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[Abstract]

The TA-50 aircraft is conducting simulated training on various situations, including air-to-air and
air-to-ground fire training, in preparation for air warfare. It is also used for pilot training before actual
deployment. However, the TA-50 does not have the ability to operate smart weapon forces, limiting
training. Therefore, the purpose of this study is to implement the TA-50 aircraft to enable virtual
training of one of the smart weapons, the Point Direct Attack Munition (JDAM). First, JDAM functions
implemented in FA-50 aircraft, a model similar to TA-50 aircraft, were analyzed. In addition, since
functions implemented in FA-50 aircraft cannot be directly utilized by source code, algorithms were
extracted using machine learning techniques(TensorFlow). The implementation of this function is
expected to enable realistic training without actually having to be armed. Finally, based on the results
of this study, we would like to propose ways to supplement the limitations of the research so that it

can be implemented in the same way as it is.
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I. Introduction
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Fig. 2. Dynamic Launch Zone of JDAM

1.2 Machine Learning using Big data
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III. Software Design

1. DLZ algorithm using Big data
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2. Software Design of the JDAM DLZ
2.1 Filtering the Input variables
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Table 1. Input variables for the JDAM DLZ calculation

Input Variables (unit) Necessity
JDAM Weapon Type X
Height Above Target (ft)
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Flight Path Angle (deg
Target Altitude (ft, msl
Wind Along Track (fps
Wind Cross Track (fps
Target Bearing (deg)
Target Range (NM)
Impact Azimuth (deg)
Impact Azimuth Validity (True/False)
Impact Elevation (deg)
Minimum Velocity (ft/s)
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2.2 DLZ output using filtered input variables
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Table 2. Output data of the JDAM DLZ

Output data (unit)
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Optimum Loft Angle (deg)
Required Climb Angle (deg)
Required Turn Angle (deg)

Time to go (sec)

DLZ Validity (T/F)
Optimum Loft Angle Validity (T/F)
Required Turn Angle Validity (T/F)

Time to go Validity (T/F)

Usability
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2.3 Limiting the input variables for the DLZ
extraction
FA-50 Ald #7304 1% (Height above Target)o]

& DLZE FEsP7] 9ol JDAM  A-sAolEA]
(Interface Control Document)o] A5t Low,
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Table 3. Input variables and range for conditional

\ Loading Learning Data \

Altitude !
\ Extract input variables from learning data \
Input Variables (unit) Input Range 1
Height Above Target (ft) 000 ~ 0000 Perform input variable normalization to facilitate
Mach (mach) 0.0 ~ 0.0 operation
Flight Path Angle (deg) 0~ 00 !
Target Altitude (ft, msl) 0 ~ 0000 Set Target (RMAXO)in Learning Data
Wind Along Track (fps) -000 ~ 000 !
Wind Cross Track (fps) -000 ~ 000 \ To facilitate the operation, regularize the target value \
Target Range (NM) 00 !
Impact Azimuth (deg) 0, 00 \ Transform data structure to fit operations \
Impact Azimuth Validity (T/F) 0,1 !
Impact Elevation (deg) 00 ~ 00 \ Setting Input Value Flow for Tensorflow Operation \
% Shown as 0 for security !
\ Defining Hypothesis for Tensorflow computation \
. . . !
2.4 Extracting data for Machine Learning \ Cost Function Modification for Tensorflow Operations
BAZ29 349 £5) JDAM DLZ €185 7fatst !
7] oJaf 32| Aol W2 DLZ &2 7+ ARJstAc \ Define Optimizer Func’[ionsl for Tensorflow Operations \

AA) 71E2 Hol/El4 SRl ol BE 0o] ohjw
Table 2] ‘DLZ Validity'3to] S.a3t 292 sty
o}, &u dole] & A L AR sigol] AMREt o]

O|&|+= Table 49} #t}.

Table 4. Extract valid data according to Altitude

Altitude Number of data Valid data Valid ratio
Low 480,000 93,558 19.5%

Medium 756,000 308,856 40.9%
High 900,000 634,832 70.5%
Total 2,136,000 1,037,246 48.6%

A/F0E £710)4 559 dolg Ale nuEo] vl
W 429 9 clolEut FEEd, ol FA-50
DLZ tole] 55 A] ALGE e dlojel 5 vt 4 3
o] /&1 % R710A= Table 29] ‘DLZ Validity o]

Q25| e 97t thRolol] Thgolct,

25 Learning the DLZ algorithm using TensorFlow
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Fig. 5. Pseudo code for DLZ learning using TensorFlow

a. Learning the maximum release range(Rmax0

%%71 JEflo]l whE Ao TO}HEI(RmaXo) 23S ‘?_

o9,L‘ ru\n

2] 25, 43 A, ool B4o] e} e W
Aoe qwtﬂw] Rmax02 o} 41 £5] 42 o
olElet Z2itolEle] W AlEA} A4t Hejz

weight®} biasgls F5A1ZATH

O £35t7H21(RMAX0) = HATXwl + (FPA’Xw2 + FPAX
w3 + b_fpa) X (HATXw4 + MACHXw5) + MACHXw6 —
TGT_ALTXw7 + (WIND_ALT?Xw8 + WIND_ALTXw9 + b_
wind_alt) — (WIND_CROSS?Xw10 + WIND_CROSSXw11

+ b_wind_cross) + bias
¥ wl~wll : weight(7}&=])
b_fpa, b_wind_alt, b_wind_cross, bias :

bias(HFah)

b. Learning the maximum range(Rmax1)

U2 ol we e sabelRmax)) sl o
St A9t Rmax0t GARH @571 1%, 29 A4, ofst
%, B4o] uje} Gare W 21g Slskinh13)

RMAX1 = HATXwl + (FPA?Xw2 + FPAXw3 + b_fpa) X
(HATXw4 + MACHXw5) + MACHXw6 — TGT_ALTXw7 +
WIND_ALT X (HAT®xw8 + HAT?Xw8 + HATXw9 + b_wi
nd_alt) — WIND_CROSS X (HAT®Xw10 + HAT?Xwl1 +
HATXw12 + b_wind_cross) + bias

c. Learning the maximum range(Rmax?2)

U ol e Ao SR Rmax2) ofef 242
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59 shsstoict,

RMAX2 = HATXwl + (FPA?Xw2 + FPAXw3 + b_fpa)X
(HATXw4 + MACHXw5) + MACHXw6 — TGT_ALTXw7 +
WIND_ALT X (HAT®xw8 + HAT?Xw9 + HATXwl10 + b_w
ind_alt) — WIND_CROSS X (HAT®xXwl11 + HAT?Xwl12 +
HATXw13 + b_wind_cross) + (IMP_EL®Xw14 + IMP_ELX
wl5 + b_impel) + (IMP_AZ?2Xw16 + IMP_AZXw17 + b_i
mpaz) + bias

d. Learning the minimum range(Rminl)
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RMINT = HATXwl + (FPA?Xw2 + FPAXw3 + b_fpa) X
(HATXw4 + MACHXw5) + MACHXw6 — TGT_ALTXw7 +
WIND_ALT?Xw8 + WIND_ALTXw9 + b_wind_alt — WIND_
CROSS*xw10 - WIND_CROSSXw11 - b_wind_cross + bi
as

IV. Experiment Result

£ 7] IDAM DLZ i3S BEep) il o
AB % B AY2 eigon, 337Dl Festel &
F4} w3 L %owq ©9] A1

=4l A5
9l Agel e 3. U8l Yeigol de 24 b
W35k Y8 HiNEZ2 S
A £3" FA-50 92 Hlolelo] &3 ghe 23sl] vl
stoich Bl@ At Wa QAHE-S TR Tabl

@D
[Sal
B
my
v

Table 5. Average Error Rate according to Output data

Item Number of Average

data error(%)
RMAXO0 17,380 5.22
RMAX1 17,381 7.07
RMAX2 165,850 9.05
RMIN1(low altitude) 4514 5.08
RMIN1(medium altitude) 5,438 6.81
RMIN1(high altitude) 7,347 15.44
RMIN2(low altitude) 31,143 8.2
RMIN2(medium altitude) 50,827 8.58
RMIN2(high altitude) 83,864 17.88
TOF 177 432
Total 383,921 8.77

% Error rate = (abs (Source data - Comparison data) +
Source data) x 100
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V. Conclusion
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