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Development of Modular Simulation Environment
to Design the Flight Scenario and Analyze the Guidance and
Control Performance of Guided Weapon

Hyesung Kim' - YuYoung An * ChangSun Lee * HyoungJin Na

This paper describes the development of a modular simulation environment to analyze the performance of
guided weapons. For the reusability of the simulation environment, components of the guided weapon simulation
are modularized based on MATLAB Simulink. And the module management system is implemented based on
Excel and MATLAB GUI for simulation interface and module management. In addition, a method of integration
for modules with different interface and a method to set up the guidance and control phase for designing a guided
flight scenario are suggested. Finally, to verify the performance of the implemented simulation environment, it
was compared with the existing simulation results.

Key words : Guided Weapon, Modular, Simulation
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Fig. 1. Block diagram of module integration program
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Table 1. List of module library

-
oX
=
ns

Table 2. Name of I/O bus & pGCPA field

Subsystem Module Name Output | pGCPA
Subsystem Input bus
EOM 2DOF(Degrees of freedom), 3DOF, 6DOF bus field
2DOF only, 3DOF only, EOM bGrav, bWind, bAero, bEOM EOM
Aero Asymmetric shape 6DOF, bAtmos, bThrust,
Symmetric shape 6DOF Target - bTgt Tgt
GuidSet 2DOF only, 3DOF only, 6DOF only Seeker bTgt, bEOM bSkr Skr
Target Stop, Move Thrust bAtmos bThrust | Thrust
Secker None, Ideal Actuator bCtrl bAct Act
Thrust None, Constant thrust, Thrust profile Navigation bEOM bNav Nav
Actuator Ideal, Linear, Nonlinear bEOM,
common
Navigation ByPass, Ideal, INS with error bThrust
Aero - bAero Aero
Atmosphere Standard, Observation data 2DOF bGuid
Gravity WGS84 3,0DOF | DbAct
Wind Observation data, MIL-STD-210C, Atmosphere bEOM bAtmos | Atmos
n Gust, Constant Wind bEOM bWind Wind
Guidance BPNG, Pursuit, Optimal guidance, etc. Gravity bEOM bGrav Grav
(Total of 7 modules) common bSkr
~ Roll Attitude/Angular velocity, GuidSet | 2,3DOF | bEOM | bGuidSet | GuidSet
Control Pitch Acceleratllon/Att%tude/Angular Ve10c1.ty, 6DOF bNav
Yaw Acceleration/Attitude/Angular velocity
X - - - Guidance bGuidSet bGuid Guid
Altitude, Time, Closing velocity, etc.
Stop (Total of 12 modules) Control bGuidSet, bGuid bCtrl Ctrl
Stop All bStop Stop
3 ol29] busHe ATHES ALk ol busE
TAF= 2 A (element) S7HA] S5 A Ho= AL, ad A=A AREE 4= Gl YA F

glon zF AS1EF dfdshs BE] & bus
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24 1Ak u} pGCPA TF2A| Fefoll A AFRIEF
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== 1 =) =) ——
]
Fig. 2. Example of Base module(6 degrees of freedom)

Actuator Aero Atmosphere Control EOM | Gravity |Guidance |Navigation| Seeker | Stop | Target Thrust Wind | GuidSet
Ideal | 2DOF only Standard Roll Attitude | 2DOF | WGS84 | BPNG ByPass None |Altitude | Stop None Constant| 2DOF
Linear | 3DOF only |Observation data |Pitch Attitude| 3DOF IACG Ideal Ideal | Time | Move |Constant thrust| Gust 3DOF

Nonlinear| " YMMetric Yaw Attitude | 6DOF Attitude | o Closing Thrust profile | M°T0 | gpor
oniinear shape 6DOF aw Attitude Pursuit velocity P -210C

Fig. 3. Example of ‘List’ sheet in the interface document
Subsystem| Module | Input bus | busElement Description Unit | Size
Actuator Ideal bCtrl Del_cmd Fin deflection command(4-fin) rad 4
Actuator Linear bCtrl Del_cmd Fin deflection command(4-fin) rad 4
Actuator Nonlinear bCtrl Del_cmd Fin deflection command(4-fin) rad 4
Fig. 4. Example of ‘Input’ sheet in the interface document
Subsystem| Module | Output bus| busElement Description Unit | Size | Log |Element subname
Actuator Ideal bAct Del Actuator output(4-fin) rad 4 o *1,*2 *3 %4
Actuator Linear bAct Del Actuator output(4-fin) rad 4 o *1,%2, %3 %4
Actuator Nonlinear bAct Del Actuator output(4-fin) rad 4 o *1,*%2*3*4
Fig. 5. Example of ‘Output’ sheet in the interface document
Struct | Field1| Field2 | Field3|Dimension| Size | Unit | Default | Limit Description Element subname| Subsystem Module Load | Monte

pGCPA | Act |Fin_limit - 1 1 rad 0.4363 | (0 inf) Actuator fin limit - Actuator |ldeal, Linear, Nonlinear| x X
pGCPA | Act | Wn_Act - 1 1 |rad/sec | 125.664 | (0 inf) |Actuator natural frequency - Actuator Linear, Nonlinear X X
pGCPA | Act | Zt_Act - 1 1 - 07 (0 inf) | Actuator damping ratio - Actuator Linear, Nonlinear X X

Fig. 6. Example of ‘Parameter’ sheet in the interface document
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‘ Make the output list of selected modules

I

Set a module

Change a
module

Are all the input
elements of the module
in the output list?

Save the
warning message

Show the
warning messages

‘ Module input/output validation passed |

[

Fig. 7. Flow chart of I/O validation
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240} 59 buse] A AL THE 21 BRI 4= oIk

bEOM.Acc_True_M_Body @————{Acc_True Acceleration |————p@) bNav.Acc_Meas_M_Body

bEOM.AngVel_True_M_Body @ AngVel_True  Angular Velocity @) bNav.AngVel_Meas_M_Body

bEOM.Vel_True_M_NED @———{ Vel_True Velocity ———@@) bNav.Vel_Esti_M_NED
bEOM.Alt_True_M_NED @ P{Att_True Atiitude |————p@) bNav.Att_Esti_ M_NED
bEOM.LLH_True_M_ECEF @ P{LLH_True Position @ bNav.LLH_Esti_M_ECEF

ByPass

Fig. 8. Example of ‘ByPass’ module

NAV_Mode | ———»@) bNav.NAV_Mode
GPS_Mode [ ———»@) bNav.GPS_Mode
DEOM.Acc_True_M_Body @] Ab [mis"2] Gyro_INS [rad/s] @ bNav.AngVel INS_M_Body
Accelerometer_INS [m/s"2] @) bNav.Acc_INS_M_Body
Atttude_INS [rad] [———@) bNav.Att_INS_M_NED
Vm_INS [mis] | ———@ bNav.Vel_INS_M_NED
LLH_INS [rad, m] -——»@ bNav.LLH_INS_M_ECEF
bEOM.AngVel_True_M_Body @——{ PQR [rad/s]

Quaternion, _INS|——»@) bNav.Quaternion_INS_M_N2B

Vm_GPS [m/s] @) bNav.Vel_GPS_M_NED

LLH_GPS [rad, m]|——— @ bNav.LLH_GPS_M_ECEF
GPS_INS

Fig. 9. Example of ‘GPS/INS’ module
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Fig. 10. Structure of GuidSet module
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Acceleration
(— Command T

Attitude
(— Command T

GuidSet
Data

Command Guidance
Converter Command

Anlgular
Velocity —~
6 Command

~—

Fig. 11. Structure of base module for guidance

Roll
Control Command

Control
Surface
Allocation

Pitch

I Control Command I

Actuator
Command

Guidance
Command

Control Command

Fig. 12. Structure of base module for control
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Table 3. Required data for guidance phase

Guidance Information

1 Total number of guidance phases

Transition condition of each phase

Target of each phase

Type of guidance and control loop of each phase

W W N

Guidance and control parameters of each phase
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function [CurrentT, Roll_GM, Pitch_GM,Yaw_GM,
Roll_AM, Pitch_AM, Yaw_AM]
= fen(FPA_NED, LLH_True_M_ECEF)

Function input data

Fig. 13. Example of code for function I/O

:(o

T A 2 3= A}Q—Z}ﬂ— At A%k %
S ZEs weldt Jlos =
gatol A3

f mlo

ol

--- Switch Phase
switch Phase
case 1
if (LLH_True_M_ECEF(1)*180/pi) > 10 «
Phase = Phase + 1;
end
case 2
if (LLH_True_M_ECEF(2)*180/pi)>15 »
Phase = Phase + 1;
end
end

Transition condition

Fig. 14. Example of code for transition condition

ab7| &
b GEEE UE WEE gy T2 49
ol

L — Mode Manage
switch Phase
case 1

CurrentTarget Number -1; Target flag
Roll_Auto_Mode =
Pitch_Auto_Mode =

_Auto_| =0;
itch_s _| =1 Control flag
Yaw_Auto_Mode = 0;

Roll_Guidance_Mode = 0;
Pitch_Guidance_Mode = 1;:|> Guidance flag

Yaw_Guidance_Mode = 0;

Fig. 15. Example of code for guidance phase assignment
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Table 4. Selected module for simulation

Subsystem Module Subsystem Module
Symmetric

EOM 6DOF Aero shape 6DOF

Target Stop Atmosphere Standard

Seeker None Wind Constant

Constant .

Thrust thrust Gravity WGS84
Actuator Linear GuidSet 6DOF
Navigation ByPass - -
FERF AU AR TSI, 7 f5
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o} U £FREIA WET} th2 olgi T
AR EO A3 ol el e 143
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Table 5. Selected guidance and control module for simulation

Roll Pitch Yaw
Phase Target Index = = =
Guidance Control Guidance Control Guidance Control
1 1 none none none none none none
2 1 IACG Acceleration 1 BPNG Acceleration 1
3 1 ;
. IACG Acceleration 2
4 2 Constant Attitude BPNG Acceleration 2
s 2 none none cceleration
6 3 IACG Acceleration 2
<Range - Altitude(Launch frame)> <Euler angle>
Original Sim
Modular Sim
E 7 |
g T L
£ 2
S 1 ot
Original Sim L
lodular Sim
Range[km] Time[sec]
Fig. 16. Range - Altitude profile Fig. 19. Time - Attitude profile
«<Time-Altitude(Launch frame): =Guidance Command=
T T o T T
E |
5 ‘
L i 3 !
O L
g L 4 = \ L
g Time[sec]
< 1 <
E |
Z
Original Si = 7
- — —Ncdler &m 5
| | E
Time[sec] Time[sec]
Fig. 17. Time - Altitude profile Fig. 20. Time - Guidance command profile
<Mach No_> <Total Angle of attack>
Original Sim Criginal Sim
| odular Sim - = —Madular Sim
s g i
z <L
e 4 o]
g <
= = i
s
Time[sec] Time[sec]

Fig. 18. Time - Mach number profile

Sr=mAIEY 0| H8E| =2

Fig. 21. Time - Angle of attack profile
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