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Abstract

In this work we investigate the impact of out-of-
focus blur and thermal noise, on the segmenta-
tion accuracy of automated ear detection. Re-
alistic acquisition scenarios are constructed and
various intensities of signal degradation are sim-
ulated on a comprehensive dataset. In experi-
ments different ear detection algorithms are em-
ployed, pointing out the effects of severe signal
degradation on ear segmentation performance.

Introduction

Motivated by increasing resolutions of surveillance cam-
eras, automated ear identification moves into the focus of
forensic investigators. We consider different reasonable
scenarios of data acquisition (according to surveillance
scenarios), profile images of a comprehensive dataset are
systematically degraded, simulating frequent distortions,
i.e. out-of-focus blur and thermal noise.
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Fig.1: Simulated data acquisition scenario.

Acquisition Scenario

Let C(f, d, w, h) be a camera with focal length f , sensor
diagonal d, and resolution w × h. Then the diagonal D
of the field of view at a distinct distance A is estimated
as,

D = A · tan
(

2 · arctan((d/2f )/2)
)

= A · d/2f .
(1)

In our scenario the aspect ratio is 16:9, i.e. the field of
view in object space corresponds to

16 ·
√

D2/(162 + 92) m× 9 ·
√

D2/(162 + 92) m. (2)

The average size of the outer ear of males and females
across different age group is 61.7 mm ×37.0 mm and
57.8 mm ×34.5 mm, respectively. For an average angle
of auricle of 32.5 degrees across age groups and sex we
approximate the bounding box of an ear of any subject
as 70 mm × 60 mm. For both scenarios S1, S2 the con-
sidered camera C(8mm, 1/2.5”, 1920px, 1080px) would
yield images where ear regions comprise approximately
we × he = 110×90 and 55×45 pixels, respectively.

Table 1: State-of-the-art camera models and
characteristics

Product Focal length Resolution Sensor

D82 2.8-12mm 1920×1080 1/3.2”
P3367V 3-9mm 1920×1080 1/3.2”

GV-FD220G 3-9mm 1920×1080 1/2.5”
VVIP-2L2812 2.8-12mm 1920×1080 1/2.5”

Signal Degradation

We simulate the point spread function of the blur as a
Gaussian

f (x, y) =
1

2πσ2
e−

x2+y2

2πσ2 (3)

which is then convolved with the specific image, where
the image is divided into 16 × 16 pixel blocks.
Noise is simulated as follows. Let P be the set of all
pixels in image I ∈ N

2, w = (wp)p∈P , be a collection
of independent identically distributed real-valued random
variables following a Gaussian distribution with mean m
and variance σ2. We simulate thermal noise as additive
Gaussian noise with m = 0, variance σ2 for pixel p at
x, y as

N(x, y) = I(x, y) + wp, p ∈ P , (4)

with N being the noisy image, for an original image I.

Fig.2: Examples for maximum intensities of blur
and noise for both acquisition scenarios.

Table 2: Blur and noise conditions considered for
signal degradation experiments

Blur condition Noise condition
Intensity

Abbrev. Descr. Abbrev. Descr.

B-0 – N-0 – none
B-1 σ = 2 N-1 σ = 20 low
B-2 σ = 3 N-2 σ = 25 medium
B-3 σ = 4 N-3 σ = 30 high

Discussion and Conclusion

•The error rates in S2 increase slightly faster than the
error rates in S1

• In general, blur is more critical than noise

• Small amounts of noise improve the detection rates

•Haar-Like features are the most robust descriptor for
to noise and blur, followed by LBP

•HOG features are highly sensitive to blur and noise,
but outperform Haar-Like features and LBP on original
images.

LBP showed the best performance in all
tested combinations between blur an noise.
HOG performed best on original images
(without blur and noise).

Performance Evaluation

We calculate the detection error E from the segmen-
tation result S(I) for an image I with corresponding
ground truth mask GI (both of dimension m×n pixels),
such that for all positions x, y, GI[x, y] = 1 labels “ear”
pixels (otherwise GI [x, y] = 0), as

E =
1

m · n

m−1
∑

x=0

n−1
∑

y=0

GI [x, y]⊕ S(I)[x, y]. (5)
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Fig.3: Detection errors Haar-Like Features
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Fig.4: Detection errors for LBP
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Fig.5: Detection errors for HOG
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