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Effect of the Shooting Angle of the Strain Visualization Device
on the Strain Calculation Accuracy

Shuji UMEMOTO, Takeshi TAKAKI, Idaku ISHII, Masakazu OMACHI,
Keisuke MTSUO, Noriyuki MIYAMOTO and Hiroshi MATSUDA

The Strain Visualization Device developed for structural health monitoring in the Operation and Maintenance of
infrastructures can check the amount of strain with the naked eye. In addition, the amount of strain can be calculated
with an accuracy of 10 pe £+ 10 pe (20) by taking an image with a digital camera and analyzing the image. In applying
the Strain Visualization Device to an actual structure, the effect of the shooting angle on the strain calculation accuracy
was verified based on the shooting conditions in the field, and the shooting angle that secured the measurement accuracy
was clarified. When applied to the strain measurement of a concrete bridge and photographed while paying attention to
the shooting angle, the strain can be accurately measured, and the applicability of the strain visualization device to the

strain measurement of the actual structure was verified.
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Fig. 1 Schematic illustration of the
strain visualization device (SVD)



OFTHAGUET A ZOFHFEE, AIRTOTHEE
BB LT OANAA TR ETIRE LT DX VHE
BEMNT L COTHEREINT 2 HERSH D, BiE 1L 50 e,
HBEIT 10 pe+£ 10 pe 2o) OHETHRTE 5. OFHTA
BALT NA AT H VA AT TRE L, BB TO
PTHERETIHE, BEOBVWOTAHEEZED O
ERPOFEKECIRE T Z 23k bND. FriZ, OF
HAHULT S A 2%, WERE E, T 5HENOT A
BRI ICET 5. — 5T, Fig 2 \IORT & 91g, s
WNE L2 OFT R AT NS 2T XN T AT T
KT 256, ERPORGHTIRE T 2 2 L IEfiE CIixk
V. L7eR o T, OFTHRABYET /S A R & EA gy~ H
T5 LT, REAELOTARELRBECRBGREHR LML
TBIME D D.

AT, OFTHAGULT NS RET VXV AT T
ET OB, WMEAENT VX VBB OOT K5 R
BECE 2 BB ERAEL, WEAELOTHHEMEEDOR
REWALDIZT D, £, TORREREE X, 0T A
{bF NS A a7 J— MEOOT HFHHI~EH L, FE
W ~OTE A EREET 5.

2. VIHARMIETNAR

2. 1 SEBHIUHEE
OFHAET A ADHME % Fig. 3 12, &% Fig. 4
WY, O TR LT A 2%, £& LT, BIEFRX
FROKTFEZER LT ABO 7y F 7 L— FBIW
V77— b, SRRORERMER SRR S D. Fig.3 ®
FoRER Sy iBE%@m@%T%Wéh FEE, OFRE
EBANZ AL 5 72912 100 pe /80 B ESRICALE L7=/
THY, FEBIOTFEIX, 7Y% /VEGMENTHOETH
%, WEX, OFTREBRINT 00, TEIX, Miro
W LA D70 OE LW TH S, B,
s L2y 7 U —MIEATES L5 105mm & L
TW5., BRRERIT MR L T2,

2. 2 AIERE

OF B AT AL ZAORIEFREIZIE, T T LD e
ZHWTWNS D, Fig. 5(a) DL T, v F p OEBKT
1 LZEOE YT IS Ap(Kp) I ZFEREVE Y Tp+Ap
DEBE L2 EZERD L, TROLOEMBET1, 2 LV KX
YT W OFET LVREMHINMmBEND. ZAbD
EAfRIZ Eq. (1) TEENh5D.

_pt+Ap
="

(1)

Fig. 5 (b) DX I ICEME T 1 2 (A) OFAICE YT p
FEEMNTE, BT LRIE (A) OFRICE YT W IZEE)
<. DFV, B Ax #HEMIC (p + Ap)/dp HITIERE
REDIENTED. ZOWKREE M, 7 LROBEH)
BE Ax, £L95&, TNUOHOBMRIZEQ Q) &785.

Axp, = M- Ax (2)

14 ia :{ ﬁl E 17

Temperature
compensating plate

\\. Adhesion

Fixing ring | \_‘
)4 | .
\ § i C-clip

Fig. 4 Structure of SVD

Rear plate
Adhesion |

Adhesion

Line gratingl Moiré fringe

-

p+Ap *= Line grating2

(b) Line grating1 A
il T

Fig. 5 Example of a moir¢é fringe



ZokoZ, ETLVHOREEZHAWSZ Eicky, 07

I LV DRUNERL B WREANTHERE R T 52 &R TE 5.

2. 3 TUANEGBTICEDZUVTAHOELAE
FIUHNH AT TRE L OTHAUET A ADTF Y
HOVER D OT RERNT 5 HEERT B, TUXLh
AT TCRETDHE, KT AL A2LT L EEDHIRY
TE B EEFRLRV. EEMLLIRE CE WS, Bt/
L, PHIFKELSBEIND 2D, KT A 2OHMRIL
BEARNARICRE SN TCLES. £2C, Fig. 3 BLWV
Fig. 4 ITRTART A 2O MEO~—% () 2 &I,
AP EFTIC 2D LD ERESRE AV CEBLEL L 72
%, T LfmzZ MU I ZL, Fig. 6 QDX oI i, j il
EEHRTDH. PIIVILEEBOREESE (1)) &L,
(i,)) OIEICH DEFEDOWMEEF Ze(i, )T D, Fiz, &
BLUZEE T, BESN I BETRESNLZLETS.
FT, ZNTIhO i IZBIT D j 7R OEEDEY
f@) KDDL, FO) 13,

L))
J
LD RIS, (D) % Eq.(4) O sin fif g() (AL 5.

f@ = )

2n
g(i) = Asin (WH-H) +B 4)
f(@) & gi) OpBl%E Fig. 6 bIIRT. g(i) ZERlT 57
DI, BT ViROMEBORIE A, BEEOA 7Y b
B, 7 VONNIHOERD DMLENSHDH. £ T, Eq. (4)
%

=4 0sin i+ Asin@ costi+ B
glt) = COS U sin lWl SIn ¢ cos lWL

= Ark, (D) + Agko (D) + B (5)
95 EL,
Ay =Acosf R
A, = Asiné
. . 2m > (6)
k(D) =sinyoi
ey (i) = 2w |
2() = cos 71 j

Thd, ZOLx, M _FEIZEIVA, A4, B ZRD5D
ZEMTEDL. ZLT, EE A BLONIHE 6 1%, 2 A%
WIERE atan2(x,y) ZHWH E, KKXDO L HITKRES.

A= /A124-A22 @)

0 = atan2(44,4;) ®)

WIZ, 6L Ax BEL TV E XOFET LSO %
Fig. 7@ &3 %. E7 LKOME % Eq. (4) [TEBIL, %

DOLEDOMI 0 % 0, & T D(Fig. 7 (ITH T D HIER>)).
BAL Ax WAL DL, TT URIILEQ. ) &V Ax, 720
;b Lo, W LTI lAx, 7ZIFBEIL, Fig. 7 (b)
DOEBE D, M 0 73 Fig. 7 (BT 5 #i#rG) D &k 5
WALAH 0, 123t L A0 721 BE) L7256, 2o ORI,

lAx,, = w A8
Ym = o (&)

7D Bq.(l), 2), 9LV, ZEAE Ax TR LR KD
HZEMWTED.
Ac=2L 1o (10)
2n
EEMESEY L 958, OFTH e 1%, Eq. &Y,
KR CTHIETHZENTED.
p
szmAG (11)
=720, LEOJFETIE|A|BPrE D KEL R DEE, 1E
MEETIBIETmOOHE N TE <D, LEN-ST,
|AQ| 3 TAT & 7 HAHE CIRE T HMENH 5.

(@) 6(9,0) 1 : Pixel i
R SERRREL
Jj y Moiré fringe 7 e(I-1,J-1)
(b) .
v @ - A
/ ”J:JJ_“‘_LL‘" }' A
7  \
i B
Ly

Moiré fr\i\nge IAx,, 0 : Pixel i
(a) BiSEE
(b)
(c)

EY N

% N

E ______

Fig. 7 Phase of a moir¢ fringe



x Front plate

Rear plate

/\

o |
)

Moiré Fringe

Fig. 8 Difference in the amount of moiré fringes movement
depending on the shooting angle

Line grating 1

I
e

Line grating 2 A

]
T
LA

P
-

Fig. 9 Difference in overlapping linear grids
due to parallax

3. BEAENVTHEHBREICREIHZELS LV
Z DK
3. 1 BEAENVTAHEHBEICRIEITEE

BT 1 DERENT-7a s N AL — L ERKT 2

WERENTZY 7 7L — P ORMICKEM d BFEET 254,

Fig. 8 DX O IZEB AR FR»OIRET D &, FEEM Ax
FES =T LREOBEIR Ax, DEZ2-TRXS. ZhUL,
Fig. 9 IZRT X918, REDOHEIZLY 2 o7 L— M
RSN EBRETOER Y ORI FITECNEL D0
Thbd. A aDHFANLBET DL, BHRKEF21X 6 72
FINTERYBBEIND. Z0LE, § FROLIIC
#zansd.

6=d-tana (12)

ZORER, TV IVEBIITICRS T 2 0T HDRE eorror
I,

d-tana
Eerror = I 13)
LLTHRHEINS.

3. 2 BEAEISIRITHE~DIEK

B TR 7=k 91 2 2OF L — FORIZH d 23
L&, BBMTRRICOTHRRIHBENELD. Lienio
T, 22007 L— MIFEML, BE d 230 & 75 2 &4
FLVW. £IT, Fig 3BLX U Fig. 4 ITR”TELOICCHE

Rotating plate

Digital camera

- i Sy

Strain visualization
device

Attachment

(b) around x axis

(a) around y axis

Fig. 11 Installation direction of SVD

EHWT 2007 b — hEaZNENHI 22T 5 F M
BMoDE 2L, FITHEMBEIZND LI TN,
L2, AFES R 10 FRREMR T DI RKEm a2 —T
4T LTNEZ L, BTEFEERL TWD Y 1 AOREIKIC
EHRNHDZE, BEORMOMESNEELT, B d &
0ICTHILITTEARV. ZROLDORESE 4 FIZTHRIEYT

5.
4. REAEICRT V0T HELFEE ORI
4. 1 HEBREE

BRI % Fig. 10 177, RBREEEIL, H A THfHEE
CEEE T L— b DR SN D, A TRAHE R, WRE
REOWREBEHERETELLI 274 FREL, BT
L— M, EHOBREY IR CAEZRRN OGS L.
Fio, yHIEI D ICIREAEEZEZ 25E81E, Fig. 11 (@)Ix
T LI, xWE Y ITHRE A E A 2 D8E 1L Fig. 11 (b)I
AT LS, EHET L— MZOPRAET A R 2 3%
L.

4. 2 HEAZE

HERIX, BEET L— b2 & dil[E] ) -50°~50°Fi A 4 10°E >
FCEESEL L TREAELZAETL, SAKECHG L
Wi - 7 U X OVIEHBRENT & it L 72, 2 OFBRE 10 [E4E D
WL, TIUHNNAATITERS L REAEONIHT 5%
ABEOOTAHRBEHEROELERD, BEL Lz, OTHD
BHTESEN e 75 A D [ZTEML, 10 HoF—#
DI HRREFNDOEEZANEL LTHEY O 8 ROFHHE
2R T AREE AT, TR BRI 16.5 om, 1R EE 1920%1440,
NS mm & L, 7T v a L TIRE L.



=] +
= i Right
‘:,:) Down * ¢
- 50
L T
= e
3 = g
2@ 0 1
S =
— 1
Gy — — s B |
2 Left Right
<} -50
5 -50° 50°
I 40"/ , 40
2 207" o' 20
=

50 40 30 20 -10 0 10 20 30 40 50
Shooting Angle (° )

*Error bar: Standard deviation

(a) Shooting angle around y axis
and strain calculation accuracy

=] Up
. — 0 T w
g Len [ g P g | Righ
[z Do
= 50 -
|23
2
<
=
8 ~ I T T
=@ 9 I s e . Y —a— 7 1
S = —— T ] <
S =
o
o Down Up
5
-50
5 -50° 50°
o “07// 40°
= 20" g' 20
100

50 <40 30 <20 <10 0 10 20 30 40 50
Shooting Angle (° )

*Error bar: Standard deviation

(b) Shooting angle around x axis
and strain calculation accuracy

Fig. 12 The relationship between the shooting angle and strain measurement accuracy
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