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Identification Algorithm for Up/Down Sliding PRIs
of Unidentified RADAR Pulses With Enhanced
Electronic Protection
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ABSTRACT

Success in modern war depends on electronic warfare. Therefore, It is very important to identify the kind of
Radar PRI modulations in a lot of Radar electromagnetic waves. In this paper, I propose an algorithm to
identify Linear up Sliding PRI, Non-Linear up Sliding PRI and Linear Down Sliding PRI, Non-Linear Down
Sliding PRI among many Radar pulses. We applied not only the TDOA(Time Difference Of Arrival) concept
of Radar pulse signals incoming to antennas but also a rising and falling curve characteristics of those PRI’s.
After making a program by such algorithm, we input each 40 data to those PRI’s identification programs and
as a result, those programs fully processed the data in according to expectations. In the future, those programs
can be applied to the ESM, ELINT system.

¢ First Author : Department of Network Centric Warfare, Ajou University, ys8016@ajou.ac.kr, %3]

°  Corresponding Author : Department of Network Centric Warfare, Ajou University, jaslim@ajou.ac.kr, £413]<1
Department of Network Centric Warfare, Ajou University, %3]

=3 D KICS2016-04-061, Received May 4, 2016; Revised May 13, 2016; Accepted May 16, 2016

*

611



The Journal of Korean Institute of Communications and Information Sciences ’16-06 Vol.41 No.06

cation, Computers, Intelligence, Surveillance, and
Reconnaissance)+ PGM (Precision Guided Munition)
= T AR 3 2 B} il 2 vl
71 &-8-3F NCW(Network Centric Warfare) 5102
wh2 Al W3}eka ol o1 FellA] Ak v F8
g 2awx] Ao Axple Alste] B4, WA
A5= ES(Electronic Support)e} 2] F7]AA<]
Arp} AH8-& JASAY 4H4A]7]5= EA(Electronic
Attack), AAPgH|e]  Azlmt AM-S HASRS
EP(Electronic Protection)® 74d%o] glci. B3] A
2R 71 AA L] EP7 e BAs] Q18] dlelte]
AT WAske e SAlste deniatt
Z(PRI: Pulse Repetition Interval)S <A 2 ¥H7d3H=
W, wew) FaeE owdse Ed @a
(Intra-Pulse) *HEHIALS AS3c)E HmtkE7b4-S
WA 7= S 24 1A (Steady = Constant)
PRI, Jitter PRI, Random lJitter PRI, Pseudo Random
Jitter PRI, Dwell and Switch PRI, Stagger PRI,
Linear Up Sliding PRI, Linear Down Sliding PRI,
Non-Linear Up Sliding PRI, Non-Linear Down
Sliding PRI, Wobble PRI, Sinusoidal PRI 5] 9Jc}?.

glolt] Hxuls $Alste] viAke] PRIE £431]
98] A ell=  SDIF(Sequential
Histogram)?} CDIF  (Cumulative  Difference
Histogram) W& ARl ot spAlo] Batstar Al
A7t A go] ofeifloml 54 glo|rje] PomtEs}
AL Az 3] S8 daelEE S ]
Fol|x] F3] AR oR AFE I QA - 9
=] de]ES FHsle] 2 85 Aotk
Tefuh FHFell A 713, 719 ATelAuiet Flo]
t]2] PRI 481215 APHslr] ffs) wlo]eel 4] what
She B9 =AA|ZEAL & TOA (Time of Arrival)
o] 12} 2HE, 22F RS o83 daBES AT F
o] glom B =l 123 TDOA (Time
Difference of Arrival) 71'\d<] 12} 23} 23} 2|5
#-§- oFa312]5-5 EP7]5¢| 943} Linear Up Sliding
PRI, Non-Linear Up Sliding PRI®} Linear Down
Sliding PRI, Non-Linear Down Sliding PRI 7 54
ol A-83lo] 4712)¢] PRIE A3l= 218 A--stodct.

Difference

612

. AtEZ 53R/ 9 De-Interleaving

2.1 2fo|d 4= S 3 PDW CO[E] A4t

AUk 0 2 Afatells RS /Y B4l
vl EAl HAlgt Alsrt oiekgt Alsdpda) wleko
Fdsla 9l a8 W R E whAlEE Al
ZFollA dleolt] Alsuks Adelsle] dlolr] A|UES
=gk AAA] FA M= Al S A1kt
7F B -] el olF AEE 7hedt
A A=) fleiAde B e FidY e
22 A e AlsAle] mEe] st iyt At
Az E8 A7 7] AsirE WER] Al

= 9% AV HER Fase ueii 2zl
35 A, AlsAelsly] 918k AAmel wAkAl 9]
2] gels I8 WA Az A3 QJEjgle]law
g asl). ol 1¥ 12 AxMlErt HAEE S
HolFar glrk

a3 147 tekel wigkellA gHEUE gl
vk ofe] WAlE 714 WAkAe] PRIEZ A8
A "ok Axls A2 S 29 A Qkeldel] o
HE = AlSe AlS7) vlefslns FFo] o]Foix|
&4l Filtering?} IFZ WH3HIc) Detection A9
A Alz7)F EABREAE ARIEl M deEre s
ZA gl

P~ HE T A7HTOA: Time Of Arrival), 3}
&, ¥k9], H2~ ZHPD: Pulse Duration), B3}k 7]
& ovlsl= FMHEZPA(PRI), 1E]aL AlS Al
9l P~ 21Z(Pulse Amplitude)S 43 Hct.

slehulg FERHAlelME 2F P me o] e
Ho 9|2 SAE el g =3 o] dHlolE
52 Raw PDW(Pulse Description word)2}x g},
o] dlelel= FUg SA7E] 154 dolelrt of
Und 7} HAk9) 2 EAShs PDW H|o]E] Eolrh( L

NE,

o

o it

—

- BE golo] Faa
- 360" 28 / Chrdt 0|
- Cherst Mz

o=

* ClFEt A|ZER}/ Multipath
O|= X .H|O|EX

e
38 1. Aol s et K

Fig. 1. A various electromagnetic wave types in free
space




5 A4 55 )

o
[FIR=1

71 mlak oy "9 Alysl £2lo]d PRI

SDWs

[ooooo.ou.ocooo]%’AW\A

[ O I I I s I Y Y5

De-Interleaving

% 2. Raw PDW Hlo]E](21%)2} De-Interleaving H]o]E]
Fig. 2. Raw PDW data(left) and De-Interleaving data
(right)

o 2004 9%, vy AellA= Ald F23) Raw
PDW dlofE] 55 5 54, 5 5 waklellA vt
A= H2 dlolHE71] e AAtet) olw) 1F
3 71 Y ok Aleot lsiEle et
Z(AOA: Angle Of Arrival)E 715502 Zw34gk)
o]zt %S De-Interleavinge]2ti. &} De-
interleaving ZZA|~0] 7| 7|52 FE% Raw
PDWHo[E] T4 AT A SR B

= o

=2 2
sk Zlelck oAl aEskd dlelHES
SDW(Segmented  Description ~ Words) — T+
Clustering2}1 = ghc) w2k A=A B4 2 A4

= #Hol] "o ARAL 3ol 2|
=32 Ad¥ich

PDW tllo|ElE &F H s ofe] Pid ti3lk &
e FHshs dlelElRA 7 HlolrelA Bk
P} gejelel7t A E] 7]%k &5f2e] DB
ot} o] PDWE 7 Hrof o3k A zlgolnz I
2~ TR F-E3)4 TOA, PD, PA, AOA, T35+ =
9] 942 ZAEW, PDW F7]|= 648|E = 128H]
ER FA%r) o] PDW DB AL & 148 253}
=o] 91| AzsEl e wef chacld o)z
PDWE- Ax1sl7] $18l4 =% Giga Sampling=- sflo}
ghok

2] we a7

g

pil

ot

31‘30'29‘28‘27 ze‘ 2% |24‘ 3 ‘22‘21‘20‘19‘13‘17‘16[15‘14[13‘12‘11‘10‘ 9 [ 8 ‘ 7 ‘ 6 ‘ 5 ‘4 ‘ 3 [ 2|1 ‘ 0
0 TOA(328it, Ms8)

1 | TOA (78it, LsB) | Blank(5Bit) ‘ PD(208it)

2 Frequency(24Bit) l Blank (8Bit)

PA(10Bt) AOA(L28it)

(2bit)

3 Blank(8Bit) ‘

HEF | ¥8% (esolution) 399

L

39bit 0.015625 (us) 0.0 ~ 8,589,934,592us (85.0s)

12bit 0.1(degree) 0.0 ~ 360(degree)

24bit 16bit + 8bit*3.90624 () | 0.0 ~ 65,435.99744 0

20bit 0.09536744 0~ 100,000.0087 (s)

10bit 0.09766(dB) 0~100.00384(dB)

F 1. #olr dxo] g PDW 74 Hel
Table 1. PDW Data Base for each RADAR pulse

2.2 20| Inter-Pulse2| PRI &7

tojriellA] WhalE = Haddo] Ao R
AR whalE=
PRI(Steady TE+= Constant PRI)W] o2k sh 714+
71824q] #Hot] B ukE dHelo]r). Random Jitter
PRI HmbartAo] ofmgh el glo] i3
o7 zZA W3ls= HFRRlo]t) Pseudo Random
Jitter PRIM}M]2 72214l Random&}t PRI 3+2- 7}
2 ZH (e Set)o] UAZE Aol wjE wkEH 1
Alo]n, Stagger PRI A& t}E G nkE7)
o] =l =92 HkEEE= dHelolth Dwell
Switch PRI = PRI7| 912]9] A|7F EoF UA5HA
5 5 HonETPA S WAsl] dA 7|7 HEE A
thA] T} gankEzbAd o 7 Al viEEn, oA
gk 4] Foll 2 X PRI FH7E] thA] BEEX 3Ejo]
t} Dwell & Switch PRI EPE $I8F A7}
FZoll= 1264712 gl A-8-¥ 3 9} Sliding
PRI:= 7HAo] A3 AHolz= el w2} Up
Sliding, Down Sliding ©.2 FH=|w, EA]ol|] PRIZF
o]  A13A v|Adg o] uwle}  Linearo}
Non-Linear 2 723t} Wobble PRIMA]S- g AnkE
ZHo| Ag3hs A AXc) AolAls, e
zlolA| ) AR FHelola 3k ZH o] Bt Foll=
thA] 2&3tE] whEE = efo)r)” Sinusoidal PRI
= sineTXFH FrmbgzbAo] JAFA AR AL 2ot
A= R QbEshs Wy Alel) FH ol AR
EP7|5 3§3}7] 913l PRIZ} 54t A oL 1531+ o]
A= 78] 9low 53] Sliding PRIZIHe] Wl &
453 9ok

—

A

TR

Inter-Pulse  HM]-S- g

A
&
%

L=
T

O o

2.3 A T2f AIZIXKTDOA)E 0|&st PRIEA
™ 29} 3ro] o] HigellA] FAlE= Holr]e}
HhabA|e] H 2 PDW dlolElE 5 Fule
A9h qlg) Weke 7]Ee & skl PDW Ho[HE
a2 w32k AZREA R eldsle] shie] 4
< A 4 i AEE N iR 223ehe
= oleje} ro] Aol w3l N/|e| H2v) 4241

751_?‘ PRI jé ﬁ_(Tmean):’l]‘ E%% 5‘}(0){:. ]:]’%31]' 7E]:

1

N

m
o

> AL o
N

O it |

TOA™ = TOA™' + PRI (1)

N—1
Tmean = [I/(N-1)]- Y, 7 )
i=1

613



The Journal of Korean Institute of Communications and Information Sciences ’16-06 Vol.41 No.06

0= \/(]/1\/'—2)-‘\21(7’[— Tmean)? 3)

i=1

74 PRI A152] JHPRI= UA s ¥5F Ax=
oolc}h. dubd oz PRIME}L 1 % o)shHd 4 PRI
2 ZWgic)k A PRI 7 PRI= 24 PRIS}
A FFHAF a4 PRIEGE 2 32 7FIck &
FHAE Fdke] 5% olste™ #|E] PRIZ 73}
2 72 oo Dwell & Switch PRI Xi= Stagger
PRIZ ZFglc). Stagger PRI®} Dwell & Switch PRI
o] F2lE 918l TOAS] 23} -8 Alatsle] 443t
A3} A glo] oF 2 022 HHEE 7 Dwell &
Switch PRIZ A3},

II. 30| HAQ &2t ARIRIE 0128 Up,
Down Sliding PRI 24 o72|&

3.1 Linear, Non-Linear Up Sliding &4 211
2lE

A7)l Bkl dlolr] Aule Tk PRI

FHAE Zheoh 7b shuke] wiabA ellA] wiatbeEl = E

A7t Z2 2 3lod De-interleaving¥ B7ke] 2ol &
12} 21, droaolelstar, thA] 13} 2HE7ke] 242 23}
2 diff_dtoaghl 819, dtoa, diff_dtoas oz} 2+
o] AoJst 4= girk

dtoa = toa(i+1) - toa(i) )

diff_dtoa = dtoa(i+1) - dtoa(i) 5)
Linear Up Sliding PRI:= 23 3el|A %3] H ks
Vol AYAHOR A} th A ghom ke

&Jejo] 3 Non-Linear Up Sliding PRI+= HHE
EF2HA0] nAldA o ® AR} AE 3hes vk

N

dtoa dtoa
1040 S

1035 e

1020

el g TOA w2 a T0A

X X
T2| 3. Linear(¥1%), Non-Linear(£-2%) Up Sliding dtoa

gz
Fig. 3. Linear(left)/Non-Linear(right) Up Sliding dtoa graph

614

= aefolel. WAL @ AJo]2g Zeglole) Tk
ol2& PRI 13} A1, = dioad Y502 &7 4
2 EAZHTOA) S X0 sjo] Wiz} W, &
o] Zole] Azt A A Agsie] W A
Linear Zo|Z)e} 2 7P 48 A4 ul
Aolz)E A vlsele] A8 W MRS B

571 Seh
Z Linear 20), Z = V(X° + Y) (©6)

Qo] 70 =71 + 72 + Z3 @)
71 = JX1* + Y1)
72 = J(X2° + Y2)
73 = V(X3 + Y3)

Linear Up Sliding 7%
Linear Zo] 7 = AA|Z4e] 7 (8)

Non-Linear Up Sliding 74-%-
Linear Zo] Z = AlA|Zo] 7

5 25 5 ok oA HwapH gl QljiE= A

P 7b7 2 Yol B =227kl TOAKX
£ 71522 3} Linear Zo|(Z)2} AA 5843l
A2 Aol(z)E wlastel 32 7% Linear Up
Sliding PRIZ sty I3#] &L 7%
Non-Linear Up Sliding PRIZ Z}58tc}. Linear Up
Sliding=} Non-Linear Up Sliding PRI ¥4 <4ve|&
= FAE A 55 A Wellx] Azt vl
7Pt vp2 e shte] ofae|Eo R Felo] lssh
wpeba] odae]Ee flellA At Al e
A-83hH ok Aok

7184l AR 7S A4sk] SlsliAl= Up
Sliding®] 73-%- A3k dtoa 7N7} 2 2= 37 o)A, 31k
dioa= 27] o] Hojof b g Z#l WellA]
Linear Zo]e} AA|Zole] o7}k o.10]8kd 74
Linear Up Sliding PRIZ 7}F3}a 0.18c} 2 7%
Non-Linear Up Sliding PRIZ 7}53k} 0.1 3+ A
sAelE TSR s ] witel £ 0.1RE
F 383ke AR o] 79 Lineardo]e} A
AHde]7}  Fdslcl  Linear Up Sliding PRI}
Non-Linear Up Sliding PRI®] 3+ PRI+= 3 Z#H 3
el el ZE nle] dtoa 7S tlg & a2 F
W W PRIZ} Aok




[

i AR BE Ve R P ol "ae] Aystk geteld PRI A el

Zo08 33 B TAATHTOA)S XEOE 3lo] g
=#|3)e] A 8l Ao](Linear ZHol, Z)e} 7 73¢

]
Ne

_2 wevene] e A A smge)2)E A v, A

. ©]7} 0.10]3}2! 79~ Linear Down Sliding PRIZ 7}

Yes
. m F3}3 018} 2 739 Non-Linear Down Sliding
N T PRIZ 7F73Hc}. Down Sliding PRIE- 5-41317] $aliA]

<] S Y doa HRE 37 ol siolo} el U duoa
R [ — o] Fghejejoll g Ha 27) o4 Hojo} k.
I~
IV. Up, Down Sliding PRI M 7a|F

dtoatt] 70%

N PRIZ
A it g 28 P4 B 2 AlS{AH EI.
— ===

12| 4. Linear, Non-Linear Up Sliding PRI ¥4 dv2|&
Fig. 4. Analysis algorithm for linear, Non-linear up 4.1 Linear, Non-Linear Up Sliding =41
sliding PRI

d2|1E
3.2 Linear, Non-Linear Down Sliding £44 15 494 A A3k Linear, Non-Linear Up Sliding
I EIES PRI ¥4 dw2]5s 2w & Fol £ 29} %
Down Sliding PRI&= dtoaZbde] H~ TaA7E 39] TOA w©lole] Z=2F 4078E s4H3le] Linear,
(TOA) Z7}ll wle} Hojx|i= ez Aoz Non-Linear Up Sliding PRI ¥4}tk
g 3£ 20l 218} dtoa Hlo]E]E 2] (4)el] 2]sle] 8]

o2l 7J-%- Linear Down Sliding PRI, R]A 42 §

o s

o} 7% Non Linear Down Sliding PRIO|t}. 3 ], dtoa k] W37} 1040 — 1010 ﬁolozo — 1035
A<

A okye]Ze Up Sliding #8743 S5 Ak — 1040 — 1010 — 1020°-% vl oF 4= ¢irh

T
3k 712 #4319t Linear, Non-Linear Down
Sliding PRI 4 <are]Ee 543k ¥4 55 A3}
WellA Agel7} vlAdsgelriat 2 v g shue] odar
2502 Fo] rlssle] flolA AFd FEHal
7S 88 13 59 2}

De-interleaving® d|o|E]e] 12} X3, & dtoas Y

X 2. Linear Up Sliding PRI TOA 1% dlo]E]
Table 2. Linear Up Sliding PRI TOA input data

H
._]
[
A
m
)
n
-
i
[l
[s]
)

23]
[
—
e
[l
(]

R e e e e e e I e e e ey T e
g I s I e o o T s I e 1 e o o I s e I o o o B s I e o o T s 1 s I e o o s I e I e o o T s O e O e o s I s O s I e Y o [ e
g o e e s g e e g g g e e o g o o o g g o e e g g g e g g o o e g o o g e g

e e s I e e e s o s e e e s O e e o s J s e o s e e e O e e e o s s e e s O s e s R
226D
A0 a0

I i)

[

i

[
[

'IUJUIl[\CUM,_.JIJ

22
25
25
21
22
.
3z
22
e
<0
a

g
z
c
1
a
2
2
3
u]

[

[y

[
[

pi
A% &tteld 271

N

|
fam e

Top-bettom
2l

4 293 dta
A% > Al doe
24074

fowa slops’

M o eq o >
3

|
R

SO Dl 0O By = C3000

RE 4 ediely
< topbottom@
FiEde

PO eI O 2030 €3 a0 C

|

—

el
[ e e I e g g g e e o g g e o e O e e e g g e o o g e e O g e [ e o e g o e s e e e R
[ e J e O e e e I e e e o e g e e R e O e e e e e e o s e e e O e e [ e R s e o o e e e
Lo e I s I e e I I e e e e I e e o s O e e o e e e e e e e O e e I e o e I e e e O i e e

Ho up slopes] £§

Hdtoa>=2

3Ol GO kA = ST

a1
|

—
o

Yes an
% £tk A2 137+ e ater e No | Nowlser# &gl -8

ol ol Livear - hikd _15

Yo —-1C.

2C.

ST Dl G0 b e T3 D00

R = Py T S O S

I i i e b b e i e e e
£2CICICICICICICICICICICICICICICICICICICICICACICICICICICICACICICICICICICICICICT
G0 T e bh COE e BY GO T e BACA TS e b GO e B GO e B CA T e B G0 e B3 AT e B BT
BIEICICICICICICICNEICICICN CICICICNCICICI ONCICI CICH CICICIEN CI €I CILNCICICILNCICI O,

1
1
1
1
1
1
1
1
1
1
z
z
2
k)
:
3
3
3
3
2
2
2

Al OO GO G D0 00 GO G0 D0 00 G0 B BD B B B3 BA B BI BD BY

: S5

= -1c.

Lo s C 26

1 f=i=r] - 3.

T . z coz -15.

2 G St

z 207 ac.

) ) » 3 21z - &

72| 5. Linear, Non-Linear Down Sliding PRI ¥4 &3 G 222 —1a.
2= - 516 -1t
. . . . . = glz 25,
Fig. 5. Analysis algorithm for linear, Non-linear down o Zzg i
sliding PRI c a2 —14a.

615



The Journal of Korean Institute of Communications and Information Sciences ’16-06 Vol.41 No.06

wlebd Ho g2 1040, HA 3k 1010019 ARE
dtoa 715 471(1010, 1020, 1035, 1040)= 4 2
& 370 ol F=Falsla 1F dioa W= 270
(1040, 1010) % 715545 5319} g =#HYe] ¥
T PRIE (1010 + 1020 + 1035 + 1040) / 4 =
1026.250°]t}. & 22] TOA®] 2]& dtoa 7 $ellA
AF%E AXH 4719 3 7F22 HHEE A dtoa}
TOAS] =& il 13 63} 2 Linear Up
Sliding PRI 2 v}ehdr}. Linear 95 $lsi4=
Linear Zo](Z)2} AAZ0|(Z")E nlasle] Ho] o]
7} 0.15.0} A& Fto] A2 79 Linear Up Sliding
o7 BAgt) a7lell4] Linear 2o 3,095.145 ©|
2 AXxREL Aol 3,095.1702 24 L o]+
0.025°.% 0.1¥c} Hormg ¢l2% d|o|E]+= Linear
Up Sliding PRIZ A3t}

10260 13355 17460 21565 ToA

2l 6. 3% 29 ¥ 4070 dle]efell &t doa L=
Fig 6. dtoa’s graph to 40 input data of table 2

X 3. Non-Linear Up Sliding TOA 1% dlo]E]
Table 3. Non-Linear Up Sliding TOA input data

i
._]
Q

si=lels}aiN
[sl=lalel=
QOO O0

dt

n
|
[s)
o]
=
=
|
[
[s)
w

Doo0o0Om

2888

e
[vR Y RixRel)
[Re]l9[R= ] =]
CQooo
Q0

[=}=)

=i

s
=RV
=lw]
20
=lw]
20
20

sislnlels
20000
20000

o0 b B
0
sf=]=]s

Is1=1=1

shsYststs
HE0
=10 o

41500000

=1 o

=E000 000

oQQoOoOOQooOQO0o0
OOOOOD00600560
oQQoOoOOQooOQooQ
OOOOOD0O000560
0000000000000

L]
D0
[=¥=]
[=Rs]
[=¥a]
[=}e]

L]

OO B O D00 -] O O D0 B = O D00 IUJU\JAC\JM'-‘.u
[
[=

=l
[ TR e T s Y e O T e O G o s T e T e W G TN

OG0 00 0 b B B B BD BD RO BD B B R e e
LR

OBy D D0 = O O e

=1

4
=

=l=l=lelelals

DO0D000000D00000DO00DE00R0000000DO00000000]
DoOOooO0oo0
CoDOoOoo0000

CX0 b 0 CTE 0 s DT O O e bt 00 0] bbb £ O] b b 00 bbb DT b b £ ) b
[=Riepspniislsslsisslsiiislislelilelelalilelalialifalelelifelelalifelelelile]
DO0O000000000000000000000000000000000000
OOOODOODOOOO00000000000000000000000
OOO0O0000OoOO0O00O0000O0O00000000000
QOOOOOOOOOOOOO0O0O0OO0O000O0000000000

|

g s s GO GO GO RS B = OO OO0 0o om

OO o O OO 0 OO o O O OO O 0N On 0N o On 0 O
QOOOOOOOOOOOOOOOOOO00O0O0O0O00OC
DO000000000000000000000000¢

2]
L]
b bbb e e e e

o G000 0 0 G0 G0
000 =1 O i

O3 i
[=t=1=]
[=¥=t=]
[=Ta1=]

616

dtoa

9000 23500 39000 43000 TOA

a8l 7. 3% 39 435 4070 dlolefel] g dtoa =
Fig. 7. dtoa’s graph to 40 input data of table 3

Non-Linear Up Sliding PRI A" <ve]&-s 59
3l7] 9lallA olel ® 33} o] De-interleaving®
TOA dl°oJg] 40715 gl¥sle] PRIS HAsISIch
dtoa dloJel= gk Z#H 3l Welld 1000 — 1500 —
5000 — 8000 =°=& HFERS oF 4= glck wlEhA] ¢
== TOA 4079l gt dtoa 23S T2 23 7
%3] Non-Linear 3ej= vfepdr} 73] 704 AkFsk
dtoa /W= 47H2A 22 37) o) s 53t 31
dtoa N2 27) oAt B FAL =3t
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% e Lineardo|(Z)e} AAIAC|(ZH)E T3k
Linear  Zol&=  16,101.2420|x  AlA|do|=
16,506.143¢] Hc} wEbi] 2 A}oli= 404.901 A4
0.1%x} =7] wj¥el Non-Linear Up Sliding > & 3
W3lcl 7 PRIE= 3 294 748 dtoa 7S
Z2RE AEEEZ (1000+1500+5000+8000)/4 =
3875 7FA4°2 PRIZ} WHEETh
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Ldna|EF
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Sliding PRI 4] dxe]&e] AedE SH317] $sl
2w g Fo| % 49} 2 Linear Down
Sliding PRI2] TOA dHlo]E] 4071E &sle] 2 Az}
£ £43180c}. dtoa 3t W3k 1040 — 1035 — 1020
— 1010 — 1040 — 1035 — 102022 HlEE = A
< & 7 olvk mEkA Y 3 1040, HA 3
101009 gk =H|§] WellA] BHEE = &k dioa 75
£ 470(1040, 1035, 1020, 1010)& 4 H & 37) o]
A FE5slen =3 AR dtoa 75 271(1010,
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Table 4. Linear Down Sliding TOA input data

- TOA dtoa diff_dtoa
cadmann 0.000
1 5210.000 0.000

2 9220.000 1010.000 30.000
3 10260.000 1040.0 — 5.000
245 000 a5 0 = An0
4 11285.000 1033.0 —15.000
= ha1 = Ann aonn 0000
3 12315.000 1020.0 —10.000
5] 13335.000 1010.0 30.000

3835. . 30.
= 2A= OO QAR O = Ao
T 14345.000 1040.0 — 5.000
] : ooo 1035.0 —15.000

35. .
ARn Aan 0 A ARD
g iy 1020.0 —10.000
10 ooo 1010.000 30.000
11 ann 1020.000 — = o0
000 040000 2000
12 000 1035.000 —15.000
13 ann 1020.000 —10.000
3 2000 020.000 0.000
12 ann 1010.000 A 000
2000 010.000 30.000
15 L0000 1040.000 — 5.000
16 L0000 1035.000 —15.000
17 o0a 1020.000 —10.000
7 2000 020,000 0.000
13 2 000 1010.000 30.000
1o 2 o0a 040,000 5000
000 040.000 000
20 2 000 1035.000 —15.000
21 23 000 1020.000 —10.000
oo a ona 010,000 0000
22 29 oo 1010.000 30000
Ey a0 o0a 040000 = 000
23 307 oo 1040.000 — 5.000
a ; ann O5E OR0 = an0
24 21 oo 1035000 —15.000
0= an Ao 020000 0000
25 32 oo 1020.000 —10.000
og o 000 010,000 20000
25 33 000 1010.000 30.000
2= . ann AAR OO = Ao
27 34 000 1040.000 — 5.000
na ns Ann ASE OO0 = Ao
23 35 coo 1035000 —15.000
o 36 000 1020.000 —10.000
30 37 000 1010.000 30.000

3 37 . 30.
; s Arm AAnOnn = AN
31 38 iy 1040.000 — 5.000
a2 O 000 1035.000 —15.000
33 41 000 1020.000 —10.000
34 4 000 1010.000 30.000
35 43 000 1040.000 — 5.000
26 44225.000 1035.000 —15.000
a7 45160.000 1020.000 —10.000
38 46130.000 1010.000 30.000
a0 47290.000 1040.000 — 5.000
40 43330.000 035.000 —15.000

a2l 8. & 49 s1== 4071 dlolefel| et dtoa 1EHZ
Fig. 8. dtoa’s graph to 40 input data of table 4

Linear 42 $J3ll4]+= Linear Zo|(Z)¢} AAl4
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9] Linear o]+ 3,095.145 o] At AlA|dol=
3095.170L224] 1 Aol 0.18c} AL 0.0250]ch
3 4] Tz oJ#H%E TOA H|o]E]+= Linear Down
Sliding PRIZ H43ghc}

Non-Linear Down Sliding PRI 2] <72]&2
ZHd3b7] $1sll 3 59} 3Fe] TOA dHlo[e] 40705 <1¥
algick dtoa ©lo]ElE 1000 — 8000 — 5000 —
1500 — 1000 — 8000 — 5000 $=°.2 HM=-3-S- oF
o 9lar, weba] 91EE TOA dlolelel Wt dtoa

X 5. Non-Linear Down Sliding TOA 1% dlo[€]
Table 5. Non-Linear Down Sliding TOA input data

& TOA dtoa diff dtoa

1 =000.000 a.00n

[=LRRR LU NN LR WL
a a00.000 1000.000 ~000.000
2 000.000 000.000 7000.000
2 Aanonoon  E000.n —annn.nnn
o Uduu.dug ouuug SUduUUg
a 12000.000 =ann.n —aEn0.nnn
8000000 50000 3500.000
= 22000000 =n00 =00 nnn
5 23000000 1500.0 —500.000
- 24500.000 1000.0 000000
2] 24500000 ooo.o 7000000
= Sononn Soono 2000.000
7 25500.000 2000.0 —3000.000
- SZAA 000 =annn SZAf 000
5] 33500.000 5000.0 —3500.000
Z=An00n =000 =00 nnn
9 38500000 1500.0 —300.000
10 Annn Onn 1000.000 =An0 000
c 0000.000 000.000 7000.000
11 41000000 200000 —a0n0.00o0
(LR WL (=N LR WL 2
a a00.000 000000 2500.000
12 49000.000 5000.000 —3500.000
13 4000.000 1500.000 — 500000
3 54000.000 500.000 500.000
14 Ss=on.nnn 1000.000 —Ann 000
55500.000 ooo.ooo 7000.000
= =zAmoAAn S0A0Rnn 2A00 000
15 56500.000  2000.000 —3000.000
s =00.000 =on0.00n 2500.000
16 G4300.000  2000.000 —3500.000
= AOS00.000 S00.000 S00.000
17 69500.000 1500.000 —500.000
15 ~IA00.000 1000.000 —A0n 000
o a4 (RN BN Uuuiuug LRSI R R
19 —annn nnn Ennn rnn —annn.nnn
an I=Tata o anaals =S O00.000 —A5S00.000
20 0000000 5000.000 3500.000
o cE000.000 S00.000 =00.000
2 2000000 1500000 —a500.000
oo SEE00.000 aoo.oon 000000
22 26500.000 1000.000 7000.000
a- coEZon0An  EOO0ROO0A SA00 000
23 §7500.000 8000.000 —3000.000
o =an0n.non = Annnnn Z=00.000
24 95000000 S000.000 —3500.000
= 100000.000  1500.000 Z=nn.nnn
25 ooo0o.0o0 500.000 500.000
ae 101500.000  1000.000 000000
28 01300.000 ooo.ooo 7000000
a7 102500.000 FatatalaRaisn —20N0. 000
27 02500.000 5000.000 3000.000
s aso0 000 s000.000 SZAf 000
28 110500000 5000.000 —3500.000
o As=n0 nnn =00 000 =00 nnn
2 105500.000 1500.000 —o00.000
a0 117000.000 1000.000 =000 000
30 T000.000 000.000 7000.000
31 118000.000 2000 000 —a0n0.00o0
22 2RO0O.000 S000.000 2500.000
a2 126000000 5000.000 —3500.000
Er 1000 000 =00 000 SO0 nnn
33 131000.000 1500.000 —500.000
. So=00 000 ann.ono —Ann 000
34 132500.000 1000000 7000.000
= T T e T 2A00 000
35 133500.000 8000000 —3000.000
5 =0o0.000  s000.000 2500.000
36 141500.000 5000.000 —35800.000
= G500 000 =00.000 =00.000
3 146500.000 1500.000 —500.000
a0 145000.000 1000.000 000000
oo U uug (RL LU L EL LR LRSI R R
3 159000.000  3000.000 —annn.nnn
3 59000.000  8000.000 3000.000
0 167000.000 = OO O —A5S00.000
o &7000.000 5000.000 3500.000

O3 9. % 59 3i=9 4070 dlolefol gt dioa 1=
Fig. 9. dtoa’s graph to 40 input data of table 5
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