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=E, [\/icos(wa + b)V2cos(wTy + b)] \/_EZwD (x)

= E,[cos(wT(x+y) + 2b)| + E,[cos(wT (x —y))]
= Eg,[cos(wT(x—y))]



Random Fourier

- BAIF[k(A)] = p(w)

[ T *” ©
k(x—y) = | pl@)e/* &Y do . | _\
— IEa) _(w (X) (w (Y) ] ° \_, QQ w @': R?
- TE N BRET el . o 7D
1
z,(x) = ﬁ[cos(wa) sin(wx)]
o Kernel Name %(A) p(w)
- AT . T2 D _I-
Gaussian e” 2 (2m)"2e” 2
D Laplacian e~ 112l I1, %l—iﬂ
‘ ;,“ J.Jd
Eul80 00001 = ) 20007 24(y) Canchy Tl o0

=1



Random Fourier

- (RESIUEINIESz: R4 > R
k(x,y) ={px), o)) = z(x) " z(y)

Random Feature + Linear SVM

Algorithm 1 Random Fourier Features.

Require: A positive definite shift-invariant kernel k(x.y) = L(x — y)

Ensure: A randomized feature map z(x) : R? — R2?" so that z(x)'z (y) ~ k(x—y)
Compute the Fourier transform p of the kernel £: p(w) = % | eIV AL (A) dA.
Draw D iid samples wy, - - - ,wp € R from p.

[ et Z(X) — 1;’% [cc.-s(u.:‘ix) - cos(wpx) sin(w]x) - sin(wbx)]".
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Q. Xu, R. Zhang, Y. Zhang, et al. A Fourier-based Framework for Domain Generalization. CVPR’21.
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H-1 W-— ,
Fx)(uw,v) = z z x(h, W)e—JZR(—IH—v)

-TRE
A (w,v) = [R* () (u,v) + P () v)]l/z
- TR
P(x)(u,v) = arctan [}12((?)((1;?)]
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Student predictions Teacher predictions
e == === ~ e R SR AT ~ i e S ~
( \ 1 | Y5 ( \
ey mm—-p . O | m——————
| | — B asiela - L35 | |
| | | I |
: :—p[,‘"‘g:"" I""";Lazo = | e |
\ mam ) cls | o | cot D | e |
S SN deSe oe S BN W -~ - : /7 . /
Classification loss T: Co-teacher regularization T
v
o T T N\
[ 1 ¥ | ]
| ' |
Student | : : Teacher
Original model | model
predictions | : Momentum update :
| ) /
Augmented
predictions
Forward
data
. Backward - )
gradient Fourier-based
data augmentation

Original images Augmented images

Xu et al. A Fourier-based Framework for Domain Generalization. CVPR 2021.
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Freq® FC
/_ —> IO
GAP(DCTY) l
H / ® >
w Scale w
c c

(a) Original SENet

Qin et al. FcaNet: Frequency Channel Attention Networks. ICCV 2021.
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« Channel AttentionfVi \—i& A BFITAMF IR, RIRE 7T =EMBSTEEE

/" Freq® Freq' ... Freq"- I%

IR T TTTTTTTT] —— T
DCTOT DCT1T . T DC'I%'1 l
H e
w w
c .- ©¢c c
&
/ Sum \
o Selection B :
(S Criterion . Selected ,
= |
Bases

Vo, (LF, TS, NAS) |_

Element-wise
Multiplication

/

(b) Multi-spectral channel attention

Qin et al. FcaNet: Frequency Channel Attention Networks. ICCV 2021.
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