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Measurement Technique for Sea Height of
Burst Using Image Recognition

Ju Ho Choi, Sung Soo Hong, Kyu-Chang Kang, and Joon Lyau

Abstract : A measurement technique of a sea height of burst is intreduced [or a proximate test using the image recognilion of video
cameras. In the burst of fuse on lhe ocean, the burst center of fuse. the sea surface level and the height of calibration poles are meas-
ured by the process of image abtained from cameras. Finally, the height of burst of fuse can be computed by Hough transform algo-
rithm. The error compensatien algorithms are proposed Lo eliminate the errors caused by camera level and environmental parameters.
As a result of experiment, it has been proved that the praposed measurement system shows the tecognition of the center point of the

burst image with 0.5 m error.
Keywords @ sea height of burst, umage recognition

L Introduction

When 1he projectile leaves the muzzle of the gun, the prox-
imity fuse busts at the settled falling level of the projectile
away from the sea surface. The reflection factor and the heighl
of burst (HOB) are a litlle different whether the reflective
surface is the ground or the sea, This paper proposes a meas-
urement technique specific 1o sea surlace test.

When the proximity [use bursis, light, heat, burst scund and
flames occur for a very short time and water peles are formed,
because the fragments of the projectile spread out on the sea
surface simullanecusly. The difficult things related to the
measwrement of the OB are as follows: 1) the burst position
of the fuse depends on the (ype of projectile, 2} the burst of the
fuse appears (oo far away, 3) there are environmental condi-
tions, such as mist, wave and wind. Since the live shell is used
in the fuse lest, a danger factor exists, and the measurement is
not available from a short distance.

There are two diffecrent kinds of the measurement tech-
niques of the HOB in Lhe fuse test: an electro-optical tracking
systemn (EOTS} and a video camera measuring system. The
EOTS is a fxed system and is affected by lhe change in
weather condition, but ihe videc camera technique is mobile
and compact and has high measurement efficiency Thus,
within a measurement environment mentioned above. the
image measuring system with a higher zoom lens and a high
recording density is required to improve measurement accu-
racy and to detect the instanl of the phenomenon of burst.

In the shorl distance tesl, the EOTS has the following de-
fecls @ [} the tracking rate of the burst image is kind of low, 2}
it 1akes too much time lo process image data, 3) the measure-
ment accuracy lends to be bad owing 1o the drift of sea level.

To compensate for the above problems, an expanded tech-
nique with a zoom lens (300mm=2) is utilized to eliminate
ulira-frequency noise on the image that oceurs around the edge
of the image and a charged coupled device (CCD) camera is
equipped with the system 10 acquire an image with high reso-
lution and a minimum of image distortion

A stable and distincl stalic image can be obtained using jog-
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shuitle 1J-maiic VCR. By setling the position of photograph to
aboul 80m abave sea level. heat aging ol ihe image induced by
mist decreases and the shadaw phenomenon from sea surface
caused by wave and horizon ling is reduced. In addition, the
better environment leads to the improved acquisition of the
image, and Lhe improved data processing results in the better
data processing, image resoluiion and measurement accuracy.

In this paper, the measurement technique of the HOB on the
sea surface uses as follows: a video camera for the image ac-
quisition of burst point, a laser beam range finder which is
used lo measure the distance belween a camera and a burst
point, and some calibration poles built on the ocean for dis-
tance calibration. This lechnique offers better [eatures than
others: batter accuracy, more efficient performance of test and
measurement and a mobile type, which is not limiled Lo the
measurernent area.

IL Principle of measurement
1. Perspective projection model of pinhole
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Tig. 1. Perspective projection model of pinhole.

The video camera is composed of a zoom lens and the CCD.
The principle of producing the photegraph can be explained
by the plane perspective projection with pinhole and plane
shown in Fig. 1]1. 2].

In Tig. 1, F(0, &, /) is the center of the pinhole of one point
(%, 1. =} in the space, let the perspective projection point coor-
dinate of the perspective projection plane with the center point
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Oft, 0, 8} of the pinhole center F, 0, /) be PP, P, the rela-
tion between the points to be projected Xx, 1. z) and the per-
spective projection point PfP,. P) is expressed as

e Rl M
p=L2 IV g (@)
z—f z

2. Modeling of the CCD camera

When the perspective projection model of the pinhole cor-
responds to the zoom lens and the CCD, we find that the pin-
hole corresponds to the lens with zoom, the perspeclive pro-
jection plane to the plane of the CCD, and the point to be pro-
jected to one point on the image plane. In the photograph of a
burst, the perspective projection plane of the CCD is denoted
by (3). In the photograph of the reference pole, the perspective
projection plane of the CCD is given by {4)

pb:fb—'H
b,
P,D ®
LH =
7
P ﬁ,E"L
J 4
F _F-D
e fi==

where it is assumed that

AS0) 7 is the HOB above the sea ;

AS1} Py is the number of pixel ranging vertically from the
center of burst to the sea surface, corresponding to the lowest
part ol water poles;

AS2Y Dy the straight distance from the lens of the camera
to the center of burst;

AS3} f;, is Lhe complicated variable that is defined by the
state of camera zoom, the focus distance, and the aspect ratio
of the static image obtained by the frame grabber;

AS4) L, is the practical length of the reference pole;

AS5) D, is the straight distance from the reference pole 1o
the camera lens;

AS6) P, is the pixel length of the reference pole on the im-
age plane.

3. Height of burst

The HOB, H can be obtained by combining (4), which is the
perspective projection equation of burst image, with (3),
which is the equation of the reference pole.

L P,D,
T D P

-

H (5)

In (5), the image preprocessing is required to gain a clear and
bright image, since there exist image distortion caused by gos-
samer webs, image aging caused by mist and image noise pro-
duced by waves and the refleclion of sunlight. In addition, we
have to use the VCR and grabber with higher performance to
lessen the quantization error due to image distortion of lens and
A/D conversion of image signal, and automation of the recogni-
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tion procedure of the burst points to minimize human errors.

II1. Measurement algorithm and error correction
1 Algarithm of image preprocessing[3]

The image preprocessing in the former stage of image rec-
ognilion is used to obtain a clear and stable image. The em-
phasis of the image oulline 18 performed using the unsharp
masking of coiner weighting and interlacing of the video
frame grabber. The de-interlacing processing eliminates noises
by unsharpening and in addition. the image histogram im-
proves brightness and contrast of the image.

1.1 Unsharp masking of the edge line of the image

The acquisition of the edge is very important in preprocess-
ing to obtain a clear object. because the edge, the image in-
cludes geomeiric information of the image, depth information
and disiance information. The effect of the unsharp masking
process on the edge is made by 1) putting the original image in
the high frequency filter, 2) multiplying the output of high
frequency filter by a certain number, and 3) adding it to the
original image. The principle of unsharp masking is shown in
Fig. 2. The pixel value of the original image and the Laplacian
eradient image is given as

tim ) gimn) Y

/ \

Disereie " f + |

Laplacian gradient o
T

vinna)=u(mn)-+ 4 glm,u) {6)

Fig. 2, Principle of unsharp masking

where v(in,r) is the pixel value ol resull image, #(m,xj is the
pixel value of real image, gfm.n is the pixel value of the
Laplacian gradient, and 2 is the unsharp masking con-
stant(A>-0) [2, 4]
1 2 De-interlacing

The image interlace generated in the acquisition step of the
video static image in the frame grabber must be eliminated since
it 15 produced as noise in the Image recognition. The de-
intelacing can be computed using the adjacent pixels operation
within the image space by [»4 convolution, and cxpressed as

I, ma)y=1(m,m) @ H(mn) {h

where Iy () is the gray level of the static image afier de-
inlerlacing, ffm,n) is the glay level of the static image before de-
interlacing, and Ays.g) is the gray level of the image of the HOB.
1 3 Elimination of binary naise.

The irregular image appeais speckled in the burst image. A
typical non-linear image filter or a Median filter is applied to
eliminate 1he speckling noises. There are a cross, a square etc.
in the shape of the adjacent pixel surface. Among them, since
we apply the 3x3 square of adjacent pixels, the filter can be

1
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carried out by redefining the statistical median of nine adja-
cent images to the respective pixels as a typical pixel.

Let the input pixels of the image Ifx, &), which is defined as
M=xM, be xfm.n) and the median of the nine adjacent pixels of
xfm,n) be yimn). The relative equations between them are
expressed as[4][3].

vim.n)=MED {x(m-1,n-1),
{m—LuyLx(m+Le), x(m+ e+ )

(8

x(m):1smns M &)

1 4 Impravement of image contrast

The histogram shows that the relative frequency distribution
of the brightness distribution in the 2-D image is displayed in
the 1-D graph. The variance value of the histogram is used as
a relerence to the brightness of unage. Thus, (10) and the
maximum level of image pixcls, v, can be obtained by improv-
ing the image contrast with the redistribution of the original
image brightness.

.‘1[‘1\"

v, = CJNT["{;A(L ~1)+0.5] (10)
where L is the total leve]l number ol image brightness{Z=256),
v, is the brightness level ol the pixel, v, is the minimum
brightness level of pixel within the image, and CINT is the
operator of integer conversion.

2. Image recognition algorithm
2.1 Reference ohject recognition [6]

A reference pole is used for the recognition of the burst
image. To obtlain the pixel number of reference pole, P, from
(11), we obfain four edge points of the relerence pole 7,
(7=1,2,3,4): lefl upper poinl P;, right upper point P, lett lower
poim P;, and P, using a mouse. The reference pole is 10.7m
high and is about 3,490m away from the measurement point.

Fig. 3. Relerence Pole.

P+P PP
2 2

P = (1)

where F,(P,“ E,) is the amplitude of the corner of refercnce

nole, E{Fju. Py is ihe upper amplitude of reforence pole,
and IT,(P,J, Fh) 15 the lower amplitude of the reference pole.
2.2 Burst center recognition

A burst flame from the fuse of burst is [ormed around the
cenler of the burst with circular symmetry. The operation of
the burst center is as follows: to caich the initial stalic image
of the bwst flame, and then gain segmented image by scparat-
ing the image [lame [rom the image background, and finally
detecl 1he image center of gravity in the burst area.

The recognition procedure of the burst center is shown in Fig.
4. The burst area of interesl (BAOT) indicated in Fig 4(a) can be
oblained by choosing the flame arca of the bursl mmage with a
mouse sa that the processing lime of the image data decreases

- and the measurernent efficiency increases. Finally. the flame

image witk imploved contrast is gained from the preprocessing
of partial smoothing of the luslogram. The histogram mode
melhod is ulilized using the separation phenomenan of the
brightness dispersion of the image 1o divide the image [6. 7].

(a) MMame image

(b} binary unage

(c } burst recognition
Tig. 4. Image ol burst.
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The separated brightness dispersion is obtained by deploy-
ing the brightness hisiogram within the BAOI image. If the
brighlness, which corresponds to the valley of this dispersion,
is taken as the threshold valuc, we can get a binary image like
(b). When the ratio of inter-variance between two peaks of the
histogram and tolal variance is maximum, the threshold of the
binary image can be acquired from a deterministic analysis
method, which determines an arbitrary threshold nsing only
wnformation [rom the histogram. In the division of the object
from the background, and the binary of the supposed threshold
k, the classifying degree (CLDY), 54} is defined by (12) as the
value which evaluates the compatibility of the threshold

O'zn(k)

k) =—— (12
a T

In the above equation, if the threshold is k, then o‘?u(ifc) is
given as (13) and total variance, o’y as (14)

(- wik)— (R
)= 50wk (13)

i (f—p) (14}

O'z‘f (kw

Where the total pixel number of the histogram is N, the lotal
level number is L, the probability generated i-level is P, and
the sum of the expected values up to & level is wfk), the
following equations are given as

b= w =i p ()
w(ic):ip,, MUY =X p, (16)

Sinee o'y of the classilying degree in (12) is a certain valug,
then ihe level, & indicated by the maximum of oyk) must be
regarded as the threshold 1o obtain optimal threshold, &,
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Fig. 5. Gray histogram and CLD ol burst image.

When recognizing the burst image with irregular noise, the
recognition rate js maccurate due to spike noise. Thus, the
Median filtering is perfoimed to eliminate binary noise -

cluded in the binary burst image. Fig. 5 demonstrates the his-
togram of the flame image and CLD shown in Fig. 4. Then,
the CLD is maximum at &=172. The result which is binary-
coded by the threshold and carried out by the Median filtering
is shown in Fig. 4(b), and the resull of the operation ol the
gravify center of the image is shown in Fig. 4(c).

Lei the binary area resulting [ram the image division be R
and the total pixel number within this area be #R, the coordi-
nate of the center of gravity in the second dimension of the
image. B{B,, B,)} is denoted as

5o ™
EAOI ) |
BAQI clipping with moLise pointer B ?:L f{ HLee\f[ft I
(] S S
Make gray scale GBADIij)
Histogram spesification ‘ HSBAQI(ij)
" ki g b b
Calculate gray Histogram Hgfﬂ,‘g‘é‘
l o ¥
Calculate classifying degree n(k) 5?1‘32‘}” ;
¥ P 1
Extract Threshold Valus THWAL J
T LR L SRR
Make Binary Image BBAOI(] u J
1 = e
Median filtering MEDAOI(LJ g
Manual filing ‘
< W

Clacufate center of gravity of BAOI | g T B 1o

¥ s A

Make burst center of burst image Bx, By |

L e PR

I'ig. 6. Recognition procedure of the center of burst point.

Fig, 6 shows the recognition procedure of the center of burst
point and input and output parameter s.

Recognition of sea surface

The HOB of the fuse, which 15 the height of the burst point
from lhe sea surlace. as well as the recognition of Lhe burst
point, gives a stiong inflluence on measurement accuracy. The
water pole, which is more than 10m in height and 15m in ra-
dius, is formed due to the dispersion of fragments occurring
during fuse burst on sea surface. The straight line of the lower
parl of the water pole consisting of the outline is recognized as
the sea surface, The shorlest distance between the burst point
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and the curved line can be regarded as the HOB, in such case
that the sea surface forms a curved line due to wave and wind.
Fig. 7 indicates how (o detect the sea surface in the primary
image.

SAOH )
SACI clipping with mouse pointer S_Width, Z_Height
S_Top, S_L.oft
* v
Make gray scale ] GSAQIKL))
¥ L
Histogram specification HSSACI(i,)
- ) !mm,
Unsharp masking UMSAOI(i,j), & %
¥ ¥ '
Sobel edge detection —‘ ESAOI(i.) g
. SRy -
&
Edge image dot mapping DMSACI(,))
+* T
HSPACE(
Hough transform J 1128, 1<j(<gj80
+ = v
Line parameter extraction of SAQI ‘ SMT?;::: Sfert
- ¥ =
Make surface parameter @
of burstimage 0

Fig. 7. Detection procedure of sea surface.

Here, the adjacent pixel operation which is used to detect
the brightness change of the outline is taken into consideration
to deteet sea surface and the Sobel operation is used lo extract
the outline image. The extraction principle ol the outline using
the Sobel operation is shown in Fig. 8 [8][9].

With 2-D convolulion between a downward detection mask,
Fifm, ), an npward detection mask, ka(#, 1) and the image of
the sea surface, a central image can be oblained by summing
gim, 1) and gaofm, w), and by solving gim, ). This image is
binary-coded bv the threshold t, which is about half of the
maxinmum brightness of the medium image, and then the out-
line image can be oblained by point mapping. The above pro-
cedure is the followingr :

giimn) Magrtude gim,n)

— e

1A} T .
g=iaiHg2 Thresholdimg
7 byt —
Og=tan-1{n2/31)

L. Fdge

—  hzmn) i | map

g2(m,n)
Direction
Fig. 8. Edge detection made by Sobel operation.
g (m,ny=u(m,rn) @k (m,n) (19

g, () = n(m, m) @ B, (m, 1) (20)
g{m,fv)=\}’g.z(ﬂ?,ﬂ)Jrg:z(m»”ﬂ) 21)
g(fii.?!):[g][+[g2f (22)
where
-1 -2 -1 o2 1
h[= 0 i 0 h1: 0 0 0
7 -1 -2 -1

The Hough lransformation is a method of extraction of the
image leature that detects geometric information of the image
represented in the equation ol line, ¢ircle and cllipse. In this
case, the method becomes a reciprocal linear transformation
which maps the feature parameters of the line segment, (o, &)
to one point on the Hough space fH¢p, &), where p is the verli-
cal distance from the original point Lo the straight line, #is the
angle between the x-axis and the normal line in the image
space.

x-cos@+y-sind=p

23
0=p<R, 0sd<z (23)

The Hough transformation is embodied by the Duda-Hart
algorithm. Afler the Hough transformation of the vertical oul-
line image is extracted [rom the flame image, the two parame-
ters (o &) in the Hough space are oblained from normalization
between Q and 1. The angle, & formed between Lhe normal line
and the horizontal line imust be limited to 90® £ 3°, because &
of the sea surface 1s narmally 90°. The straight [ine component
which cortesponds to the maximum peak within Lhis range, is
recognized as the sea surlace.

The flowchart of the Hough trans{ormation shown in Fig. 9
is described in detail as follows: 1} first, all parameters in the
Hough space, A, ») are initialized by the variable declara-
tion of the array of two dimensions, 2) the pixels located on
the straight line are accumulated in Lhe Hough space with the
accumulation algorithm, 3) the accumulated Hough space is
normalized by dividing Lthe maximum element of the array into
it so that the accumulated Hough space can be 1 as a maxi-
mum value, 4) The maximum peak that indicales the [eature

- 1
‘ Hough space intialize

1

(‘ Hough accumulation J
i -
Hough space normailzation

!

MNonlinear enhancing ‘y

!

Peak reading

Fig. 9. Procedure of Hough transformation.



Transaction on Contral, Automation, and System Engineering Vol 2, No. 1, March, 2000 81

parameters of the straight line can be detected, with the non-
linear unsharping masking of two dimenstonal array accumu-
lated from the square operation.
3. Operation of HOB and error compensation
2.1 Qperation of HOB

The pixel number of the HOB P can be acquired from the
burst center, (8, 8,) and the variable ol the sea surface, (o,
&). One poinl of the plane. Pfe, A and the shortest distance
of the straight line, ax + Ay =c¢, on the same plane, are given
by (24) and (25} [1]. In the image tilled a little from the view
angle ol the camera shown in Fig. 10, the pixel number of the
HOB can be computed regardless of angle.

D=!af—a+ﬂ-b—c‘ (24)
P, =[B, -cosd+ B, -sinf - g (25)

With the pixel number of the HOB, P, from (26); the dis-
lance [rom a measuring point to a burst point using a range
finder, [; the pixel number of the reference pole, P,; Lhe
length of the reference pole, L,; and the distance betwecn the
measuring point and the reference pole, I, the HOB can be
calculated by (5)

Cenfer of burst
(Bx, By)

\ \  Pb=| Bxsos Hh:Bysin Bo-pia;

i
| /
xcos Bpsm Gosp !

Sed surface line

Fig. 10. Minimum HOB.

3.2 Error compensation

There are static errors, dynamic error and load error in the
measurement system. Among them, static error forms mosl of
total system error relative to dynamic error and load crror, In
addition, static error is divided into reading error, environmental
error, and characteristic error. The image recognifion algorithm
can partially eliminate the reading error and characteristic error.
Environmental error caused by the change in camera height and
the water pole radius can be compensated for by (26). If the
HOB indicates A in Tlig. 11, H is expressed as

H,
= 9,
“ cOS ¢t (26)
Coeinl
a = sin i)
H,=H,—AH, (27)
AH, =R, sing {28)

where /7 is the heighl of a camera from sea level, 2, is the
distance between a sea bottom of burst point and a camera,
and & is a radius of water pole.

\\\

T

Burst Center

Fig, |1, Principle of error compensation.

MNow thal the angle, e between the horizontal plane is
formed differently by the aliitude of the camera and the line of
sight ol camera is not small so that it can be omiited, the HOB,
H ought to be compensated for. & in the above equation is the
arror-carrected-sea-HOB, and A includes some errors caused
by the HOB, A aund the radius of waler pole, R, In (27), the
error companent produced by anly the camera height is found
Hy, as A H; 1s subtracled from ;. The relationship between
Hand H is given by (26) [10].

IV. Test method and measurement result

1 Consfruction of measurement system

The construction of the measurement system shown in
Fig.12 is composed of an image recorder, an image acquisition
equipment and an image processing equipment. The image is
converted into clectrical signals through a color CCTV with
30mm lens, and then is displayed on an image meonitor and
recorded in a U-matic VCR simultanzously. The recorded
image 1s reproduced by a jog-shuttle U-malic VCR and fed
back 1o a frame grabber for digital image acquisition and fi-
naily, sent back fo the image processing equipment to further
process the image.

K E:
Manitar GCTy ! r:.oom lans &
adpatar v CCTV cemers

Partable
U-matic VCOR
Image recorong_
T
1
1
-mati; tape 1
3
L
¥ [ndustrial PC — Print out
i device
Joggshuble i . O
U-mahz YR [ i Frame grabaer
— COR
Image acquisiian
Image processing

Fig. 12. Block diagram of measurement sysiem.
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2. Measurement result

The comparison lo lhe developed video image measuement
system and the EOTS has been performed o get measurement
result. The bursi image of the proximity fuse shown in Fig, 17 in-
cludes the sea surface ling, the center o burst and the burst flame.

| Burst center

-

Burst smoke

Sea surface line—"-

Fig. 13. Buzst image of"proximily [uze.

Fig. 14 shows the result of the Sobel eperation. The recog-
nition resuli of the straight line corresponding to the maximum
peak of the Hough space is represented in Fig. 15, Finally. the
resull ol the Hough transformation is shown in Fig, 16

Fig. 16. Hough space of surface cdge image.

The burst image of the proximity Tuse is divided into type A,
iype B, and type C according Lo the caliber of gun and the
propellant. A square gate is placed over the (Tame area and the
sea surface area of each image to separate ihe image area, and
then an estimatoen of the abilily of image recognitien is car-
tied oul using the algorithm ouilined in Fig 6 and 7 [11].

SHO; Q KW A
{m I8 4 I0T3
Yy~ - - -

H
I

O NFwaX
A MY

"

1 ) 4 4 & ! oty ou
Shot Number

Fig. 18. Type B sea-HOB result comparison.

"
SHOB
Mn‘ I A
3 O NIWAG
& 10T

- i

' \ E! 3 { s
Shot Number

Fig. 19. Type C sea-HOB result comparison,

Fig.17, Fig. 18 and Fig. 19 show a comparison resull be-
tween ihe sea-HOB and the EOTS performed with regard to
three types: A, B and C. The EOTS is used as a reference 1o
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compare the result. As a result of analysis, the proposed meas-
urement method is superior to the EOTS in measurement agc-
curacy.

V. CGonclusion

This paper presents the measurement svstem of the sea- HOB
for the proximity fuse, which is explained by the following
algorithm: 1) separates ihe area ol the burst flame from the
whole area of captured image, 2) compules the brighiness
center of the flame for the center of the burst, 3) detects the
image outline within the square gate of the lower part of the
water pole, 4) performs the Hough transformation, 5) finally,
recognizes the sea surface as the straight line between the
maximum peaks in the Hough space. As a result of the ex-
periment, 1t has been proved that the propased measurement
system shows ihe good recognition ol the center point of the
burst image with 0.5 m error.

In addition, the more advanced algorithm of image processing
with high immunity of environmental errers caused by atmos-
phere unstability, haze, wave is necessary to improve the un-
certainty of the sysiem as well as more better image acquisi-
tion board and camera capable of high zoom and more than
1,000 [rames per second in the future.
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