‘:ﬂ
Y
J’/IY .\%

A Feature Selection Study
for Medical Image deep learning

Sanghyuck Lee

2021. 05 25.

CAU AutoML LAB



Outline

« Deep Feature Selection study
« Thyroid Associated Ophthalmopathy Research

* Industry-University Collaboration Project

CAU AutoML LAB 2



Deep Feature Selection study

2 x-S
X—3S 2
where U is orthonormal to the column space of X, C € R™~P)*P satisfies CTC =
2§ —S271S >0, S is diag{s} and s=(sy, ... 5,) has nonnegative entries.

[XX1T[XX] = X=XU-x"1S)+UcC

- Why use a correlation structure
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Deep Feature Selection study
peqUred B M

where U is orthonormal to the column space of X, C € R™~P)*P satisfies CTC =
2§ —SZ71S >0, S is diag{s} and s=(sy, ... 5,) has nonnegative entries.

X=X1-2"19+0cC

1
e X=|(0[,2=]1,27t = 1]
—1
~ ~ 1 ~
e X=X(A-=-X19+U0c=10|(1]=|1]S)+ UC
—1
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Deep Feature Selection study

ol

‘ IS positive semi-definite matrix,
IFF 2 —S>0and 2S—-SX71Ss>0
Equi-correlated knockoffs:
Sj = 2Amin(E) A1, where X/ X; = 1 —s;, diag{s} < 2X"X
=> minimize |(X] X;)|
S1 =2Apin(E)AN1=2A1=1
S =1
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Deep Feature Selection study
peqUred B M

where U is orthonormal to the column space of X, C € R™P)*P satisfies CTC =
2§ —SZ71S >0, S is diag{s} and s=(sy, ... 5,) has nonnegative entries.

X=X1-2"19+0cC

e Ul'X=0and UTU =1
- Deterministic U

1: Perform QR decomposition |X 0,5, | = [Qx Qo] R

2: U« Q,
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Deep Feature Selection study

U is orthonormal to the column space of X, UTX =0 and UTU =1
1: Perform QR decomposition [X 0,x,]| = [Qx Qo] R

1 0
X 0psp| =10 0
—1 0

« QR decomposition:
A=QR

where A is a m x n complex matrix, Q is a m X n unitary matrix and R is a
n X n upper triangular matrix.

If A is real matrix, then, Q is orthogonal matrix.

If A has n linearly independent columns, then the first n columns of Q
form an orthonormal basis for the column space of A.
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Deep Feature Selection study

* QR decomposition: A=QR

If A has n linearly independent columns, then the first n columns of Q
form an orthonormal basis for the column space of A.

e Gram-Schmidt process:

Given linearly independent set of vectors {vy, ..., v} In an inner product
space V (i.e. R™), calculate orthonormal basis {e, ..., ex}
Uy =7
Uy = Uy — PTOjy, (V)
Uz = vz — projy, (vz) — projy, (vs)

Ug
| [ugl]
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Deep Feature Selection study

U is orthonormal to the column space of X, UTX =0 and UTU =1

1: Perform QR decomposition [X 0,x,]| = [Qx Qo] R

- [07Q41[X 0nxp| =R

Qx X Qx0[_|@x X O

QX Q70] [efXx O

+ If A= QR is QR decomposition of 4, QTQ =1 and R is an upper
triangular matrix

2: U« Q,
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Deep Feature Selection study

U is orthonormal to the column space of X, UTX =0 and UTU =1

1: Perform QR decomposition [X 0,x,]| = [Qx Qo] R
_ 1 0 911 412 {13
XO0psp| =0 0|=|921 q22 23R
-1 0 d31 432 (33

- Thin decomposition phase:

1 1
u; =v; =(1,0,—1) ~ qq1 zﬁ 21 =0, 31 = NG

Uy = Vy — pTOjul(vz) =(0,0,0) =~ q12=04g22=0,q3, =0

- Full decomposition phase:
q11 X q13% 21 X 23+ 31 X q33 =0

q12 X Q13+ Q22 X Q23+ Q32 X q33 =0
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Deep Feature Selection study

U is orthonormal to the column space of X, UTX =0 and UTU =1

1: Perform QR decomposition [X 0,x,]| = [Qx Qo] R
_ 1 0 911 412 {13
XO0psp| =0 0|=|921 q22 23R
-1 0 d31 432 (33

- Full decomposition phase:
1 1
7 X st 0 X g23 — 5 X = 0

0X q13+0X g3+0X g33 =0 - q13= Q33

q13= q33=t, \/tz +t2 +q55=

> == . =L -0 1
= 2" d13= NG 23 = :(I33—ﬁ
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Deep Feature Selection study

U is orthonormal to the column space of X, UTX =0 and UTU =1

1: Perform QR decomposition [X 0,x,]| = [Qx Qo] R
_ 1 0 911 412 {13
XO0psp| =0 0|=|921 q22 23R
-1 0 d31 432 (33

- Reassign g4, g2, and g3, :

1 1
ﬁx qi2+ 0 X QZZ—EX 32 =0 ->q12—q32 =0

1 1
5 X Q12 0 X Chz"‘ﬁx 32 =0 -> g1+ q3, =0

“ Q2= Q32 =0, gy =1 for UTU =1
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Deep Feature Selection study

U is orthonormal to the column space of X, UTX =0 and UTU =1
1: Perform QR decomposition [X 0,x,]| = [Qx Qo] R

1,

1 0 |2 V2
[X0nxp] =10 o0of=] 0 1 0]R
-1 of | 1 0 1

V2 V2

2: U« Qg
Q, can be (0,1,0) or (— 0, —) by Gram-Schmidt process.

U: (O) 1; O)I (ﬁl / ﬁ)
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Deep Feature Selection study
AR = 5 F

where U is orthonormal to the column space of X, C € R™~P)*P satisfies CTC =
2§ —SZ71S >0, S is diag{s} and s=(sy, ... 5,) has nonnegative entries.

X=X1-2"19+0cC
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Thyroid Associated Ophthalmopathy Research
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				눈		내직근		외직근		시신경

		AX 1		약 90%		약 50%		약 50%		약 50%

		AX 2				약 90%		약 90%		약 90%

		AX 4				약 90%		약 90%		약 90%

		AX 5				약 50%		약 50%		약 50%

				4 근육 및 시신경

		CO 2

		CO 3






Sheet1

				눈		내직근		외직근		시신경

		AX 1

		AX 2

		AX 4

		AX 5

				4 근육 및 시신경

		CO 2		모두 90% 이상

		CO 3		전체적으로 실패






Industry-University Collaboration Project

S
W HIZE (&g 1), IHEE] =2 18 old A (et 2), I E5E

Nl (Cr2F 28 9)
- NEY, A Z|2hE2 7I2h, &0 712 Impact Factor, AR =, F
1= JHRHl S
- Z|Cfot 7|E =22 HIECE, A7t 22 EX| s WeeR =5 & &
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