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(57) ABSTRACT 

Disclosed herein is a digital sight for a manually-portable 
shell-firing mortar. The digital sight includes a first accel 
erometer, a second accelerometer arranged perpendicular to 
the first accelerometer, a gyroscope arranged perpendicular 
to the first and second accelerometer, and a controller 
configured to calculate and display a re-firing direction 
varied from a primary-firing direction, using the first and 
second accelerometers and the gyroscope. 
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DIGITAL SIGHT FOR REAL-TIME 
POSITION CONTROL OF 

MANUALLY-PORTABLE MORTAR BARREL 

CROSS REFERENCE TO RELATED 
APPLICATION(S) 

0001. This application claims the priority of Korean 
Patent Application No. 10-2015-0091160, filed on Jun. 26, 
2015, which is hereby incorporated by reference in its 
entirety into this application. 

BACKGROUND OF THE INVENTION 

0002 1. Technical Field 
0003. The present invention relates generally to a digital 
sight that provides information about firing directions of a 
manually-portable shell-firing mortar and, more particularly, 
to a low-cost digital sight that is capable of controlling a 
position of a barrel of a manually-portable shell-firing 
mortar (i.e. re-firing directions) in real time, using two 
accelerometers and one gyroscope. 
0004 2. Description of the Related Art 
0005. As well known to those skilled in the art, before 
actual firing, a manually-portable weapon, such as mortar, 
generally goes through a preliminary firing procedure, 
including a primary firing stage and a secondary correcting 
firing stage. First, the primary firing stage requires a device 
for measuring azimuth and the angle of elevation, i.e. an 
initial angle, of a barrel of the mortar. Thereafter, the 
secondary correcting firing stage requires a device for deter 
mining a change in position of the barrel from the primary 
firing direction when collecting firing has been conducted. A 
compass is used for determination of the azimuth and the 
angle of elevation, the initial position, of the barrel, and an 
aiming post is used for correcting firing. 
0006. Here, the aiming post for the correcting firing is 
used such that after it is put up on the ground, a viewer 
checks the direction of the firing while viewing the aiming 
post. Thus, the measurement may not be precise and may be 
affected by geographical features such as slopes and the like. 
Further, if the aiming post should be set up in the cold when 
the ground is frozen, set-up is difficult. Furthermore, if the 
ground has a topography that is difficult to set up the aiming 
post thereon, shell-firing cannot be carried out. 
0007 Recently, a high-tech inertial sensor (three gyro 
Scopes and three accelerometers) has been used to improve 
the precision of firing and provide operational convenience 
for a soldier. Particularly, a digital sight using an inertial 
sensor includes three gyroscopes and three accelerometers, 
which are disposed perpendicularly to each other so as to 
measure azimuth and the angle of elevation. However, Such 
a sight using an inertial sensor is very expensive, and the 
weight and volume thereof are not suitable for a manually 
portable shell-firing weapon Such as a mortar. 
0008. Therefore, a low-cost sight keeping gyroscopes and 
accelerometers at a minimum is required. 
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SUMMARY OF THE INVENTION 

0010. Accordingly, the present invention has been made 
keeping in mind the above problems occurring in the prior 
art, and an object of the present invention is to provide a 
low-cost digital sight for a manually-portable shell-firing 
mortar, which has two accelerometers and one gyroscope, 
Substituting an aiming post in a related art. 
0011. In order to accomplish the above object, according 
to an embodiment, the present invention provides a digital 
sight for a manually-portable shell-filing mortar, including: 
a first accelerometer, a second accelerometer arranged per 
pendicular to the first accelerometer; a gyroscope arranged 
perpendicular to the first and second accelerometers; and a 
controller configured to calculate and display a re-firing 
direction varied from a primary-firing direction, using the 
first and second accelerometers and the gyroscope. 
0012. The first and second accelerometers may be con 
figured to measure acceleration of the mortar that is being 
rotated about one end of the mortar fixed to the ground when 
the mortar fires a shell. 
0013 The gyroscope may be configured to enable the 

first and second accelerometers measuring the acceleration 
to be positioned perpendicular to the gyroscope when the 
mortar fires a shell. 
0014. The controller may be configured to calculate the 
re-firing direction by calculating rotational displacement of 
the barrel using the measured acceleration. 
(0015 The controller may be configured to calculate the 
re-firing direction by calculating rotational displacement of 
the barrel using linear acceleration of the mortar obtained by 
gravity, high-frequency noise, and a shock applied to the 
mortar. 

0016. The controller may include a gyro-signal process 
ing board, a first accelerometer-signal processing board, a 
second accelerometer-signal processing board, a wired/wire 
less communication board, an antenna, and a central pro 
cessing board. 
0017. The acceleration (A) of the mortar may be calcu 
lated by following Equation: 

A do 
-- X -- XX -- (it g 

d r-co. -ry co- (co -- co)r, + co, Coyry + Co.(o,r. -gcos(0)sin(y) 
f f 2 2 ay = -r-co, -r (d. - (co + (u)ry + (or Coy r + (oy Co. r. +g sin(0) 

a. = ryce - reco, (co -- co)r. + Co.co, r + (oycory +gcos(0)cos(y) 

0018 where A is an acceleration vector of the mortar, 
expressed by Aa, a a. 
0019. The rotational displacement of the mortar calcu 
lated using the measured acceleration of the mortar may be 
calculated by following Equation: 

6 = cos(y).co. -- sin(y).co. 

3 = (oy - tan(0)cos(y).co. + tan(0)sin(y).co, 
i, - cos(y) sin(y) 

cos(0). cos(0). 
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0020. According to the digital sight for a manually 
portable shell-firing mortar, upon correcting firing of the 
mortar, firing precision may be improved and easy manipu 
lation may be ensured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The above and other objects, features and advan 
tages of the present invention will be more clearly under 
stood from the following detailed description taken in con 
junction with the accompanying drawings, in which: 
0022 FIG. 1 is a perspective view of a digital sight for a 
manually-portable shell-firing mortar according to an 
embodiment of the present invention: 
0023 FIG. 2 is an exploded perspective view of the 
digital sight for a manually-portable shell-firing mortar; 
0024 FIG. 3 is a conceptual view showing the opera 
tional principle of the digital sight using a fixed coordinate 
system; and 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0025. It should be noted that the technical terms used 
herein is for the purpose of describing particular embodi 
ments only and is not intended to limit the invention. Unless 
otherwise defined, the meaning of all terms used herein is 
the same as that commonly understood by one of ordinary 
skill in the art to which the present invention belongs, so that 
they will not be interpreted in an idealized or overly formal 
sense unless expressly so defined herein. The accompanying 
drawings are merely provided for the purpose of easily 
understanding the technical idea disclosed in the specifica 
tion. Thus, the technical idea is not limited to the accom 
panying drawings, but should be understood such that the 
technical idea includes all of variations, equivalents, and 
Substitutes included in the technical spirit and scope dis 
closed in the specification. 
0026. A description will now be made in detail of a digital 
sight for a manually-portable shell-firing mortar according 
to an embodiment of the present invention with reference to 
the accompanying drawings. 
0027 FIG. 1 is a perspective view of a digital sight for a 
manually-portable shell-firing mortar according to an 
embodiment of the present invention. FIG. 2 is an exploded 
perspective view of the digital sight for a manually-portable 
shell-firing mortar, FIG. 3 is a conceptual view showing the 
operational principle of the digital sight using a fixed 
coordinate system. 
0028 Referring to FIGS. 1 to 4, the digital sight for a 
manually-portable shell-firing mortar includes a first accel 
erometer 100. a second accelerometer 200, a gyroscope 300, 
and a controller 400. 

0029. The first accelerometer 100 is arranged perpen 
dicular to the second accelerometer 200. More particularly, 
the first accelerometer 100 is arranged perpendicular to the 
second accelerometer 200 so dun the first accelerometer can 
measure acceleration of the mortar 10 that is rotated about 
one end 11 thereof fixed to the ground when the mortar fires 
a shell. That is, the first accelerometer 100 can measure 
acceleration of the digital sight 1 because the digital sight is 
mounted to and simultaneously rotates with the mortar that 
is rotated about one end 11 fixed to the ground when the 
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mortar fires a shell. Here, one end 11 of the mortar may be 
positioned at the origin 31 of an XyZ motion coordinate 
system 30. 
0030 The second accelerometer 200 is arranged perpen 
dicular to the first accelerometer 100. More particularly, the 
second accelerometer 200 is arranged perpendicular to the 
first accelerometer 100 so that the second accelerometer can 
measure acceleration of the mortar 10 that is rotated about 
one end 11 thereof fixed to the ground when the mortar fires 
a shell. That is, the second accelerometer 200 can measure 
acceleration of the digital sight 1 because the digital sight is 
mounted to and simultaneously rotates with the mortar that 
is rotated about one end 11 fixed to the ground when the 
mortar fires a shell. Here, one end 11 of die mortar may be 
positioned at the origin 31 of an XyZ motion coordinate 
system 30. Further, also referring to FIG. 3, a plane X(ax)- 
y(ay) plane that is defined by the first and second acceler 
ometers 100 and 200 arranged perpendicular to each other 
may be a plane that is perpendicular to a position vector (r) 
50 of the digital sight with reference to the motion coordi 
nate system 30. 
0031. The gyroscope 300 is arranged perpendicular to the 

first and second accelerometers 100 and 200. More particu 
larly, the gyroscope 300 is configured to enable the first and 
second accelerometers 100 and 200 measuring the accelera 
tion of the mortar to be positioned perpendicular to the 
gyroscope 300 when the mortar fires a shell. That is, when 
rotational displacement of the mortar is calculated using the 
acceleration of the mortar when the mortar fires a shell, the 
rotational displacement is obtained with the first and second 
accelerometers 100 and 200 positioned perpendicular to the 
gyroscope 300 by the operation of the gyroscope 300. 
0032. The controller 400 is configured to calculate and 
display a re-firing direction varied from a primary-firing 
direction, using the first and second accelerometers 100 and 
200 and the gyroscope 300. More particularly, the controller 
400 may calculate die re-firing direction of the mortar by 
calculating the rotational displacement of the mortar using 
the acceleration of the mortar, i.e. the acceleration of the 
digital sight 1 mounted to the mortar, measured by the first 
and second accelerometers 100 and 200, which are posi 
tioned perpendicular to the gyroscope 300 with the action of 
the gyroscope 300, when the mortar fires a shell. Here, the 
controller 400 may calculate the re-firing direction of the 
mortar by calculating linear acceleration of the mortar 
obtained in response to gravity, high-frequency noise, and a 
shock applied to the mortar 10, i.e. those applied to the 
digital sight 1 mounted to the mortar. 
0033 Here, the controller 400 may include a gyro-signal 
processing board 410, a first accelerometer-signal process 
ing board 420, a second accelerometer-signal processing 
board 430, a wired/wireless communication board 440, an 
antenna 450, and a central processing board 460. 
0034. The gyroscope 300 may be mounted to the gyro 
signal processing board 410 such that die gyroscope 300 is 
arranged perpendicular to the first and second accelerom 
eters 100 and 200. The first accelerometer 100 may be 
mounted to the first accelerometer-signal processing board 
420 such that the first accelerometer 100 is arranged per 
pendicular to the second accelerometer 200. The second 
accelerometer 200 may be mounted to the second acceler 
ometer-signal processing board 430 such that the second 
accelerometer 200 is arranged perpendicular to the first 
accelerometer 100. The wired/wireless communication 
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board 440 may communicate with the exterior using the 
antenna 450. The central processing board 460 may calcu 
late the re-firing direction of the mortar by calculating the 
rotational displacement of the mortar using the acceleration 
of the mortar measured by the first and second accelerom 
eters 100 and 200, which are positioned perpendicular to the 
gyroscope 300 with the action of the gyroscope 300, when 
the mortar fires a shell. 

0035. A description will now be made in detail of the 
calculation of the re-firing direction using the digital sight 
for a manually-portable shell-firing mortar with reference to 
the accompanying drawings. 
0036 Referring to FIG. 2, an XYZ coordinate system 20 

is a fixed frame having the origin (O) 21, and an XyZ 
coordinate system 30 is a moving frame having the rota 
tional origin (o) 31. Further, a vector (R) 40 is a position 
vector of the xyz coordinate system 30 about the origin 21 
of the XYZ coordinate system 20. Further, a vector (r) 50 is 
a position vector of the digital sight 1 about the rotational 
origin 31 of the xyz coordinate system 30. Further, a vector 
(w) 60 is a rotation vector of the xyz coordinate system 30. 
0037 Here, acceleration (A) of the digital sight 1 in the 
XyZ coordination system 20 can be expressed by following 
Equation 1: 

A = Equation 1 

di R (air dr do dr 
it 2 -- it2 + ox, + T x r + ox(T + ox)+g 

0038 Here, (A) is an acceleration vector of the mortar, 
expressed by Ala., a, a (w) 60 is a rotation vector of the 
mortar on the moving frame, expressed by w–w, w, w, T. 
(r) 50 is a position vector of the digital sight on the moving 
frame, expressed by r-r, r, r. , and g is a gravity vector 
(gravity acceleration), expressed by gig, g, g". 
0039 Here, since the shell-firing mortar is not moved, 
and the digital sight 1 is fixed in the XyZ coordinate system 
30, dR/dt, dr/dt, and dr/dt do not exist. Then. Equation 
1 can be expressed as follows: 

do Equation 2 
A = - Xr coxcox r (it g 

0040. Equation 2 can be specifically expressed as fol 
lows: 

(i. 0 -co. co, Equation 3 
ay = (0, 0 -(0. ||ry + 
(i. —co, co. 0 || r. 

2 2 
5-(d. (Or Coy (Oz(O. 8x 

(Or (Oy -(o-co (oy (Oz iy -- gy 
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0041. Equation 3 can be specifically expressed as fol 
lows: 

(i. 0 r. -ry (0. Equation 4 
—r O co, -- 

(i. ry -r, 0 (0. 

-(o-co (Or Coy (Oz (Or 8x 

(Or Coy -(o-co (oy (Oz iy -- gy 

(Oz (Or (oy (Oz -(o-co g 8z 

0042 Equation 4 has “C” that satisfies following Equa 
tion 5, angular acceleration can be calculated using accel 
eration measured by the first and second accelerometers 100 
and 200, and thus angular acceleration of the digital sight 
mounted to the mortar can be obtained by integrating the 
former angular acceleration. 

co 0 r. -ry -l Equation 5 

co, = C-r: 0 r. 
(0. ry -r, 0 

2 2 
(i. -(0,-(0. (Or Coy (Oz (Or 8x 

Clay - cocoy -(o-to coyco. ||ry-gy 
(i. (Oz (Oa. (oy (Oz -(o-co i. 8z 

0043. However, “C” for satisfying Equation 5 can 
exclude an orthogonal structure of the first and second 
accelerometers This causes a problem that an existing prod 
uct having a common orthogonal structure cannot be used. 
0044) Equation 4 can be expressed in a different form by 
Equation 6: 

Equation 6 

a ro-o'-a-rotor-cool sin(Y 

a=-ro, +r,0-(a), --(), )r-color-coor-gcos 

a-ro-ro), -(a), H(0, )r-cooxr-coor-gcos(0) 
cos(y) 

0045. Here, ax, ay, and az, are respective vector compo 
nents of a vector of acceleration (A) of the mortar, g is 
gravity acceleration, and 0 is a pitch angle of the mortar, and 
Y is a roll angle of the mortar. 
0046. Here, since an axis, e.g. wz, can be measured by the 
gyroscope 300, first and second terms of Equation 6 can be 
re-expressed by Equation 7: 

Equation 7 (O = 8 sin(0) + -ay + r, co 
i. 

(co -- co)ry + Cocoyry + ord/r. 

co, cos(0)sin(y) +(a + ryco + (co -- co)r, 

(OCOyly ord/r. 
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0047. Since wa-related terms are measured in Equation 7, 
if an initial value of the right side of Equation 7 is known, 
wx and wy can be obtained. That is, a position of a barrel of 
the mortar can be obtained by following Equation 8: 

6 = cos(y)co, + sin(y).co. Equation 8 

3 = (oy - tan(0)cos(y).co. + tan(0)sin(y).co, 
cos(y) sin(y) 
cos(8) co- cos(8) (O. 

0048. Here, () is a current pitch angle, y is a current roll 
angle of the mortar, and I is a current yaw angle of the 
mortar. Further, 0 is an initial pitch angle of the mortar. Y is 
an initial roll angle of the mortar, and I is an initial yaw 
angle of the mortar. 
0049. Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, 
those skilled in the art will appreciate that various modifi 
cations, and Substitutions are possible, without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims. 
What is claimed is: 
1. A digital sight for a manually-portable shell-firing 

mortar, comprising: 
a first accelerometer, 
a second accelerometer arranged perpendicular to the first 

accelerometer; 
a gyroscope arranged perpendicular to the first and second 

accelerometers; and 
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a controller configured to calculate and display a re-firing 
direction varied from a primary-firing direction, using 
the first and second accelerometers and the gyroscope, 

wherein the first and second accelerometers are config 
ured to measure acceleration of the mortar that is being 
rotated about one end of the mortar fixed to the ground 
when the mortar fires a shell. 

2. The digital sight for a manually-portable shell-firing 
mortar according to claim 1, wherein the gyroscope is 
configured to enable the first and second accelerometers 
measuring the acceleration to be positioned perpendicular to 
the gyroscope when the mortar fires a shell. 

3. The digital sight for a manually-portable shell-firing 
mortar according to claim 1, wherein the controller is 
configured to calculate the re-firing direction by calculating 
rotational displacement of the barrel using the measured 
acceleration. 

4. The digital sight for a manually-portable shell-firing 
mortar according to claim 1, wherein the controller is 
configured to calculate the re-firing direction by calculating 
rotational displacement of the barrel using linear accelera 
tion of the mortar obtained by gravity, high-frequency noise, 
and a shock applied to the mortar. 

5. The digital sight for a manually-portable shell-firing 
mortar according to claim 1, wherein the controller com 
prises a gyro-signal processing board, a first accelerometer 
signal processing board, a second accelerometer-signal pro 
cessing hoard, a wired/wireless communication board, an 
antenna, and a central processing board. 

k k k k k 


