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requirement fulfilled

range- and crosswind

arbitrary angle of site

muzzle velocity

coriolis force

magnus force

multiple ammunitions

height dependent air temperature

height dependent air pressure

user-defined targeting sights

time fuze capability
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Point Mass Trajectory Model
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only drag and gravity acting on projectile
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adding flat fire assumptions

normalized height above LOS

normalized range

Adding generalized power drag law
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differential equations of motion g < 5°
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v super elevation

v striking veloctiy

v time of flight
v strinking energy

calculated using

o Mach dependent analytical
solutions

o splitted solutions for slant

range and gravity drop

0 gravity corrected projectile % ,

velocity X
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range- and crosswind v

Measurer

arbitrary angle of site

muzzle velocity

coriolis force

magnus force

multiple ammunitions

height dependent air temperature

height dependent air pressure

user-defined targeting sights
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time fuze capability
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Life firing tests

Test against 6 DOF-
PRODAS model

Test against in-service
firing tables

Test against numerical
implementation of
model

NN N X

Chair for Measurement and Information Technology

Univ. Prof. Dr.-Ing. habil. Hendrik Rothe




Accuracy AL

HELMUT SCHMIDT
UNIVERSITAT Il

Meas

! NN o
) 0TV / NN

weapon: AV VY V\VA\/\VA\ AN
M82A1 -0,2 V \/J \ A
-0,3 v A

ammunition: > 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
M8 _SOBMG s —Error in Elevation in Clicks
0; /\ A
. ,0 /’“\/\ V/\\ A _/\—\\/ v/\/'\v/\\\ /r\\ \\ P// /‘\\
range: A A
0O — 1500 m 15
2

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

——Errorin TOF in ms

0,2 A
NS TN

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

~—Error in velocity in m/s

Chair for Measurement and Information Technology

Univ. Prof. Dr.-Ing. habil. Hendrik Rothe



7\

Vs

HELMUT SCHMIDT

/

IonNs

1at

Met Var

0,8
0,6

N ©o o

S>21]19 Ul 101D

I UNIVERSITAT

weapon
HK G3
ammunition

M80 .308

range
0 — 800 m

200 300 400 500 600 700 800
range in m

Standard =--900mbar ---1100mbar ——-20°C ——30°C

100

o
L=
-
o
0 d
X
=
o
c
)
I
9
@
<
o
=
-
o
(@]
o
o
S
o
2
c
)

-0,6
-0,8

>
o
o
o
c
=
O
o
T
=
o
=
@
£
b
o
=
=
o
c
@
=
=
)
=
o
S
>
%2}
@
[
b=
S
o
=
S
@
S
O




HELMUT SCHMIDT
UNIVERSITAT Il

mrr Model Limitations M

Jle

)

1
weapon: 9 ——
—
HK GMG 2
-4
_ N\
. . \
ammunition: 7
-8
40mm 9
0 200 400 600 800 1000 1200 1400 1600 1800 2000
range elevation error in mils flattening R
0 — 2000 m -
0,14
0,12
0,1 /
0,08
0,06 _
0,02
0
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Chair for Measurement and Information Technology

Univ. Prof. Dr.-Ing. habil. Hendrik Rothe



m l-r Performance <(<///

HELMUT SCHMIDT
UNIVERSITAT Il

Measurement

algorithm usage In an
automated fire control system

1 ms

compute fire control solution

typically 0.1 to 1.2 ms

depending on options used
-- b --

re-align weapon

100 ms typically 100 to 1000 ms

sensor readout
typically every 20 ms
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Comparing analytical solution with numerical
RK4 integration for a .50BMG rifle:
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$ direct fire solution
| Target | Weap0n| Weather | Position | Infa |
wind
preassure: wind direction:
temperature: wind speed:
wind
’ Calculate ] ’ firing table ] [ Quit ]
Results
elevation: time of flight: calculation time:
DSP based stand alone TR T] sich | : | <[ B2 ms
fl re CO n t ro I CO m p u te r azimuth: striking welocity:
0070 | strich | 864193 | mds

Optimized MISRA-C source code compiled

for TI DSP system
Windows demonstrator

R “ front end
C# source code compiled for MS
Windows

Atmo Temp [*C] Druck [hPal

IHererJ’menI Reset nden |

Aufsatz []
[0.63

Pocket PC
implementation

C# source code compiled for MS Pocket PC
2003
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An analytical solution for the differential equations of motion
was found

- thermodynamic state of the atmosphere was considered
- Multi region drag fitting

- uphillZ/downhill shooting

- wind / coriolis / spin deflection

An optimized algorithm was developed

- Optimized to minimized computation time

- Multi weapon /7 ammunition capabilities

- compact code size

- approved accuracy under nearly all conditions

Sample implementations were introduced

- handheld fire control for sniper teams
- in-sight automatic fire control for crew weapons
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