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Wood CT Detection System Based on Fast Algorithm of Inverse
Projection Coordinate
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Abstract: Nondestructive detection for wood is more difficult than that for other materials because of
characteristics of wood itself. According to the characteristics like complex internal structure and wide
density differences among different tree species, a fast algorithm of inverse projection coordinates was
proposed. A wood nondestructive detection and CT imaging system can be structured on the basis of this
algorithm. This system consists of an X-ray emitter, an offset plate detector, a rotating carrier platform, a
data acquisition and imaging software. Setting glued laminated timber and small logs as test objects, the
feasibility of the algorithm was verified. Firstly, the projection data were collected and corrected, then
the projection coordinates can be calculated according to the distance from the source to the center of
rotation, and the filtering function was set up and used to calculate the convolution operation with
projection data. The wood faultage image was reestablished at last. The result shows that this algorithm
can shorten the image reconstruction time of CT system to less than 1 s. Its image resolution can reach
0. 052 mm’, and it can also show the internal defects such as holes and cracks, and structural features
like wood knots, rings, changes between early wood and late wood, which verify the validity of the
algorithm applied to wood nondestructive testing and CT imaging system. This system provides a effective
method for wood nondestructive detection.
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Fig. 1 Imaging principle of parallel beam

WPy (A LA E 1 40 0E A BE e o AE B — e A
@ T AT SR A% —E P K A A%, P8
RO m(0 <m<1280),m 9 HEAL B R AT
BB E . S e HM N (0 <as1°), HHL
VR SE w0 Wy IR e e 360°m , JE A 51| 360/a 415 R
B, B AR IR e om A BOR A

AT R BEAT B BUR SR T AR o A 0
[ ARAR I B K 5 8 U R R AT 8 Blis B 3RS
A5 TERE F N 8 FRECR s B P LA e 2 £ AN [
17 B | BRIV e R HG Rt B A2 SF 3 73 TE 31 4 — G O
b e T CT (E, & 1 —1k .
TR JBE e A PR OCA 280 5 X 3R A 4k B B A 31 B4
A E B R . BeE Rk Tl Radon #5252
P

eSS W N R 7/ KN T Al T AR S G Y T
BTEIR S TENERE 1 o TR — AR IRAR L IS 4R
xR RO f(x, y) MPIRETZ, 3 4OR
'8 AE V)

P(xyy) = [y dedy = ~In(1,/1,) (1)

Aorf L ——x PR A
1, —— RS 0 25 0 A5 1) x S5 4 oo

(D)5, B8 MH P(x,y) M RE S (x,y)
FE W J2 T AR R A, A AGEAE P (L y) , BD
AR 2 IR S (x,y) B GRS

FESTERUR S 5 X5 A6 W 25 Bl S ) 1A e 5 11
i R x SRR P(x,y) 5 x JF& A K
UMK, 7EE T gy R— @ bR R, H TR x
SPERRPEAR LAE v —y AR RPN E ;4 R AR
DE] x BRI LI B y iR AN o,
WIEgAE L AT H 26 2 R = xcosp — ysing KR, &
S(t) BT 7, W f(x, y)8(1) R —FEAZHY
LU AR B, e — EHE 1 o AR D $ R T R




%3 1

BWWIR S BT B A AR P S R CT A I R A 5T 337

P,(R,p) = ﬂf(x,y)(xcosgp +ysing — R) dxdy
(2)
XL, P,(R,@) 25 R AKX REL,ICH P(R);
R TH B 1 2% R B RN, TR U pR R R () X AR
P,(R,o) TR IS5, FTUE B R B S R 5 5
A, 25 B 7 A% 2R BEER o, i ER 5 S2  H
L5 X AP ISP AT A P, (R, ) 5 h(0) AT IE
LR
0.(R,p) =P(R) * h(R) = jp(z)h(R-t)dt (3)
XN i % 1 o B9 R AT KR A
B.(x.y) = [Q.(R.¢)8(1-R)AR" (4)
¥ o M\ 0°ARfL 2] 180° 1% It A #H N fz % 5 {E AH
i, AT AS E W T PN A A R R O

) = [ B de =

ﬂP@(R’,gp)h(t—R’)dR'dgo (5)

3 (5) B R A7 R S 385 MG i
2 CT &2%HE

FET X GFZR AR M LA CT BUR R G834
RN 2 F s o B8 AR 40 H A A XS 2k B
A ZRE A IR T ARSI £ 2 S L R R e A B
AT AL SE G B 5 BCE 30 20 £ 465 B9 SR 4 R G F0 ]
BEERS,

K2 CT RGN E
Fig.2 System configuration of CT
Ltk 2. BB A 3. X SRk ahdy 4. 3HAHL 5.
a6 RMUFHRENS 7. WZEER

2.1 REERMBNE

WA OB T 0 CT R 1 28 G 25 My, o 6 3
B 78 2 7 A 7 B T SR A X T R R A S
WG BE H W . % 1% IXS160, T4 1 JE
200V, fk i 7SR R T S00 W, LR AE T AR JE
10 ~ 160 kV 3£ Al ¥ FAJE 22 /N T 1% , T4 i
0~3.12 mA LTI, BRIk %N T 2% . X 52k
BB AU 0. 05 mm , 28R KA 80°. il

e Al= ok DS — LINX V3, 10 #t XDAS — DH Al &
AR R HEAR .2 Bk XDAS — SP B H 7 {5 5 4k AR
A1 P XDAS — USB 4 fa Hi 5 B 4 Bl 5 9 78 R
— A DR AN — 2 A R A K T D R e
LG T s R g AR T — R
e, B LA 5 ORI B e L B AR 5 o IR
R BE 512 mm, 2R ZE BEHES 1280 & 0T 15T R
55 0.4 mm x 0.4 mm, &2 4% 3 0] 3% 30 Wi/s,
SR U N R 2 5 a6 A e L XS R A S R R A
025 1 5 Ak 5[] — 7K SF-Ti
2.2 BYMESEN

Ko 29 & 25 A A B 2 BT, B eSS B L R ST
i O AT S AL o A G AR A% 23 0l 2
BT R G W, R B A ACE AR 650 mm, Hrpg
AL T 5 4 i A R FIARG 0  vh O Y R LR B B AR
566 mm, FEAG I & 391 mm, AR, WA I A 48
T LA e v g G AR D 146 mm () 451 455 ]
Wo B b ks S HLEK 3l , 52 BLAR & T e FURS 1
FEAE, WE RS — JE B 240 s K0 5 52 s 2 IOBUHE 15
SIE AT ALEAT A B, T R
2.3 HIERERS

Bl R ERGBRAE R WK 3 R, X &k
SF e RURS 0 5 30 1k RS232 4 0 5t R AL E, H
AT R E B S SRR R TR
T I 25 2 SRR FR G B ) R A B e R S S
S B E A Sh IR AF o A A T AR I 2 1 %
< Air_Scan. xlsx f1 Wood_Scan. xlsx, 43 5l 77 fif 5 £k
TR ) SR 2R 5 B I, RV G o A 0 ) AR S
fR 5 B 1, -, 300 BOCRATfif 3 600 17,1280 F1 %4l , I

EE)

a0 W Pvec [T P[5

(b) 1 28 AT

B3 Bdi R ARG S

Fig.3  Operation interface of data acquisition system



338 & A Bl B ¥ i

2016 4

B
2.4 ZEHA®KIT

A SCHT Visual Studio 2010 MFC (414 , IF
SR IR DIY F DN T
A 4 F

[@xar azrarsanszunenie presess———)

XRAY_1 88 b K i A% 42 b A R AL

------

B4 CT R2& AW H A E

Fig.4 Man-machine interface of CT system

LSS H 5 T Hy 2 B DXL X 42 il DR
BN XAN . SBBCE X TR 2 IR R
TR R AL ARSI 35 AR 23 I ) A7 58 R A 0 e A 2
K AT UL, [R) I 455 {05 L 8 0 0B % 90 9 R
$ 40 Butterworth J§ % pR 802 $UH 8L 5 W 01X 52 1
M XA R S e O R R TR SRS i AR
) DX $ B T ) S T A 0 g A 1A 8 AR 45, S
R BRI R A 5 2 JRRCHE , %R B O B0 R AT B I
DBV AR B B, AR R X 58 B 2 1l i1 1B )2
SN SR LRI YRt aA SR TP S Y SRS
T e I BT = AR

3 RERLRREBEEZ

AR SC AR i IV TR A A b e R g v, R
FBCHRAB IE 352 AL bR T3 U U008 R R 3 5%
1% 4 MR
3.1 HEEBE

P BUAT 0 R B 2 0 AT R, B TR R T
AN CT # A RE B0 T R E 2, I e
IR S 0 TV SR fh g AT RS T AT AR . ke
TR | PR R 2 2B B R TR AR, 5 0 T e
WS 6 0F , BI i B4 1 1 25 B OF IR 1R & AL G
a1 R I R A 39 25 5 R I {4515 T
X5 £ 30 A ) A — K, 3 T o [ A A M 7
Sy REIE R AR 2 A, R FEAH AR 15 22 A5 4% 5 (A i T
PR AR B RS R, TR A
ST e TR XS 2 A4 X G I B A I D B S g
B R AR 15 52 A o A A5 ) R 0T V0 0 3 6 B
TG IE IR IE A BRI, SR A 10 43 K048 o 137 51 46
IROF- #4019 07 2 L 3145 360 47 .1 280 S48 #1434 7
PERAA B T A0 B 10 B 515 T B i %

SR
3.2 HByLiREItE

HAEP CT 3% 3 R A B R 4% % & & 5
WO R o 2 2R R AR, B
B R A B J T2 RE B A& RO AT B S 4% v %
B, FEUEAT G T, 3 P A v 2 R R 35S R A A
B R A TR B A B A A o — KRR IE
R T, R e B T, 1
I YRR AT B s BUR S Ak A G, H
IR 2 R AR AR T R BRI A Bk T
Wb, A SCHE 25 B T SRS 55 A DR B, A
ARG JEIAMNE S R,

b

QLo
TITIT
ES

g
S

@200
SBBASR
[ammmmm)
~

2
2760
277H
2
2
2

BS  A g 2
Fig.5 Functional schematic of detection system
LA SHIMA 2 SRR I 3. X BT 4. ORI

JEAT P e ¥ e — A BeHe f o, T ERIR S
KBRS SA ZF BN W IR R — B R E
4 SHM AL e L B SR SA BERE Dy R, AT
AR ARG I i 18] B3 530t A 0 P T M B 4 S SR
SMWEEE . T AHOS AHLT AMAS, BIVRISR ) R
o MEmF,SA EE T OH, i3 E S84k SA a0k
1T OH W FATHR . #id E f e — 2 FAT Il
Sher o m e R AAA(S), Gz B
E GBI A . ARE X — 5L, BUY A s 7 BT
BITEWT

SFHERIE RSB R WA 6 s, T OH
ET SA LAl SA P47 3 TR R 0 F
P A NAT — 5L E RS ER SA iR, B Ol
YIS SR 1% 5 R IR AL

TE 0y EA AR R, AR 85 DD, id e e
Fol 0 i 5 PRKE IR D, D, 170 LR S (%,
Yo) RAFHIHLO IR SM 273t 0 i HFEH T DID;,
S FRAPFIER ol O BB O d =566 mm, O xi %
DD, HE Ny d' =391 mm, DD’ 5 x 4l {9 1 O
@o X T HIMXIBHNL— L E 412 SB 73t £ sl H
SDIDEETFT AR5 T B sl A RN E g
WP BERS S o BB AR .



%3 1

BWIR S BT B A AR PR A B R CT R R SR 5E

339

<
\
ES

vyl

P

S

/Di/
Dy

& 6

~

AR IE RS HOC R

Fig. 6  Parameters relationship of equidistant fan-beams

TeHe F1 0 @ i R0 B B e e o0 iR . O
RtASOA~RtAAOC 7%

ds
v d

oI TSR A &% D, D, A RCK EE y 512 mm, H
FERAMESEREHES 1280 MROT, R IC RS 0.4 mm x
0.4 mm, & K{H t, =146 mm, #4r K 640 Z54; , &
FER MR FE R LY REIZ 0.052 mm®, J# i b
WIHFLTEEH A o 7,0 f B F i KN AR —
RUBTER IR B AT 1280 x 1 280 HifER IR N

(10)

1 =scosy =

tl,l(@) tl,z(ép) t|,1280(4’)
0, = arctan Yo _], (6) : : :
Yo 7L t1280,1(§9) t1280‘2(§0) t1280,1280(§0)
450 55 x J e i £.50B Jy 0, 0 o
ez=arctan%° (7) A1) A, 0 FHEH KI5 £, ) 18
0 A TiE =1°,2°,---,360° Ak
S 054 % 5 %Lﬁﬂe%ﬁl oo NESERS 2N 7R (=]
LR H
y=0,-0, (8)
t = dsi Yo 7/ ) (12
1 RLASOA i, 2 SOA =90°, 4 0A K- J3 3 5, ] (o) = sm(arctan o i — arctan . ) (12)
s = dtany (9) MR S B8 T — R ST S (x,
BIEM B AR A7, & O fiAFE LI H SB yo) B0 BN AR AL, RIS B R AR E SR
F H,0H} 0 5% SBRIEE ,H ¢ £/, 0 E S7TE AARE ¢ (o), IFLEROR 3 R
. ( ¥ = Y1 . 1 ~Jiso Y1
sin | arctan - —arctanf) sm(arctani,—arctanf)
X =Y X1 Xy~ Xy
tw.(1°) =d
. ( ¥ =i yl) . ( Y1 = Jis0 yl)
sin | arctan ————— — arctan — .-+ sin [ arctan ———— — arctan —
X1 ~liago Xy X1 ~liago Xy
. ) (13)
sin(arctanm—arctan M) sin(arctanM—arctan M)
X360 ~ X360 X360 L X360
tw.(360°) =d
. ( Yo —Ji Y360 . Va0 —J12s0 Y360
sin arctan%—arctanf) sm(arctani,—arctan 7)
X360 ~ L12g0 X360 X360 ~ L12g0 X360
&l 6 h d\d’ﬂFﬂETﬁiETQI/}“E’JmFFT, 175 TR S RS TP, A SCEE H Butterworth I8 % bR iR
8L RER E AR AR M e = 110,20, Sine %7 BRECHY LA, 12 08 Dl A AR R LR, AT 1A

360° |1 9 $ili DX I N BT A A0 80 AR R AL, ﬁ%ﬁ
Bl SCF o LUR BRI S AE52 AR, Al AR 35 B8l S
H SR A R (L B 12 JBOAH L 14430 52 B0 15 0 5 R KK
VEBRUIBH, Rk 2 TG PR iz S AE I 9 i 5, 9E T 2
o R B R
3.3 BKNEH

U A%V RE B I E A R PR, H TR
JABUE I PR B0 H RS.SL. Butterworth %5, i i3 & %
] P &b 8 P 5 B b (0 P % 45 0 D e, X EE
Jei R B D 8 eR R T LA O BR A 5 LK

AR 5 B0 DR A 2 B, T 1Y B A it 2 o3 A
FEAR , A5 AN [ 35 0 e B2 0 F A PR . AL IR R

)

~|1=3

h(t) = (14)

2n
m /1+

jp—

27 )
Arp L— 8RS B 750
N——E % oK i L 2 048




340 & A Bl B ¥ i

2016 4

3.4 REEBE

A P B e A DB B R Y B AL TR,
HIHRAG B 5% AR e ¢, () FRAR IE B O HE UK
MR IR ST A BB o DRI, 5 3% s00 DL ) 45 72
(B PR IS 24 9 22 (8 7 153045 AR SOR ek 22
H 5Tk e ERARPR RN, 2 (r,0) I PIRETZ A
RS E WMAR, 2l B A B A I8 S BB AR
@ =0 ~2 i [l P A 20 BRI A 3% i S 355 BUfE .
RAE AT E K (13) L (14) fRACPATHR
e 2NN

1 2@ Lt
a(r.0) =5 [ [ p(@)h(D) |y rrmdide
0 —ty

(15)
A a(r,0) —m E RBEGZHUE
h(t) Butterworth — Sinc J& I FR %k
747 T N BT AT L SR A T )Z N R R
BB, A — B )5, PR 40y 0 ~ 255 S5
PR IR B o IR S B 5 30 A B AR 3R AL 19 B e 4
R AR,

4 XIIE

R e b, BB X R AT AR T AR R
120 kV B i o 0.7 mA | A i 2% B 0 i A
5000 s, it 5% 5 ¥ o 1.5°/s, i 1F BT e 5%
O, R R AR B B AL AL R AR
52 A DR 0 R R R AR R 7
LR DAN R TS

P07 A b g R 4, U8 Ta B o 4R
JECRE W JZ DD 1T R SE 80 mm x 160 mm, Hy 4 BN
20 mm (¥ A H AN [F) SO 1) A TR 7=
A SR Th FrR o g5 RR], HE R B O
W4 BRI A SRy T, B AR b SUBE AR A
J¥ I8 R s ZE A 2 HARobE SUBE T 1 — 2 AR AR AR
785 R E] 2 Besz VI AR AR RE RO, HLAR B B

Hypt—B Rk CT RGH nl ek, 4% HAe N
95 mm (/N G ARAE S $1 4 X R AP 8a R
O FH R AR Al bR B T AR BT )2 1%, ] 8D
FioR o S REH JERTF 2 H 1 U) 1 26 M ¢80T
FER R E /N AR R RO AL s 22 T T AR R — B
#2200 10 mm 575 5, A b7 B 4 AR5 SOIR 08 T B T
T 5 458 LA B E B, B S8 BB @ 22 5+
PR 5 /MR G FR 2 Hi A (AT AR M 7 D R IX 3o
P H OR300 %35 B TP T

O3 GE T IR IR 52 P 45 R L S = AT 4R o
AR RS R REUR W TR RSO B RIR RS 55
BOafE B 4R 1 s o AR T2 5 (&1 40T

(a) WA R A b ER2ER
7 S A i e AR
Fig.7 Section of glued laminated timber for

reconstructed image

(@) R RE b)) EREE
B8 JE AR ) i g E R

Fig.8 Transverse section of wood for reconstructed image

ORI DA PN TS 2 4 AR AL 5 AT, R TR 7R 13 SRAR AR
2 FRBLN T AT o RERGUK JE 48,2 mm )
JE 14.1° /NRECKJE 215 mm, 2 HE T, BIMR
UKL A B AN D B E AP AR R 25, IR E /DT
+1% AL B8 2 —5.

®1 KHEFEMEZEGHILER

Tab.1 Comparison of specimens and reconstructed image

sl E

ZH - - W2/ % W DhE
SRR 13 13 0 =] N
B &1 2 2 0 [ P
KB LK /mm 48.6  48.2 +0. 80 = ¥
NRB EE/mm 21.7 21.5 £0.92 = X
KELE/ () 14.2 14.1 £0.70 [ J
WFE 1 1 0 B X

HEAER T SRR O AR S 15,
WE SN, AR5 5 5 KOO8 N, e SME AR R O 13 5
DA B0 300 O 190, 45° O ff B2 30 i, B 2R AR S N
7% 4 g EAREE, MAURCE M E, F%EEATIHHE
o A R AR e AR M 2 RO AR R 2,
9 B

RWNE 1 SERERE/N, N 8.89 mm, FAhZ
13 SARR E AR R, 9244 mm, 350E FOK H A2,
L4 a h—DAEREEHT N1 ~5%55~9 5,
9 ~13 S5 A IE 43 5]k 39. 84 .18. 85 .24. 86 mm,



%3 1

BWIR S BT B A AR PR A B R CT R R SR 5E 341

LRI A A K e 56 i I 1] 2 B PR — 1 — R A 2 L
o xb e B a1 D PR R TR A AR B B R

P IEIE - 0. 16% ~0.22% Z I, ¥k SRR,
W )23 AR AR S e D AR P 3 A S 25 A R AIE ,
AR B

100 AR E 2.0

— PR

80 —e— 2N REE 0.6
g — ERAE K 2
< 60 102 4
NN D}E
E 40 —02 &
i i

20 1-0.6

0 .

1 6 7 10 11 12 13
E?ﬁv

K9 JEARAK L

Fig. 9 Growth curves of wood

2 A2 R E R E S TE L s DL,

BLCT BRI RI T BE S s Ze A7 ™ o IRIR LSRRI A
SOOI A2 9 5 T S 35080 AR AR R 05 R CT iR

RO, v] 45 AR T EE ], 2 8 S e R AR,
L SAZ 45 5 1 R o TE A A I ) 3 B 5K
5 i

(1) 38T S 435 A b PR sl B335, ) i 1 T3
LT Z AR BRI & — B 5 X AR i T
Kl CT U R g, 380 1 EHR A R0% .,

(2) BEXFABE N B 45 49 52 4% A [R] 6 ol ] % 32

255 RAFERE R B AR R B IL IR 45 & S 8

Al JH ) Butterworth — Sine JE I PR 4L, 5k T KR &
I [ BRI TE D5 7™ 8 A5 i, B A NR R
AR W2 G AT S F W2 LS AR R R
A AR A6 A5 ABE PR 45 A8 A o

(3) 150 25 5 32 B 2 4% 52 A s PRk B 125 % R A
W7 J2 2 A R B A 8k, wT TR R R A
ORPASTI IR  al IR VNI DI R =9 I D= A R
FaRE 1 T A T

2 £ x W

1 =, LT
PENG Guanyun, JIANG Zehui, LIU Xing’e, et al.

F RV, S5 KRBT AT BB CT B AR [ ], S8 2 5 036 40 4 ,2012,32(7) 1935 - 1938.

Measuring the density of wood and bamboo using computed tomography[J].

Spectroscopy and Spectral Analysis,2012,32(7) ;1935 —1938. (in Chinese)

2 HSIEH J. Computer tomography :principles, design, artifacts ,and recent advances[ M ].

534.

3 BARCELON E G,TOJO S,WATANABE K. X-ray computed tomography for internal quality evaluation of peaches[J].

Agricultural Engineering Research,1999,73(4) :323 -330.

Bellingham, WA ;SPIE Press,2003:469 —

Journal of

4 FULLADOSA E,SANTOS E G,PICOUET P, et al. Prediction of salt and water content in dry-cured hams by computed tomography

[J]. Journal of Food Engineering,2010,96(1) .80 - 85.
5 BRECE RS, PN SRR R

DR CT AR S5 & (i B A8 4 J7 R K [ 7] AL AL 2 41,2014 ,45(3) 1197 - 204.

ZHANG Jingping,ZHU Jianxi,SUN Teng. Detection of apples’ internal quality using CT imaging technology and fourier transform
[J]. Transactions of the Chinese Society for Agricultural Machinery,2014,45(3) :197 —204. (in Chinese)
6 ULE, B VEA T, 5. A PR XS AR T B PR O XU = A I R LT ] L A AL A R ,2014,45(9) 1223 - 229.

HONG Guan,ZHAO Maocheng, WANG Xiwei,et al. Research on meat thickness measurement based on laser double-triangulation

method[ J].

Transactions of the Chinese Society for Agricultural Machinery,2014,45(9) :223 -229. (in Chinese)

TOBRMEE KIS, AR, E. B CT(p-CT g CT ARSR IR I [1]. CT Bg 5 0 FWF5E, 1998 ,7(3) 140 - 45.

CHEN Weichang,ZHANG Chaozong, WANG Ziqiang, et al.
[J]. CT Theory and Applications,1998,7(3) :40 —45.
8 THEX,TE4, I
DING Jianwen, WANG Baojin, GUO Xiaolei.
2008(4) :44 —47. (in Chinese)
9 QIANG Wei, BRIGITTE Leblon, YING Heichui, et al.

images of sugar maple logs using maximum likelihood classifier and textural analysis[J].

Application of CT technology in wood industry[ J].

Micro CT ( w-CT)—{further development of the medical CT in future
(in Chinese)
. CT BORTEARB Tl A fg iz JHLT ] A I TALE ,2008 (4) .44 - 47.

Wood Processing Machinery,

Identification of selected log characteristics from computed tomography

Holzforschung,2008 ,62(4) :441 - 447.

10
11

12

13

OJA J. X-ray measurements of properties of saw logs[ D]. Lulea Sweden:Lulea University of Technology,1999.
A R 5 ROE R, % W CT SERBEFE AR W COE SRR AE [T ]. bl B2 ,2007,43(4) 137 - 140.
FEI Benhua,ZHAO Yong, QIN Daochun,et al. Applying computerized tomography( CT) to study the feature of wood fracture[ J].
Scientia Silvae Sinicae,2007,43(4) :137 = 140. (in Chinese)
B, RN B G AL I RE RO JROR X el R 4T 1] . ARbk AR ,2007,23(1) 30 -31,75.
QI Dawei, MU Hongbo. X-xay log detection system with image processing function[ J]. Forest Engineering,2007,23(1) :30 - 31,
75. (in Chinese)
FERX. CT R 5HE[M]. R B8 R R, 1992:30 - 61.
(&% 327 ;1)



%3 1 T & TGRS & PO XL o P RE S Huit e 327

16

17
18

20

21

22

23

24

25

Engineering and Technology, 2012, 6(11): 1054 - 1059.

PrRifg A, RBE, WAES, & SR E KL RS R SRR S (1], BB R, 2000, 25(4) : 412 -415.
CHEN Haisheng, LIANG Xizhi, TAN Chunging, et al. Experimental study at the exit flow field of an axial flow fan with variable
setting angle[ J]. Journal of China Coal Society, 2000, 25(4): 412 —415. (in Chinese)

R 2. AL ARF LM ], JE s HUBC Tl AL, 2011 :139 - 140.

EHEAR. ZR Y BRSSO R BRI [J]. W R R 224k, 2008,23(4) ;11 - 15.

WANG Haiqiao. Experiment on structure and loss energy in outlet of primary fan diffuser[ J]. Journal of Hunan University of
Science & Technology, 2008 ,23(4): 11 —15. (in Chinese)

FRaE. AT ALY B R S KL AR R [T]. B HLAR,2001(5) :32 -33.

WANG Baihua. Analyzing of the relationship between fan diffuser-tower efficiency and energy utilization ratio[ J]. Coal Mine
Machinery,2001(5) :32 —=33. (in Chinese)

FHET, RN B R XU S BB AT 5 S R R LT ] 0 R A7l 2= B 2 4, 2002,17(4) = 9 - 11
WANG Haigiao, LI Weisong. Numerical simulation study and application on diffuser ventilation flow field of mine main fan[ J].
Journal of Xiangtan Mining Institute, 2002,17(4): 9 —11. (in Chinese)

AR, il =68 KLY S S E A SR 5E [T]. B0 AR ,2013,34(3) ;57 - 58.

XIU Dongliang. Numerical simulation and research on diffuser of axial fan[ J]. Coal Mine Machinery, 2013,34(3) :57 -58. (in
Chinese)

PRUESR , R EIAR . 325 37 oA Hh 1003 B2 A i BB S SR ik 5 [T] . AP [ 22 2 ) 22 2 41,2008, 18 (8) 32 - 36.
CHEN Shiqiang, CHENG Jianlin, FENG Jin. Numerical simulation and experimental research on the velocity distribution in outlet
of main fan diffusers[ J]. China Safety Science Journal, 2008 ,18(8) :32 —36. (in Chinese)

sk, BYL, B E A, & HE XL AR Y S S HO T A (1], B4 42,2014,45(1) -84 - 87.

PAN Dilin, CHENG Kai, YANG Chunyu. Computational analysis of mine ventilator straight-wall diffuser parameters[ J]. Safety in
Coal Mines, 2014 ,45(1) :84 —87. (in Chinese)

AR, B/ AR O B Bk, 0 Rl KLY S B S MR B BT (], 42 42,2005,36(11) : 1 - 4.

PAN Dilin, CHEN Xiaodong, ZHENG Changqiu. Influence of microspore structure of coal on coal seam permeability[ J]. Safety
in Coal Mines, 2005,36(11):1 —4. (in Chinese)

LI Baoming, FORD S E, LI Yongxin, et al. Development of a fan testing chamber for agricultural and horticultural fans in China
[J]. Applied Engineering in Agriculture,2006, 22(1) :115 - 119.

(L#EE 341 TT)

14

16

17

18

19

20
21

DEMNAL % A AL LEE . S SR BT S R IR —BUEBR S [T ] O 22 4K ,2003,29 (4) 439 - 440.

LTANG Lihong, LU Hongnian, KONG Fangin. Non uniform research of X ray real time digital radiography[ J]. Optical Technique,
2003,29(4) :439 —440. (in Chinese)

JHIET B THAE VU8, 45 XS 2P AR I 45 207 IR b F MR A HE [T ] B BT 28 9 R R 227 41 ,2004,30(8) :698 - 701.
ZHOU Zhenggan, TENG Shenghua, JIANG Wei,et al. X-ray flat-panel-detector-based digital radiography and its image calibration
[J]. Journal of Beijing University of Aeronautics and Astronautics,2004,30(8) :698 —701. (in Chinese)

ETT, VN L BRI S BE TP BRI A Y i RE ol CT dli R & R ge[J]. CT it 5 0 FIWFSE ,2006,15(3) :53 - 56.
WANG Yuan,XU Zhou,CHEN Hao,et al. Data acquiring system for high energy industrial CT based on flat-panel detector[ J].
CT Theory and Applications,2006,15(3) :53 =56. (in Chinese)

CHEN G H. A new framework of image reconstruction from fan beam projections[ J]. Medical Physics,2003,30(6): 1151 -
1161.

KAK A C,SLANEY M. Principles of computerized tomographic imaging[ M]. New York: IEEE Press,1988.75 —92.
SOHK, 5 A 0 B iR CT &1 % 21 i 4k FROR P 4% 3T LI ] CT #ig 5 1 FI#F 5 ,2008,17(3) ;57 - 64.

WEN Bin, WU Shengli, PAN Ruiyi. Design of preprocessing filters for CT reconstruction[ J]. CT Theory and Applications,2008,
17(3) :57 - 64. (in Chinese)

FBE, 4. CT AR E A3 g (M ] bt Bl b btk 2014 :40 - 50.

mEEl. B RR R GEIM ] JE AT 3 A R4 ) A ,2010:46 - 49.



