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A Single Camera System Equipped Convex Mirror for
Monitoring Tracer Bullet to Teach Night Firing Exercises

In Jeong Lee’

©

o wEe] sk 25 24 2 Bk o’ FhietE JHaE 2 1000mel 7Pk 23]

2 e 29e s ofgirh SHw 28-S Agshu see ey Foubye] S8 A1 dolE
e Sl e 4 slch, A 1k BAE BIe] A 29 meldlel 1E shicle] 2 ool el

PolebE S AR S ALl oI Ao AulekE whe she AR T Beshe e AT
o B Rt BE sletel 25 AMgele] ol AAERE clAw BE mUHE Axge ARk
shl 250m ARl EAe] WERA b WA AFsge ugleh

Key Words : Convex mirror equipped camera, Stereographical projection, Monitoring tracer bullet,

Deformation, Inverse diffusion equation. 25742 && 7t0|2t, AH O £, of ZEt
FH, C|Z00|M, o St ghyAl

ABSTRACT

In general, an ordinary CCTV camera has equipped with 24 frames per second. This camera is not capable of
capturing an image of bullet trace which has speed about lkm per second. In spite of these difficulties, by
means of the stereographical projection, a long distance trace is able to be contained in one image. Currently,
to capture a series of image of an object with high speed, it is usual to use one of the complicated camera
with high shutter speed or computerized devices with capability of controlling shutter timing with slightly
different capture time. This paper proposed a monitoring tracer bullet single camera system equipped convex
mirror trying to see whether or not a normal set of camera and convex mirror is capable of shooting on target

located in as far as 250m.
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Fig. 1. An image from a helicopter by fish-eye lens and
a device equipped smart phone with fish-eye lens
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Fig. 2. Stereographical projection
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Fig. 4. Flat image from convex image
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Where Y, is a discrete signal and F is a
force function.
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1) It starts with the trivial initial segmentation,
that is, each sample is a distinct region.
2) It evolves equation 18, until the values in

two or more neighboring regions become equal.

ou, 1
= _(F(un +1 _un )_F(un» _un—l))
or  m, ' ' o
un, = un,+l = e = un,+m”i—l (18)
Where i = 1,2,3,... P
l=n<n,<..<n,, <n,<N

Ny =n,+m,
3) It merges the neighboring regions whose
values are equal.

4) Go to step 2.
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Where
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While(read image sequence)
{
get_image();
/| Frame by frame
enlarge_image();
/[After finding a big trace
segmentation_image();
//Apply
//algorithm

equation (18) and it’s

deformation_image();
/| Apply equation (20)
}
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Fig. 6. A frame image, enlarged image, segmented
image, deformation image
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Fig. 8. A sum of two image in where one is daytime
and the other is trace of tracer bullet at night and
calculated bullet trace line.
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Fig. 9. A linear regression and recursive regression when

target is hit.
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Fig. 10. A linear regression and recursive regression when
target is no hit.
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