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*Corresponding author ABSTRACT
The OpenCV-based length measurement algorithm is anticipated to be effective for length measurement
inspection tasks, providing objective inspection outcomes. Nonetheless, there is a notable gap in
research regarding the influence of various checkerboard types and capturing conditions on the
algorithm’s accuracy in real-world construction settings. Consequently, this study proposes a
methodology employing an OpenCV-based length measurement algorithm and checkerboard for
digital construction inspection tasks. The findings suggest that using a checkerboard with square sizes
of A4 or larger, and 50mm or larger, is optimal for capturing distances and angles within 4m and 90°
respectively, when deploying the algorithm. These insights are anticipated to provide practical

guidelines for professionals conducting digital-based length measurement inspections
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A, AIARES] 37|, A|AEE 2] square size, 0|1 X &G A, o]n|z] &

ZZW<l0] OpenCV 7|4t Pol 54 Le]Zo v A JFL TSI AFS 1Y
A, ABL Bl 573 HlolEl S B skl b Sl 22PagIel ofs) BASHE OpenCV 718t Zo|2 L)z
7 Aao] oAPASIE Aot S LU B PolZH PSUT 40 A HSHE B Slat To| =l A

| Literature review |

OpenCV-based length Prior research
measurement algorithm review

—{ Experiment Configuration }

‘ Checkerboard size ‘ ‘ Checkerboard square size ‘

Camera calibration

‘ Capturing angle ‘ ‘ Capturing distance ‘
[ |

‘ Analysis and Discussion |

‘ Comparing and calculating the differences ‘

‘ Analysis of the margin of error by manipulative variables ‘

Suggesting the guideline for application of image-based length
measurement algorithm

Figure 1. Research methodology employed in this study
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)7 w}2}u]E)(Extrinsic parameters)2t W5 o}2H0] €] (Intrinsic parameters) & A o= IHH 02 o5 24102 B oA
A1 (1) ZtH14,15]. (XY, Z)= L& F3EA|(World coordinate system) 4+2] 3D 3722 Intrinsic camera matrix Q] A2}
L 27 A E 71t HBA 2 AR 7|= 2)F/ol 5 e E R [RIt]E 5ol 22H G735t = HetE ) o|uf, A9H[R|]
E 217 W5 whetrlg, o F wetn]g ety B2, o5 94 A 7|2t oetr]| | (Camera Parameters) 2kl R

z o skew_cf, ¢, | |11 T2T13t X X
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1 0 0 T2 ta] | 1 1
qi—r mfea| el = 2771 2] (Focal length), 57 (Principal point), B]tH Hl<=(Skew coefficient)2 T/JEtt. 272+
2 ZA3 o] A] Al A eke] A2 2 HA(Pixel) 912 =M, 2472 = 72t =0 o2, o] - A =S A%
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Bl 5 Aole. Eat, AP BE 7] 9 A BES TASR B 2719} el nhE shelet el eflolde] HSi S
HlEshs @77 A=, S GTES R steiule] BelBelol Mol G mA AARCIS 2apHeloR
AR FAE 23 Qe

E, AR A9 BAE B T, @) AE M AH) 5 A8 B Flste 24S0] A ol
ATV 3 SHL Tefste] A7 K BT oh et B 9 2o} o] )5 wietn]e] e B o] Ho]
2 HlXE AQIES Wde Rl 249 Lol 2 AT HA0] Basith. nebA] £ Aol AR ]
3} oln] 4] G A2] 9 ZwS 2AWL0 2 A Tof ufE FIES Hlwskaa} sk

3. OpenCV 7|4t Z0|ZSH L12|E Har Y A

3.1 MY e

3 A2014 OpenCV 714t ol 2 PaelZe] stz 272 Slat AP EARE ol Figure 29 2k

4‘ Experiment Configuration }—
4‘ Target length increments }7

[
4‘ Checkerboard size Square size bi
A3
(297 x 420mm) 30mm x 30mm
A4
(297 x 210mm) 50mm x 50mm
A5
‘ (148 x 210mm) ‘ ‘ 70mm x 70mm ‘
[ I
)
—‘ Capturing angle and distance }7
45° 90°
(2m /4m /6m) (2m /4m / 6m)

l

‘ Target length calculation based on two points on an image ‘

Figure 2. Experiment procedure outline of this study

2@ ) BEhe] ol A 300mm e 27 6,000mm Hele] o1& BT thopslA] REslnE o] 2 X
Y 5 =S FEDFHAN DA AAVIET BEAPAE Fastel B2e] F4 BH(G00mm), B o]
=z

(600mm), A2 AA] 2 A vi2] 7H4(1,000mm), BIA7 159 7HA(1,850mm), FHFE] 7 AEA 3] Eo] 7]
(3,500mm) &~ Z0](6,000mm) =S Zo|=H thito g A4t
A|F H E 9] 3 7](Checkerboard size)= YR 0 2 Z&o] -golgt 21 A3(420x297mm), A4(297%210mm), A5(210x
148mm) 2 A5 1, AR ES FASH= ZF2) 30x30mm, 50x50mm, 70x70mm =71 2] AF2+(Square)©] ZF 29 &
2]ofl h glo] &8 7hset A o - & = A HE v F(Checkerboard type)2 A 5t3Irh A3 ol AREH A|AEE9]
T2t A 742 o Table 13+ Z .
olu]z] Wjo] Ao|5A tide] o] 27| FAIErE W5 meld 4= 21l Aol54E& 918 & & H(Point) ] 2|78
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o] -go|st7] wizof & A<

A2 2 A5t %Oﬂﬂﬂ 2meA= 54

6,000mm) =7 tiA} Z

& 7Hs?t dol5A

A1 912191 g EF(90°) 578 T B A H FH
ESA

7] e B2

—{n
.I

Table 1. Typology of checkerboard used

=1 £ oju]|A] Q] gtof 7Fa3t 7 AA BRF 4= =

o/ 2 1,850mm, EFA 2] 4mofl A= 2t 3,500mm, 6mefl A= R X
o] 5 23t 4= Q17] W20l 2m, 4m, 6mE A 57421%*2136} At 2 Ao gt g A=
=7 -2 o Table 29+ 2Tt # 2t o] 739 o]m|7] 4*2}0}04 =29 %‘ 4 =7 o
0 o] g5 = =1 ﬁ‘ﬁzi Stof 4= =

| 2t 4T F9(90°) A H7gs1A] edsk

Paper Size . Checkerboard type .
Checkerboard name (Checkerboard size) Square size (Patterns of square) Checkerboard image

148x210mm

A5.30 (120x180mm) 30x30mm 6x4 ::::a
297x210mm

A4 30 (270%180mm) 30x30mm 9%6 %
297x210mm

A4 50 (250%200mm) 50x50mm 5x4 a:::
420x297mm

A3_30 (390x270mm) 30x30mm 13x9 %
420x297mm

o e o ) ﬁ
420%297mm

A3_70 (350%280mm) 70x70mm 5x4 a:ﬂ

Table 2. Incremental distances for specified capturing ranges

Capturing distance

Distance increments

2m 300mm 600mm 1,000mm 1,850mm
4m 300mm 600mm 1,000mm 1,850mm
9m 300mm 600mm 1,000mm 1,850mm

3,500mm -

3,500mm 6,000mm
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A AR Seasl ek, A @olAC) 714 28 A] 2 Au|o] 715 5. Tefelo] 8 b Appleito] 2
BhEE<] iPhone 120] U 7loleke AF8515it W Zhallabe 7], 238712] 271 shzie] Flulele sl gher of
% 37t syzije] Flelelete Abgsto] Bgslolry. 219 7] 9 2w ol Figure 3, 49} o] A5l B+ uiehelo] n}sio]
A 91 BASHAE B 47 0] B9 ARKEE st ofSajlol o] Y )5S Basle] 2wt 1ol A4l of
Jotoit. 29 Ale] ol E5} e me 451517] Slet] AZITS ARgslel AR 4

o
=)
5 Do
5&
S
k)
o_>|:

T2 Z% Yot g x4
o|=74 7R 34| ARE Fojsle] Zo|=7g daE|E.0 2 ARluttt ZHt Ao|ES A4S sttt dolSA darelES

127
Juko & Abel 24 Ak o] 4] Lol 7120 & o] Aol ARtsla, 7488 APgsiel 24 Hetws BAsigt

N

Figure 3. Onsite data capture at 4m, 90° angle Figure 4. Onsite data capture at 2m, 90° angle
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A A T EEEglon] o5 o

o 27, AFHE 2AUR ZAY BE Zo|53 oxjol thel Wit ©AHE-2 AXIBHET o) ol Figure 591 2
HE F7]of 2 QAE] WIS S157] 915 AS_30, Ad 30, A3 30 AAREE AL ol 5 ATE v
ofel Figure 67} Lol 8 257} o000 Aol 074801 25 104 oIston, 20] UBP AT Y kol
. Figure 724 0] 849 227} 45°9) Aol AE 89 A7} 6me) A8 Aok 2A180] B 1% el gt o]
1 298 2} 450 AR APELE T} 28 .3 0| Bk AR B0, 2l ARl ol
= AARE 5710 B2 0429 BAE F715He PP 1k
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o‘l!—VlJlm

o2
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m
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].
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i

rulo

20% 1 18.81%

15% o

10% -

Error rate

5% -

I - | B | | Bl | BN |
IM@90° | Am@90°  6m@90° | Im@45°  Am@45°  6m@45”

mA5 30mm  0.74% 0.60% 0.98% 0.91% 1.24% 18.81%
mA4 30mm | 0.95% 0.47% 0.67% 0.74% 1.07% 6.50%
A3_30mm | 0.88% 0.95% 0.76% 0.73% 0.87% 3.35%
mA4 50mm 0.84% 0.65% 1.12% 0.84% 0.97% 1.42%
A3_50mm  1.10% 1.02% 0.92% 0.95% 0.95% 0.83%
A3_70mm  1.01% 0.83% 1.01% 0.56% 0.61% 0.76%

HAS5_30mm mA4_30mm mA3_30mm mA4_50mm A3 _50mm mA3_70mm

Figure 5. Error rates across various checkerboard sizes
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4.00% 20.00% 18.81%
® 3.00% ® 15.00%
g s
g 2.00% 5 10.00%
o
£ 0.95% 0.95% 0.98% s 6.50%4
1.00% = 5.00% % 3.35%
1.24%
o | AT HMmw  Em N S—_ ] 1
2m@90 Am@90 6m@90 2m@45 Am@45 6m@45
mA3 30mm 0.88% 0.95% 0.76% mA3_30mm 0.73% 0.87% 3.35%
A4 _30mm 0.95% 0.47% 0.67% M A4_30mm 0.74% 1.07% 6.50%
A5_30mm 0.74% 0.60% 0.98% A5_30mm 0.91% 1.24% 18.81%
EMA3 30mm ®A4 30mm ®A5 30mm WA3 30mm MA4 30mm A5_30mm
Figure 6. Error rates by checkerboard size at a 90° angle Figure 7. Error rates by checkerboard size at a 45° angle

Square size Zto]of] THE @ 2&-0] H3h= o] Figure 8, 95 &l &1 4= AUt} A3_30, A3_50, A3_70 A|AREE A
83 795 H| Wl L, Figure 837 Zo] G Aw7190°)1 78-F, @ake0] BT 1% WL A.om e afao] Aot A<
H o] 7] FSktY. Figure 99F o] # 2157145001 7¢I 2 A7FemQl 202 A 95kl @akgo] B 1% W elo] &
TS BTk e, # ATt 4500110 ZF A=)7Femel 7390l FFliAl= Square size7t 25 @ARE0] S7oh=
AP Bt T3t 5 AT 8ol A Square size7| 30x30mm ©]5121 A5 30, A4 30, A3_30°f thal|A] AAREE Z7]9]
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Table 3. Average discrepancy between actual and measured lengths using A4_50

300mm(mm) 600mm(mm) 1,000mm(mm) 1,850mm(mm) 3,500mm(mm) 6,000mm(mm)
2m@90° 1.6 1.4 10.3 28.8 - -
4m@90° 1.9 1.1 4.1 10.9 51.1 -
6m@90° 4.6 6.2 6.8 8.2 40.2 110.7
2m@45° 0.9 3.6 7.9 31.2 - -
4m@45° 1.9 5.6 8.5 17.8 52.5 -
6m@45° 7.9 9.0 132 5.4 36.1 106.9

Table 4. Margin of error for target length increments using A4_50

300mm 600mm 1,000mm 1,850mm 3,500mm 6,000mm
2m@90° 0.54% 0.24% 1.03% 1.55% - -
4m@90° 0.62% 0.19% 0.41% 0.59% 1.46% -
6m@90° 1.54% 1.03% 0.68% 0.44% 1.15% 1.85%
2m@A45° 0.30% 0.59% 0.79% 1.69% - -
4m@A45° 0.63% 0.93% 0.85% 0.96% 1.50% -
6m@A45° 2.62% 1.50% 1.32% 0.29% 1.03% 1.78%
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