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[Abstract]

-Matching

This paper investigates the performance degradation mechanisms of template-matching trackers under laser

dazzling effects. An experimentally grounded image-synthesis pipeline was developed using real sensor

measurements of dazzling patterns to replicate saturation and chromatic distortion phenomena

In vision sensors.

The pipeline statistically defines saturation regions and dynamically composites them into public datasets,

enabling systematic evaluation of tracker robustness under varying laser power, divergence
conditions. Experimental results show that even under low-influence dazzling conditions,
remains visually observable, the tracking success rate of the Sobel-NCC combination drops

approximately 0.6 to around 0.3, indicating substantial performance degradation without full

over-saturation conditions, the success rate further collapses to below 0.1, while Sobel—

, and modulation
where the target
significantly from
saturation. Under
SSD exhibits an

immediate outer-jump failure due to severe central mismatch. These results provide a quantitative understanding

of how laser dazzling distorts feature correlation and similarity computation in vision-based tracking algorithms,

offering practical insights for designing robust electro-optical guidance and protection systems.

» Key words: Laser dazzling, Template matching, Image-based tracking, Electro-optical sensor
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I. Introduction

ol
)
r)l
N
)
>
rr
N
opy
oh
Y,
o X
N
N
o
ng
2
of.
>
2
N
i
4

|u
=X
1
rpi
SE
=
;O
|o
=2
o
=

oz
oy rx
o)

)
o
i)
o
ol
el
l‘[[‘
o 1% o2
>
A

sl
=
>
08 ofr
o |
x "
>
1o
N
olr
po O
>

84

i)

i

)

SL

>,

i

o 4>

i)

Ir

Kl

2

—a

1%

It
PP

2
%

o
>

Ne)

of My
:
o gz L rlo
1o hu re dp

ox 1
ox &
e

ke
] T

AFIAL A7) BlntalE ws @

o%

olct.

i)
]|
|=r
>~
>

b
o
0 T
rE o T

i A
mo
o
22
©

Z& 7hesitt [2]. 71E di3 AAl
1= 2Z)(hard-kill) WAlS EfoF A5
=2 & H& 59 E AUy,
(smoke munition) E3F AR AT}t
A4 heol Aloko] mpect,
U 2ol tigde 28 &= oPIsHK
HE 2 Weid] W 23202 AAY)
VA= FeE 4 o ogk AA|
A4} A2, Yap 27, TA mo} =4

rd
)
iC)
El
)
P
ox,

Hi
e

o,
o &
Pt
ox T
|o

|t l—m

~
T
it}
Mg 19
L

ro 12

o

M
)
i)
ro 2
= B
> o
Lore

Mo |
o
o
> Oﬁ
;l_a =2
By

My
>
o
~
D)
ofn
Y
o
=
Q@
Q
o 0|'l'l
kel
=
1o
ol
—=1
rx
_>A: -
1o
>
ro

ox K
4 K
=2

d
)
o2
ox
>
Y
L
o

ol
ol
A
r l[‘
6

|o
=2
=
i)
el

d
)

$0 =
)

M R4 moh 9 AV 9Ro] g

ool ulsi. olAZ ol §sle P&A
e Qo7 Dslel] se 4 kW
o] A s}, MBDAS] HEL Aol
THCW) 2fol#17} 1 km o3t Aol 10 &
AVE RO HISAY HAFAIE T

| Bussict (3] 5, & W F 2lolrl tj2
239 FY02E 9y AN 7152 &

(e}
yS|
8
¥ 4 Ghe W, kW 3 HEL A2He S
=R
.

>
o

(0)

lr‘
S
oy T -
o

u

1-2

cl nﬁ)il
J
rr

re
&

=2

P b
;:9 09!‘4
o <
o

flo mo

=
H

JO[; m_lﬂ I-E E
i)

o

ol uju ki

Hoz wujsh] s B4 e oux
b obgsbt Wasit (Table 1)

>
_);l_L
fin
I

s}
rok

Table 1. Representative HEL systems and their

effects (adapted from [3]).

Range/
Time
~5 km/
few sec
1-2 km/
few sec
<1 km/
~10 sec
~5 km /
1 sec

System Power Effect

Platform

50 kw destruction

Dragonfire

LWD 20 kW Mini-drone Kkill

HELMA-P 2 kW Disablement

Laser dazzling 1~30 W Sensor saturation

i
i Tracking mechanism
i

Reticle

5 Jamming Effect E E Dazzling Effect

Fig. 1. Evolution of seeker mechanisms and corresponding
dazzling effects. Early reticle—based seekers relied on the
periodic modulation pattern, making them vulnerable to
jamming techniques that perturb the modulation frequency.
In contrast, image—based seekers employ pattern—level
tracking, where dazzling induces local saturation and
template corruption, which nonlinearly affect the internal
similarity computation and update process.
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Fig. 2. Conceptual diagram of the tracking
algorithm for movingtarget control.
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Dazzling Image Acquisition Alignment of Dazzling Image

Results

Define of Dazzling Zones

Dazzling Image Synthesis Pipeline

Synthesis Results

= g T
: Laser Patch Gaussian Bl T el R - PSsT ,;A
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Scesn el &tTarget N Dan:rl::ritIi’z::h ~»  Modulation > Alignmentand —+ Blending and - o o
clection Control Placement Image Synthesis

. - oy - . P ‘.
|| ] LR

Fig. 3. Overview of dazzling patch acquisition and the proposed dazzling—image synthesis pipeline.
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2. Dazzling-Image Synthesis Pipeline
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Fig. 5. Experimental setup. A fiber laser was expanded
by a beam expander and projected onto a camera to
reproduce actual sensor saturation.
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Real Sensor Dazzling

S 1 Select Dataset
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Dazzling Region ; _
Definition Tracking Evaluation
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Failure Mechanism
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|

Dazzling-Image
Synthesis

Fig. 6. We illustrates the overall experimental pipeline
of this study. Real sensor-measured dazzling patterns
are first characterized and normalized, then
dynamically synthesized into public tracking datasets.
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2.3 Object Alignment and Patch Placement
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Table 2. Average SR@IoU>0.5 under different dazzling
conditions

Match+ No
Feature Dazzle o) PDD LID
NCC+Original 0.502 0.432 0.341 0.012
NCC+Laplacian 0.499 0.112 0.153 0.074
NCC+Sobel 0.641 0.300 0.210 0.039
SSD+0riginal 0.508 0.011 0.011 0.011
SSD-Laplacian 0.601 0.009 0.009 0.081
SSD-Sobel 0.411 0.061 0.014 0.100

2.4 Spatial Blending with Gaussian Window
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IV. Experiments
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1. Experimental Setup

1.1 Acquisition of Dazzling Patterns
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Fig. 7. Comparison of average tracking success rate
(SR@loU>0.5) before and after dazzling for each
feature-matching combination. Under continuous—wave
(CW) over—saturation, all combinations degrade sharply,
with Sobel-NCC dropping from 0.6 to approximately 0.1.
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1.3 Dataset Selection and Object Criteria
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1.4 Performance Metrics
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1.5 Definition of Dazzling Conditions and
Classification Scheme
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2. Results and Analysis
2.1 Tracking Performance under Dazzling Conditions
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Fig. 8. Example of outer—jump behavior in the Sobel+SSD
combination under over—saturation (OOD). The central
mismatch increases the cost sharply, and partial matching
with the dazzling ring produces a minimum cost at the
outermost boundary, resulting in an immediate tracking jump.
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Fig. 9. Example of response drift in the Sobel+NCC

combination under over—saturation (OOD). The gradient in
the dazzling core vanishes, while the strong edge
gradient along the halo dominates the correlation,
causing the response peak to gradually shift outward.
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Fig. 10. Experimental tracking performance under varying
dazzling intensity.
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