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J& B RE I G SR EURAIE £ s B AR X380 BB 102, 5% 28 — Wit MR b R AIE R i AT 5%
I G B A TR R SRR 5 PR 10 X80 2 H b X3, 8 1% H Aw XS i 22
B i MR A SN MR R i T AR 103, A T R it MR 1) B b X 3k AT R0 28
FEHL, LS 2 B bR X I A 1 2220 — 25l 28, % bw X8 KR e K 0 i 264 3 22 9 i %
163 FEARAE A BT S K I 22 T H B0 B3 22 9 i izt 5 PR B ) s 2 AR T BB B 104, FH
TR it 5 2 SN S R H AR X ) S 5 — i B B AR X IR E
() PR B B~ 7 R 22 2 F0 K~ T R 22 RN B K B 3R ) AR H AR XN (1) 5 22 20 i i e
W€ N3 22 R0 PHERBIE 105, T4 B AR XA I - 6K B2 /D TR EEBIME L1 ¥ 5 2
PEES/INT B B BED A Y 2% #h 26 b AT HH 432 L Y EAR XK B i & K BN T K EE B t1
INF K SR A /N T 1 L O PR A S5 AH 4T ith 2 dE AT Hf 4%

[0074]  SEjiifs)3

[0075] AUk BHSLHt SR AL T — FhAE 6 A 1, ZAFAE I N ARG A R T R P A AT
INF SEIIL b I [ 7 XS 2607 R AT OB R T 22 00 R 7V

[0076]  FF LUk BA )& , A S5 o A7 i A0 o v LA RS A7 it 28 i ARG e a5 B ATE &
[P ER S AT 1B 2% BE N AT AT 2% B R A7 15 B AR S B S 7GR &, i al LUE H AT
BT g e R A A48 - Rt BB G BEAR 0  CRREAT it A AT A A o B LA A7
it e o
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[0077]  FEELULBA )R , A St AR 7 T g — P el R 2 gmARiE S AR A G R P E,
FLFE I )X R G FEIE 5, W JAVA . Smalltalk CH+ECGE IR R TE 5, L AL R 1S~
HFRIE S, W C IRIEIE T BRI RIRIE S -

[0078]  7E bl S 5] A, %o & A St 5] 1) 3k %A M B, FEAS S 4] Hh A TR Bl
R4y, BT LAS: WL SEiAg] B AE SRR

[0079]  FEAHIUE BT AL S A, BB 2, Brde & I R AR 77k, vl DLd it e i)
77 NS A7, DA b 3R 1) 58 G0 SIS Tt A AN AN v s MR, 491 2, A8 bk s B e ) R 4, ANAX
RN— MBI Re R 5, SEhR SN v LA 1 A X 4377 5K il in 2 AN oo el n] DL &
B AT LR AR 7 — A R G, B — SRR AE BT DL BRA AT o 5 — &, TR B iR B A
B (6] RSB B B AR S B0 TR v DUl — e 1, 2% B B o ) (Al R A BlOE TR
R, T DA A, WL e E R

[0080]  Hy4h, FE AN HRE & A St 51 v 1 & D e B T n] DA GAE — AN Ab B ER T, AT DA
& &R BEAEAE , 0] DL AN B AN DL B B TSR AE — AN B b o R IR AR R
TG RE AT LR A A () % U S B, ] DR BE D g B e 1T 2USEE0

[0081] AR RrtsE sk / 5 n i SR DA A4 Dy e 5 oo T8 S S B /R A S it = o 5 B Bl A
I, AT DAAEAELE — TSR ML AT S A 0 o 28 T X R IR AR , AN B S b st 1) 77
A A B A AR , AT DO v LR T R T A AH O AR A SR 5T R, THERLER FE AT
el T —TFEWLAT ARG B v ENURE 7 AE 9 A0 BE AR AT I, AT S B ok AN 7 vk
STt () A0 IR Hh, T ENLRR T B AE U ENLR T AR, v LR R AR AT DL Y AR T
2 GRS TE T AT SO Bl e rh (A U5 v H LT s T vl DA F < Be s 457 11
SENLRE P ARSI AL ArT SEAR B B 18 R A 0 URE SRR B R 3% W AR 6 RE TH ML A A R
BEA7fifi#s (ROM,Read-OnlyMemory) FEMIAZEUAFfif#5 (RAM, Random Access Memory) «HL %Ki
5 HABME T UL 43 KA i 5 o 75 EE UL B I A, T LT e R A 0 P 25 AT DAAR 4R
F) VR T DX SV AR ) SR ) SR AT O 4 ) G, 91 G0 7 Rl m) VR A R X, ARAE ALY
AL RSB, THREMLAT A A3 2 G S I EE .

[0082] DL b T iR AN A A i BH 1R A S it 9 T 2 5 3 AN FH DARR il A 5 B, MLAE AR A BH )6
PR ) 22 N B AR BT AR A2 24 55 1) 35 0 R0 0 adh 5 , 3B B PE A R B AR 3P Rl 2 Y
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A B R LR IRR L E N E S L

l

HHE AR EZNNBGR P BAFRERSG EH L

EF—MBERPBFEBNEH EIMEFGFF

REZfo, ¥FFHREIARKE L) EPLB AT
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BD: Maximum Move Back Distanc_e_!___.._

CN 110288631 B FR H Mt 2/5 T

Amp: Maximum Amplitude Affected
By Heartbeat and Respiration

//// ;/
//////

PM: Maximum Likelihood Guidewire

Tip Area For Next Frame
FD Maximum Move Forward Distance

K3

a : MD: Motion distance between

corresponding points
o X Guidewire Tip Point Sequence
Y fr
d o » for frame n
°o® \.
L
® Llnear regression curves

| Wiy

Guidewire Tip Point Sequence

The distance d between the closest end points
of two curves is less than a constant Dy,

The angle a of two lines, which are linear
regression curves based on last five

adjacent points of each curve, is less than 6.

The point in frame n+1 will be calibrated

if corresponding MD is more than twenty
percent of average of all motion distance.

for frame n+1

(a) (b) (c)

<4
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Algorithm 1: RuSio Framwork

Input: Guidewire tip navigation sequence F;

Output: Detected guidewire tip

Initialise GS; ; as the guidewire structure of the underlying guidewire tip;

Initialise PM; ; as the Polygon Mask of the underlying guidewire tip;

Initialise GR; ; as the best fitted target region of underlying guidewire tip;

Initialise GPD; ; as distance between current gravity point and initial gravity
point;

L

5 Initialise RemoveList to record the excluded underlying guidewire tips;
6 fori =0 —+n—1do
7 if i equals to 1 then
8 PointSet + GuidewireTipFeatureDetection(F;);
9 GR; + GuidewireTipAreasPrediction(PointSet);
10 Let PM; be a matrix, filled with 1, and the size equals to GR;;
11 for j = 0 — size(GRi-1)-1 do
12 if GRi—1 ; not in RemovelList then
13 GT; ;, GR; ;, PM,; + TargetRegionProcessing(GR:_, j,
PM;_y;);
14 GPD; ; + ComputeGravityPointsDistance(GT; ;):
15 if GR; ; is oul of boundary then
16 L RemoveList += GiveUpTracking(GR, ;, PM,;);
17 forl=0—j—1do
18 if Distance(GR:1,GR; ;) < threshold g then
19 L L RemoveList += GiveUpTracking(GR; ;j, PM,; ;):
20 if @ equals to threshold = then
21 //Return the index of most possible guidewire tip based on GPD
22 k + TrackingMotionSeparation(GPD);
23 for j = 0 — size(GR;)-1 do
24 if j not equals to k then
25 L L RemoveList += GiveUpTracking(GR; ;, PM; ;);

K5
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frame(0)

frame(140) I

frame 35

frame(zs]!
frame(39)

* GR(37, 1) : Best Fitting Rectangle Area for frame 38
¢ GM(37, 1 ):Restriction area for frame 38

¢ GS(37, 1): Guidewire Tip Structure of frame 37

frame 39

EYE

3

EERERE

frame 37

K16
Number Recognition Tracking
Sequence of Targets Vmax Decision Tracking Mean Length Process Time
frames Number (pi;ce!Q) Accuracy Accuracy Distance Ratio (per frame)
1 113 3 187.1139 100% 94.69%  0.1119 94.03% 0.6098s
2 96 3 641.6389 100% 92.7% 0.1752 100.56% 0.5979s
3 108 2 77.2308 100% 100% 0.1039 102.73% 0.6588s
4 110 2 592.4113 100% 100% 0.0942 96.84% 0.5811s
5 73 2 178.2998 100% 89.04% 0.1349 95.17% 0.5482s
6 67 5 942.1779 100% 100% 0.0842 97.88% 0.5549s
7 196 2 202.3668 100% 98.98%  0.1068 97.46% 0.5675s
8 150 3 2334.4557 100% 100% 0.0817 102.83% 0.5339s
9 53 3 137.8897 100% 96.23% 0.1552 89.61% 0.6995s
10 66 4 401.6131 100% 81.82% 0.1243 94.26% 0.6964s
11 43 2 134.0638 100% 93.02% 0.1274 108.86% 0.6897s
12 25 2 103.7873 100% 88% 0.0864 89.56% 0.6726s
K7
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101
FEAE 5 A U f

102

B A% K 3 5-F| B3k f
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103f

f 105

104
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