
∗ Senior Member, IEEE

Abstract

�2

�1

�2

�0

�1

�1
�1

�1

bllu@sjtu.edu.cn

�2

A. Sparse Representation-Based Classi er

A = [A1,A2, · · · ,Ac]
Ai

i c
y

�1

α̂ = argminα ‖y −Aα‖22 + λ‖α‖1,
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λ
identity(y) = argmini{errori} errori =

‖y−Aiα̂i‖2 α̂ = [α̂1; α̂2; · · · ; α̂c] α̂i

i
�1

�1 α

A A

X ∈ R
d×n d, n

B. The Half-Quadratic Minimization

f(v) S ⊆ R
n → R f∗(p) R

n → R

f(·)
f∗(p) = infv∈S p

Tv − f(v).

f∗(p) S f∗(p)

p

f(v) = minp{ψ(v,p) + ϕ(p)},
f(·)
v

p

ψ(v,p) ϕ(·)
f(·)

ψ(v,p) ψ(v,p)
.
=
∑

i piv
2
i

vi pi
pi

p

�2

y

φ(e) = minw{ψ(e,w) + ϕ(w)},
e � Xα− y ∈ R

d w ∈ R
d

ψ ψ(e,v) =∑d
i=1

wie
2
i error detection

�2

�2

φ

�1
�2

w

wi

ei
�2

φ(·)
minα φ(Xα− y) + λR(α),

R(α)
ψ

ψ(Xα−y,w) =∑d
i=1

wi(yi −∑n
j=1

xijαj)
2

min
α,w

∑
i
(wi(yi −

∑
j
xijαj)

2 + ϕ(wi)) + λR(α).

J(α,w)

α,w J(α,w)

wt+1

i = ω(yi −
∑

j
xijα

t
j),

αt+1 = argminα ‖W1/2(y −Xαt)‖22 + λR(αt),

αt t
ω(·)

φ(·) ω(·)
ψ(ei, ω(ei)) + ϕ(ω(ei)) ≤ ψ(ei, wi) + ϕ(wi).

W Wii = wt+1

i

αt+1

αt+1 = argminα ‖X̂α− ŷ‖22 + λR(α),
X̂ =

√
WX ŷ =

√
Wy

w

φ(·)
ω(·)

φ(ei) =
−1
2μ
ln
1 + exp(μδ − μe2i )

1 + exp(μδ)
,

ω(ei) =
exp(μδ − μe2i )

1 + exp(μδ − μe2i )
,
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μ
δ

X y

λ α0

α w

t = 0

W t+1

ii = ω(yi −∑n
j=1

xijα
t
j)

X̂ =
√
Wt+1X ŷ =

√
Wt+1y

αt+1 = argminα ‖X̂α− ŷ‖22 + λR(α)
t = t+ 1

α = [α1
1, · · · , α1

|S1|
, · · · , α

|Sc|
1 , · · · , α

|Sc|
|Sc|
]

{Sk}, k = 1, 2, · · · , c
|Sk|

k

min
α,w

∑
i
(wi(yi −

∑
j
xijαj)

2 +ϕ(wi)) + λ
∑

Sk
‖αSk‖2.

αt+1 = argminα ‖X̂α− ŷ‖22 + λ
∑

Sk
‖αSk‖2.

α

αt+1

α̂ = (X̂T X̂+ λL)−1X̂T ŷ,

L =

⎡
⎢⎢⎣

1

2‖αS1
‖2
I|S1| · · · 0

0 · · · 1

2‖αSc
‖2
I|Sc|

⎤
⎥⎥⎦ .

‖wt+1 −wt‖2/‖wt‖2 < ε1

|objk+1 − objk|/|objk| < ε2,

obj ε1 ε2

Lemma 1: u

v

‖u‖2 − ‖u‖22
2‖v‖2 ≤ ‖v‖2 − ‖v‖22

2‖v‖2 .

Theorem 2:
J(α,w)

Proof:

α̂ = argminα ‖X̂α− ŷ‖22 + λαTLα

X y

λ y0rec
α w

t = 0
w

et+1 = y − ytrec
wt+1 = ω(et)

Wt+1 = Diag(wt+1)
X̂ =

√
Wt+1X ŷ =

√
Wt+1y

αt+1

k = 0
αk

Lk

αk+1 = (X̂T X̂+ λLk)−1X̂T ŷ

k = k + 1

yt+1
rec = Xα

t+1

t = t+ 1

�2

�1

‖X̂α̂− ŷ‖22 + λα̂TLα̂ ≤ ‖X̂α− ŷ‖22 + λαTLα.

λ
∑
Sk

‖α̂Sk‖2−λ
∑
Sk

‖α̂Sk‖22
2‖αSk‖2 ≤ λ

∑
Sk

‖αSk‖2−λ
∑
Sk

‖αSk‖22
2‖αSk‖2

λ
∑
Sk

‖α̂Sk‖2 − λα̂TLα̂ ≤ λ
∑
Sk

‖αSk‖2 − λαTLα

‖X̂α̂−ŷ‖22+λ
∑

Sk
‖α̂Sk‖2 ≤ ‖X̂α−ŷ‖22+λ

∑
Sk

‖αSk‖2,

α

J(αt+1,wt+1) ≤ J(αt,wt+1)
ω(·)
αt+1
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J(αt,wt+1) ≤ J(αt,wt)
J(αt+1,wt+1) ≤ J(αt,wt+1)

J(αt+1,wt+1) ≤ J(αt,wt+1) ≤ J(αt,wt).

{· · · , J(αt,wt), J(αt,wt+1), J(αt+1,wt+1), · · · }
t → ∞

λ
(μ, δ) λ

(μ, δ) δ
μ

π = [e21, e
2
2, · · · , e2d] ei

i
πa δ πa(	τd
) μ = c/δ

(c, τ)
(μ, δ)

τ
(c, τ)

A. Face Recognition without Occlusion

minα ‖P(X̂α− ŷ)‖22+ λ
∑

Sk
‖αSk‖2

P

1) AR

×

�1

2) Extended Yale B

×

�1

B. Face Recognition with Occlusion

1) Face Recognition with Random Pixel Corruption:

×

[0, 255]

149



2) Face Recognition with Block Occlusion:

×

�1

3) Face Recognition with Real Disguise:

×
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