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Endoscopic reconstruction

e >200,000 functional endoscopic (sinus) surgeries per year in US.
o Needs surgical navigation systems to visualize critical structures.
e Structures must not be disturbed during surgery.

o Structures can be smaller than a millimeter in size.

e A qualitative sense of location in need.

A full 3D reconstruction of a pediatric airway from video imagery
acquired with a tracked endoscope. [Image from a NIH-funded project
Examplar CT image from proposal with permission.]

www.newyorkentspecialist.com
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Feature matching

o Feature matching is key to 3D reconstruction, stereo, tracking and
recognition.

o Features are expected to be
¢ invariant to image scaling and rotation,
¢ (partially) invariant to changes in illumination and 3D camera viewpoint,
o highly discriminative,
o Efficiently extracted.
‘ Scale Invariant Feature Transform (SIFT): key point detection and description
SIFT provides a feature pool.

e Matching is expected to be
¢ robust to outliers and deformation
(e.g., non-planar object)
‘ Multiple atfine components
vs. SIFT matching’s global affine
o Efficient
mmm) Hierarchical clustering

Figure from [Puerto-Souza etal 2011]
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Estimating multiple affine components
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Remarks.

Hough Transform: to cluster SIFT keypoints according to a similarity transformation

RANSAC: first to estimate a similarity model and then to estimate an affine model
to provide a refined list of matches.

Top-down: to recover lost matches

Figure from [Puerto-Souza etal 2011]
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Hierarchical Multi-Affine (HMA)
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e Project Review

e Progress on feature matching and
motion estimation: HMA vs. SIFT

e Deliverables, Milestones and Dependencies

SIFT keypoints
with HMA matching vs. SIFT matching
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RANSAC detected outlier number
vs. Total “‘matched’ feature number

Outlier Mum ws, Feature Hum
150 i | = : . B0
[y ! ' == =0utlier MNum
HMA A i [ ] == 'Featurs Num
i Pyt
it hv ot hl
i 1 Py 1 o~ -\
S | A A P B /
100 - Pt g vy Syt . —400 g
;oo ! T W 1 L z
: S U O N B - I 3
g ;oo By g N e =
=] i - ad 1l R I 5 n
= 1 iy 1 ! LI : : T
L 4 1 L) L Vo i \ *oa ]
2 / volog 1l : : i\ 5
= ; Yooy 1! [} ) IV A : PR Y -
s P sy ' 1] iy 72 N S A T 3
50— i 1.\_ ! ‘H\ -l;]’ u 1 | H‘\_\ { 1 \ ; ! \1 ! [
A 1,0 T I ! Vi LAY i Voo HH ‘,‘ LAY
2 A U A TERY % ff vy \ A S ! \
T v 7T 1 R 3 fy \:
£ \ - I 1 3 { N 3 : ~
/o 'T> ‘;Ir - \‘ F \!i o ‘\_\:’( H Ny ;! {,f R
v - - EORN | o ~ L e
o~ ~ P ‘h.{ -
0 | | | | | | | 0
0 5 10 15 20 25 30 35 40 45
Frame Index
Outlier Mum ve, Feature Hum
400 , , : : , . 1000
— — ~Outlier Mum
SIFT 7 'Feature MNum
n T s
o A PN Y £
il - - - =
2 ; v » I y ; ] . =
= | i % .f" - '.‘ L L o B f
L 200 o D el YN A i . 500 3
= : o TV orp Ny 3 N o
e . i f\; AR I f I ! R AN o
- AT Y N TSN TR S
- - ! - =1
f 'S 7 P gy N - ~ N i1 oy I =
;Y- (AN T S N
Y 7 1 ; ‘o L A )
NN oo Wy N7 \‘:;
7N~ LI 4 Vg 1 4
Y - 1 7 LY, i /!
i T /4 X L —
Vs
o7 | | | | Pl | | | 0
0 5 10 15 20 25 30 35 40 45

Frame Index



SIFT

HMA

o | & Lo

T T T T !./L =

55 - -
=
oo ...DI'I_-._II_.-_.I-.rD .

Ll £ m = & d=
.w.|1.. _I_Il.llll.ll JIrJI,IO =
mo e
= -~ %
[ ™ 1.-.-

1
1=k I = AT 8
| g ,
o=== <
[y
= | By 1=
M I-I..lDl...ll...l _-_.rfrfr. e
-I.lll“ﬂ .1..1|.|
5 o ¢,
=1 a . i
o P L
llllllllllll i et — —
=
[Sp— l..\.........
= — -
EF l.l.-.l.l[.l..l.-un & Im
= D-lll .
|
[
o Dn....ll.li..lllinllll P,.,...
—
Bl mpee————= =0 o -
m D..l.llul.l.ll.l /.l —
_I_.Iluﬂ
-~ ”

i e

e .

- 0. SR

oZ rs
III.I]I-.I..'.'IIDJ.JI..J.li
i .....-l-D e
oy e
o .

1 1 1 1 1 1 =
= = = = = = = =
=t = = =1 =1 =1 =1
M~ ] ] ~+ ) =} —

whp SJn3ea
T T T ._I._ll...l..l_u ﬂ en
E = |
S5 5 e -
= = —_— »
o o Dl_-_ll_lll-'._-_ni...ll
[a T s e
S == =k
Jrac T "
[
[ -
w S -
L o~
—
| — b
e ¢ _um_....u Bk
=
O .
Illllﬂl llll V. =
B o]

Qutlier Mum vs, Feature Num

o
i
|
|
I
|
[
i
|

— e e  —
——

GO0

500 -
400 -
300

WFIE ST

]

Frame Index

15 20

10

Frame Index



Empirical Covariance Analysis
and Motion Estimation Evaluation
by Leaving-One-Out Cross Validation

for k =1...FrmNum
Compute SIFT feature keypoints to form a candidate feature pool.
Perform HMA matching to select keypoints, which are grouped into affine components.
Convert image coordinates to World’s coordinates using camera’s intrinsic parameters.
if MatchFeaNum > 4
for trial = 1...MatchFeaNum
Leave the trial-th keypoint out as a query point.
Perform RANSAC on the left keypoints to generate an inlier set.
Perform 5-point algorithm to estimate the essential matrix £ using the inlier set.
Decompose F into a rotation matrix R and a translation vector ¢.
Convert R to a quaternion.

Compute projection error for the hold-out query point:
residual = (R * Xl({zufetvy e t) o X‘que‘ry

right
sqErr = L2norm(residual ) o Y B
end for ‘
Compute the mean and standard deviation of a sequence of sqErr. Y ‘ -
Compose a Ryeqn from mean(quaternion).
for trial = 1... MatchFeaNum L_. 6 R l
Rnean * R~ is approximately a skew-symmetric matrix skew(a, 3,7),

where «, 3, are the rotation angle (scalar) in X, Y, Z axis, respectively.

end for
Compute the covariance matrix of a sequence of vector < «, 3,7y >.
end if
end for Remark.

Skew parameters via Cayley's formula.
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Overall evaluation
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Covariance matrix
sqrt(cov-diag) and

original cov

val(;,:,1) =
0.0507
0.0096
-0.0253
val(:,:,2) =
0.0180
-0.0173
-0.0039
val(:,:,3) =
0.0077
0.0092
0.0002
val(:,:,4) =
0.0196
0.0016
-0.0113
val(:,:,5) =
0.0059
0.0155

-0.0014

0.0096
0.0320
-0.0390

-0.0173
0.0181
0.0042

0.0092
0.0314
0.0019

0.0016
0.0044
-0.0026

0.0155
0.0410
-0.0035

-0.0253
-0.0390
0.1042

-0.0039
0.0042
0.0012

0.0002
0.0019
0.0002

-0.0113
-0.0026
0.0072

-0.0014
-0.0035
0.0005

convert to degree

val(;,;,1) =
12.9002

val(:,:,2) =
7.6863

val(:,:,3) =
5.0384

val(:,:,4) =
8.0279

val(:,:,5) =
44111

10.2554

7.7102

10.1588

3.8214

11.6050

18.4927

2.0129

0.8634

4.8564

1.2478

original cov

val(;,;,1) =
0 0 O
0 0 O
0 0 O
val(:,:,2) =

0.0535 -0.0031

-0.0031 0.0064

0.0117 0.0020
val(;,:,3) =

0.0365 0.0068

0.0068 0.0081

-0.0019 0.0011
val(:,:,4) =

0.0022 0.0008

0.0008 0.0005

-0.0026 -0.0011
val(:,:,5) =

0.1248 -0.0313

-0.0313 0.0168

-0.0843 0.0279

0.0117
0.0020
0.0310

-0.0019
0.0011
0.0008

-0.0026
-0.0011
0.0033

-0.0843
0.0279
0.1144

sqrt(cov-diag) and
convert to degree

val(;,;,1) =

0 0 O
0 0 O
0 0 O

val(;,;,2) =
13.2501
4.5710
10.0842

val(:,:,3) =
10.9486
5.1710
1.6188

val(;,:,4) =

2.6581
1.2876
3.3025

val(:,:,5) =
20.2427
7.4315
19.3781




HMA SIFT

original cov sqrt(cov-diag) and original cov sqrt(cov-diag) and
val(:.: 1) = convert to degree val(:. 1) = convert to degree
val(:,;,1) = 0 0 O
0.0507 0.0096 -0.0253 12.9002 0 0 0 val(:,:,l):
0.0096 0.0320 -0.0390 10.2554 0 0 0 0 0 0
18.4927 val(:,;,2) = 0 0 0
-0.0253 -0.0390 0.1042 0.0535 -0.0031 0.0117 0 0 0
val(.:.2) = val(:,;,2) = -0.0031 0.0064 0.0020
whe) = 7.6863 0.0117 0.0020 0.0310 val(:,:,2) =
0.0180 -0.0173 -0.0039 7.7102 val(:,:,3) = 13.2501
2.0129 0.0365 0.0068 -0.0019 4.5710
-0.0173 0.0181 0.0042 0.0068 0.0081 0.0011 10.0842
i -0.0019 0.0011 0.0008
0.0039 0.0042 0.0012 val(.3) = vl d) 2 val(:1.3) =
val(;,:,3) = 5.0384 0.0022 0.0008 -0.0026 10.9486
10.1588 0.0008 0.0005 -0.0011 5.1710
0.0077 0.0092 0.0002 0.8634 00026 -0.0011 00033 1.6188
0.0092 0.0314 0.0019 val(:,:,5) = (o 4) =
val(,:,4) = 0.1248 -0.0313 -0.0843 val(:,:,4) =
0.0002 0.0019 0.0002 8.0279 -0.0313 0.0168 0.0279
o= 3.8214 -0.0843 0.0279 0.1144 2.6581
0.0196 0.0016 -0.0113 3.3025
val(:,:,5) =
0.0016 0.0044 -0.0026 4.4111 val(;,:,5) =
11.6050 20.2427
-0.0113 -0.0026 0.0072 12478 74315
val(:,:,5) = 19.3781

0.0059 0.0155 -0.0014
0.0155 0.0410 -0.0035

-0.0014 -0.0035 0.0005




HMA SIFT

original cov sqrt(cov-diag) and original cov sqrt(cov-diag) and
val(:.: 1) = convert to degree val(:. 1) = convert to degree
val(;,;,1) =
0.0507 0.0096 -0.0253 12(.9032 0 0 0 val(,;,1) =
0.0096 0.0320 -0.0390 10.2554 0 0 O 0 0 0
18.4927 0 0 O
0.0253 -0.0390 0.1042 0 0 0 0 0 0
o val(;,:,2) = o
val(:,:,2) = 7 6863 val(;,:,2) = val(;,:,2) =
0.0180 -0.0173 -0.0039 7.7102 0.0535 -0.0031 0.0117 13.2501
2.0129 45710
-0.0173 0.0181 0.0042 -0.0031 0.0064 0.0020 10.0842
-0.0039 0.0042 0.0012 val(s3) = 0.0117 0.0020 0.0310 val(:.3) =
val(:,:,3) = 5.0384 val(;,:,3) = 10.9486
10.1588 5.1710
0.0077 0.0092 0.0002 0.8634 0.0365 0.0068 -0.0019 1.6188
0.0092 0.0314 0.0019 0.0068 0.0081 0.0011 o
val(:,:,4) = val(:,:,4) =
0.0002 0.0019 0.0002 8.0279 -0.0019 0.0011 0.0008
3.8214 2.6581
val(:,:,4) = 4.8564 val(:,:,4) = 1.2876
0.0196 0.0016 -0.0113 - 0.0022 0.0008 -0.0026 3.3025
val(;,:,5) =
0.0016 0.0044 -0.0026 44111 0.0008 0.0005 -0.0011 val(:;,:,5) =
11.6050 20.2427
0.0113 -0.0026 0.0072 L2478 -0.0026 -0.0011 0.0033 7 4315
val(:,:,5) = val(:,:,5) = 19.3781
0.0059 0.0155 -0.0014 0.1248 -0.0313 -0.0843
0.0155 0.0410 -0.0035 -0.0313 0.0168 0.0279

-0.0014 -0.0035 0.0005 -0.0843 0.0279 0.1144




HMA SIFT

original cov sqrt(cov-diag) and original cov sqrt(cov-diag) and
val(:.: 1) = convert to degree val(:. 1) = convert to degree
val(;,;,1) =
0.0507 0.0096 -0.0253 12(.9032 0 0 0 val(,;,1) =
0.0096 0.0320 -0.0390 10.2554 0 0 0 0 0 0
18.4927 0 0 O
0.0253 -0.0390 0.1042 0 0 0 0 0 0
val(;,;,2) =
val(;,;,2) = 7(.686)3 val(;,:,2) = val(;,:,2) =
0.0180 -0.0173 -0.0039 7.7102 0.0535 -0.0031 0.0117 13.2501
2.0129 45710
0.0173 0.0181 0.0042 -0.0031 0.0064 0.0020 10.0842
0.0039 0.0042 0.0012 val(e3) = 0.0117 0.0020 0.0310 val(..3) =
val(;,;,3) = 5.0384 val(;,:,3) = 10.9486
10.1588 5.1710
0.0077 0.0092 0.0002 0.8634 0.0365 0.0068 -0.0019 1.6188
0.0092 0.0314 0.0019 0.0068 0.0081 0.0011 o
val(:,:,4) = val(:,:,4) =
0.0002 0.0019 0.0002 8.0279 -0.0019 0.0011 0.0008
3.8214 2.6581
val(:,:,4) = 4.8564 val(:,:,4) = 1.2876
0.0196 0.0016 -0.0113 - 0.0022 0.0008 -0.0026 3.3025
val(;,:,5) =
0.0016 0.0044 -0.0026 44111 0.0008 0.0005 -0.0011 val(:;,:,5) =
11.6050 20.2427
0.0113 -0.0026 0.0072 L2478 -0.0026 -0.0011 0.0033 7 4315
val(:,:,5) = val(:,:,5) = 19.3781
0.0059 0.0155 -0.0014 0.1248 -0.0313 -0.0843
0.0155 0.0410 -0.0035 -0.0313 0.0168 0.0279

-0.0014 -0.0035 0.0005 -0.0843 0.0279 0.1144




HMA

) SIFT
. sqrt(cov-diag) and
original cov o ,
. convert to degree original cov sqrt(cov-diag) and
val(:,:, =
val(, 1) = - convert to degree
0.0507 0.0096 -0.0253 P e val(:,;,1) = © 0 deg
0.0096 0.0320 -0.0390 10.2554 0 0 0 val(,:,1) =
18.4927 o o o 0 0 0
-0.0253 -0.0390 0.1042 0 0 0
val(;,;,2) = 0O 0 O
val(:,:,2) = 7(.686)3 0 00
0.0180 -0.0173 -0.0039 7.7102 val(:,:,2) = val(:,:,2) =
2.0129 13.2501
00173 00181 0.0042 0.0535 -0.0031 0.0117 45710
00039 0.0042 0.0012 s - -0.0031 0.0064 0.0020 10.0842
val(:,:,3) = 5.0384 0.0117 0.0020 0.0310 val(:,:,3) =
10.1588 val(:.3) = 10.9486
0.0077 0.0092 0.0002 0.8634 51710
0.0092 0.0314 0.0019 o) 0.0365 0.0068 -0.0019 1.6188
val(:,:, =
0.0002 0.0019 0.0002 8.0279 0.0068 0.0081 0.0011 val(.,;,4) =
oy 3.8214 -0.0019 0.0011 0.0008
val(:,:,4) = 4.8564 2.6581
00196 0.0016 -0.0113 5 val(:,:.4) = 1.2876
val(;,:,5) = 3.3025
0.0016 0.0044 -0.0026 44111 0.0022  0.0008 -0.0026
00113 00026 0.0072 11.6050 e 0.0008 0.0005 -0.0011 vglé:,zzfz);
val(..5) = -0.0026 -0.0011 0.0033 7 4315
CEy o 19.3781
0.0059 0.0155 -0.0014 val(:,:,5) =

0.0155 0.0410 -0.0035 0.1248 -0.0313 -0.0843

-0.0313 0.0168 0.0279

-0.0014 -0.0035 0.0005

, o




HMA SIFT

original cov sqrt(cov-diag) and original cov sqrt(cov-diag) and
val(:.: 1) = convert to degree val(: 1) = convert to degree
val(;,;,1) =
0.0507 0.0096 -0.0253 1;9032 0 0 0 val(:,:,1) =
0.0096 0.0320 -0.0390 10.2554 0 0 0 0 0 0
18.4927 0 0 O
0.0253 -0.0390 0.1042 0 0 0 0 0 0
val(;,;,2) =
val(;,;,2) = 7(.68623, val(;,:,2) = val(;,:,2) =
0.0180 -0.0173 -0.0039 7.7102 0.0535 -0.0031 0.0117 13.2501
2.0129 4.5710
0.0173 0.0181 0.0042 -0.0031 0.0064 0.0020 10.0842
0.0039 0.0042 0.0012 val(s3) = 0.0117 0.0020 0.0310 val(:.3) =
val(:,:,3) = 5.0384 val(;,:,3) = 10.9486
10.1588 5.1710
0.0077 0.0092 0.0002 0.8634 0.0365 0.0068 -0.0019 1.6188
0.0092 0.0314 0.0019 0.0068 0.0081 0.0011 o
val(:,:,4) = val(:,:,4) =
0.0002 0.0019 0.0002 8.0279 -0.0019 0.0011 0.0008
3.8214 2.6581
Val(:,:,4) = 4.8564 Val(:-:-4) = 1.2876
0.0196 0.0016 -0.0113 0.0022 0.0008 -0.0026 3.3025
val(:,:,5) =
0.0016 0.0044 -0.0026 44111 0.0008 0.0005 -0.0011 val(:,:,5) =
11.6050 20.2427
0.0113 -0.0026 0.0072 Lours -0.0026 -0.0011 0.0033 7 4315
val(:,:,5) = val(:,:,5) = 19.3781
0.0059 0.0155 -0.0014 0.1248 -0.0313 -0.0843
0.0155 0.0410 -0.0035 -0.0313 0.0168 0.0279

-0.0014 -0.0035 0.0005 -0.0843 0.0279 0.1144




original cov

val(:,:,6) =
1.0e-03 *
0.0347 0.0259
0.0259 0.0732
-0.0625 -0.0755
val(:,:,7) =
0.0004 -0.0001
-0.0001 0.0012
-0.0002 -0.0002
val(:,:,8) =
0.0024 -0.0006
-0.0006 0.0036
-0.0012 -0.0002
val(:,:,9) =
1.0e-04 *
0.7090 -0.2440
-0.2440 0.5469
-0.0874 -0.0552
val(:,:,10) =
1.0e-04 *
0.1001 0.0929
0.0929 0.1485
0.0045 0.0131

-0.0625
-0.0755
0.1588

-0.0002
-0.0002
0.0003

-0.0012
-0.0002
0.0029

-0.0874
-0.0552
0.0384

0.0045
0.0131

0.0072

HMA sqrt(cov-diag) and

convert to degree

val(:,:,6) =
0.3377
0.4903
0.7221
val(:,:,7) =
1.0910
1.9899
0.9586
val(:,:,8) =
2.7816
3.4329
3.0840
val(:,:,9) =
0.4825
0.4237
0.1122
val(:,:,10) =
0.1812
0.2208
0.0487

original cov

val(:,:,6) =
0.0141 0.0027
0.0027 0.0039
-0.0050 0.0036
val(:,:,7) =
0.0081 0.0009
0.0009 0.0001
-0.0132 -0.0015
val(:,:,8) =
0.0012 -0.0016
-0.0016 0.0020
-0.0005 0.0007
val(:,:,9) =
1.0e-03 *
0.4813 -0.3411
-0.3411 0.3088
-0.2652 0.1746
val(:,:,10) =
1.0e-04 *
0.0334 -0.0028
-0.0028 0.5534
0.0222 -0.1232

-0.0050
0.0036
0.0085

-0.0132
-0.0015
0.0217

-0.0005
0.0007
0.0002

-0.2652
0.1746
0.1868

0.0222
-0.1232
0.0550

SIFT

sqrt(cov-diag) and

convert to degree

val(:,:,6) =
6.8132

val(:,:,7) =
5.1675

val(:,:,8) =
1.9925

val(:,:,9) =
1.2570

val(:,;,10) =
0.1047

3.5875

0.6281

2.5732

1.0068

0.4262

5.2930

8.4446

0.8993

0.7831

0.1344



HMA SIFT

original cov sqrt(cov-diag) and original cov sqrt(cov-diag) and
val(:..6) = convert to degree val(:..6) = convert to degree
1.0e-03 * 0.0141 0.0027 -0.0050
val(;,:,6) =
0.0347 0.0259 -0.0625 ::6) 0.0027 0.0039 0.0036 )
val(:,:, =
0.0259 0.0732 -0.0755 0.3377 04505 -0.0050 0.0036 0.0085 6.8132
- o 3.5875
-0.0625 -0.0755 0.1588 0.7221 val(:,;,7) = 5.2930
val(:,:,7) = val(.7) = 0.0081 0.0009 -0.0132 ) =
0.0004 -0.0001 -0.0002 0.0009 0.0001 -0.0015 51675
1.0910
-0.0001 0.0012 -0.0002 1.9899 -0.0132 -0.0015 0.0217 0.6281 6.4446
-0.0002 -0.0002 0.0003 0.9586 val(;,:,8) =
c.oQ) — L.oQ) = val(:,:,8) =
val(:,:,8) = val(:,:,8) = 0.0012 -0.0016 -0.0005 1.9925
0.0024 -0.0006 -0.0012 -0.0016 0.0020 0.0007 2.5732
2.7816 0.8993
-0.0006 0.0036 -0.0002 3.4329 -0.0005 0.0007 0.0002
3.0840 val(..9) =
0.0012 -0.0002 0.0029 val(:,:,9) = L9570
val(:,:,9) = val(...9) = 1.0e-03 * 1.0068
0.7831
1.0e-04 * 0.4825 0.4813 -0.3411 -0.2652
0.4237 val(:,;,10) =
0.7090 -0.2440 -0.0874 01122 -0.3411 0.3088 0.1746 )
0.2440 0.5469 -0.0552 N -0.2652 0.1746 0.1868 0.4262
val(:,:,10) = 0.1344
0.0874 -0.0552 0.0384 0.1812 val(:,;,10) = '
- 0.2208 .
val(:,:,10) = 0.0487 1.0e-04
1.0e-04 * 0.0334 -0.0028 0.0222
0.1001 0.0929 0.0045 -0.0028 0.5534 -0.1232
0.0929 0.1485 0.0131 0.0222 -0.1232 0.0550

0.0045 0.0131 0.0072




original cov

val(;,:,11) =
0.0118 -0.0033
-0.0033  0.0009
-0.0025 0.0007
val(:,:,12) =
1.0e-04 *
0.1464 -0.0920
-0.0920 0.0990
-0.0310 0.0329
val(:,:,13) =
1.0e-04 *
0.4442 -0.0785
-0.0785 0.0929
-0.1743 -0.0061
val(:,:,14) =
1.0e-03 *
0.1337 -0.0766
-0.0766 0.0770
-0.0387 0.0258
val(:,:,15) =
0.0060 0.0091
0.0091 0.0142
0.0018 0.0016

-0.0025
0.0007
0.0007

-0.0310
0.0329
0.0126

-0.1743
-0.0061
0.1624

-0.0387
0.0258
0.0145

0.0018
0.0016

0.0075

HMA

sqrt(cov-diag) and
convert to degree

val(;,:,11) =

6.2301

val(:,:,12) =

0.2192

val(:,:,13) =

0.3819

val(:,:,14) =

0.6625

val(:,:,15) =

4.4278

1.7545

0.1803

0.1746

0.5028

6.8243

1.4977

0.0643

0.2309

0.2182

4.9622

original cov

val(;,;,11) =

0.0870 -0.0161
-0.0161 0.0032
-0.0088 0.0020
val(:,:,12) =
1.0e-04 *
0.1544 -0.1018
-0.1018 0.0760
-0.0222 0.0120
val(:,:,13) =
1.0e-03 *
0.2057 -0.0942
-0.0942 0.0987
0.0326 -0.0473
val(:,:,14) =

0.0014 -0.0009
-0.0009 0.0010
-0.0010 0.0006
val(:,:,15) =

0.0217 0.0433
0.0433 0.0891
0.0050 -0.0115

-0.0088
0.0020
0.0189

-0.0222
0.0120
0.0070

0.0326
-0.0473
0.0427

-0.0010
0.0006
0.0007

0.0050
-0.0115
0.2319

SIFT

sqrt(cov-diag) and
convert to degree

val(;,;,11) =
16.8958
3.2474
val(:,;,12) =
0.2251
0.1580
val(:,;,13) =
0.8217
0.5691
val(:,:,14) =
2.1287
1.8484
val(:,;,15) =
8.4441
17.1055

7.8724

0.0481

0.3744

1.5288

27.5938



original cov

val(;,:,11) =
0.0118 -0.0033
-0.0033 0.0009
-0.0025 0.0007
val(:,:,12) =
1.0e-04 *
0.1464 -0.0920
-0.0920 0.0990
-0.0310 0.0329
val(:,:,13) =
1.0e-04 *
0.4442 -0.0785
-0.0785 0.0929
-0.1743 -0.0061
val(:,:,14) =
1.0e-03 *
0.1337 -0.0766
-0.0766 0.0770
-0.0387 0.0258
val(:,:,15) =
0.0060 0.0091
0.0091 0.0142
0.0018 0.0016

-0.0025
0.0007
0.0007

-0.0310
0.0329
0.0126

-0.1743
-0.0061
0.1624

-0.0387
0.0258
0.0145

0.0018
0.0016

0.0075

HMA

sqrt(cov-diag) and
convert to degree

val(:,:,11) =

6.2301

val(:,:,12) =

0.2192

val(:,:,13) =

0.3819

val(:,:,14) =

0.6625

val(:,;,15) =

4.4278

1.7545

0.1803

0.1746

0.5028

6.8243

1.4977

0.0643

0.2309

0.2182

4.9622

original cov

val(:,;,11) =

0.0870 -0.0161
-0.0161 0.0032
-0.0088 0.0020
val(:,:,12) =
1.0e-04 *
0.1544 -0.1018
-0.1018 0.0760
-0.0222 0.0120
val(:,:,13) =
1.0e-03 *
0.2057 -0.0942
-0.0942 0.0987
0.0326 -0.0473
val(:,:,14) =

0.0014 -0.0009
-0.0009 0.0010
-0.0010 0.0006
val(:,:,15) =

0.0217 0.0433
0.0433 0.0891
0.0050 -0.0115

-0.0088
0.0020
0.0189

-0.0222
0.0120
0.0070

0.0326
-0.0473
0.0427

-0.0010
0.0006
0.0007

0.0050
-0.0115

0.2319

SIFT

sqrt(cov-diag) and
convert to degree

val(;,;,11) =
16.8958
3.2474
7.8724
val(:,;,12) =
0.2251
0.1580
0.0481
val(:,:,13) =
0.8217
0.5691
0.3744
val(:,:,14) =
2.1287
1.8484
1.5288
val(:,;,15) =
8.4441
17.1055
27.5938




Analysis of diagonal elements in covariance matrix (1/3)

HMA SIFT
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Analysis of diagonal elements in covariance matrix (2/3)
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Analysis of diagonal elements in covariance matrix (3/3)

HMA SIFT
-9q -23
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Analysis of rotation angles: Alpha (1/5)
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Analysis of rotation angles: Alpha (2/5)
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HMA

Algorithm Evaluation by Crozs Yalidation

1000 I I I T 1
= T TFeature number
p a == ""fAlpha standard deviation
-t 1
-l
N fr\\ ff \\ i !
500 — A N T I 1 —0.5
i \ i I -
[ Y i 4 ) LY A - 1
i i }* ! LU | ! hY ! i
SN AN N \ PN b
e / i ! v ! I !
! AY k! 7 r \ i - i ™~
7 LU s V] ' PN f-
— % /! A \ L i
e / / Vs oo T / M Voo N S
A LAY ! Ny v 1 By FAREEY / oA 1 i NS Y
N Lot . ! 1 . [} - AN - ! AT A
/ / ,. N : A i v 1
Y A Vs 3 / oo I . A" - W
P S ! Vs hY ' L . < v/ i \“f}\ NS 3\ -
L=< Ml ™™’ i/ STt | it STV R T Nt
0 5 10 15 20 ] 30 35 40 45
Frame Index
Algorithm Evaluation by Crozs Yalidation
B0 T T T T 0.4
= = ~Feature number
i_ — '~ "'Alpha standard deviation
L — il
i [N [ .",.
i N { A P
g00 |— : n i ! p il —o.z
i S ; PN } i
r “f \\ "“\ ! ! ;j l"- ! ! J\
i My A I\ H v, \ AN 1
i v v 3 ] sy i+ ~
*, [} : ; b i W ! \ : N
wl TN, N g N \ Lo e A A o2
[ S T AN At W 1 ," 1 Y \ iy Lo et
i LI [ A j, b ! v i ! N i W A N it i \!N’F\ i
oo NS T : [ AN Ao Pt v/
: ER by AV A L A Y A LN N A
TR VY ;o H ; I A A VN e AV
N N K ! - o/ ’ o NV 1Yy j
w0 s . ! ! v \ ! \ NE Vo
NN, BN I LAY Vo by RV AR : E 1 i - —o.
! S ; ! ! v g ! YA £ N v ! v
i Y I ! 1 LAY B A ] s N~ ) 4
f i N\ ! 1 ! v foyy Vs - | . f Moo
; S AT A T NI TR N
- . - - . N L \ N
N | ~4 [T | LTI | | ! | | )
0 [} 10 15 20 25 30 35 40 45

Frame Index

fngular standard deviation {degree)

Argular standard deviation (degree)



Alpha (4/5)

Analysis of rotation angles

Alpha standard deviation with feature number
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Analysis of rotation angles: Alpha (5/5)
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Analysis of rotation angles: Beta (1/5)
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Analysis of rotation angles: Beta (2/5)
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Algorithm Evaluation by Cross Yalidation
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Beta (4/5)

Analysis of rotation angles

Beta standard deviation with feature number

SIFT
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Analysis of rotation angles: Beta (5/5)
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Analysis of rotation angles: Gamma (1/5)
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Analysis of rotation angles: Gamma (2/5)
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Matched Feature Mumber

Matched Feature Mumber

HMA

Algorithm Evaluation by Cross Validation
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Gamma (4/5)

Analysis of rotation angles

Gamma standard deviation with feature number

SIFT

HMA
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Analysis of rotation angles: Gamma (5/5)
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Projection error of the hold-out test
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SIFT

Projection error of the hold-out test
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Deliverables

= Minimum: (Expected by 7th April - 14th April)

1.

i o A

Matlab program for robust feature matching by HMA algorithm.

Feature matching validation experiments, analysis and documentation.
C++ Program for motion estimation by RANSAC and 5 point algorithm.
Motion estimation validation experiments, analysis and documentation.
Empirical quantitative comparison of HMA and SIFT algorithms.

= Expected: (Expected by 21st April - 28th April)
1. C++ program for image registration by Trimmed ICP algorithm.

= Maximum: (Expected by 9th May)
1. Video-CT registration validation experiments, analysis and documentation.
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Milestones

1. Milestone 1: Program for robust feature matching by HMA algorithm.
= Planned Date: 28th February
= Expected Date: 7nd March
= Status: Done
2. Milestone 2: Program for motion estimation by RANSAC and 5 point algorithm.
= Planned Date: 14th March
= Expected Date: 14th March
= Status: Done
3. Milestone 3: Empirical quantitaive comparison of HAM and SIFT algorithms
= Planned Date: 2nd May
= Expected Date: 9th May
= Status:] Done
4. Milestone 4: Program for video-CT registration by Trimmed ICP algorithm
= Planned Date: 9th May
= Expected Date: 12nd May
= Status: pending
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e Sample CT data: still not available.
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Thank you! Comments!
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