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2 [ ] [fps]

EER [%] ( )

SR\TR 30 15 10 7.5 6 5 3.75 3 2 1

640×480 2.4 2.5 2.6 3.7 7.4 9.6 22.0 23.9 39.4 39.5

480×360 2.4 2.5 2.6 3.7 7.5 9.8 22.1 24.1 39.6 39.4

320×240 2.4 2.4 2.7 3.9 7.5 9.9 22.1 24.3 39.7 39.4

213×160 2.3 2.5 2.8 4.2 8.0 10.4 22.2 25.0 39.8 39.8

160×120 2.5 2.6 3.1 4.4 8.3 10.7 22.6 25.9 40.0 39.6

128×96 2.9 3.2 3.7 4.9 8.9 11.4 23.2 26.7 40.4 40.1

106×80 2.6 2.9 3.9 5.9 9.7 12.0 23.4 27.4 39.8 39.6

91×68 2.2 2.6 5.1 6.5 9.9 12.9 23.7 28.2 39.9 39.9

80×60 2.6 4.2 6.9 6.3 11.3 14.1 23.3 28.8 40.1 39.4

64×48 2.9 11.2 5.0 12.5 12.0 16.4 24.3 29.9 39.8 39.0

53×40 3.8 8.0 9.0 10.9 19.4 17.8 26.0 31.8 40.8 40.1

40×30 5.7 7.7 23.7 17.3 18.5 23.9 28.9 31.3 42.0 38.9

20×15 18.1 20.2 25.3 25.8 28.0 24.8 30.4 32.7 36.3 32.0

(Receiver Operatorating

Characteristic, ROC) 4 (1)

(2) (3)

(4) 4

ROC

FAR FRR EER 2-4

1×1

EER 50%

3.2

EER 5

6

(30fps, 5)

EER 160×120

3 (c)

160×120

53×40

8×15

3 [ ] [fps]

EER [%] ( ) ”-” 50%

.
SR\TR 30 15 10 7.5 6 5 3.75 3 2 1

640×480 4.5 5.8 7.2 8.0 7.7 10.0 10.1 10.3 10.2 10.5

480×360 3.1 3.8 5.2 5.9 6.2 8.0 8.0 8.1 8.1 8.3

320×240 4.6 5.8 7.7 8.7 8.7 10.7 10.8 10.8 10.8 11.1

213×160 3.2 3.9 4.8 6.4 7.4 9.7 9.8 9.9 9.7 10.5

160×120 4.6 5.4 6.6 8.4 9.8 12.2 12.6 12.8 12.5 13.7

128×96 7.2 8.1 9.5 11.7 12.9 15.3 15.8 16.2 16.2 17.6

106×80 10.0 11.1 13.1 16.0 17.8 20.3 20.4 21.1 21.0 23.0

91×68 13.6 15.0 16.9 20.3 21.8 25.1 25.1 25.6 25.3 27.6

80×60 22.7 23.6 25.7 27.3 29.1 30.2 31.0 30.8 31.6 32.9

64×48 23.3 24.7 27.1 28.4 32.3 32.8 33.3 34.2 33.9 34.4

53×40 38.3 36.3 36.8 37.0 38.2 39.5 39.8 40.0 39.7 40.1

40×30 - - - - - - - - - -

20×15 - - - - - - - - - -

4 [ ] [fps]

EER [%] ( )

SR\TR 30 15 10 7.5 6 5 3.75 3 2 1

640×480 16.2 16.5 17.0 17.8 17.6 19.4 19.4 19.4 19.4 19.4

480×360 16.3 16.6 16.9 18.0 17.8 19.6 19.6 19.6 19.6 19.6

320×240 16.5 16.9 17.0 18.0 17.8 19.9 20.0 20.0 19.8 20.0

213×160 16.3 16.8 17.4 18.3 18.4 20.0 20.1 20.1 20.1 20.1

160×120 16.5 17.2 17.6 18.6 18.2 20.9 21.0 21.0 21.0 21.0

128×96 17.0 17.7 18.1 19.3 19.1 21.7 21.7 21.7 21.7 21.7

106×80 17.3 18.2 18.8 20.1 20.3 23.1 23.2 23.2 23.3 23.2

91×68 15.8 16.8 17.6 19.8 19.9 22.9 23.0 23.0 23.0 23.0

80×60 18.2 19.4 21.7 23.2 23.3 27.3 27.3 27.3 27.1 27.3

64×48 15.7 18.3 21.4 24.6 24.4 29.7 29.7 29.4 29.7 29.7

53×40 18.0 21.8 24.9 28.2 28.9 33.2 33.2 33.2 33.1 33.2

40×30 19.6 24.8 30.0 33.6 33.4 38.7 38.9 38.8 38.8 38.8

20×15 31.6 37.2 41.0 42.2 41.4 43.1 43.2 43.0 43.0 43.0

(a) 30fps (b) 3fps

5 EER

(3fps) EER

(30fps)
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(a) 640×480 (b) 80×60

6 EER

3fps

3fps

30fps

(640×480 )

EER ( 6)

7.5fps

(80×60 )

EER

4.

4.1

LLR 4.2 4.3

LLR 1,935

2

50

5 [ ]

[fps] .

SR TR

Training
640 × 480, 320 × 240, 160 × 120, 30, 15, 7.5,

106 × 80, 80 × 60, 53 × 40 5, 3, 1

Test
480 × 360, 213 × 160, 10, 6,

128 × 96, 91 × 68, 64 ×48 3.75, 2

( )

( )

5 3.1

40×30

40×30 20×15

11

4.2

sm(i, j) i j

m ∈ {face, gait, height}
s̄m(i, j)

s̄m(i, j) =
sm(i, j)− μm(i)

σm(i)
, (5)

μm(i) σm(i)

s̄ = [s̄face, s̄gait, s̄height]
T (

X = 1 ) SR qS TR qT

q = [qS , qT ]
T

P (X = 1|s̄; q) LLR [22]

log

(
P (X = 1|s̄; q)

1− P (X = 1|s̄; q)
)

=
∑

m∈{face,
gait,height}

αm(q)s̄m+αc(q), (6)

αm(q) m αc(q)

αface, αgait, αheight, αc

4.3

1

q∗ α∗
D = [Q,α]T

N Q = {qi}(i = 1, . . . , N)
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α = [α1, . . . , αN ]T

5 6

(GPR) D

q∗
qi qj

(radial basis function,

RBF)k

k(qi, qj ;θ) = v exp

(
−||qi − qj ||2

2r2

)
, (7)

θ = [v, r]T

P (α∗|�q∗, D)

μ∗ σ2
∗ [23]

μ∗ = kT
∗ (K +Σ)−1α (8)

σ2
∗ = k(q∗, q∗;θ)− kT

∗ (K +Σ)−1k∗ + σ2
o,∗, (9)

K (i, j) k(qi, qj ;θ) N ×N

k∗ i k(qi, q∗;θ) Σ (i, i)

σ2
i N ×N σ2

o,∗

q∗ μ∗

α∗

4.4

EER

6 ROC 10

Sum

LLR (Fixed)

LLR

LLR

LLR (GT)

LLR SR TR

( 10(a) (d)) Sum

( 10(b) (c)) Sum

LLR (Fixed)

SR LLR

(Fixed) SR (

10(b) (d))

EER SR TR

TR SR 8

6 8

SR TR

LLR

6 [ ] [fps]

EER [%] Sum LLR (Fixed) LLR

SR TR
Fusion rule

Sum LLR (Fixed) LLR

640×480

30 0.8 0.8 0.8

15 0.9 0.9 0.9

7.5 1.5 1.4 1.5

5 3.6 3.5 3.3

3 9.6 9.1 6.0

1 16.6 15.4 7.6

320×240

30 0.8 0.7 0.7

15 0.8 0.8 0.8

7.5 1.5 1.4 1.5

5 3.9 3.9 3.6

3 9.8 9.4 6.8

1 16.6 15.8 8.6

160×120

30 0.8 0.8 0.8

15 1.0 1.0 1.0

7.5 2.1 2.3 2.0

5 6.2 6.9 5.5

3 12.1 12.7 10.6

1 19.7 19.8 14.2

106×80

30 1.3 1.4 1.3

15 1.6 1.8 1.5

7.5 4.2 4.8 3.3

5 11.8 13.3 8.3

3 18.2 19.4 14.9

1 26.4 27.2 20.0

80×60

30 2.5 2.9 1.8

15 3.8 4.2 2.7

7.5 7.4 8.2 5.3

5 16.2 17.7 12.1

3 23.0 24.4 19.7

1 31.2 31.5 25.5

53×40

30 5.1 13.6 3.3

15 9.8 18.1 7.0

7.5 15.2 23.5 10.2

5 21.3 28.1 16.3

3 26.7 33.1 25.5

1 32.2 42.0 31.0

4.5

2 5

( qs = log(0.5))

r = 0.2 v = 1

2 (10fps 2fps) 2

(3/4 1/10) 4 ROC

10

Sum LLR (Fixed)

LLR(GPR)

SR TR

LLR (GT)
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7 [ ] [fps] EER [%].

Sum LLR (Fixed) LLR (GPR)

Fusion SR 480×360 213×160 128×96 91×68 64×48

rule TR 10 6 3.75 2 10 6 3.75 2 10 6 3.75 2 10 6 3.75 2 10 6 3.75 2

Sum 0.9 2.5 8.6 17.1 1.2 3.4 9.7 19.0 2.8 6.2 14.0 23.6 5.2 9.3 18.9 29.3 8.3 13.8 24.0 33.5

LLR (Fixed) 1.0 2.3 8.3 16.9 1.3 3.7 10.0 19.4 3.7 7.7 15.4 25.3 6.7 11.5 21.3 31.8 9.7 15.3 25.7 35.6

LLR (GPR) 1.0 2.2 6.1 8.3 1.3 3.4 8.7 12.2 2.3 4.9 12.7 18.0 3.4 6.8 15.9 23.2 4.6 10.7 21.5 30.6

LLR (GT) 1.0 2.2 5.7 8.1 1.1 3.4 8.4 11.8 1.9 4.9 12.5 17.3 3.3 6.8 15.7 21.9 4.4 10.7 21.3 28.7

(a) (b)

(c) (d)

7 ( :480×360 :64×48 )

( :10fps :2fps) ROC

EER 7 9

SR TR Sum

LLR (Fixed)

LLR (GPR)

5.

1 1

(a) 30fps (b) 1fps

(c) 640×480 (d) 53×40

8 EER TR SR

( ) SR TR ( )
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