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Lung Lesion Detection from Chest X-ray CT
Based on Statistical-anatomical Models
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Abstract: The purpose of this work is to build a computer-aided diagnosis (CAD) system for detection
of pulmonary nodules on thoracic X-ray computed tomography (CT) scans. As a core component of our
CAD system, nodule recognition method based on three-dimensional nodule and blood vessel models was
proposed. The method achieved high accuracy in recognition, but is not sufficient yet. Therefore, in this
paper, we improve the model-based method as follows. First, the distribution of blood vessel sizes in lungs is
modeled to represent the relationship between their sizes and positions in lungs. The distribution model is
used as a priori knowledge for generating more reliable blood vessel models. Second, the nodule models are
combined with the blood vessel models for recognizing nodules adjacent to blood vessels. Third, the model
optimization is made faster by use of the improved algorithm based on simplified blood vessel models. The
improved model-based recognition method is applied to actual 98 CT scans that include total 98 nodules.
The number of false positives is successfully reduced from 15.5 per case by our previous method to 9.2 per
case by the improved method at the 90% sensitivity.

Keywords: lung nodule detection, chest X-ray CT, false positive reduction, model-matching, the distribution
models of lung blood vessels
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Fig. 1 A nodule adjacent to a blood vessel.
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Fig. 3 Construction procedure of the distribution model of means of blood vessel radii.
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Table 1 Acquisition parameters of CT scans.
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Fig. 6 The distribution models of blood vessels.
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Fig. 7 The performance curves of the previous method and the

proposed method.
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Table 3 Comparison of the numbers of FPs of the previous

method and the proposed method.
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Fig. 8 Casel.
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HEMRILIE p =093 FTEAL, #EEHEEL (EHS
nr.
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(a) MEEZ D VOI

(b-1) #&HEIE

(b-2) \méz[mf‘:fcrw
(b) BTN F TP A3 IS &) B E N R E TV OEEY. CT

(c) METEIC L Y AR S N3RS £ 7V OB CT 1l

X 9 JER 2
Fig. 9 Case2.
6.2.4 fEf 2
X 9 (a) IZIMERFD VOl 27”7 . X 9(a) TIE AT

A 22 B L RWIMEDPHLA T A AT 2 KOMIIE 1253
Iff L Cv%, TATA A L-MEPHERTE 5.
BTN F P13 1T &0 A S 72 E TV D 5E
WLCT Wit (K 9(b) BH) #/2 &, FIIMEET VO
FEDK 9 (a) OMEREZ LY ML, ETATA A0k
HICLELLLHTRIHLENTVARY, TR LT, 7%
FROFIEMEETV (K9 (c) ZH) (LMEHE % EfE
ICHBTETWwS
:@@ﬁi%?%’ﬁhttm,%?wvy%y7&u$

IBIT B MEREEN (3) 12X 5T 0.85mm L/h SR
# LSz, THSH LT, M E RS ET VT
ERETICR VI EASFAET 2 L/RENTEY, FEFICE
1.52mm AYE S 7z, FEBRIZZOREICHEAE LK 9 (a)
DIMAE RIS L TUIREFEDO S AL ) W EFEZ %
ETETWA., F72, M9(b-2) TRETAIAADH T
EODPAZETH LD LT, IREFETIEIREE TV
BRPEPYBENZZE TR I(C) DL ITHYIZH TR
HHIENTETND
FRMRLITETIV Yy F Y 7E13]) D p =148 5
REFED P =071 700, EFBETHLEIEL %
Bz,
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6.2.5 £

X 7 OFE[A], [B], [C], [D] Z#d 5 &, MilEs
i€ TV EFEOTFH: (B], [C] DHEEEAMAE 54 €TV %
Fz T [A], D] % ERl>Twa, ZoOfEERS, i
BRI ORI A R 2 2 & TR ORI TERE DS
EFaZepREN, SHICRETFHOMREMN ISR
HLTWADRMMESAETFTIVOEATH LI Eb5H
5. F7:2, £3 O TPFE100%I2B1F 5Tk [B] & [E] ©
FP ¥z s % &, FiE [E] 25 FP & KigIZHz 51
TWbZEDPGhh. MEETETVER R T B] I
6.2.3 JHOIERF 1 O X 9 M W T 2 5 H O F8R%ATH
HCThh, IN2STP FE 100%I2B1F % FP Bl % W17 C
W7z, FEE] TIEZ 0 L) REMEEZ ORI L
HAEEFVEEAT LI LT, WEXFHLELE. —7,
X 7 O TP % 85% LI BV T T [B] & [E] DYEREAS
WL L CTWwa, T, MAEEETIVOEAIZL D RE72
CHE SN IERBEEIEIML -2 LRI IZEEZ bR
b, ZORWERIE—BZEORME T, 12X 2a8EET VD
HIRIZE > THAREIZ S5NTWAEDS, BRI K<
7eHIFESORAUBEET S, 72, M8(c) TIEEA
T A ADMEREFZIZ D RIFILIMEET Vo TEE HNE
PN, HLATAAZHDENTWA, T, ALEREE R ]
WD 72D IWRE TN DSHLA T A AL THE T 5
EICHRL T2 25 THY, X 8(a) DL %k
EEBEICHET 5013 e M A T HEOEEN LT
&b,

K LTI R E R AT A4 A %2 8mm A F
4 2RO CT Wifg % EBRICHV 72725, KFEEIFAT A A
HFEO RN HL O TEHANRTH L. AT A XHED
REVIIEWEREDD 2 2O BB 2 D & E 2
SNBH, REEO L HIZ, X0 RHENEEZ Smm A5 1
AW CT Mg xf L CREM LA ZER L2 &0 n,
RFFEFATA ARBOKE W CT WifE2 58S CT [
GF CERBEIREEHTHRI T LEZONS.

BRI, FHE I A MOV THRRTHEL., EFLVT Y F
¥ 73 [13] TIRAFE 740,620 O E TN B REE T IV &
WETHLEDDH ), ZORFUINZ 1 RS H 721 10.96
BEL TV, RETFHETIE b BORMEE T IVFERDE
DY PN & o THERTREE TV 7,562 8 % THIR &
M, PRERFHIE 3.24 B ICHIE S M7z, RO MBI,
BTNy F 713 L ERIE D2 143FTH Y,
REFH QREITRTEALLES) 69BTHo72
CDEHI, REFETITFHE I A 22 OONEEZ
LEELIENTEE VD,

7. BbHYIC

AT, MEERINTFRTHHET NV~ Y F ¥ 7k [13]
3RO REMAZ. 7, MilLEDE T IVLHIA T
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ThHbHEV) BELEHIT L7012, et 7 — 512300
THRMAE RS 2 T 7ML L7z, DT TV % 382 A%
ELTETIVR Yy F U 7BICERTAZ LT, LV EFEME
DEWIIE T TV AR S Nz, kI, M IS L 72k
i % Rk A 720 OfEH - MEMAEEETVEIRE L.
R, BAGTESVEROCZH 27 VT X8 % Hv
5 ETRBETIVOREREEHEL L. TNHORR
RBALLET I~V F v 7%, Smm AT A ARREOMK
ZH CT Hig 0 & 3hH S 7z kS Emile I LCEM L
7oL A, TP 100%I2 BT % FP £ 56.4 8 /AEH0) 7
5 22.3 [f HEG] (IR S N, AFEOEREE ML 72,
SHOPFEE LT3 AHITS5NA. 4112, Thin-slice
(HEAF A A) CTIIT 2TFEOBEHTHL., AT4 A
HPRAVNS WA, ETANL VRSl EL & 5 2
52 L TEImGEEFLVO—5E (KX (7) FHEL, &
BB ED M LT EE2oNA, MilLESHAET
WIZBWTIEFFIHTE BB R 5 2 E CTHMET
VOMETSTELEDS E L, & 512 3 RICHICHRMEE % 4
g 52 L THZAICBITAIMED 3 RTINS EF
WMELT 52 EATE, BRBERN LICFST5LE2 5.
F21l, EOLLBERERE L THEEETIVOLELH
Fohs. FHERO/NS WIFETIZERETRAT S Z L8
HHNTWAD, KI5 EREEDPIEXAL L, FBikDFs
MR —EAT22 L 72 BRICZEIL L T L IREFH TR
xRk LTETMEL CWizz0, ERIELUSLOR
FilCHIE T & v, 22T, EKUSOIIK 2 BT 5
T ERIE TV 2 ERT B 2 L TR A TR O % TEHE
L, oM E4X5. 6312, oTde oMkl
WThHbH., KL TIIET I~y F ¥ 7k [13] LIRETE
DOUBELLI D AFT 5 72h%, MBOTEE oL d EEZL %
Z, GRERLTWL.
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