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Table 1 Basic physical parameters of the soil specimen
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Fig. 2 Ring artifacts corrupted in a CT image of frozen soil :
CT image at 90 kV scanning voltage (a) and its projection
image after Fourier transform (b)
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number profile along the central section line (b)

i1 3 AT LAE 2, KRS CT EER IR 1 B
MR A ORI 2 B B Do 5, [R] I O 5 TR 2R CT (H 73
AT — K HL, R BBRIREN D).
FTLLER, ATLAHEER VR L CT ER B 53R
572 P PRI 7% 108 T R 2 O K PIT 3 JIC R

{ELJEAE Bl 0 [) 25 45 48 26 R B9 VR sl
R, B MR AE o &, 51 B A vfi
ZN

(3)

T ARG AR IEZE SD, , RZBIEH]ICT
AR RS AR EE (291, 06 g-em™) BN 2R
(AR IEY K S (R RE 24 1 g-em™) A TSR AME SD,
3 K BT A5 B0 25 A IEAER PRI SD, , [RJE X4
) 28 87 AN — 5040 308 3 3 A B B A 2R A AR OE

THRAF] TR X Rh o — 5T, 4 12 i vkt
LA S/ G ot 1E VAN A1) A S 2/ K7 S s =
W FEIAE 1. 4~2. 6 g-em™ 22 [A), R AF v AR REAY
WRE M T AR R A Ak
SE LA RS RS RN — 3, {5 BT S8 45000 28 BT 1Y)
X FEE A —E 40, ANET AL CT i,
FERIH B F CT $EAT VR 43 B T 4R A5 5 e 14 /8]




1410 K JI

R + 42 3%

BBUE, 208 B UUAM SRS B O i, X
Yo T BUE A ARMED) B R T 75 21 AR (E
TS CT B 5 000 245 B R A o
AR HEAE AN REAR L AN R AR08 45, 2 i
BB GRS T A G e I PR N A 36 T
I B W LA —BCRPIR B, 33X R 2 i K A o I Y
VR TR R DN AR IR AP A A TN B B iX —
()L, A 2 a VR R A8 X R R 4 BT Y
e R, PRI AR AL TG KR, A
il 7E B FH CT ML 2 9

WA X Sy By SO, Sk X A —
KAMBR , B HOLT— R A /S RE R AR /Y
XSk, LGB EA R, FHFHAMTRRAL

he
S—SU—TO (4)

61,:70 (5)

A e WL FIIRER; e HHLFHAT; UMEHIH
JE 5 h N8I FOR L o o X GTERAGREHER ; A, X
SHRP s &, NEhEE

() A (SRR, ek, HoFEE R
i, ]I XS 2 PR B A B RE R, U gt
T A 1URE Y X5 2 RN 45 50T 1) D 1 HUR 2 4R
AR ER TR T .
2.3 REHR

MR LRI, AR S I 38 Y 2 = R L A
T AR X B A PR, Xk £ CT BME i 3R IE
PhSEFEATREERCE , (45 285 VR iR Y X i
I R C ) 'G  BE A5 W A2 T A Y i A (R 1Y R
IEVE R, T AME: SD, , 2 T fife R P40 45 W) 07 AN —
s A IIE N o R, BEXT RNk A
FHJE T ZHAREM B ES N CT RS, b T
TR U A i B 1 BRSO ) 25 A — B HUORN i i
PLES BUE D)%, FE AR AN ] F He S 28800 ] ) 3

MR R S5, 58] T 90 kv, 120 kV,
140 kV T 19 £ CT G A 5L A5 4 4% 5% (51 (14
4), KPS BRI CT YA | ArifE 2 |
1415 M L (signal noise ratio, SNR) PEA 45 U155 2
JI7R

T, 1o 9
K . gﬁkﬂﬂ@jﬁ

NN
-
i .
9 -

v N

e

() 120 kKVIIFHLIE FICTER  (d) S E MR (ORMBUBIE &

(e) 140 kVEIHRUE T RICTER () Lid il A G (e I BUE B
K4 ARSI TR CT EE
Fig.4 CT images under scanning voltage of 90, 120 and
140 V (a, ¢, d) and their projection images after

Fourier transform (b, d, f)

K2 AR R CT KGR S K

Table 2 The CT image parameters under different scanning condition

ERE P LE NN e
Y AmrmA p—— QLRI CTHME bR (AR BN BREEIT M
90 310 3 0.75 1443.5 198.5 7.14 S B
120 230 3 0.75 1230. 1 111.8  11.11 [ A% RL4f
140 200 3 0.75 1147.6 138. 1 8.33 [ i

T XA TR T T Y PG s R AT R A
Xt E, AT DL 3£ 1 H (SNRO) S MG i i1 71T

o A5 MR FUBORTE PG Ry, {5 M L/ N
PRI R, (RIS R . SNRE SCH'™



434 PRI ANSS « R b CT BUE P ERIE O 52 S LR AORE A O 52 A PR A I 7 vk 1411

Orot

SNR = (6)

Hror

A s SNR A CT EUE B8R X I A5 e EE 5
R IR R DI A BRI 22 5 0o N ISR XY CT
BIMH.

3 5 %5 AN ) FEL R R B CT RS 0 LE R 3, 7649
i HL R R 90 KV B 3R Y CT R v A7 78 38T
Ph5E , 1A L B 2 R AR e e s 310 1
PR, YRR R R E] 120 kV F140 kV
i, HERE AR 2] T ARG (A, 8 L AR g
AN IE- AR ot SUE] S (B 9/0 el e Y |
28 B AR S TR R PR, 120 KV (8 B AR B 45
B | DX IR 140 kV B K N4 41, 9f:
HME S AN, Xt EE ] 4 T R B R X 38
P MGG LG, 2 B4 o R 120 kV B LE I L1
Bk, BUg s . G, RN 120 kV
FIK LT, WE BB ISR 18 i 1o AS — B80T 1 i
PRGNS, REMRIE CT R &, iZ4H 34
SO+ CT UGN PRI Oh 52 PRk B4 5T 2 1)
S raf/ ki b o

3 StEREELIIR

3.1 SHEREN R RIFHER = £ 2

R CT EUR A S 2 i Ak D BRI CT
KGO B RS BE LU AN I 2R Ak e, el 2%
DX B — AN R 52t , (] DA O ) T 2 23 A R
PLF 2 o 3 A2 #Y CT 2/ Tl G AL /Y CT
{H, ELGATE BT , BEASH i 2o A 1
MY, 4niEl 5 Brm

1600
1400
1200
1000
800
6000 110 2l0 310 4]0 SIO 6I0
’ fE/mm
Lt el il (b) oL TLCTIA
K5 ok CT G i 5T A A O 52 1 bt B T 2k

CT{E /1
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(a) and its CT number profile along the central section line (b)
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Ring artifact and beam hardening artifact in CT image of frozen soil :
causes and correction methods

CHEN Shijie'?, MA Wei'?, LI Guoyu'’
(1. State Key Laboratory of Frozen Soil Engineering , Northwest Institute of Eco-Environment and Resources, Chinese Academy of

Sciences, Lanzhou 730000, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract: Ring artifacts and beam hardening artifacts are unavoidable in CT image of frozen soil. In order to re-
move the two kinds of artifacts, in this paper the characteristics and formation mechanisms of the two kinds of ar-
tifacts are analyzed and a hardware optimization solution for reducing artifacts is proposed. Firstly, the ring arti-
facts are reduced by increasing the X-ray luminous flux to change the X-ray energy spectrum. Secondly, the low
energy rays in X-rays are pre-filtered by the filter materials of different thickness, so that the X-ray energy spec-
trum range across the frozen soil specimen is narrowed to correct the beam hardening artifacts. The test results
show that increasing the scanning voltage to 120 kV can not only effectively reduce the ring artifacts in CT imag-
es of frozen soil, but also ensure the quality of the images. At the same time, the aluminum material of 2A12
with 18 mm thickness can effectively correct the artifacts caused by the beam hardening under the scanning volt-
age of 120 kV and scanning current of 230 mA.

Key words: frozen soil; ring artifact; beam hardening artifact; CT image
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