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When measuring the pure zero position’s variation of the high-precision optical sight, it is necessary to
eliminate the error caused by repeated installing on the fixture. Traditional measurement methods require two
subsystems to obtain pure zero position’s variation. This solution is complex, costly, and has low measurement
efficiency. Therefore, this paper proposes a new method based on CCD camera to measure the zero position’s
variation of high-precision optical sights. The system uses a collimator, an optical sight, and a CCD camera
to build a measurement platform. The coordinate system is established on the CCD imaging surface, and the
repeated installation’s error of the sight is obtained by the variation of the image on the CCD image surface
by the collimator’s reticle before and after the test. The total zero position’s variation of the sight is measured
by the variation of the image on the CCD image surface by the sighting reticle before and after the test. Finally,
the pure zero position’s variation is calculated by the difference between the two reticles in the CCD image
plane. This paper can measure the pure zero position’s variation of the optical sight with only one CCD camera.
The test has verified that the measurement accuracy of the system can reach 2”, which is enough to conform the
measurement requirements of high-precision optical sights.

Keywords: zero position’s variation, CCD, high-precision optical sight, collimator.
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UccnepoBaHne OTKJIOHEHWI HYN1eBOro
NMOJIOXKEHUSI MapPKN ONTUYECKOro npuuena
c ucnosib3osaHmem N3C-maTpuubl
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IIpu n3MepeHNHU OTKJIOHEHMH HYJEBOrO IMOJOMKEHUST MaPKH BBICOKOTOUYHOTO ONTHYECKOTro IpHUIe]a Heo0Xo-
JMMO YCTPAHHUTHh OIIMOKY, BO3HMKAIONIYIO IIPHM IepeyCcTaHOBKe IpuIesa. TpaguluOHHbIE METOAbI HU3MepPeHHs
3TUX OTKJIOHEHUI TPeGYIOT HAJINYUA ABYX MOICUCTEM, YTO CJIOKHO, JOPOro U He 00ecmeuynBaeT HysKHONH TOYHOCTH.
IIpensioskeH HOBBIN METO/, B KOTOPOM /[JId ONPe/ieJIeHUA OTKJIOHEHU Ncroab3yeTcs exuncteennasn [I3C-kamepa,
pasMeléHHa s Ha U3MEPUTEJIbHOM IaTdopMe COBMECTHO C IIPUIETIOM U KoLauMaTopom. Oniuéka nepeycraHoBKH
ompenesieTcs yepe3 Pa3HUILY MO3UIHII H300paskeHNd KoJIMMaIuoHHoi MeTkn Ha II3C-mMaTpuile, HOJy4eHHBIX
IIPH IIOCJIEJOBATEIBHBIX NI€PEeyCTAaHOBKAX. JKCIIEPMMEHTAJIbHO MOATBEPIKIEHO, YTO TOUHOCTH CHCTEMBI JOCTUTAeT
JIBYX YIJIOBBIX CEKYH], YTO yOBJETBOPSET TPEGOBAHUAM M3MEPEHUS ITOI BeJMYNHBI JJIT BBICOKOTOYHBIX OIITHU-
YeCKUX NMPHUILEJIOB.

KnrodeBble cnoBa: oLumbka MOBTOPHbIX yCTAHOBOK, OTKJIOHEHWS Hy1eBOro nosioxexus, [13C-kamepa, KonammaTop, onTu-
YeCKui rnpuyesn.




INTRODUCTION

The optical sight is mainly used for close combat of
armed police and special police, aiming in sea bumpy
environment, shooting in the airborne process,
etc [1]. The optical sight is an auxiliary device when
shooting with firearms. The high-precision sight can
maximize the combat effectiveness of the gun [2].
The zero position’s variation refers to the deviation
of the aiming baseline in the optical sight under
the interference of external factors, that is, the
deflection angle of the line connecting the center of
the reticle to the center of the objective lens, and it
is one of the important indicators to measure the
accuracy of the optical sight [3, 4]. The traditional
method of measuring the zero position’s variation is
the far point method, the zero position method, and
the compensation alignment reading method [5—-9].
The methods are not taking into account that when
the sight is installed on the fixture for the second
time, the space attitude of the sight changes slightly
due to the mechanical error of the fixture, as a result,
the repeated installation’s error is introduced at
the measuring [10]. Therefore, the result of the
measurement is not a pure zero position’s variation,
but a zero position’s variation including repeated
installation’s error. For high-precision sights, this
error is not negligible.

In this paper, a method for directly measuring
the pure zero position’s variation of an optical sight
with a CCD camera is proposed. A coordinate system
is established on the CCD image surface, and a
collimator with a reticle is used as a reference target
of the sight, calculating the repeated loading error
of the sight by the position information of the image
formed on the CCD by the reticle of the collimator.
Calculate the total zero position’s variation by the
position information of the image formed on the CCD
by the reticle of the sight. The measuring system has
a simple composition, which greatly improves the
measurement efficiency and measurement accuracy,
and reduces the measurement cost. It is of great
significance for the production and testing of high-
precision optical sights.

Collimator

Fig. 1. Schematic diagram of the sight before the test.
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MEASURING PRINCIPLE

Fig. 1 is a schematic diagram of the measurement
before the optical sight test is performed. To simplify
the principle of measurement, it is considered here
that the objective lens center and the reticle center
line (C,0,) are coincided with the axis (C,C;) of the
lens barrel, the collimator optical axis (0,C;) and
the optical axis (ab) [11]. Rp, Lp are the reticle and
objective lens of the collimator. Ly, R, and L; are
the objective lens reticle and eyepiece of the optical
sight. L, and R, are the objective lens and reticle
of the CCD. O] is the image formed that the center
point (O;) of the collimator reticle projects on the
optical sight’s reticle, and the O] and O, are the
images formed that the O; and O, project on the CCD
image surface.

After the test, the zero position of the optical
sight is changed, and the measurement principle is
shown in Fig. 2. It can be seen from the definition of
the zero position’s variation that the angle ¢ between
the center of the objective lens and the center of the
reticle (C404)with respect to the optical axis (ab) is
the total zero position’s variation. It contains errors
(o) introduced by repeated installation that is angle
of the barrel axis relative to ab. Moreover, the image
points of O; and O, on the CCD image surface were
shifted from each other before the test.

According to the geometric relationship in Fig. 2
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collimator

Optical sight CCD

Fig. 2. Schematic diagram of the sight after the test.
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Fig. 3. CCD image surface imaging diagram.

From the formula (2-1), the total zero position’s
variation (¢) of the optical sight can be obtained.
The repeated installation’s error (o) can be obtained
from the formula (2-2). The difference between
the two can be obtained as pure zero position’s
variation (7).

Fig. 3 shows the imaging of the CCD imaging sur-
face. First, establish a Cartesian coordinate system
in the center of the imaging surface of the CCD cam-
era. O{(x,, y,) and O (x, yo) are the coordinates of
the image points formed on the CCD by the center
of the collimator’s reticle and the center of the opti-
cal sight’s reticle respectively before the test. When
the sight was installed on the fixture again after
the shootting test, the position of the reticle in the
sight and the spatial attitude of the sight changed
that compares with before the test, therefore the
position of the corresponding image point in the
CCD image surface also shifts. As shown in Fig. 3,
0{(x,. y,) and O35(x¢, y¢) are the coordinates of the
image points formed on the CCD image surface by
the center of the collimator’s reticle and the center of
the reticle of the sight after the test.

In this paper, the angle corresponding to the
length of the collimator’s reticle is standardized by
a Lycra theodolite with an accuracy of 0.5”. And re-

cording the number of pixels occupied by the image
of the collimator’s reticle on the CCD image surface,
thereby calibrating the angle value () corresponding
to each pixel.

o :8(x(’P”—x$)/A

s (2-3)
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where A is the size of pixel and & is the angle value
represented by each pixel. ¢ is the total zero posi-
tion’s variation, a is the repeated installation’s er-
ror, and t is the pure zero position’s variation.

From Equation (2-3), (2-4), the total zero posi-
tion’s variation and the repeated installation’s error
in the two directions of x, y can be obtained. Then,
by formula (2-5), the pure zero position’s variation
in both directions of x, y can be obtained.

MEASUREMENT SYSTEM DESIGN

When measuring with a CCD, the minimum reso-
lution (accuracy of the measurement system) of the
measured angle is determined by the pixel size of the
camera [12, 13], that is, the minimum resolution is
the angle value represented by one pixel (3). In order
to reduce the error and improve the calibration accu-
racy, we control the error within 2” (ie 6 = 2”) so as to
calculate and select the length of collimator’s reticle
(1) and CCD focal length (f,).

In this paper, the effective pixel number of the
CCD image plane is 4032x3024, the pixel size is
A =1.88 um, and the focal length of the collimator is
550 mm. The magnification of the optical sight is 3
times. According to the geometric relationship, the



mathematical formula of the field of view of the CCD
camera is

{y: 2arctan(A m /2f,) (3-1)

Y= msmin

where CCD pixel size A = 1.88 ym, CCD pixel num-
ber m = 3024. The focal length of the CCD objective
lens (f,~ 193.87) can be obtained by the formula (3-1).
In order to control the measurement accuracy
within 2”, a CCD with a focal length of 200 mm was
selected.

In order to reduce the error, try to make the
image of the collimator’s reticle occupy 1/2 of the
CCD image surface. The number of pixels occupied
by the image formed by the collimator’s reticle on the
CCD can be obtained

S=m/2, (3-2)
The angle represented by the collimator’s reticle is
0=S6/n, (3-3)

In the formula, n is the optical sight’s magnifica-
tion.

According to the definition of the angle of field of
view, the field of view of the collimator is 0.

0= 2arctan(1/2f, ). (3-4)

In the formula, [ is the length of the collimator’s
reticle, f, is the focal length of the collimator’s lens.
From the formula (3-2), (3-3), (3-4), the length of
the collimator line can be obtained (I = 2.64 mm).
In order to minimize the calibration error, this system
selects a collimator with a 3 mm of reticle’s length.

EXPERIMENT AND DATA ANALYSIS

Based on the above theoretical analysis of the zero
position’s variation measurement system, we built a
test platform, as shown in Fig. 4. The system mainly

Fig. 4. Measuring the physical map. I — computer, 2 —
CCD, 3 — optical sight, 4 — collimator, 5 — light source,
6 — adjustment frame.
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Fig. 5. Test experiment interface/Zero position’s variation
measurement.

includes the light source, the collimator, the optical
sight to be tested, the adjustment frame, the CCD
camera and the microcomputer processing unit.

First, we install the sight on the six-dimensional
mount (or fixture), then adjusts the position of the
collimator, optical sight and CCD camera to the same
height. Turn on the light source and ensure that the
image of the collimator’s reticle and optical sight’s
reticle appear together in the center of the CCD
image surface. Fixe the position of light pipe and
CCD camera. Finally, the measurement accuracy
of the zero position’s variation and the measure-
ment accuracy of the repeated installation’s error
are respectively tested. The test results are shown
in Fig. 5.

EXPERIMENT AND ANALYSIS
In order to ensure that the measurement results do
not include repeated loading errors, we will fix this
system on the optical platform and adjust the sight
reticle knob while keeping the space attitude of the
tested sight unchanged. In order to the reticle is
adjusted in steps of 1’ each time in the horizontal
and vertical directions. The step size is taken as the
theoretical value of pure zero position’s variation, and
the measured value of the CCD camera is compared
with the theoretical value in order to evaluate the
accuracy of system. The test data is shown in Tab. 1.
It can be seen from the measurement data in
the table that the difference between the measured
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Table 1. Test data of zero position’s variation in the x, y direction.

The difference The difference

Angle adjustment  Angle adjustment X axisCCD Y axis CCD between the between the
value of the reticle value of the reticle reading, reading, x axis CCD y axis CCD
Number on x axis direction, on y axis direction, (degree, (degree, reading and reading and
(degree, minute, (degree, minute, minute, minute, the theoretical the theoretical
second) second) second) second) true value, true value,
( second) ( second)
0 -0°06'00” —-0°06'00” -0°06'1.3" —-0°06'1.2" -1.3" -1.2"
1 -0°05’'00" -0°05’'00" —0°05"2" —-0°05'2.1" -2.0” -2.1"
2 —-0°04'00" —-0°04'00" -0°03'58.8” —0°03'58.2" 1.2” 1.8”
3 -0°03'00" -0°03'00" -0°03'1.3" -0°03'1.3" -1.3" -1.3"
4 -0°02/00" —-0°02/00" -0°01'58.5"  —0°01'58.6" 1.5" 14"
5 -0°01'00” -0°01'00” -0°00'58.3"  —-0°00'59.3" 1.7 0.7”
6 0°00’00” 0°00’00” 0°00'1.8" 0°00'0.6" 1.8" 0.6”
7 0°01’00” 0°01’00” 0°01'1.8" 0°01'1.3" 1.8" 1.3"
8 0°02/00” 0°02'00” 0°01'58.7" 0°02'1.9” -1.3" 1.9”
9 0°03’00” 0°03’00” 0°02'59.5” 0°02'59.7" -0.5" -0.3"
10 0°04'00” 0°04'00” 0°04/1.6” 0°04/1.5” 1.6" 1.5"
11 0°05’00” 0°05'00” 0°05'1.4” 0°05'2.1" 1.4 2.1"
12 0°06’00” 0°06’00” 0°06'1.3" 0°05'58.6" 1.3" -1.47
AVERAGE 0.42" 0.40”
STDEVP 1.41” 1.40”
1.98"
Table 2. Test data for rotation along the x, y axis
The difference The difference
Adjustment amount Adjustmelllt amount C(;D read-ing C(?D read}ng :’Etvée(;‘)l :’}‘itvée(';)l
of the adjustment of the .adJustmen.t in x-axis in y-axis dt? d d‘f q
. . framein the y-axis  direction direction reading an reading an
Number fr?me n the x-axis direction (degree, (degree,  thetheoretical the theoretical
dgf::tzns(:sf:;;’ (degree, minute, minute, minute, ) true valug ) true Val“‘?
’ second) second) second) in the x-axis in the y-axis
direction direction
(second) (second)
0 -0°30’00” -0°30’00” -0°29'55" -0°30703" -1.2" -1.7"
1 -0°2500" -0°25’00" -0°25'05” -0°25'04" -1.4" 2.2
2 -0°20'00” -0°20'00” -0°20'04" -0°20'01” 1.3" 1.5"
3 -0°15'00” -0°15'00” -0°14'56" -0°15'06" -1.3” -0.8”
4 -0°10'00” -0°10'00” -0°10'05" -0°10'02” 1.2” 1.2”
5 -0°05'00” -0°05'00” -0°05'03" -0°05'02" 0.9” 1.3"
6 0°00'00” 0°00'00” 0°00'02” 0°00’03" 0.7" 0.8”
7 0°05'00” 0°05’00” 0°04'56" 0°04/57” 1.5" 0.7"
8 0°10'00” 0°1000” 0°10’'06"” 0°9'56" 14" 1.5”
9 0°15’00” 0°15’00” 0°15'03” 0°15'02” -0.9” -1.6”
10 0°20’00” 0°20’00” 0°20/01” 0°20/01” 1.6" 1.3"
11 0°25'00” 0°25'00” 0°25'06” 0°25'03" 2.4" -1.6"
12 0°30’00” 0°30’00” 0°30'02” 0°29'58" -1.6" -1.77
AVERAGE 0.35" 0.24”
STDEVP 1.85" 1.42"

1.96”




value of the CCD and the theoretical value is about
2" in both directions of x and y axes. The average
standard deviation in both directions x and y is
1.98". It shows that the measurement system has a
measurement accuracy of 1.98” for the pure zero
position’s variation, which fully conforms the design
error of this paper.

MEASUREMENT AND ANALYSIS

OF REPEATED INSTALLATION’S ERROR

The repeated installation’s error is caused by a
change in the spatial attitude of the sight during
measurement. In this experiment, the reticle of the
sight is fixed, and the space posture of the sight
is changed by adjusting the six-dimensional ad-
justment frame so that the sight is adjusted in the
horizontal and vertical directions by 5’ each time.
Using this angle value (5’) as the theoretical value
of the repeated installation’s error, the measured
value of the CCD camera is compared with the
theoretical value to evaluate the measurement accu-
racy of the system for repeated installation’s error.
The test data is shown in Tab. 2:

It can be seen from the measurement data in the
table that the difference between the measured value
of the CCD and the theoretical value is about 2” in
both directions of x and y axes. The average standard
deviation in both directions x and y is 1.96”. It shows
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