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1 Building a scene

Simulations in direct fire mode are performed in a scene containing ground geometry, ground
objects and one or more targets. The ground description is not required if the scene includes
aerial targets only but essential if any target in the scene is described as a ground target.

Figure 1 Example of a scene showing a ground meshes describing a few pits, three targets and two ground objects.

Both ground, ground objects and targets are described in separate files and included in the
scene by their file path and a position in the scene coordinate system. A target description or
ground object description can be used in several places in a scene. The format of the ground
and ground object descriptions are discussed later in this chapter. Target descriptions included
in a scene is of the same format as targets used in the single target mode of AVAL and any
AVAL target can be used in scene. (See the Target description manual in the AVAL
documentation for more information). Ground and ground objects are used in two ways during
a simulation, they can cause burst points when hit by a warhead carrier and they decrease the
penetration capacity of warhead effects if hit.

A direct fire simulation can be accomplished with either a complete description of a weapon
platform or with a single warhead carrier. In a simulations with a weapon description the
weapon aim ability and the ballistic performance of the warhead carrier is described and
simulated. In simulations with a single warhead carrier a strait travel of the warhead is used in
a user defined aimpoint in the scene.

1.1 Coordinate system

The position of all weapons, targets and ground objects are given in the scene coordinate
system. In this system the x-axis is pointing towards north, y-axis towards wets and z-axis
upwards.
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Figure 2 Scene coordinate system.

If a target is described as a ground target in the scene following parameters are used to define
its position:

Xt X-coordinate of the target position in the scene coordinate
system.

Vi Y-coordinate of the target position in the scene coordinate
system.

Bearing Target direction relative north (x-axis).

The z-level of the target is calculated so that the lowest z-coordinate of the target is on the
ground. The elevation and roll angle of the target is calculated with respect to eventual ground
slopes.

472 Up X Morth
o

Figure 3 Scene coordinate system-

If a target is specified as an aerial target its position is described with following parameters:

Xt X-coordinate of the target position in the scene
coordinate system.

Vi Y-coordinate of the target position in the scene
coordinate system.

h Target position above the xy-plane.

Bearing Target direction relative north (x-axis).

Elevation Target direction relative the xy-plane. Positive upwards.
Roll Target rotation around its x-axis.

Vi Target absolute velocity in its x-axis direction.
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Figure 4 Coordinate system for an areal target.

1.2 Scene description

A direct fire scene consists of ground geometry, one or more targets and ground objects as
mentioned earlier.

The scene can be defined in a dialog opened via Scene -> Create... in the menu.
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x|
SuAlADirectFireS 0.5CH Dperi file.. |

Filename

Title |Dema 2003.12.02

— Define ground
IF:\ASD\DirectFireS cenehGroundiGround_A.gnd Open file... |

— Define ground objects [hame, position and crientation] [always positioned on ground)

IF:\ASD\DirectFireScene\GmundD biectz\Pine_10m.ghj Select ghjfile... | Add

[ align with graund Bemove
%25 Y5 Fsif0 Thetall Rl Remoye all
File | Tupe | x | I | Pz | Theta |
F:\a500DirectFireS ceneGroundd biects\Fine_10m.ghj 0 10,000 15.000 0.000 0.000
F-\a500DirectFireS ceneGroundD bigctzFine_10m.gbj 0 25,000 h.000 0.000 0.000
4| | i

— Defing targets [hame, position and arientation] [alternative pogition and orientation are optional)

IF:\ASD\Target\A\.-"AL\TA-AF\-"-ASU.tIg Select trg file... |

v Pozitioned on ground
"Position ant orientation at time = 0 sec.

% |18 MIE zZ|1 56259 psif20 Theta|0 Rall|0

Add

Ailternative position ant orientation at time = Th after firzt burstpoint [optional, set Th < 0 if unuzed | Remove
’7Tb|0 %0 v 2155258 pgif0 Thetal0 Roll0 Remoye al

File | Type | K | y | z | Pzi | Theta | Foll |

FAARONT argethAVALNTA-ARY-ABD g 1 15.000 12.000 1553 20.000 0.000 0.000

F:A\&50MT argethForSoldiet\T-50LD... 1 12.000 16.000 0.501 20,000 0.000 0.000

F:AA50MT argetyForSoldiert T-50LD... 1 23.000 14.000 0501 15.000 0.000 0.000

| | »

r— Defing faulttre for scene

IF:\ASD\DirectFireScene\Demo Linkoping 200312024 aultree. spc Open file... |
Save as... I Save I Exit |

Figure 5 The Create scene dialog.

Scene and ground

In the upper part of the dialog a predefined scene can be opened or a new scene file can be
created. Here the scene title and the file path to a ground description are given. The format of
the ground description is discussed below.

x
-8 B0NDirectFireS cens® 0 J MO, 30 Open file... |

Tile |Demo 2003.12.02

F:*a50\DirectFireS ceneGroundGround_&. gnd Openfile.. |

Figure 6 Upper part of the Create scene dialog with scene name, scene file path and ground file.

" Define ground

Ground objects

In the mid section of the dialog all ground objects are defined. For each object to use in the
scene is given:

Full file path to a ground object description.

xandy  Position in the scene coordinate system.
The z value is always the z value of the ground at given x and y.

Psi Bearing relative the scene x-axis (horth).

Theta Elevation relative the scene xy-plane.
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Roll Ground object rotation around its x-axis.

If the alternative Align with ground is checked the elevation and roll will be calculated with
respect to the ground slope. This will force the z-axis of the ground object to be parallel to the
ground normal.

—Define ground objects [hame, position and arientation) [akways posiioned on graund)

IF:\A5EI\D|rectF||eScene\ﬁroundDb|ec:ts\P|ne_'IElm.gb| Select .gbjfile... I Add
[ Align with ground Bemove
25 |5 Psi[0 Theta0 Rall|0 Remaye al
File | Tvpe [ = | | Psi [ Theta | Rol |
F:\A500DirectFieS cenehGroundObjects Fine_10m.gbj i] 10000 15000 0000 0000 0.000
F:a80%DirectFireS cenetGroundO bjectsPine_10m.gbj 1] 25000 5000 0000 0000 0.000

Figure 7 Mid section of the Create scene dialog with input data for ground objects.

Targets
The lower part of the dialog concerns targets and the scene fault tree.
Each target is defined with following data.

Position and direction:

X X-coordinate of the target position in the scene coordinate
system.

Y Y-coordinate of the target position in the scene coordinate
system.

V4 Target position above the xy-plane.

Psi Target direction relative north (x-axis).

Theta Target direction relative the xy-plane. Positive upward.

Roll Target rotation around its x-axis.

The values of Z, theta and roll are calculated with respect to the ground geometry if the target
is defined as a ground target, that is Positioned on ground is checked.

Alternative position and direction at time = Tb after first burstpoint:
Th Reaction time for the target.

If this time is set to 0.0 no alternative position will be used. Else the target will get a new
position and direction at the time Tb seconds after the first burstpoint in the scene.

X X-coordinate of the target alternative position in the scene
coordinate system.

Y Y-coordinate of the target alternative position in the scene
coordinate system.

V4 Target alternative position above the xy-plane.

Psi Target alternative direction relative north (x-axis).
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Theta  Target alternative direction relative the xy-plane. Positive
upward.

Roll Target alternative rotation around its x-axis.

Define fault tree for scene is the full path to a fault tree describing the events in the scene

— Define targets [name. position and orientation] [alkermative position and arentation are optional]

IF:'\AED\T arget AVALNT A-AR-AR0 g Select brgfile... |

W Puozitioned on ground
|'F'ositi0n ant orientation at time = 0 sec.

|15 IE Z[1.55259 | psi20 Theta|o Rall|0 add
Altemnative position ant orientation at time = Th after first burstpoint [optional, set Tb < 0if unused | He_move
IVTblﬂ |0 [0 z|155258 pgl0 Theta]? Rail|? m—
File | Tupe | K | y | z | Psi | Theta | Foll |
F:AABOAT argeth AVALNTA-ARV-A80rg 1 15.000 12.000 1583 20.000 0.000 0.000
F:AASOAT argettFor\Soldiet T-50LD... 1 12.000 16.000 0501 20.000 0.000 0.000
F:AASOAT argettFor\Soldie T-50LD... 1 23.000 14.000 0501 15.000 0.000 0.000
4| | >
r— Define faulttre for scene
IF:'\AED\DirectFireS cenehDema Linkoping 200312024 aulttree. sy Open file... |

Savegs...l Save I Exit |

Figure 8 Lower part of the dialog with target data and fault tree.

A file with a direct fire scen has the file-extension *.scn and contains:

e The scene title.
¢ Full file path to a ground description.
e Number of ground objects in the scene.

For each ground object follows one row with:

e Full file path to the ground object description and its position (x, y, z) and orientation (psi,
theta, phi).
Theta (elevation) and phi (roll) can be excluded whereas these angles are calculated with
respect to the slope of the ground.

e After the ground objects follows a row with number of targets in the scene.

For each target follows two or three rows with:

o File path to the target description.

o Flag for target position (1 = ground target, lowest z-coordinate of the target is put on
ground level, 2 = aerial targetl), position (x, y, z) and orientation (psi, theta, phi).

e Time and alternative position and orientation. At given time after the first burst point the
target will be put in its alternative position for further calculations.

The third row can be omitted if the target shall be put in the same position through the whole

simulation.

e The last row in the scene description contains a file path to the scene fault tree.
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'Sample_scene’
|

;FZ"ASD".GFDUI'Id"I'ﬂEShj 04 _ 100 ound gnd'
[

4 ! Mumber of ground ohjects

Fas0wGround\Spruce_250 ghf' 40.000 33.000 0000 0000 0.000 !File,x,y, pai theta, roll
Fas0Ground\Spruce_250 gbf' 15.000 35.000 30.000 0000 0.000 !File,x,y, pai, theta, roll
FssGround\Spruce 250, ghj' 20,000 16.000 60000 0000 0.000 [File, x, vy, pei theta, roll
FasOGround\Spruce 250 ghj' 10.000 20.000 S0.000 0000 0.000 [File, x, vy, pei theta, roll
|

2 | Mumber of targets

FA S50\ Targ\soldiersizoldier_standing trg'

1 11.000 15000 0000 17000 0000 0000 | File, Posflag, =, v, Z, pei, theta, rall
14 12000 15000 0000 17000 -45000 0000 VFile, Posflag, =, v, Z, psi, theta, rall
FrsS0Targ\soldiersizoldier _standing trg'

1 12000 20000 Q0000 14000 00200 0000 IFile, Posflag, =, v, , psi, theta, rall

Frss0scenetSceneFault Tree sy

Figure 9 Example of a file with a scene description

1.2.1  Ground description

The ground is described in the same manner as a target but includes only file path to an outer
geometry file(s), file path to a material file and, if used, a file path to a signature file for laser
and magnet sensors. These files are identical to those used in target descriptions and they are
further discussed in the Target description manual.

'Ground'

10 1 'FAASDGroundhesh_104_100ynesh_104_100 oty
20 0 'FAasiGrouncdbdesh 1041 00MGround mMTL

500 1 'FashiGroundihesh_104_100Wround. sel

Figure 10 Exampel of a ground description (*.gnd)

1.2.2 Ground object descriptions

The ground objects are described as a target but includes only file paths to outer geometry
file(s), material file and, if used, a file path to a signature file for laser and magnet sensors.
These files are identical to those used in target descriptions and they are further discussed in
the Target description manual.

'Spruce’
10 1 'FAasiGroundd Spruce. oty
20 0 'FresiGround, Sproce WTL

Figure 11 Example of a ground object description

1.2.3 The scene fault tree

The scene fault tree is built in the same way as a target fault tree but the scene fault tree
includes an additional row, row 3, with min and max number for scene events and the file path
to a translation file. Except for the third row, the scene fault tree is identical to the target fault
tree which is further discussed in the Target description manual.

In the scene fault tree all top events from the targets in the scene can be used as vital parts are
used in the target fault tree. For this reason all top events in the scene targets that are used in
the scene fault tree must be defined in a translation file as a scene event.
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1SceneEvent Target number Target event
1001 1 3001
1002 1 3002
1003 1 3003
1004 2 3001
1005 2 3002
1006 2 3003
1007 4 3001
1008 4 3002
1009 4 3003

Figure 12 Example of a translation file

Each scene event, with user defined numbering, is by the translation file connected to a top
event of a specific target in the scene. Target number in the translation file is the number of the
order the targets are described and read in the scene description file.

The defined scene events can be used to define sub events and top events in the scene fault
tree.

'"TestScens’ | Scene name

oo IWirual comp, mintna: numbet, file path
1001 1009 'Fosi=cenetTransiation. ir I Min and max scene event number, file path
u] I Mumber of multiple events

100109 I Sub events.,, minfmax numkber

4001 4003 | Top events, minsma:x numker

*100 'Target 1 disabled

L1 1001 1002 1003

#1101 'Target 2 dizabled'

L 1 1004 1005 1006

*102 'Target 4 disabled

L1 1007 1005 1009

* 4001 'One target is disabled'
E1 100101 102

* 4002 'Two targets are disabled'
EZ 100101 102

* 4003 'Three targets are dizabled'
A 100101 102

Figure 13 Example of a scene fault tree

10
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2  Weapon platform description

The weapon description platform is further discussed in the document Reference manual
ballistics.

The weapon platform description is divided in two:
e Fire and control.
o Ballistic data and warhead carrier.

For the weapon platform is also given its deviation in side and height. These deviations are
randomized once for each salvo.

Weapon platform

Filename for weapon platfarm

[F\AB0SHf040V A0S LPPRIAS 110405 LPPR wpf

Title for weapon platform
|Strf904D 40 mm SLPPRJ

File containing fire and control data

X
IF: WARSfA040%4 0mmS LPPR Y 40mmS LPPRJFiredndControl.fet  Open file... |

File containing data for ballistics and warhead camer -
| FrAASOYS 040N 0mmSLPPR. 4 0mmSLPPR bal Open file...

D efine deviations for platform

side |0.0002
Height [2.0002

Save as... Save...l E xit |

Figure 14 Weapon platform dialog box.

2.1 Fire and control

Fire and control is defined in a dialog opened via Weapon > Fire and control... in the menu.
The weapon fire and control is divided in three parts:

e Range finder.

e Aim instrument.

¢ Range tables and corrections.

In the dialog is also given ballistic corrections to consider in the settings calculation.

11



AVAL 6.6 User’s Manual Direct Firing

www.foi.se/aval

Fire and control x|

Filename

IF:\ASU\StrfSMD\AlUmmS LPPRJ440mmSE LPPR.IFiredndControl ot Opern file: |

— Defire files with data for rangetables, aim instument and target meassurement

File containing data for target meassurement
IF:\ASU\StrfSU4D\StrlSU4DLaser.tmm Meassurement....
File containing data for aim instrument

|F:\AEEI\StrfSEl4El\StrlSEl4DAuto.am Aim instrurnent...
File containing data for rangetables and carrections
IF:\ASU\StrfSDdD\dDmmSLPPHJ\HangtabledﬂmmSLPPHJ.ta Tables... I
— Meassured target variabl

" Distance: D
" Distance and side velociy: D Wy

" Distance, sids and vertical velocity: D ¥y iz

© Distance, side, vertical and comming velosity: D Wy Wz e

= Earestiotis far fraje st
Iiitialwelastn = Sbandard deviation fan measstred irelaci 0
Prafectlemass I~ | Standard devistion for mezssured prajestie mass U
Sinpressire. 1| Standard ey fon meassured s pressire (mBan |2
L temperatued” | Standard dey: formeasstred ar temperatie (] 0
el ™| Standard devistion for meassured wind elosi 0

Standand dey: fon meassured wind direction rad) 0

Save as... Save. | Exxit |

Figure 15 Fire and control dialog box.

2.1.1 Range finder

Target measurement can be one of two types:
e Manual estimation.
e Laser measurement.

x

Filename

|| Open file. . |
Manual Estimatian... ||_ Remaove |
Lazer Inztrument.... ||_ Femaove |

Saveas...l Save...l E it |

Figure 16 Range finder dialog box.

2.1.1.1 Manual estimation

A table is given describing estimated distance to the target and the estimated horizontal side
velocity of the target.

Distance: For each correct actual distance is given the gunners estimated distance and a
standard deviation for the estimation.

Velocity: For each correct actual velocity is given the gunners estimated velocity and a
standard deviation of the estimation.

12
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T ——— x|
— Enter data for distance estimation — Enter data far welocity estimation

Diztance Im Yelocity ID
tean value for distance II:I I ean value for velocity II:I
Standard dev. for u:Iistancell:I Standard dev. for \-'elu:u:it_l,lll:I

Al Add Al add
Inzert befare Inzert before
Update Update

Remave Remove
- W, ——————
ll Ll_l Remaove all LI _PIJ Remove all

Cancel | OF. I

Figure 17 Manual estimation dialog box.

The estimated distance and velocity is randomized with Gauss distribution.

2.1.1.2 Laser measurement

The laser measuring can determine:

¢ Distance to the target.

¢ Horizontal velocity of the target.

o Vertical velocity of the target, perpendicular to the view of sight.
e Coming/leaving velocity of the target.

If only distance is measured one laser shot is used while determination of velocity is based on
two laser measurings.

Following parameters are input data:

e The angle describing field of view for the laser.

e Fraction of the field of view as minimum reflection from target for true echo. (0-1).
¢ Resolution of the laser instrument. The calculated value is given as n - resolution.

Laser meassurement X

Aimpoint——
Field of view for laser sensor |8 xI0

Fraction for field of wiew on target for tug echnIU-DZ Tk ID
Fresentation accuracy for laser Sensur|5 z ID

—&im accuracy
" National

[datiaral methiod = NATO
cpfo 510 e

= [T =i g [0.0003
o ol cfoss

% NATO

— Temainp
Type
Lo

-
s
r

Distance limit in front of target 0

Distance limit behind target 0

Eoarg

Distance factar for determining false echos 0.2

Digtanice limit for verny short ranges 100

Cancel |

Figure 18 Laser measurement dialog box.

13
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The aim accuracy of the instrument is given as a national method or a NATO method. This is
further discussed in chapter Aim instruments below.

A selection of terrain, false echoes, is given as one of following for values.

1. No false echoes.

2. False echoes can occur in front of the target only.

3. False echoes can occur behind the target only.

4. False echoes can occur in front of and behind the target.

For the terrain is also given two parameters to set the interval in front of and behind the target
where distance is randomized at false echoes.

Furthermore is given a factor used to describe the gunners’ ability to judge an echo as a false
echo. This factor multiplied with the truth distance, D, give us the distance Dy,. If the
measured distance is outside the interval [(D +Dw.), (D-Dwm)] the gunner will judge echo as
false and a new measuring will start.

Finally a minimum distance for measuring is given. Any calculated distance smaller then the
given minimum will be set to the min. distance.

2.1.2 Aim instruments

The direct fire module can describe five types of aim instruments:

¢ Conventional telescopic sight with markings for distance and side velocity.
Telescopic sight with markings for distance only.

Automatic sight with continues resolution for distance and side velocity.
Automatic sight with discrete resolution for distance and side velocity.
Semi automatic sight.

Intuitive sight.

The input dialog for aim instruments is opened Via Weapon > Aim instrument... in the
direct fire menu.

The dialog contains common data for all aim instrument types. These are further discussed in
the document Reference Manual Fire and Control Direct Firing.

To define a specific instrument type select the corresponding button in the dialog and add
specific data.

14
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aim instrument x|
Filename

IF: WA SkfA0408S 00404 U0, ain Open file... I
—Emors———————— —"Weapon it

Systematic ID'DDD-I Mean value ID
TlansmissionlD'DDD-I Standard dev. ID

r Parallax data
— Adjugtment method — Paralax adjustment digtance
" Fixed distance i IU
' Automatic Statmardldeyiation ID
—Parallas—— ~ Parallax adjustment accuracy
Distance YID'2 Standard dev. side [¥) |5E'DD5
: IIJ.2
Distance 2 Standard dev. height 2) 52005

A instrument

Semi automatic... =
Automatic with discreet resolution... -
Automatic with continuous resalution... '~ Save as.. |
Telescopic with digtance markings. .. {= ——
Conventional telescopic. .. r —l
Ituitive, .. r Exit |

Figure 19 Aim instrument dialog box.

2.1.2.1 Semi automatic sight

The semi automatic sight uses the given resolution to select a distance regarding to the
measured distance. The velocity mark to use is selected by the gunner and rules for this is
defined with max measured velocity for each velocity mark to use.

For each distance interval the distance resolution to use is defined and the velocity marks in the
sight.

For aim accuracy two methods are available to calculate the standard deviation in side and
height, NATO standard and the Swedish FOI method. These are further discussed in the
Reference Manual Direct Fire.

15
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e automaticzght zn
— Enter rezolution for distance intervals — Enter velocity markings
tdin distancel Enter velocity markings
Fa distancel |D.DDD 4166 6.944 9.722
Res. Dmin-DmaHI Enter i e for sid :
0050005 add rter finng rules for zide sethings
S0.0100.0 1.0 Insert before Enter velocity choices
100.0 2000 2.0 Update |D.DDD 4166 6.944 9.722
200.0 8000 4.0 o | .
Hemove Enter max velocities
Hemove al 2.083 5555 8.33316.670
— Aimpoint
% [0 v o z o
—Aim accuracy
[ Eticra] MHATO
" Mational
i B N T s lo
*+ NATO B [0.0003
51 |0001 = [E il [
Toggleirdes: ID 05
|1 Hent | Toagle index :
I'I Ment I

Figure 20 Semi automatic sight dialog box.

2.1.2.2 Automatic sight with discrete resolution

The automatic sight uses the given resolution to select a distance and velocity regarding to the

measured distance and velocity.

For each distance interval the distance resolution to use is defined as well as the max velocity

and velocity resolution.

For aim accuracy two methods are available to calculate the standard deviation in side and
height, NATO standard and the Swedish FOI method. These are further discussed in the

document Reference Manual Fire and Control Direct Firing.

Automatic sight with discreet resolution [ x|
Enter resolution for distance and ve\uclly interval
Add
Min distance L
Mar distancs |50 Insert before
2000 400.0 2.5 20,000 1,001
Riesolufion DminDmax| ™ 4000 300.0 4.0 20,000 1,001 Update
R
Max ve\oclty _lLI e
Resolution 0¥ma |1 LJ Remave l
Aimpoint
’7>< fo i [0 z [o ‘
Aim acocuracy
e I1 tictie] NATO
ational
- 500 Pufo i [ 4 |0
* NATO
51]a pz[o i ] B |0
et |

Figure 21 Automatic sight with discreet resolution dialog box.

2.1.2.3 Automatic sight with continuous resolution

Input data for this sight is bounded to the target aimpoint and aim accuracy.

This automatic sight will use the measured values for velocity and distance.

16



AVAL

For aim accuracy two methods are available to calculate the standard deviation in side and
height, NATO standard and the Swedish FOI method. These are further discussed in the
document Reference Manual Direct Fire.

Automatic sight with continous resolution x|
—Aim accuracy — Aimpoint
~ = [ EtianEl
M atioral ||:|
500 a0 i [ :
510 Pz J0 £l [T z o
—MNATO b IU
A |0 g 00003 g |05
Cancel | QK I

Figure 22 Automatic sight with continous resolution dialog box.

2.1.2.4 Telescopic sight with distance marks
Each distance mark sight is defined in the left hand side of the dialog

Since the sight does not have velocity marks a specific aimpoint must be defined for each
selected velocity according to results from target measuring.

The firing rules define which distance mark is selected for a number of measured distance
intervals. For each interval is also given velocities to select depending on measured velocities
and which aimpoint to use for each selected velocity.

Two methods are available to calculate the standard deviation in side and height, NATO
standard and the Swedish FOI method. These are further discussed in the Reference Manual
Direct Fire.

Telescopic sight with distance marks x|
i~ Enter marks for distance i~ Enter fiing rule:
Distance|5nn Distance choice | 400 tax distance|4?5
Add Enter velocity choices Enter max velocities
ID.DDU 4166 6.944 3722 |2.083 5555 8,333 16670
Insert before
Enter index for aimpoint reference Enter index for aim acouracy ref
Update |-|234 —I—y—1234
Remove
025{12341{1234) 000047666944 9722} {Ca Add
Remove all S075{12341{1234}1{00004166694497223 {7 " |
: 100125{1234}{1234}{00004 16669449722 Insert befare
P Aimpaint | 115017541224 }{1234} {0000 4166 6.944 9.722 —
w IU 20022541234341234}{00004166E9449722 Update
25027541234}1{1234}{00004.166 69449722 T
i IU Entermdaxl? 300325{1234}{1234}{00004188894487? Remove
AEAATE M4 A AN (4 A4l Tannn 440t s nddnTan e —
= Ig st Start 4 I 3 Remowve all

— Aim acouracy

Natianal el
i 0 o
il Pl e a0
510 = 1] ) [] B IU-UE‘B Enter index 1 (i |
SNCE|
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Figure 23 Telescopic sight with distance marks dialog box.

2.1.2.5 Conventional telescopic sight with distance and velocity marks
Each distance mark and velocity mark in the sight is defined in the left hand side of the dialog.

The firing rules are defined in the right hand side of the dialog.
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For each distance mark the gunner will selct in the sight a max measured velocity is given. For
each velocity mark the gunner will select in the sight a max measured velocity is given.

(Velocity is given in m/s)

Two methods are available to calculate the standard deviation in side and height, NATO

standard and the Swedish FOI method. These are further discussed in the Reference Manual
Direct Fire.

i
— Enter marks for distance and velocity — — Enter firing rul

Dis!mmalklﬂ Distance choice iU Muﬁs!m]zs

Velocity matks Enter velocity choices Enter max velocilies
0.000 4.167 6.944 9.722 0.000 4.166 6.944 9.722 |2_DB3 5.555 B.333 16.670
(| 025(0.0004 16669449722 (20835555 6,333 1 &
100 1|/ |5075{0.000 4166 £.944 9.722 } { 2.083 5,555 8.333
200 Insert before] || | 100125 { 0.000 4,165 6.944 9722 } { 20835555 8.3
300 || 150175 {0,000 4,165 6.944 3,722} { 2.0835,555 8.3
400 Update 200225{ 000041666944 9722} { 2083555583
500 —  11]|250275{0.000 4.166 6.944 9.722 } { 2083 5.555 8.
Remove ||| [300325{0.000 416669449722} (2083555583 | R
| ———— 111350375 { 0,000 4166 6.944 9.722 } { 20835555 8.3 5
‘ LI_I ngd .;T"\rfnrl’?l-‘r‘r‘r‘r\mnn'r'nlfﬂmr:::f Hmved
phm National HETO i
= Mational | gof00005  pyf00012 | gufo03 4 ?"D
C naTO | 51008 Pzjoo0i a0 B2 [0 Erferimdess vlo
Erterindex: 1 [ | ] [ e ||| 202

Cancel | 0K I

Figure 24 Conventional telescopic sight dialog box.

2.1.2.6 Intuitive sight

Three aimpoints, in target coordinate system, are defined to use for different side velocities for
short ranges.

For longer ranges the errors in side and height are randomized.

x|
- Entes data for shost ranges M - Aimpoint
o accuracy ol K!O
Distance 0 € National & NATED a—
Hanidmim ~Nat —————— yio
TR wll A P iu o—
= n f__' |_ et indes
Eres mas velociies 1l zl0 [ Mext| Stant|
) e I""
Enler indon o simpoint tef :
123 A| gloooos gfoes
Elm;;\duefammgw. MMI— IS“’"I

-anwfuwlm—rﬂnwnadefu

Table wath
le |UUUL'QUDGO1

swm'mwlqr Table with standad deviations
001000 0002000 0.003000 0,008

UDOWOWUUWSOGL‘CBU]

4000 { .
£00.0 { 0.0010 0.0020 0.0030 0.0050 } [REsAEA

Figure 25 Intutive sight dialog box.

2.2 Ballistics

The dialog for ballistic input data is common to indirect fire module.
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Ballistic and warhead carrier data

%

demo GHG

|
W

Figure 26 Ballistic and warhead carrier data dialog.

2.2.1 Projectile data

The projectile data block consists of geometry data and deviations for the projectile.

Projectile data

Figure 27 Projectile data dialog.

Charges are given either as a simple input with V, and deviation for each possible charge to
use or in a more complex table where V, and deviation is given as a function of the gun
powder temperature for each charge.
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x|
Memdwgelmmahm;?ﬂ
St.amlaﬁ'.lcls\.rialionfcnr-|:acmtletIzernc-emlu.re!3
- Enter charge data
Charge nurber ||
x| | Esssetsiaet
~ Enter charge data A0 e
- Enter table with mean values for Vo iy
Charge number [295 300 305 308 Update
Mean vakie for Vo] 300 Enter table with standard devistions for Vo Rernove
Standard deviation for Vo |5 211 Remaove all
1300050 Add 1.7(10.00010030.0}. V{2850 30003050 306.0}.D(3.0201.0 <]
Insert before
Update
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Remove al a4 1 _'rl
i‘ Cancel | ok |

Figure 28 Charge date dialogs, simple and temperature dependent.

2.2.2 Aerodynamic data
The aerodynamic data block includes input coefficients for the ballistic calculations.

For point mass trajectory method the drag coefficient, CD, is sufficient. For the NATO and
6DOF trajectory method at least also the normal force, CN, and moment coefficient, CM, must
be defined.

See the Reference Manual Ballistics for more information.

i
Dirag coeff. CD... ~ Remove
Induced diag coeff. CDa2.. | [T Remove
Mormal force coeff. CN... r Remove
Moment coeff. CM... = Remove
Moment damping coeff. CMO... | I Remove
| Magnus force coeff. CNP.. | T Remove
Magnus moment coeff, CMP... | T Remove
Spinn damping cosff, CLP... il Remove
Spinn moment coeff. CL... ¥l Remove
Rudder coefficients... o Remove
Normal force cosff, for fins CNfin. | T Remove

Cancel l DK I

Figure 29 Aerodynamic data dialog box.

2.3 Firing sequence

Following three types of firing sequences can be described for a weapon.
¢ Single shot.

e Multiple single shot.

e Automatic firing.
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The firing sequence is defined in a dilaog opened via Weapon > Firing sequence... in the
direct fire menu. The file generated from this dialog is used in the burstpoint calculation.

Single shot

The weapon will fire one round in each Monte Carlo cycle.

Figure 30 Firing data dialog, Single shoot option chosen.

Multiple single shot

Given number of rounds are fired from the weapon in each Monte Carlo cycle. Rules for new
measurements on the target is given as never (target is measured once before first round),
always (target is measured before each round) or when miss.

New weapon settings are calculated for each round.

Figure 31 Firing data dialog, Multiple single shoot option chosen.

Automatic firing

A target measurement is performed before the salvo. The rounds are delivered with given time
delay between each round.
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The hit accuracy is randomized once for the first round in a salvo and the hit deviation is given
for rounds within the salvo relative the first hit point.

Figure 32 Firing data dialog, Automatic firing option chosen.
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3 Direct fire simulation

Simulations in direct fire mode are performed in a scene containing ground geometry, ground
objects and one or more targets.

A direct fire simulation can performed be with either a complete description of a weapon
platform or with a single warhead carrier. In a simulations with a weapon description the
weapon aim ability and the ballistic performance of the warhead carrier is described and
simulated. In simulations with a single warhead carrier a strait travel of the warhead is used in
a user defined aimpoint in the scene.

The simulation is performed in following steps:
1. Create case (Burstpoint calculation)
2. Define simulation

3. Perform the simulation.

A case can be created in one of following three ways:

o Generate burst points with a weapon platform against a single target with aim point in the
target coordinate system. In this case the scene can only contain one target and a ground
description.

o Generate burst points with a weapon platform against a scene with aim point in the scene
coordinate system.

e Generate burst points with a warhead carrier against a scene with aim point in the scene
coordinate system.

The different types of case files generated in AVAL are separated with following file

extensions:

.VCs vulnerability case single target (‘Single target’)

Jdcs lethality case single target(‘Single target”)

dem lethality case multiple targets (‘Direct fire’)
Created with a warhead carrier and aim point is given in the scene coordinate
system.

WCSS weapon lethality case single targets (created in the ‘Direct fire”)

Created with a weapon platform description and aim point is given in the target
coordinate system.

.wesm weapon lethality case multiple targets (‘Direct fire”).

Created with a weapon description and aim point is given in the scene coordinate system.

In the direct fire mode only lethality simulations can be performed. Vulnerability simulations
are performed in the single target mode.
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3.1 Create case with weapon platform

The burst point calculation is started from a dialog which is opened via 'MC simulations >
Create case > Weapon against scene’ in the direct fire menu.

In the dialog following complete description, discussed earlier, are loaded:

Case file. Create a new file or open an existing with all data ready.
Weapon platform

Firing sequence file

Atmosphere file used for the ballistic calculation

Direct fire scene

If the scene contains a ground description, no ground objects and exact one target the option
Aimpoint location on target will be available.

With the option aimpoint on target the aim instrument of the weapon is used, otherwise only
the distance measurement of the weapon is used in the burst point calculation.

The start position of the projectile is given with coordinates in the ground coordinate system
and the height over ground.

Following options are available for the ballistic calculations:

e Trajectory method.

o Coriolis effect.

e If V, is described as a function of powder temperature mean value and deviation of gun
powder temperatur is given.

¢ Latitude of weapon position.

e Distance from target where to interrupt the ballistic calculation. From this point a strait
trajectory is used to calculate burstpoint.

x
Open or create case file... |F:\A50\case\4&mt39¢gaimﬁm.msm
. Dpen weapon platform file. |F:\AEU\SMWU\MLPPHJ\SHFHNUSLPPHJ.W
Open fiing data file... IF: NASNSf3040N0mm3P 954 S ingelShot fir
Open atmosphere fle.. | JF:\A50NAImasphere\FNL atm
Open scene... |F:\850\S cenelroughirouch. sen
~Weapon platiom data
Start position for projectle ——— -~ Trajectory method |~ Coniolis —
% |g vlo + PointMass " On
" NATO
Height over ground |0 C BDOF. :(: L
e S ]1] Latitude on earth |1.0472
Distance from aimpoint
eV St o PrW e EEmE e aie Iti where target detection atata;zu
Target data =
[~ Aimpoint location | [~ A il Aimpoint in scene
 H[iF farget | xl[] Y]ﬂ ZIO
& Inscene s S
~ — - ik J
- Simulation data - |
Number of Monte Carla cycles 1 Start seed |1234
_ ~ Burst point calculation
= | = I [ Cumrent MC-cycle o
& Start Stop
Hit probabiity |0 |
Save as... | Save | Exit |

Figure 33 Firing from weapon platform dialog box.
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If the aimpoint is set to the target coordinate system the position and direction of projectile is
transformed into the target coordinate system. In this transformation the target velocity is taken
account and the relative velocity of the projectile is used.

L

Figure 34 Projectile and target relative velocities.

The result of a burstpoint calculation can be displayed in the direct fire window by opening the
created case file via MC simulation > Read caseK in the direct fire menu.

3.2 Create case with warhead carrier

The burst point caclulation is started from a dialog which is opened via 'MC simulations >
Create case > Warhead against scene’ in the direct fire menu. The dialog is basically the
same as used to defin a case in single target mode why the load ground and target velocity
options are disabled in this mode.

In the dialog following complete description, discussed earlier, are loaded:

e Case file. Create a new file or open an existing with all data ready.
e Warhead carrier file
e Direct fire scene

x
Open o1 create caze file... FAASOADirectFireScene’\Simulations\Dema lom
Open waihead carier file... | [FVAG0NWaCanForw-125mmKE AS0W-1 25mi-KE A5
[ Openscencfie | [FAASO\DiectireScene\Demo Linkoping 200312023 em
= |

-Warhead caner data |
Psi - Rotation around taget's 2-axis relative to front | Flight velocity | 100
Theta - Elevation angle relative to horizontal plane |0 FRotation velocity |0
Distanee from aim point determining stait point for warhead carier | 100

o
Dt defiing burst point paem

Aim point in SCENE coord %[0 o zjo
Standard dev. for singls round or salves: Side [0 Height |0

Data fos sabvo [optional) -

Bemave data
Statsesd 1234 | N of Mente Carlo cycles |1
- Burst point |
e T | | Cuent MC-cycle [0
Mo raaabex o it Dl ||
Save as... I Saye I Exit |

Figure 35 Lethality case - Warhead carrier in scene dialog.
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The firing position is defined by the bearing (Psi) and elevation (Theta) angles towards and the
distance from the given aim point. The aim point is given in the scene coordinate system as
well as the deviation in side and height for a round or salvo.

If more than one round is desired in each Monte Carlo cycle a salvo-file can be created and
used. It is then possible to fire several salvos including several rounds in each Monete Carlo
cycle.

If more then one salvo is used the mean value and deviation for time delay netween salvos are
given.

For each salvo number of rounds is defined and the hit point deviation for each round and time
delay between rounds. *

The deviation can be set to be relative the salvo hit point or relative the last round hit point or
as a predefined pattern

x|
- Data for salvo
Nurnber of salvos! Tirne delay i[}
Dev. IimdelayJﬂ
~Dat in zaly
O SR o
Numberoftoundsh " Around mean point for salvo
- Deviations for shots in salvo i :“m lired shot
&
Side devie!ioni':'

Heighldwiaibnlﬁ— Déslmehsiieiu

Distance i height |0 add ||

Timede{aylﬂ 3 Ireest before |
Dev. time delay[0 Update |
_,;‘ Remove |

L L Remave all |

Ok | Cacel |

Figure 36 Firing data dialog box.

3.3 Define simulation

Simulering av vapenverkan defineras i dialogbox som 6ppnas fran direkteldsmodulens meny
via MC simulation > Simulation > Lethality > Define...

This dialog creates the simulation input file (.Ism) with, start seed, evaluation times, burstpoint
files and simulation settings.

Burstpoint files are added with the Add case... button.All used cases must be created with the
same scene and the exact same number of Monte Carlo cycles.
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x|
: Opentie.. |
Title |#0mnagainstGroup
- Define cazes
Hormbes [T Add case..
MIF:WMMM Remove case
Selected cases
Caseno | Casele
1 F:\850Ncaze\ A0mm3P againsGroup.weem
|
Startseed [123¢ e
Enter ime values when effects in e evalusted [sec] (Max 10)
10,000
[[seveas. | [ s |  Ex |

Figure 37 Define lethality simulation dialog-

The Simulation settings...button opens a dialog for selecting which warhead effects to
include in the simulation. Each effect and time steps for time simulation, (fire, fuel leakage and
water leakage), can be set on each target separately.

i
Moo - T Fie [ Struc... [ Fuel [ Water [ Liner [ Intesp[ Shoc. [ Lase.. [HPM [ otFie [ ot

I [ Btilchinal damage fiecs 1-TAAFVASD 1 0 0 0 1 0 0 0 0 500.. IC
= Effests fiom fuet eakene 2-T-SOLDIERS... 0 0 0 0 0 0 0 0 0 00 1C

Pl e 3-TSOLDIERS... O 0 0 0 0 0 0 0 0 100 1C

v Fed

[ Effette frommir
I | Shmcheffets from Urdet water des
I Effects frm Isserweantn
[ | Effects from HEM weasarn
Time steps :
Fie calculatons |5
Wates leakage calculations |10 4 | ]

g =)

Figure 38 Simulation settings dialog.

3.4 Simulation

The simulation is started via MC simulation->Simulation->Lethality->Simulation in the
menu.

Select the simulation file created via define simulation, initialize to read used files and start the
simulation.
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Irput e [F:\A50DiectFieScene\Demo Linkoping. 20031202\6im
Tile |demo 200312.02
Output e [FAASONDirectFieS cene\Demo Linkoping 20031202\8im | Select autput files...

Selectinput file

[nitialise
Total number of Monte Carlo cycles [10 Stat
Current Monte Carlo cycle |0 Sty

5

Select presentation vanable... | Event4001 at 60.0 [s]

Dutput file |F:\A50\Di'edFteSm\DmLi*uphg 20031202\ Simulationsim1-LethPlat. s
Mean value |0

Upper kit for 96% conidancs inervel 10
Lowwer Bk for 96% confidsncs intervel 10
Confidence ntrval (95%) [0

Elapsed time =
TR | | Exit |

Figure 39 Lethality simulation dialog.

The simulation can be viewed directly after the simulation in the scene window by selecting
MC simulation->Lethality in the menu. To view results from a previos perfomed simulation
it can first be loaded by selection MC simulation->Read simulation.

F
IE
|

.iwnldnﬂﬂnbﬂ
Figure 40 Plotted simulation result.

Output files

The simulation produces two files with results concerning the scene, the files are saved in the
same directory as the simulationfile.

SimFileName-Leth.txt Information of simulation settings, calculation time etc.
Statistics for hits by warhead effects on each target
Results of the scene sub and top events
Results of top events for each target in the scene

SimFileName-Leth.skv Results for each scene top event for each MC

For each target in the scene one file is created

SimFileName-LethTarget_N.skv Results for each scene top event for each MC
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