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Abstract

This supplementary material includes

1. The experimental results on OTB2015.

2. The proof of Theorem 1.

1. Experimental Results on OTB2015
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Success plots of OPE on OTB2015
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Figure 1. The success plot of MKCFup, KCF, KCFscale, MKCF,
SRDCF, fDSST, and ECO HC on small move sequences of
OTB2015. The AUCs of the trackers on the sequences are reported
in the legends.

2. Proof of Theorem 1
In the extension of MKCF with upper bound, to optimize

the unconstrained problem

min
αp,dp

Fp(αp,dp), (1)

we achieve that

αp =

 p∑
j=1

M∑
m=1

βj
m

(
(dm,pK

j
m)2 + λdm,pK

j
m

)−1

·

p∑
j=1

M∑
m=1

βj
mdm,pK

j
myc,

(2)

and

dm,p =
dNm,p

dDm,p

, (3)

where

dNm,p = (1− γm)dNm,p−1 + γm(Kp
mαp)

⊤(2yc − λαp),

dDm,p = (1− γm)dDm,p−1 + 2γm(Kp
mαp)

⊤(Kp
mαp),

when p > 1. If p = 1, then

dNm,1 = (K1
mα1)

⊤(2yc − λα1),

dDm,1 = (K1
mα1)

⊤(K1
mα1).

To simplify the denotation, in the proof, dm,p expresses
the kernel weight dtm,p of the tth iteration of αp and dp.

2.1. Proof of First Conclusion

According to Eq. (2), we set αp = D−1
p Npyc, where

Dp =

p∑
j=1

M∑
m=1

βj
m

(
(dm,pK

j
m)2 + λdm,pK

j
m

)
and

Np =

p∑
j=1

M∑
m=1

βj
mdm,pK

j
m.

It is clear that both Dp and Np are positive definite be-
cause βj

m > 0, dm,p > 0, λ > 0, and Kj
m is positive

definite. Because Kj
m is circulant Gram matrix, we have

Kj
m = UΣj

mUH , where U = 1√
l
F−1

l and Fl is the 1-D
discrete Fourier transform matrix [?]. Because the linear
combination of circulant matrices is also circulant, we have

Dp = U

 p∑
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M∑
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βj
m

(
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j
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j
m

)UH

and

Np = U
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j=1

M∑
m=1

βj
mdm,pΣ

j
m

UH .
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Let Σj
m = diag

(
σj
m,1, . . . , σ

j
m,l

)
, σj

m,n > 0, n =

1, . . . , l. Then the nth eigenvalue of D−1
p Np is

σαp,n ≡
∑p

j=1

∑M
m=1 β

j
mdm,pσ

j
m,n∑p

j=1

∑M
m=1 β

j
mdm,pσ

j
m,n(dm,pσ

j
m,n + λ)

= (λ+ bn)
−1,

where

bn =

∑p
j=1

∑M
m=1 β

j
md2m,p(σ

j
m,n)

2∑p
j=1

∑M
m=1 β

j
mdm,pσ

j
m,n

.

It is clear that bn > 0.
According to Eq. (3), we also have

dNm,p =

p∑
j=1

βj
m(Kj

mαp)
⊤(2yc − λαp)

= y⊤
c

p∑
j=1

βj
mNpD

−1
p Kj

m(2I− λD−1
p Np)yc

= y⊤
c D

N
m,pyc,

where DN
m,p = NpD

−1
p

∑p
j=1 β

j
mKj

m(2I−λD−1
p Np), and

its nth eigenvalue is

σN
m,p,n = σαp,n(2− λσαp,n)

p∑
j=1

βj
mσj

m,n.

∵ λσαp,n = λ(λ + bn)
−1 < 1, ∴ 2 − λσαp,n > 1, ∴

σN
m,p,n > 0, n = 1, . . . , l, ∴ DN

m,p is positive definite, and
dNm,p > 0. It is obvious that dDm,p > 0. Consequently,

dt+1
m,p =

dNm,p

dDm,p

> 0,

where m = 1, . . . ,M .

2.2. Proof of Second Conclusion

According to Eq. (2), we have

dDm,p = 2

p∑
j=1

βj
m(Kj
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⊤(Kj

mαp)
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c 2
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−1
p (Kj
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c D

D
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where DD
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−1
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j
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σD
m,p,n = 2σ2

αp,n

p∑
j=1

βj
m(σj

m,n)
2.

Then, according to Eq. (3),

dt+1
m,p =

dNm,p

dDm,p

=
y⊤
c D

N
m,pyc

y⊤
c D

D
m,pyc

=
y⊤
c UΣN

m,pU
Hyc

y⊤
c UΣD

m,pU
Hyc

.

Let UHyc = (yu,1, . . . , yu,l), cNn =
∑p

j=1 β
j
mσj

m,n, and
cDn =

∑p
j=1 β

j
m(σj

m,n)
2. Then

dt+1
m,p =

∑l
n=1 y

2
u,nc

N
n σαp,n(2− λσαp,n)

2
∑l

n=1 y
2
u,nc

D
n σ2

αp,n

.

Let cNmax = maxn c
N
n , cNmin = minn c

N
n , cDmax = maxn c

D
n ,

cDmin = minn c
D
n , ymax = maxn yu,n, ymin = minn yu,n,

cl =
y2minc

N
min

y2maxc
N
max

, cu =
y2maxc

N
max

y2minc
N
min

,

and

σr =

∑l
n=1 σαp,n(2− λσαp,n)

2
∑l

n=1 σ
2
αp,n

.

Then
cl · σr < dt+1

m,p < cu · σr.

Furthermore,

σr =

∑l
n=1(λ+ bn)

−1(2(λ+ bn)− λ)(λ+ bn)
−1

2
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2
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=
1

2
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∑l
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n=1(λ+ bn)−2

.

Let σj
m,max = maxn σ

j
m,n, σm,min = minn σ

j
m,n,

bmax =

∑p
j=1

∑M
m=1 β

j
md2m,p(σ

j
m,max)

2∑p
j=1

∑M
m=1, β

j
mdm,pσ

j
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,
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md2m,p(σ

j
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∑M
m=1, β

j
mdm,pσ

j
m,max

.

Then, bmin ≤ bn ≤ bmax, and

1

2
λ+ bmin ≤ σr ≤ 1

2
λ+ bmax,

cl
2
λ+ cl · bmin < dt+1

m,p <
cu
2
λ+ cu · bmax.

where m = 1, . . . ,M .


