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Abstract The paper proposed the method of calculating the latest approach angle that can reliably
recognize multiple laser images even with the change in separation distance between screen and laser
launch device. This method recognizes the angle of the laser pattern angle by using the distance of the
laser pattern angle, and the angle extraction of the laser detects the laser image from the acquired
image using the labeling algorithm, and performs the huff conversion to extract the angle of the straight
line. The distance of the reference angle and angle of the laser image extracted using Euclidean distance
among similarity scales is calculated, and the furnace is recognized using the calculated distance result
value. Experiments with changing the separation distance to "200 cm to 400 cm" showed 100%
recognition of individual strands at all separation distances. The experiment confirmed the reliability

of the proposed method.
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MVSE 34 AF55ke] 54191 PLC (Programmable Logic
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HH ATE flol A4 " FolAE Al &
3 A A A"RE 383 o] WS AREIEYA
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E49] ARG A0 AMSEE 4 TS AEE
ojx F4 A7 Walol= AR ohE3t WH(Time
Division Multiplexer method), #°J* =E 44
(Laser Dot method) ¥ do]A =& wHH(Laser
Pattern method)°] 1t}

{Table 1) Laser image processing method applied to
screen shooting

category explanation
It divides the time slice by the required length of the
DM laser transmission time, and allocates a small time
divided into individual paths to recognize the impact
point.

Laser is projection as a dot shape, and the laser image
LDM h ; )
is processed to recognize the impact point

Attaching a lens to an existing laser, the laser image is
transformed from a dot shape to a bar shape so that the

LPM o .

laser pattern can be projection to recognize the impact

point
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o) A4 AN 7jE 1ol A2 FAA Tkt B
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(Table 2) Features by laser image processing method

category characteristic

+ Mainly used for shooting system within

100 shots per minute
TDM - In case of high-speed continuous firing
(over 600 shots per minute), laser processing
is missed when there are 4 or more kills.

- When simultaneously firing a target, if

the lasers overlap at the same position,
they cannot be recognized as a target.

LDM . AN

- Laser image processing is limited for

high-speed continuous firing (over 600

shots per minute)

- Because it is not time-limited, it can be
fired.

LPM - There is no overlapping of laser images
between the paths, so it can process
more than 600 shots per minute.

(Table 2)+= #lo]A F4 A WHE Eo|H LPM
< [Fig. 113} Zo] #o]A P4 DotollA] Bar 42
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(Table 3) Screen Shooting System Installation Environment

Dot—type laser module combined with a bar—shaped | Set the angle by category screen distance line space
patter lens Production of pattern laser module rotaing the pattem 13°
laser module OO university 450cm 100cm
[Fig. 1] Pattern Laser Module Fabrication of LPM 00 forest lodge 350cm 105cm
NAVY(Jinhae) 200cm 250cm
1 lane of fire pattern 2 lane of fire pattern 3 lane of fire pattern 41ane of fire pattern ARMY(Yanggu) 150cm 250cm
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[Fig. 2] Assigning Angle by Sarrow of LPM
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[Fig. 7] Screen area(L) and camera area(R)

[Fig. 8] Dot Shape Laser(L) and Bar Shape Laser
Comparison(R)
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[Fig. 9] Perspective distortion correction and binary
process
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(Table 4) Laser Pattern Angle Reference Identification ID

1 line 2 ine 3 line 4 line

category (4) (Ay) (Ay) (A

Pattern 000° 045° 090° 135°
angle
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(Table 5) Matrix with Euclidean distance calculation

method
Extracted laser angle
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[Fig. 10] Implementation of Proposal System
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(Table 6) Image recognition by laser image processing
method(Equal Position Projection)

category DM LDM LPM rfﬂﬁig’:
200cm 86% 13% 83% 100%
250cm 89% 16% 85% 100%
300cm 85% 18% 88% 100%
350cm 89% 15% %% 100%
400cm 91% 18% 100% 100%
Hlw A Zal i BAS AHET 49 7E o)

gojA Fge] HHol TASHA] ffot HolA FgE K

SISk oA B R4 2T B9 A1

-

= O
== &3

O
Al go] ¥

-0,

o

S o 11 %“ou Zﬁé‘gi (ﬂoﬂ 0_/}4%0] ojo. g
oA 1908 AFF Al2"oft 2-83fof sh= IS 2l
Pt 223 & A7) Bl LPM FHE 014 A
7} 7S E FolA e Zwo] 51804t MY +10°

o L wo] wol ql4lgo] WoiFrh. & =Eo]A 7]

glo] 47) Atz FolA

4. A=
2 wFe A39 Ad ALY AEoR 4K 8
2 Tefste] AT HolH WARGAL olF A ¥
sol= 34 QA4 AL B2 Ao dlojA] S o
4R o2 AASHe WS AT o] Wi 085

)

o:] i_r 7H_,] eﬂo];q uﬂl‘i-]_ oq/k}_o_ o]-z%x%_g ;‘qaﬁ-
0w FF AHZ QIEM FA AlAF] g-8Hofo] Zgo]
71t

REFERENCES

[1] K.T.Kim, “Development of improved door feed hanger
clamping check systems using laser illumination
pattern”, Master’s Thesis of Ulsan University, Korea,
pp.1-5, 2012.

[21 Y.E.Kim, “User Interface Research of Computer Vision
Industrial Inspection Software ”, Master's Thesis of
Yonsei University, Korea, pp.1-5, 2018.

[3] C.H.Cho, “Detecting shooting result of image
processing based and Cloud base management
system”, Doctor’'s Thesis of Chonnam National
University, Korea, pp.49-61, 2016.

[4] S.W.Namgung, “Study on the Single Target Shooting
System using a Laser Beam’”, Master's Thesis of
Kwangwoon University, Korea, pp.3-28, 2002.

[5] T.G.Lee, ‘Picking Out the Point of Impact for
Shooting Simulation Using Image Processing”, Master’s
Thesis of Chonnam National University, Korea,
pp.11-28, 2009.

[6] J.HKim, “Image Fire Training System Using a Laser
Beam and Method for Processing the Information of
the Same”, KR Patent 10-1115873, Korea, 2012.

[71 SJ.Kang, JHKim and S.W.Chung, “Development of
Screen Shot System using Infrared Laser”, Journal of
Korea Academia-Industrial cooperation Society,
Vol.13, No.3, pp.1325-1329, 2012.

[8] H.CJeong and SHJung, “Laser Pattern Based
Simulated Shooting System and Its Implementation”,
Journal of Korea Multimedia Society, Vol.21, No.10,
pp.1171-1181, 2018.

[9] H.CJeong, “Simulated Firing System Based on Laser
Pattern and Image Analysis’, Master’s Thesis of
Chanwon National University, Korea, pp.16-40, 2018.

[10] Elan Dubrofsky, “Homography Estimation”, 20009.



Z2

o
]
|.|-|
M
=
ol
_o'y

o =4 O BN FH WY o7 43

[11] S.J.Young, “Image Interpolation Methods using Edges 5]
Detected from the Expanded Binary Image”, Master’s
Thesis of Hanyang University, Korea, pp.8-36, 2009.

3

&(Jeong-Ho Kim) (Hae

= 1980 2¥ : AEHTn
AR ot

= 19834 2¢ : AEHst
AR 45

= 19949 24 : g=igtn
ARE T

= JH A 7] H813])

® 19989 HEAE71&A

[12] T.W.Kim, “A vehicle license plate recognition system
using morphological ROI(region of interest) map
generated from morphology operation”, Master's
Thesis of Graduate School Korea Polytechnic
University, Korea, pp.14-19, 2017.

[13] J.D.Park, C.H.Park, B.H.Park and H.K.Seong, “A Study
on Labeling for License Plate Recognition”, Journal of
Korean society of computer and information, Vol.22,

No.1, pp.55-57, 2014. = 1996 ~ @A : shAisty FAFEFTEI ng
[14] B.H.Cho and S.H.Jung, “Fast Hough Transform Using

Multi-statistical Methods”, Journal of Korea Multimedia (LAl Hol)

Society, Vol.19, No.10, pp.1747-1758, 2016. AFEQIEYl, dlo|HEAl, HEHL Hojg AzE =

[15] SHKim, “A Technique of Calculating a Weighted Euclidean
Distance with a Personalized Feature Set in Parametric
Signature Verification”, Journal of the Korea Society
for Simulation, Vol.14, No.3, pp.137-146, 2005.

= 2l H(Jin-Pyo Jo) B
= 200993¢9 ~ 2015994 :
FLEEF) AYATY
=2015¥10¥ ~ @A :
GLEE TPAIY o4t
=2020¢184€ : g
FAEBAHENTY AFE

Fotu( k)

@AEP
A=Y, HlolElEAL, dolHG, Hole Ast 5

ol

1 5 X(Ho-Jeong Ko) (B

= 19994 29 : BF3osta
Aupgslat shat

=2001¢ 2€ : A3 dsta
ZHupgstat At

= 20069 2€ : A&7
A HBAGE st BhA

A n 7]&AL (JRBA, 813])

=2003%139 ~ 2006910¥ : SK&H e AYAFL

=2006¥11€¥ ~ 201099Y : FSotAJopt AdA+Y

=2010910€¥ ~ 2016979 : AASDS =4 A+

=2016¥18Y ~ &4 : SE st YR EAIA AT

A

2]

(TAJ o)
ICT§ET, AFEQlEY, Aupgst, ol554l, RFIC,
OCC 7H2Hg41



