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Abstract

The performance of arrow from a manufacturing process depends on arrow’s trajectory(archer’s paradox) and intensity of an
impact points. Especially, when conducting a shooting experiment over and over in the same experiment condition, the in—
tensity of impact point is an objective standard to judge the performance of the arrow. However, the analysis method for the
impact point is not enough, a previous research of the arrow’s performance has been focused on a skill to optimize a manu-
facturing variables(feathers of an arrow, barb of an arrow, arrow’s shaft, weight, external diameter, spine). In this paper, We
propose measurement system of arrow’s impact point with Mamdani fuzzy inference system and similarity of polygon for
automation of impact point’s measurement. Measuring the impact point data of the arrow moving with a high speed(approx-
imately 275km/h) by using line laser and photo diode array, then the measured data are mapped to arrow’s impact point with
fuzzy inference and similarity of polygon.

Key Words : Mamdani Fuzzy Inference System, Impact Point of Arrow, Similarity of Polygon

.M B &40} (shaft) % (vanes, fletching
Az gE F3 e shte] dee shate] o5 C e / ol
(FArel deise)st @] QAwel we #e-d N B e
[1-2]. 53], T4 3AolA 19 19 wFlnock) =S
AN A v ow Fate] EARS ST H, =)
SRR Ao A ol share] Bhay PR sk 4% 3 o il P
A AV g A Aot Hok ave
Z91E (point)
a8 1. shie] 7x
Mol xk: 20124 49 302 Fig. 1. Structure of Arrow
Al Z=x)al . 2| |
71|;A<HH§;§$.' 581153 ?E 38:2. spare] o]EA 9 vy PAme JFL vAL 3
: :| O;qeyq = = /\1—_7j xﬂzE_]X% ‘ﬂ:‘i-‘: §}'])x\':_!—7)41, spakE %go z7, %i’:’
_ 2<3ilo A AR =2 o] o =0
o =22 01UE r@sNIERe Huos A8 SHHEA HAG L) T B LA ©
si@edprEte] xEe wof S adpe (No, oo St AEEE Wl AXstelnt 2] Sel

2011-0026232) A 3

521



Journal of Korean Institute of Intelligent Systems, Vol. 22, No. 4, August 2012

ol Akt
)
B /
e, N /
e / 5
S i |
0.0 o B +
TR -
Jof e
M
' A
- ,\{ : !
m . 3
"s."‘.,'
N
o

a7 2. 7)ol ofst EatE HAME 2N
Fig. 2. Analysis of Impact Point’s Integration by Hand

a9 25k o], WAl sakel @A WAEE B8]
A Tl FYEAE BT F, w9 AEE A4

N
r2
>
E‘;
e
Y
o,

>,
o
o
4
09{_:",
ol

N ) g 2 ek F70e] 23w
A A BAe 4L Agwrt Yolxu Fr|How 3}
Yo 9842 aAsFolor sk, 7 Bazie] #AE
$:A8ket7] ok

WA 24E SsA e AR e A, ol Ash
HolA 2= et o3 WHl1-2], 25 HESHL
93l BETbueks ol gst Wl3] ol ek et Al
1 OPNEe 2R dnd JAuARAE AH okl o
Aol Prk. & =Rl M el @A 34 AEEE 9
8, HA FE7 =g F3-g o] gsle], Wre] ksl

Aakgel e gl shel WRH F4 e AR
. 2R1Eo A9} EErto] o moleo)F ol gate] m&ow

Fahe el dolHE AZsta, ASH doleE 1+
gl §eg ol gstel o] RO ALY

\

. 0 N-2(N-1| N
a2l 3. 2feleo| Mot ZECIo|RE2| HfjX|

Fig. 3. Arrangement of Line Laser and Photo Diode

522

Al

£ dlo]A, vlojmzgolr Al
A, Beteer ol slo, nfkow olFate ke
A2 ZA87) e E Bl S, wE SEEn
2 7N oA LRt =Tt Hgteit,
a9 33 o], 2709 @ldel Ay T L, L,A
Aol Zbzt A a, g Aelle 44 NS ET
o] =7} v HTHE]. FETo| Q== WoURS 7|9
UAZ HIAAFE Lxlolnz gigleo]A] o] T
Y Erlo] o= AgtyMz wWatd) sito] =y e =3}

[e)

2 A5 dele] Ael o= EEThel 9 =9 Hgke U s
2 A=g 5 9on, A=H golEE o] &3t hate et
3 240l hsev)

9 49} o], ghake] ZeYE FdkeiAl HW, 3t
(CD)ell ejeliA =lolA] Ble} o] 7hix|A Hem, X
% gErlo] e =0l old] THANAB)7F A7IA Hrk L
FAL) SRR Axer] wfdel, AABL, ¥ ACDL,
o A2 ggolt) A A

My ABe] Fxolgt Heolgrhd,
LM, CcDE  ol%

B oAl Ha( AABL, o
ACDL), ¥ A4 LM% CD7} whps wxd M7}
npE shite] ghabgo] Hnh @l gRdldlolA e =] &
=T
l

S

28 Agelo] satel BARE ol AN B 47

21 %
(diameter), = A% CD?] % oot sl e
ol

BE
B =oAL F 7l gol A& AME7] w3t
A 476 o Aut BasA gk
¥
Ls
2N
2N-1
2N-2
l .
arrow *
N+3
N+2
N+1
X
1 2 3 . A.S . . . . N-2|N-1| N

O 4. 8o B

Fig. 4. Similarity of Polygon

el ekelelel (L) AR Rl Bes 48
s, % 5% ol LW% TS L
(= LM )% LMl whis o
Ak 59l waE olgotel sl BAAE T
AL shde] ZAS BT W, A7 FF 194
FHAE M, Mt AR

o



£
2N
2N-1
2N-2
§
shot position .
¢ y)
:
L2
[7hd
X
¥ N+3
N+2
N+1
X
tla2s] o ™ o o o . |n2|nafw
% 5. £8o| 32 0|2t stiate| EEd &Y
Fig. 5. Measurement of Impact Point Using Similarity
of Polygon
Lo g3s o)&e s gRd SAUESE 8
ok theat gk,

Algorithm
Step 1
Fuzzy Inference System)

Step 2 : Obtain the %.

Step 3 : Calculate the M-5(Using L]T[ﬂ? bisects the
AB and bisects the CD(" AABL,~ ACDL,))

Step 4 : Apply the Stepl - Step3 to the other line
laser setup point Z,.

Calculate the position of M. (Using

3. HX FE A2H

HA] F2 A=B(FIS)S HAA JAE o] E(Fuzzy Set
Theory), A E(Fuzzy Rule), %A FZ(Fuzzy
Reasoning)& 7|Hte2 3lal lom, AFAo], ZHE X
HEAA, AAD oS, G A T de] S8 ot
[7-8]. FIS9] A2 AA F 7= A 5 Ak A WA
A Abghe] dojel Azt o] FAAAQl NS tE
Atk oz, F #AYE, d=E S8 #A vy
I, 4= A9 294 onE ¢ F e A=
g o] 7hesiths Aol

=]
A
rl
oA

3.1 ©x| &g
AA He&(Universe of Discourse) X oA #Hx Hgt
A+ 2 ()3 o] A4%(Ordered Fair)®2 7 2] FCHI.

A={(zp @) z€X), 0<pyz) <1 1
palz)E HA HA¥ A 2% F5(Membership

&g SE(MP)E A4 e X9 o
258 47 &% T o2 wl AATFE 9T .

Mamdani HX|FE2& 0|25t sHate| BRI X A|AH

A4 A A ges) ol DA wd @ 4 e,
AA HZE X o dart AsHeld 2 (2)9F Zo] ndH
3, BAEZ o A (3)3 o] xAEH
A=//LA(x)/x @)
X

A= ;)

T;X/A( D/, (3)
32 x| E

HA g0 dntshd el ok 2{10-11]

IF (a set of conditions are satisfied) THEN (a set of
consequences can be inferred).

[F&S AA|(Premise)gtxl  3tx, THENEZS A&
(Consequence)©o]gtaL gt} IF-THEN -9 AA|e} 220
2 S =98 A o] HA| E(or Fuzzy If-Then Rule)
ojty, HA| F2 A A" = F2& FP5r] Y Hadt
HE7FA Q] x2S o8] 719 Fuzzy If-Then Rule® % &
sy 7 ol =€ g Y S e Al
Fuzzy Rule?] o= oS3 2}

R :if xis A and y is B, then z is C,
Ry: if xis A, and y is B, then z is G,

R,:ifxis A, and y is B, then z is C,

3.3 Mamdani HX| F& AAH

B =RoME ZECo|Q= o]foloA] A=EHE 3t
aHA SHFARM,, M)E T3] A, = wAlE
A FJFE o]&3te] HX E2 YERZ]7F TSK SR
th o &olgh Mamdani #*] F& A|AgE ARSI
Mamdani A F& Al&ge F7] A B2l A&
AE W Wit AAs vRe R Ao Fs 517] 9
3 AMPEACHIZL F Aol ¥ g e =9, an
F M9 Ruleg 7HA+= Mamdani ¥ A F2 A|2#9] o=

ohe3th 2ehI3),

R, :if xis A, and y is B, then z is C,
R,: if xis A, and y is B, then z is C,

u A M B1 p7i C1
\ /

o
\ A ’
\
Y
X0 yo

J% 6. Mamdani MX| =& A|AH
Fig. 6. The Mamdani Fuzzy Inference System

Qg = My, (550)/\,“31(290), Qy :HAZ(J'())/\HBZ(IUO) (4)
pc(z) = [ozl/\ucl (2)]v [O@Aﬂq (2)] 5)

523



Journal of Korean Institute of Intelligent Systems, Vol. 22, No. 4, August 2012

Mamdani H#| F2 A 2zslo|Ae] HEHS 8L 4
(D2} (5)9F o], Max-Min Composition®l] <] &l 0,;01{
t}. "] HA 3K (Defuzzification) #& T2 YsiM s, 4
6)7 o] HFA =% 2% g9 CoAlCenter of

Area)& -3t}
/ ,uc(z)zdz

Zooa = (6)
@4 } ,uo(z)dz

3.4 dH AtSH

' Fuzzy Inference System

Asted gk 17 8.(a)9] FE] 2~ (heuristic)atAl Ao
JE 2% skl & HA3H(Fuzzification) TS AX
o 948 &% re o o] HeojHrh

(i) FON - Fully On
(i) QOFF - Quarterly Off
(iii) HOFF - Half Off
(iv) TQOFF - Three Quarterly Off
(v) FOFF - Fully Off

Z4zel ¥ HAg HAS AR F Rule BaseolA
A 9o1% Fuzzy If-Then Ruledl] 93l F234 AXA w
t}. Rule baseolx] Aol¥ Fuzzy Ruled the3 2t}

. Rl : If D1 is FOFF and D2 is FOFF and D3 is FOFF
| Fuzsfeation|— and D4 is FOFF Then output is C;.
: R2 ' If D1 is FOFF and D2 is FOFF and D3 is FOFF
O Fuzzification |— and D4 is TQOFF Then output is C,.
Data from : E
1 1 ifi i = Xy . . .
i oy | Inference || Defuzzfication \== M« My R17 - If DI is HOFF and D2 is FOFF and D3 is
FOFF and D4 is FON Then output is Cj.
| ; RI8 : If DI is QOFF and D2 is FOFF and D3 is
: FOFF and D4 is TQOFF Then output is Ci.
IZ>: Fuzzification —| !
—L v § R32 : If DI is FON and D2 is QOFF and D3 is FOFF
| Basa Base 5 and D4 is FON Then output is Cj.
S8 7, A =2 Aladel 3z R33 : If DI is FON and D2 is FON and D3 is FOFF
Fig. 7. Structure of Fuzzy Inference System and D4 is FON Then output is C.
el A A% A ke A4 FED 2
_k; D1=818 D2=744 D3=766 D4 =896 output =231
205 u =
n 3 ray
7
% 80 30 H =
Voltage Level 2
2 A
() i3 &= 3 i >
3 -
18 Fay
) 1 Ci1 C2 C C G Cs G Cs g —
£ 24 v
= 5
505 %
F = 28
0 20 25 5 £ = £
Position of CoM 70 100 70 100 70 100 70 100 ”5—‘——325
b) =2 42 st % 9. HWX| F2o| o Ant
02 8 K| X2 A|AHO| AL B4 Fig. 9. Result of Fuzzy Inference
Fig. 8. Membership Function of FIS
BoeRold ALSE, 1HA FAAEM,, M)E T8 4. Ay &t
$1¢k Mamdani ##| F& A|2=81¢] F-2& 19 73 2t} o
[14-15]. shel =zde] f& 34 I (Effective 41 8 &3 ] )
Measurement Area)S €38 of, = 7oA = TEL siate]l =8 AT AxQ &2 FJAEE FA8H7]
ol9 =9 Fi= 470l Z47te] tholoEgRE AZuE= AT A @ 29 10 2 29 1139 2o

524



a2 10, stak gl 2 e A
Fig. 10. Arrow’s Launcher and Shooting Distance

O 11 EEE SME =g

Fig. 11. Frame for Measurement of Impact Point

27 102 o] e AWM RRE o Im ool
wAbdlof] of s WALE ), WAL E sPake] WAL AR E 2
A gk LA Y Abolo] A= oF 39me] L
%%@ﬂﬁ%b%itbokm&mmﬂq-za1L4Jw
o 7}&, A& F4-e 65em x 65cmo] L, IO R IRE o
Im 7l Ax gt

42 siio] 45E4Y

¥ b
B(x.v)
9]
O
cC.C,)
% 5 B : 0 degree of nock angle
Px5¥5) Bilz,mv) P, : 120 degree of nock angle
P, : 240 degree of nock angle

X
O3 12, BHEtE ZEE B4

Fig. 12. Analysis of Impact Point’s Intensity
AzxFd4E& A A=A i}%}ﬂ A B4357] 9
A, MZGEFTF 32 =H(nock) ZEZ 120%=
A B A 7IE A 3 ”‘*}?ﬂ H, 7t share] ey
X]?HEE H]_u_ﬁl—lq- :La 129,]_ 71—0] %o W
3 4=E 12054 ﬂxﬂlﬁ TEAY 7N
o M= e &2A
Sl A5 S

gk 2234 #xe 4 #Ax 00.C) = ANt
2, B3 PR Hud F 9de de A% J
(Cost Function)& 21(8)¥ #Zo] 4+ 4 Ut}

P, =(x;,y;) (Impact Point of Arrow)
C=(C,, C,) (Center Point)

wa C, = E% %)

ni=1 n,=1

J=IA-Cl+.-+lP-Cl=XlIP-Cl ®
i=1

43 A8 2
<1t 3> <2 o> <3t B>
O
*:C
@ g, o
s O ] ¥ o
o Q
J=0.6956 J=02707 J=05711
a3 13 shadel M5 24

Fig. 13. Performance Analysis of Arrow
Al ALgR vt AzTAWSE} A
7] WEe, a0 AEE 120%H 5HHA7W
479 49 GRS BEEA A A2
¥ R R S e
3 AE(OE e 45

%)
, Cost Function 91 J¢ =77} #FS+=

= sy

Aol £ Fatoltt. oy 133 o] 29 kel g
(=0.27071)7F 7 #7) wjiol, 2W 3H4ke] Ao 7+
S5t

5.8 =
¥ oERdAE B BAS AR 48 Py
Aekssich. EEvol @m0l olsh eheldol A8 ol§3
a%op olgehs sl A 4uE ASstn, 154

E
|
o
B
i
_L i
l-rl
o off
mlo
gl
oo
tlo
o
oo
ol
o
2 1
Lo
€ m

o= /‘V“\] D} 7€ F710] 93t BAe AE
oA 3 —rﬂ@ii FHEAE wA s ok}
HAE FASAIZ717F BEAT. 2 =2olA = s

J (Cost Functlon)g ol gale] ME T 3ol A
Hlal 3keich At t“t"oi A3, eBRH S AAE
Mo FAT £ glo Dﬂ] »A4E @ﬂ% 3 A=
o] Wkgsled Agwo] ¢ 43 I@Va}
2har 7]EH5LE1r I ﬁ—?ﬂrxﬂ ]C&% E?ﬂ

g r
a0
&I
ety
off Xt ™ b

o [ 0o b B 10 pE o 2 Qo

©
to
1t @, W ol

525



Journal of Korean Institute of Intelligent Systems, Vol. 22, No. 4, August 2012

(] 9%, A4, A5, 444, “deld = A
BAL A8 ATAFII A R A
gelg] =% 217, A5Z, pp. 555-563, 2011.

[2] W%, AAE, o4, WA, B B Z4e
Qg oA A Fvle} setrle wA BT YL
EA|2E815] =2 A219, A%, pp. 76-84, 2012.

[3] olold, W%, A4, oA AE o e B e
A A% AR YNNI E G FA G

=% 2011.4, pp. 266-267.

[4] C. L. Smith, D. G. Li, “A Forensic Ballistics Projectile
Location System,”  Security  Technology, 1995
Proceedings., 32nd Annual 1998, pp. 184-189, 1998.

[5] S. -T. Lu, C. Chou, M. -C. Lee, Y. -P. Wu,
"Electro-optical target system for position and
speed measurement”, Science, Measurement and

Technology, IEE Proceedings A, vol. 140, no. 4,
pp. 252-256, 1993.

[6] A9, olgs, AR, A4, “HA =& o&3t
shate] g2 S W) g/ SAI L HERS] A5
=3 =#F vol 22, no. 1, pp. 301-302, 2012.

[7] S. Guillaume, "Designing fuzzy inference systems
from data: An interpretability—oriented review,”
Fuzzy Systems, IEEE Transactions on, vol. 9, no.
3, pp. 426-443, 2001.

[8] J. -S. R. Jang, Chuen—Tsai Sun, "Neuro—fuzzy mod-
eling and control,” Proceedings of the IEEE, vol.
83, no. 3, pp. 378-406, 1995.

[9] Lotfi A. Zadeh, "Outline of a New Approach to the
Analysis of Complex Systems and Decision
Processes,”, Systems, Man and Cybernetics, IEEE
Transactions on, vol. SMC-3, no. 1, pp. 28-44, 1973.

[10] C. C. Lee, "Fuzzy logic in control systems: fuzzy logic
controller. 1" Systems, Man and Cybernetics, IEEE
Transactions on, vol. 20, no. 2, pp. 404-418, 1990.

[11] C. C. Lee, "Fuzzy logic in control systems: fuzzy logic
controller. II,” Systems, Man and Cybernetics, IEEE
Transactions on, vol. 20, no. 2, pp. 419-435, 1990.

[12] E. H. Mamdani, S. Assilian, "An experiment in lin-
guistic synthesis with a fuzzy logic controller,”
International Journal of Man-Machine Studies, vol.
7, no. 1, pp. 1-13, 1975.

[13] E. H Mamdani, "Application of fuzzy algorithms
for control of simple dynamic plant,”, vol. 121, no.
12, pp. 1585-1588, 1974.

[14] P. Manjunatha, A. K. Verma, A. Srividya,
“Multi-Sensor Data Fusion in Cluster based
Wireless Sensor Networks Using Fuzzy Logic
Method,” Industrial and Information Systems, 2008
ICIIS 2008 IEEE., pp. 1-6, 2008.

[15] J. -S. R. Jang, "ANFIS: adaptive-network-based fuzzy
inference system,”, Systems, Man and Cybernetics,
[EEE Transactions on, vol. 23, no. 3, pp. 665-685, 1993.

526

T 3™ € (Jungwon Yu)

b | 2011 FdeEka AR 7] B (kAL

20123 ~ & A - FAkdshal sk
AR 7] e A A

&t

eI

A F-oF :neuro fuzzy modeling and control
Phone
E-mail

: 010-2867-1825
. garden0312@pusan.ac.kr

o| gk==(Hansoo Lee)
2010 : FA k. WA 7] 2 a5 8 A
2011 ~ & A - Ak sl ojgkel

AR 7188 A AL A

BA Eol :Intelligent system, Data mining, Fuzzy
Phone : 010-6783-9372
E-mail : hansoo@pusan.ac.kr

& o AH(Yeongsang Jeong)

2010 : Addigtal JrEAE s A}

2012+ s sk Hekgsh FetAAL

20123 ~ & A @ B Etal [z 7]Ese)
WAL}

[T

Fli-oF : Digital signal Processing, Fuzzy, Recognition,
Adaptive Noise Control, Soft Computing

: 010-6722-6909

. dalpangiO3@pusan.ac.kr

Z A 41(Sungshin Kim)

19861 : AA 8t A 7] 8 2H(F- 8 A

1996 : Georgia Inst. of Technology,
A7 LHFE 5 (F8habAL

20126~ @A) b ehn AR E ek

L

BARE A A2d, AP 2R 03 S L A9
Phone @ +82-51-510-2374

Fax 1 +82-51-513-0212

E-mail : sskim@pusan.ac.kr



