma cong nghé dé phat trién cac thiét bi
kiém tra khéng pha huy tung dung trong linh vyc giao thdng van tai véi gia thanh thap, dong
thoi mé ra hudng tiép can noi dia héa cong nghé, giam phu thudc vao céc thiét bi nhap khau.
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