#33% M7
2017 4 44

Ak TR 2 R

Transactions of the Chinese Society of Agricultural Engineering

Vol.33 No.7
Apr. 2017 171

ET 3D H R AR ARM R faE =X 21
oL R A% RS

(1 ZRAEMAE A5 RS TH RN LR B, BG/RVE 150040; 2. ARAbAVRS TR B, FA/RTE 150010)

OB KBRS T AR 4> e m AR M R I E R —, SR TR T 3D BOGHH s =53
IR BB IR I S AL VR . 128, AT Artec 3D Scanner FH AR MG 3R 3D M 28098, 7EXT 3D M 2B AT
WAbH S, IR SR Z AARE GREEED 5 BEE RS R KNSR R B A = B 5 o s Hk, R
FHIR A ST 48 R B0 IR A5 B A BB sl AT 4328, 3 FLW S AN B B A6 FOR ) B B AT 4 s deed» PO R AR AR
HAANBEAE BT A R IMRAARAN . RIS FR W, 125 10T DL LGSR T ) 2 AR 2 T LT 5 110 s 0 3 AR AR, A
WARZEAE 5%, DIERE R R, Al JE SRR, 4 R & BLE M e Bt Ak . bAh, 15 id K Artec Scanner {X
WFRBARBUN ChRUERTRE R 0.85 kg, [ 261 mmx158 mmx=64 mm), ‘& F1ZE 10 A FU K ) LA ZH R AT 47 2 (R A b e ja o
BRIRS. SRS, TN HTMAS . AR A KK B D5 TR I0 5E

KGR RFWE; 28 RRNE; BB, BBER

doi: 10.11975/j.issn.1002-6819.2017.07.022

hESES: TP391.4; TP242.6 XHERFRERD: A

WS, 8 5, BRrBE BT 30 HEEAMAMRIEEELSNI]. R TIEZFR, 2017, 33(7): 171—176.  doi:
10.11975/j.issn.1002-6819.2017.07.022 http://www.tcsae.org

Zhao Peng, Zhao Yun, Chen Guangsheng. Quantitative analysis of wood defect based on 3D scanning technique[J]. Transactions
of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2017, 33(7): 171—176. (in Chinese with English

XEHS: 1002-6819(2017)-07-0171-06

abstract) doi: 10.11975/5.issn.1002-6819.2017.07.022

0 3l

AMIERK WG, wREBOC, TVEREY)
AR e B £ Rt B AR i 32 B 5, PR
A RN T80, DRI T i bR A X AR sl o 2k
ARSI e Ay [ A AR WE ST B R — o RPARRE i
BEREAT RGN T AT R MR B S TE, e METiAZ AL
KN TE, A SO AR RGP
IR R BB KRR A T AR 2 B 2, AR
WAL IN A AR ) R 22 5 R RSk i, S
ANBEI AL ARA AL 0 v e B R R 0 R e 21
L IR, et (i B S ARSI B TT 46 N A4 n T
AU, PRI R B B IR 7 i B T A% i ek
WOCHHIE il ok, Fagl K, WokE
FEEMD G 23 Wi T AR 2R (R e e der I, 1T A%
FCYRTIAN P 2 50 T AR B SR B AR R TN o

FEARF M ARk BRI rh, e #ridk 32 B
SRRV BRFE PFRE RS 7, AR IR A A
oo REHRFSTBVERE i N Z EQIERYENKIVFZ2INEYSY

i3

WA E I 2016-08-29  f&iTH: 2017-04-07

BETH: ExARBIEEEET R H BB (31670717); HRITA AAR
IEATH L IUH B (C2016011): O #OB 2200 75 A A& 1B )
(NCET-12-0809).

fEE A B WS, 9 (U, BORITARIRTA, #ud%, Lk, W
T, TS A AR A R BSCPIRD eI, S RROLAE B TR
HARNAE B LR RS SIS MR AR BRI K 2445 2Bt 150040,
Email: bit zhao@aliyun.com

http://www.tcsae.org

AT ARM R AL RS L I A5 T (R, AR R
L HEAT [T RSB 14 3 0 BT 1 SR AR AT SCRIRRE
PR, AR SRR T — Bl B # LRI B 2 i B (4] 4
FLID BEAT RE SR (55 SRR AR R I BEAT 3D
JeI, 1 3D Rl BEHEAT SRR AN G 2SS, R
B 75 ACE SR B A ey R TR AT AR R, IR f S B
b H A 2 T U B SR BB R

1 AKR#FERFEAY 3D FA3EFOALIE

1.1 3D #3##%

3D FIEAR UL AR A OS5 77 00 32, R B
A I R S A DR A, RESRIA R K L
B, SHYIAR 3D EEE R ARSI, AT
il Artec 3D Scanner F-REEMHARI (Z WK 1D SRIA 7&
M 3D S HHE, e e R B EOR E I -

/.
Jui
n

B 1 Artec 3D Scanner F-H ARz H44L
Fig.l Portable grating Artec 3D Scanner

S BRI R = RV A B AL, L 2R H
PR et BE1S 2 H AR AR I = 2E5 2, [RIIEXS



172 RNy TFEZ (http://www.tcsae.org)

2017 4F

WIR RSN FI R I SO BEAT R . i HAE R RTA
T BT T 8 SR AT b e F R ER R e A, 3D F14
SHERIEH] 0.5 mm, RIS AT NORAT, R A
T, R AEIR AR S
1.2 HuEskiE

AR A FHAL AR LA I3 R 4R Artec Studio 9 B2H
FEAC BRI RIE RS IR R T, AR EHEARA
Fif L AR XOY SFIHASHE, KA R Ak R obj K
A, T RS Ab B

IEAh, 181 Geomagic Studio 2013 25X Artec Studio 9
A obj S, IR obj SCPF A i I s A AR A VE T
HU) txt #4520 SCPF . F# ] Cyclone oAb BEFE F4r Hi HY
B ER txt SO SRS = AR T BN, %R
FABKR XL Y. ZAEH, R. G. B, 7FJEREHE SR
FEAERAPERVERT, ) DL WO 5 Ah B 5 5 2 B R A K
FEE. B 2 ARG F RO R S T 5,
M Artec Studio 9 BHXFIHEEHE, FHAIH Cyclone #4443
T R o

B 2 Cyclone *Att& @ a9 &+
Fig.2 View of wood surface by Cyclone

1.3 HREESHZE

KR AL e 48 2R 0 10 ol b iR A T X 3 ), 56t
Ol fUAARR Z {5 B HEAT ) I FRTEE OR B 1) s g%
HEAEAN B B AL AT R 0 b5, A A ) — S T AL
A S B A 1) AR AT R, LR AR
Kl 3 iR

i 1 i = Bt
A B i

B A I 2 BRI

it 73 e 2

AU AT L
AS
(=]
D% BT AR SR R
current_id

i 3 ) A A

i i g
bR T I
SK B R

K B R R AR o B E
current id
L 7
B3 skfapReyERAER
Fig.3 Flow graph of defect classification

Fe R[] — A SR BE AR TR AR AL ) — 75 e, IO
[F PR S AN G B AR BEAT B €8, A [R]— AR AL A (1)
S B AL P ] — R AT BRI, J7 fE Cyclone # ik
17 B R PR 5 Bah B AR (V€ 5. 1] 4 eon 10y
FEJr AN TR R B AR PR AN R

B 4 Cyclone 3k B & 25 69 KA FUIR) B P4 52 49
Fig.4 View of wood cavity defects by Cyclone

2 AMBBEEITE

KR S b AR AR R A, 5 2
BB AR B RG S Ik e 1 AR, AR S AR 4
B 1 AMERFAAR /N = fTin i T, S Fros. SRR
SR A P A TRV 1, AT DAAS R 3 ANAH AR 2
AR 1 A=A, HR RSB O 6 S = A THI TR T
R BRI F IE /NI 6a fivs. b TR
— S O, PUEA A. B C. Do E. F6 AN 5 Lk
F1 25 O HI4K

A5 Attk@Les RGB. B4 e 20R A
Fig.5 View graph of wood surface without RGB and reflection
information

A/

a 45— BRI R R 1
A S

b. AL P S R

INTTT INENIATE

2
a. Six triangles abstracted

b. Small purple regular
by a defect point

hexagon by graph

KI’KO’
N J/F

D

A\

7 AN

v T

c. BRFE OB INRIF IE /N L
c. Regular prism formed by defect point O

Be6 MATitAEik@RfRREReE

Fig.6 Integration method used for area and volume computations



%7

A M8AE: AT 3D BRI B E A o 173

KT R MBI ) $E 77 20, X B4 B 8 B 04 OB,
OC. OD. OE. OF A HV- 734, PWNAZ T 5 Py O+ R,
S. N. T, #%5 PO. OR. RS. SN. NT. TP /NNl
&, Wil 6b fis. BBest O M BAKRE AR —A
BB A IS AR Z T K] 6b H B /N NI B HERf -
[FIRER, 50RO F G — AT 55 A+ By C. D- E.
FH#SRTEE S 20O 7 20— S 2N g .

AL (D) Bk S IR RIE NIRRT A (&
6b HUERE/NENIUTE TR S ) » o L y/MENILTE
SPAT R EE B ISP AME,  ESEBRE MHTER AL O AL
Rl i A~F SRS L RSP8I . IXFE, R ERFEI R IR S
R npad e S oy sk, Al (2) .

R AR ()7 SRR, T 408 5 O kBl —
AR AT AR T, §5kJiE S B R A
HOTERRL, HOEE 6b Hr s O KA i A~F #BK
JE AR SAE XOY I EHGY S T O TR IE
ARSI S A~F BRI IE SRS AR AT
a5, AE 2 MEABEAEZ A BB, AR
HAABERE (B 6c) o IEANEAIET V o 2
X B P, HrIENBAER & A ot i b f = gE Ak
PR Z AR LENE . 25 SR BE AL AR AR ik 2
TGk, a4 o EANXT, LR i AN IERNIL
FERIPAT WA BE B HP P (mm) 5 n SR IE/NUERR
B oz B TN IENEAER A

S)ﬁ,ﬁ,:ﬁ.[} (1)
2
T 2
Vﬂff\&& = SPQRSNT “h (3)
Ve =Z<§Lf-z,-> 4
i=1

38 REERSHH
3.1 ¥pEikie

WRBG H, REHCT OK AA Z H AL I S5 111 2R e
BATI AR, Z UK 7.

7 KPRARM A

Fig.7 Processed wood specimen

5%, i Artec 3D Scanner 133 {XGREUAS K 1fil 3D
BB, HEd RS EAS S AR AR AR

RIMAEE R, Bl Visual C++2005 [r4H] & HESL
SR T A B, AR TSR 45 R W 8 P

A8 Adkfasbegikin. R@AR. A7 bd

Fig.8 Output of every defect’s volume, area and coordinates

3.2 HRHLAI

N T AN A ST VAR SRS B, X LIS AT
T RS FE R (AR G o 3 ECR 1 I i B PR B HE A
SEARKE, A RS AR TR L, BN S RS /N I [
FEIEALIE GRS A LLE VR 2 brdE B ATk, HER D R
4~20mm, RE H N 1~7mm) . {FHAS I E34T4
TR R RG-S, AR5 bR HE 1 (5 A4 1 ALRD A4 AR
AR R A RUATZOM b SR H A S5 v gl
R, HARGE RS ILR 1R 2, wLLEH, ARSI
SR 5 Bt AU T LA P32 5 8 00 328 347 AR o S DR Ay
R ZEFHRUET Artec 3D Scanner FX TR ZE, 1%
A3 BRI TR RIS S A3 S B2
AR LI, =R iR 22 38K, AT e 4211
M LG A (HMIBAEREESE 3 mm BAPY, SRS
B, MIRHRZEREBS S HIAE 5% LA .

F 1 BEERFLRERNEREXIRE

Table 1 Relative error of volume measurement for cylinder cavity
%
RKIE H 1% Diameter D/mm

Depth H/mm 4 6 8 10 13 16 19

1.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

1.5 32 32 32 32 32 3.2 32

2.0 3.5 3.5 3.5 35 3.5 34 3.5

2.5 39 39 39 39 4.0 3.8 3.8

3.0 4.8 5.0 4.8 4.8 4.8 4.9 5.0

%2 EHERILRAFRERNENENIRE
Table 2 Relative error of area measurement for cylinder cavity
%

VR Fi1% Diameter D/mm

Depth H/mm 4 6 8 10 13 16 19
1.0 2.7 2.9 2.7 2.7 2.7 2.7 2.7
15 29 2.9 2.9 29 29 28 29
2.0 33 35 33 33 33 33 33
25 3.8 3.8 3.8 3.8 3.7 3.7 3.7
3.0 45 45 47 48 4.8 49 4.8
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Quantitative analysis of wood defect based on 3D scanning technique

Zhao Peng!, Zhao Yun?, Chen Guangsheng®
(1. College of Information and Computer Engineering, Northeast Forestry University, Harbin, 150040, China;
2. College of Engineering, Northeast Agricultural University, Harbin, 150010, China)

Abstract: Wood quality detection is a key issue in the wood manufacture factory or wood trade process. It consists of wood
species recognition, wood physical parameter (such as density, hardness, water ratio, degree of surface roughness) prediction
and wood defect detection, which are intimately connected with the efficient wood utilizations and wood prices. In the wood
defect detection, the internal and external defects were inspected and processed with different schemes. It was an important
way for effective wood grading and wood utilization to make the wood defect detection. In this paper, a detection and
quantification scheme of wood defect was proposed based on three-dimensional (3D) laser scanning point cloud. This scheme
could be used in the wood external defect detection such as cavity or tunnel. First, the Artec 3D Scanner was used to scan the
wood surface to get the 3D point cloud. After preprocessing, the Z-axis coordinate value of current point was compared with
the set threshold to judge whether it was a defect point. Second, a deep preferred search algorithm was used to classify the
retained defect points marked with different colors. After this step, the segmented defects could be viewed with the Artec
Cyclone software. Last, the integration algorithm was used to calculate the surface area and volume of every defect. In this step,
every defect point was extended into a regular hexagon and a prism for the subsequent area and volume calculation by using
the standard mathematical equations. The overall area or volume of every defect was computed by summarizing every defect
point’s area or volume. One detection system was realized with Visual C++ programming tool, the Artec 3D Scanner and a
laptop. The simulation experimental results indicated that our scheme could accurately measure the surface areas and volumes
of cavity or tunnel on wood surface with measurement error of 5%, if the defect’s depth was less than 3 mm. This scheme
could give the quantitative proofs for the subsequent wood grading and wood price. In fact, every 3D data point’s format was
X, Y, Z, R, G, B, S), in which the R, G, B and S represented the red, green, blue and reflection information, respectively.
Therefore, we could use the R, G and B information to perform the color classification for the wood surface by use of color
moments or fuzzy classification algorithms. However, the wood defect points should be deleted in color classification in order
to overcome the disturbance from wood surface’s defect points. Fortunately, the deletion of defect points could be easily
performed by use of our scheme, which was the advantage of our scheme compared to other wood parameter detection
methods. Moreover, the used Artec Scanner was portable with small mass and volume (i.e. with a standard mass of 0.85 kg, a
3D scanning resolution of 0.5 mm, a size of 261 mmx158 mmx64 mm, and multiple data storage formats), so it could form a
portable wood defect detection system with a laptop. In the future, with the development of 3D scanning instrumentation, the
used 3D scanner can become more accurate with cheaper price, so our scheme may be conveniently used in wood manufacture
factory or wood trade.

Keywords: optical testing; scanning; volume measurement; defect detection; defect quantification
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