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Recursive Bayesian Filter based Strike Velocity Estimation
for Small Caliber Projectile
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ABSTRACT

This paper presents a strike velocity estimation using the recursive Bayesian filter that operates both correction
and prediction models to probabilistically remove noises of sensors and accurately estimate the strike velocity
during the real-time experiments. Four different types of bullets such as 5.56 mm MI193, 7.62 mm MS80, 5.45 mm
7N10 and 7.62 mm MSC were used to validate the proposed method. Compared to the existing method, the
proposed method statistically results in higher stability of the strike velocity estimation as well as its reliability for

the ballistic limit velocity computation.

Key Words : Ballistic Limit Velocity(® & 374 %), Strike Velocity(5&<:%), Live Bullet Experiment(2 -2 3)),
Recursive Bayesian Filter(Z] 7% #o]A]<t HE), Velocity Estimation(Z%= F74)
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Fig. 1. Experimental setup for strike velocity estimation
by MIL-STD-662F and NIJ-STD-0101.06!"2!
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Fig. 2. Experimental setup for strike velocity estimation
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3.2 23 =H(Correction Model)

B mde A g@xE Al Jle] 23S S
A o TEEE (v, 0,) S FESE(,)E X
HEW(X, = [0 00 vp,] ), HHE o ezt
Aol BAG p(X,|Z,., )% @3] B 25

Rdo] ARgEE ASEE p(Xl7.,) S
Aolt}. o]e]gk AF$-E-E(Posterior Probability)
ulx]d 3 (Marginal distribution)2} Y- =
(Conditional independence)e AF&-3}e] 2] (6) 2 (7)%

wol wAY F gtk

p(Z1X)p(X)Z.)—1)
p(Z,JZle,l)

St Abal7 )4 8k8] A 4198 A2E (20161 49) /179



P(ZIC|Z1:1¢—1):fP(Zlc‘Xk)P(Xk‘Zl:k—l)ka—l (@)
A7 p(Z)X,)E kAR @xte] BAZE 59
TE F8 dojF ZA-$-E(Observation likelihood)E
oJulan, J|F 4R} FEEE A7k dgoln Al
BAge] 0k At HEE Mtk

e AggoEs oRe A @9t wol xdY &

Z, = h(uy) +v,, v, ~ N0, R,)

&l (Prediction Model)
SRS (X) S AeRE d A
2] BA(Z.,) = 2 el A sk
%‘015}. ol& 3 5H &
p(XpilZ.) & A 9k

=

SR S

s, & ==
=

l—o]

i

p(XkH'Zl:k) :/\p(&Jrl"X—k)p(‘X—k'Zl:k) ©)

A7, p(X)7.,)E& BAR
, p(X, X)) E FE2 Markov
A B S
o] 87 AAS

=

Wz RE AEE

welz geld Ho
2~

By R
Lo 7
E
4>
49
el
+
o3
)
X
o,
.
N m
rE

i)
_L

180 / At 8l 7] %813 A Al197 A235.20161 49)

1 0 0
0 1 0
- (1+=)0
l l
o714, D9} 12 Fig 2004 EAX Z3 o] ~

IR Aels] £ESYAYORIE B ALE
Selsta T el NFEEE(v,0,) FRAH Aol

AR E 22} eln@y,

4. Nt

l]9_

et 3! A}

ANA oI FANE A8 B ATE ok
Fig. 33} 2] & A7FA @Al= A9 WA, A4
AR Bl goks HAsa, s)Ee] SEwse
FESE FANS S AZMA M u, v, v,
#k =t} o] e AAZE Hjo|AloF HE o] ¢1E E

g E Al A
FA7EA 2] Do
) B AR, o]
RAAA p(X,,14.,)E AEshsd AR
EEL SR ARl p(X,,14.,) S HEH
AAk=k+1)9] RARA p(Xl|7., )02 A

Hol A%H oz T/ HAE N2 PEAEE o

24 AAHeR FAks AT Ao $-Ert #
FHoR A i FEEE(@,)E NNOR F
QA Ht.
U1,k U2,k Uk
Recursive Bayesian Estimation
( \

P(Xi|Z1:x)
Prediction
Model

Correction
Model

P(Xi+11Z1:1)

\ J
' )
VS
. J

Fig. 3. System architecture for strike velocity estimation



AR oAt BEIE A g

Q7= Fig. 4014 A=A
A AR 37he] Aol =AY,
(b) gﬂo]x{ B s—]-;g-uL () obﬂ/z_dx};‘q :Lg]

@ DAAWAZ % A FHoleh. E, APl
o1F9] &8 Aot AASGAA} A ol

=3
olom, AH7F LEE AN 0% SE)E 1Eal
15 %)= dAA T2 = ATt

(b) Laser aiming support
equipment

(a) Three infrared
screens

(d) Fire button(red circle)
and signal measurement
/ computer

(c) Weapon muzzle and
chamber

Fig. 4. Experimental equipments for the strike velocity
estimation

2 Agol| AZE 23| Bt
94 oA ZshE A1 lelAet T E 483

4
E ol Bk BEAE 1 by Aol

o o
o o i

% Ip

=
E AFEaA F 47149 A= tE BEES A}
}. /\ah‘goﬂ ALEE ERS HlS A S 7]-0]] =7 A}

Bto 24 T NATO2} Soviet Uniono 2 &

A

],

ol

%
5]

o

asp|ee] FEEE F4 AT

H}h NATOS] 7-9- 5.56 mm M1933} 7.62 mm MS0<,
Soviet Union®] 73-%- 5.45 mm 7N103} 7.62 mm MSCZ
A APt RS Rl Olﬂitﬂ 4714 &
Fo| e Ade Table 1o AXNHATE F 2518-S
AA R APAEG on ZF e Al i%ﬂﬁg} wH
oz ek w3 Table 10] AAH £} L5
YA =A7F4 MIL-STD-662F % NIJ-STD-0101.06°]|
Al AAGRakeL o] 43ty FAENE 15 m o]AH
ARl 5HE HolHE 7|22 AEHAT

Table 1. Type Experimental data set of four different
types of bullets

NATO Soviet Union
H @ 5.56 mm | 7.62 mm |5.45 mm | 7.62 mm
MI93 | M8O | 7N10 | MSC

28.44

25.48

26.61

Bullet length(m) 18.93

Bullet weight(g) 3.55 9.54 3.59 7.92

Velocity(m/s) 948.42 | 828.93 880 696.23

Kinetic Energy(J)| 1598 | 3279 | 1390 | 1919
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Fig. 5. NATO 5.56 mm M193 strike velocity results
from both velocity difference method and
recursive Bayesian estimation
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Table 2. NATO 5.56 mm M193 statistical results of
variance, the root—-mean—square error and
percent bias

Method R* VAR RMSE | PBIAS
VDM 0.988 268.2 0.0336 1.515
RBE 0.997 80.2 0.0180 0.879

Ratio(%)

( 5§ffx 100) - 29.9 53.6 58.0

NATO 7.62mm M80
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Fig. 6. NATO 7.62 mm MB80 strike velocity results from
both velocity difference method and recursive
Bayesian estimation

NATO 7.62 mm M80°] ZA¥}+= Fig. 67} Table 3¢
Yeholnh goksio] 14 ¢, 19 ~20g 25~29 ¢
Aol VDML 30 ~ 80 m/se] A7) EgE o]t
A7) e SE45E] B E7 & Wbde]| RBE
T AR BE BAEEE Kol Fo] QbgAe]

o 4




AR ol At UEIE A g

W 4 ZA¥E & v, RBE 7ér+7} VDMKE.T} -l
oo gunrt s B ¢ glon, 53 A

L=l ] 5 %(5.78]) o} RBEo] HT} o
AR FEELRE FASINEE TXAHoRE Q1%
T Uk
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Table 4. Soviet Union 5.45 mm 7N10 statistical results
of variance, the root-mean-square error and
percent bias

Method R* VAR RMSE | PBIAS
VDM 0.966 394.0 0.0326 2.130
RBE 0.995 523 0.0124 0.877

Ratio(%)

( f/?lt;’fjx 100) - 13.3 38.0 412

Method R? VAR | RMSE | PBIAS
VDM 0975 | 4169 | 00792 | 1.864
RBE 099 | 729 | 0.0330 | 0.899

Ratio(%)

( ﬁgﬁ, < 100) - 175 41.7 482

Soviet Union 5.45 mm 7N102] 79~ Fig. 7014 1.
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Fig. 7. Soviet Union 5.45 mm 7N10 strike velocity
results from both velocity difference method
and recursive Bayesian estimation
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Fig. 8. Soviet Union 5.45 mm 7N10 strike velocity
results from both velocity difference method
and recursive Bayesian estimation
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Table 5. Soviet Union 5.45 mm 7N10 statistical results
of variance, the root-mean-square error and
percent bias

Method R? VAR RMSE | PBIAS

VDM 0.955 202.6 0.0364 1.787

RBE 0.994 259 0.0129 0.596

Ratio(%)
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