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Abstract: Conventional freehand three-dimensional (3-D) ultrasound imaging systems can’t achieve real-time and
interactive reconstruction. The overall design idea, 3-D reconstruction method and hardware/software system
structure of a real-time and interactive freehand 3-D ultrasound imaging system that we have developed, called
RIF-3DUSIS, is introduced in this article. The characteristics of RIF-3DUSIS are as follows: (1) acquisition, 3-D
reconstruction and interactive manipulation of the reconstructed volume model in real time during scanning
process; (2) while scanning, not only displaying reconstructed volume dynamically to provide visual feedback, but
also updating display of reconstructed ratio sequentially to conduct reconstruction plan quantitatively; (3) showing
instruction information before each operation step so as to instruct operator’s work. Experimental results indicate

the effectiveness of real-time reconstruction and the flexibility of dynamic interaction of RIF-3DUSIS.
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Fig.1 Whole process of freehand 3-D ultrasound imaging
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Fig.2 Framework of 3-D reconstruction
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Fig.3 Coordinate system of 3-D reconstruction

K3 ZHEEEMIRRSR

4k B HIKIMBIG RN P AR R T C AR R A FR AR FETT 22 LI 3 o B 2R 1142 B i 42 L AR AR AR e G
] DL A AR R A e R B 5 e 1) T 2Bk R R
C,y=°1,-"T, "1, "x . €))

Hrp

X =[5, ou s,ov o0 1]
e CHEEMBR AT P ARKR RN ARARAE M T R IE . s, A s, 43 52 Ak BB AR A 1) R o 1) TR) B, v AT e 53
e T A i — 4 -G i B A AT AR S M. *1, 2 P ARKR R B R AR KR R AR FRAS 3 56 B, T, A2 R AR
FRAR T T A AR R B ARAR AR B, O, 02 T ARBR R B C ARBR R AR BR AR H A B, ¢ /1R E LA G 7 C bR R
NABKRIE A SF R IE R AT, T A0 O, BT LUV I AN G AR UL

cosacosf cosasinfsiny —sinacosy cosasinfcosy +sinasiny x

I Z sinacosf sinasinfsiny +cosacosy sinasinfcosy—cosasiny y| - 2)
7l —sing cosfBsiny cosBcosy z
0 0 0 1

TR VAR R BN T AR R AR R B b x v, 2,0, 8,y J2 TARRR R B T MAR R 6 E I S5
3.3 ZHEBRSHERRE LA

M A )T JLR e R BRI P ARFR AR N ARSI C ARKR AR N AUE ANE L5 XA B SCH— &R
HIASHALRE. R, W) LU 0 2 (RS AEAS ), €, o WA ST s 41 i 2 T A8 EL 3G 6 PO I 2 8, 9 2 9 vl LA e 15 3.
DAL A 45 B R R AR SR T i rT LUK % B R R 3R R C ARAR R T I EOR AR 4k B
PR 0 [ — I 2R AR A5 51 T, AER S 4k Bl G RIT5 A7 bl (0 R A2 7 20 AT 1), ELPT#7 (K) SRR I 1] 7]
W8t AN [, DR 0 552 s SR AN B3 [l B — A 7 B 10 77 92 2 o A8 e Rl A5 R I 1) e P 0 114 77 o7 B A A
L5 1% YR AR T IRC 9 7507 B (H 2 D T gl 5 2, 308 3 5 4o 1) T S 2R, T B R 4 PR A5 R SR I ] e 4
5 PN O O B0 47 8 5 1% o R DS 7 o i ).

FATBE T — DEIRGAF G RN = A R FER B ANV AC, VERC I RE W B 4 Pross A 247 (K0 N
AR TR B2\ B 5 2 Bl S LI T AR A0 A8 P A TR J5 300

(1) TR MKEEN N 88 2247, BB — D IZZEAF R GLE  n , H 0< n <N-1;



(2) AERFHIIN— D EHEAFTIAT G n=n +1,05 n= NWE n= 0K B 8 B BN B A7 n P51

(oA

AR AT P A7 AN RE RS AR 00 B8R (1 U A7 TBAE — AT BRI (0 N A7 25 1) T LIS 388 9 17 P9 A7 $8 R i oK 19
HIAPIT 4, (L RIF-3DUSIS SXFE— A EORSEI (1 R 40 W 52wy 1 20R.

Time and
image
Time stream *
>
Time and Time and Time and Time and Time and
position position position position position
Circle buffer

Fig.4 Marching process
4 LR

SANARBRE R  E AL EOR R LR . o I BORSR E RE RIIL T 2 R, LA S F
(1) A7 ERAR LR RFE AT E 73R A R AR R 5 T A A3 AR (R 1K) 77 6 2, [ I 2 JUbm i B2 A HE
RARI A, 380 7, 96 6 A i BES B S LN bR IC A7 N 3R G247
(2) —HEEIBCR LR R S AT R £ 4 B R, IFR JLAT TR PC LI A7 A )i O Hebsac 2
HER R 1), 32K 7,
(3) VLG E RSN AR S B R L 200 4 B R 00 I [0 A 10 B9 A 247 25 A 4R A A7 AE DTS AR AR 1Y
T A O NI TR AR IC 23 500 15 12, A mo<r, <12 JUECHY 55 7, 1R 7,2 560 2 R 77 67 B0 e 4
fEL Y 5% A AR DU IRC (1 05 7 Bl 7 7, KT P A7 b 10 de oK 7, IS BB i — A D (67 20408 52 N
PRI GAT 0 B K, IS L FR) A K50 R I RS N 1K) 6 B0 e P 4t - i — 4 ST 45 LG P 10 7 o e
AT, DT GEAF I R/ 1 U3 712 e BB A LT = YR F . o T 5 s A SR AR I ) L 7
7 5 R R G I TR DR ke — BT A 2t B s J — Pl .

Fig.5 Regular voxel array

K5 B R

3.4 {RFEH
FEFI 3 J 33 1, RIF-3DUSIS 5t S 286 RVS WAL T — AU AR 253, 008 B 3 A 5 (W04 0.



BELE F XA ABE = EREREAL 7

WS WE S Bl 3.3 A5 VTG RE RIF-3DUSIS 1331 T ol RAE S — 4k B KGR 5 L ITE Y R\ T
AFRRIAIN 6 B B ESELAE 6 B S HUF O FE B Tr, 2 )5, 30mT BLRIH 2 20D % Z 4 -GG = A8 83 C Ak
PR R T SRR C AR R I — MG AT AR FE 15 2 T 1245 A A 3 37 b ) s 4 AL R AT 1R
T 28T S48 NN(Nearest Neighbour) PV 77 356 15 223047 48R, LA b e b 3th 5 i = 4 o gl 5 sl

(1) W8 # p 1E C AR R FHIALE AR PARFEEA Vs

(2) WHREE v CAKRR TSI A X0 RAKREMEN Vy;

(3) #18% pifE RVS W, HH Py 78 Ry H RIS AR 38 vy i AR BB, AT V=V, 75 W 45 58 py.

4 RIF-3DUSIS B R G &H

RIF-3DUSIS VA4S T [ B = 44 75 A5 07 8 o 550, DR 48 B B A, B0 I GCR AR A F0 A B
ER VA 1 A5 L PC(Personal Computer) L S JR 12 Wr b 12 i s 407 1) S I A2 FLIK At . = 2 il s o
21
4.1 RIF-3DUSISHTE R4

RIF-3DUSIS Ff {1} R0 s i B A e 74 . MUAUREE KR PC HLALS A, 45 & 6 JiiR.B
B RS 1) L ER 2 ) 0 R FH G s 30 e R 0 T 3 10 6 DU ) ) == A il 3 e S R B A o T A i 2 o7 38 B IR
55 W8 B R 2% R R B B 1R 6 1 el BERS A S 4. B B ANAE R AR 4Bl A5 B R O [l i & 98 B4 R AR 52 K
Y T UG A BB S R AR AR R BB A AR S 3T SR AR A/D Bk 15
ST DAL BE IR — 480758 75 &5 PC ML RIF-3DUSIS fifi£4F 2 48 (1) 4% 0> PC HLIK L & 24 CPU P4 2.4GHz,
WAE 512M, 38 4E R 4t Windows XP.

PE

—— - Position
USB
gra:bcr interface - interface | SCNSOT

AnalogJoutput
Ultrasound Probe
w4

maChine Receiver PT |Transmitter

Fig.6  Structure of hardware system
Ko MifERgait
7f. RIF-3DUSIS 1 58 S ASCRIAR SRR 45 A #0842 57 25 T AT (1) 05 A7 AR 2 AN W e o S0 L 0 AC28
AR 6 B B S E Ik N A7k PC HLE AR AR = L 25 Wi/ (10338 82 326 48 A W7 3 R R 15 31|
YRR R IEKE 2 36N PC HLIF A 7R RIF-3DUSIS e TAE Wi =4 dEgd, =4GR, & H#
VESE# B PC MK 52 k.
4.2 RIF-3DUSISHIE % R4

7E RIF-3DUSIS MR R G b B T80 1) = 4 S VRSN 16 R T FReAT T S 00 5 T R ) = 4 = 27 g 45 Ak
P 5 4347 9 & £ MITK(Medical Imaging Toolkit) !'®!'. RIF-3DUSIS [ % £ 22 %5 % F QTU 25 v A 4 /5 S,
JE R B T A A A A B RO R R, SRR AR SR S H R S R
AR LA IR SR T B 20 Hr A B T 6 ) AN A FIAB R L 20 BT AR R R B4 A AR e



B ARSI RAE 2 B G A A0 75 A7 B, I Je i R 21 10 — 2k G A DL RS _E L AH OG0
AN K . = o S A TR ) P gl SR SR A B i ) (1 2 P B K B A G 10 6 B T A AR 1 = o
GK . = o 2 TR DX 4 A A 8 A U R B AT AR (R R MITK SR 28 e Ray
Casting 5LV, I I8 A 165 PR B A= R4S 4048 3 0 1 T 00 A S U505 L5 T £ JRL, T LAy = e o () 0 4 ot
A T A LG R A s oA K R A A A R UKl A KR 110 S I T 0 = o A TR R AT DA S I Al B BRI S,
M A B 7 A A o B 30 AT 58 L B A AT AE AN ) A FE AR S T AT 8251 3 R BRI AE R — D 384 2 T #8
wgy MR B, T S IR AR R AR AT A H AR il e e v S s LI 1 bR Bt 5| 4 4
S R I JRE A1 PR 5 B [ PR T SR AT 82 R 3R T LAY AR 22 B e P AR BERECR T S Y R
PRSI, AL E T 08 25 38 (R 48, T LGS 32 A it EAT T ORAEAE D pz. 3 Hr E Bie JH T fl 3ie B P2 A% 3 1R
B VA A T i R 1 2 AT LA e B A8 T o AR 3 W R A 33 R 50, AT AT AR 12 B i R K T AR
TR (375 W3 Yk 7 ORI 5 — A TR A F S AR AT AR R 1) S0 W RS I i i BB R AL T N
1 TS A I A R D A v 1) B 2 B AR SO, DA e A2 W 3 A2 17 5 1 e 1) 2 1)

5 X
ASLEAT T — A SR ARG PR P IG ) L I 43 il 45 i 72
5.1 it
SEIG PRSI 7 BT SEES BT W T
(1) FIHAKECE T — 5 Sk 0 RS BERLIG JLRER 85 K (1 75 BT 5 AR 23, T I A2 iR LR 3R
B3 ) 75 BELBUAR I, DR R /K 3R 85 REAR S USRI )L B AR K IR
(2) FIH R ARG L;
(3) H RIF-3DUSIS SRR JLAAIREE (1 G ) LA B 30 AT S22 B F 414 F

Fig.7 Experiment environment

K7 s

52 LWER

FRAT 3 5 TR 20 Sl A T R 2 S R M R (R 5%, RV Y T R B EAMAT 5% LA B ik
AT T AR I O T A 45 ) E B 4 4 o i 5 o RIF-3DUSIS S B 3R — 4 BRUG S0HE & 307 A 43 B, S i 47
Y A A, e A HH AT SN 4k R A R A A B B 8 TR, A R T AR SE AN AR 1
30%- 60%- 85%FI 92% 1) T G I 1 4 L il 5. 5 A A 415 Bt s h 2 S 15 81 P Ty J LB 2R S A7 T B %) SIS I 4k B
AT, W 9 B A H RIF-3DUSIS $&41% 194 12 101K 5 2 A 5008 7 A A b v 1 B 2% PG S0, O F AT 5
By s TP R ) YRS 2 UG AL BRI A3 M7 65 3DMed!" U HEAT 5 Gk ) Ja AL BERN 2047, i 4 AL BEE SRAn P 10 BT
7N



BELE F XA ABE = EREREAL 9

Reconstructed 30% Reconstructed 60% Reconstructed 85% Reconstructed 92%

Fig.8 Dynamic visualization of real-time reconstruction
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