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ABSTRACT

The German Meteorological Service (DWD) will replace all automatic weather observing
systems (AWOS) at the 16 international German airports. All existing sensors as well as
the communication infrastructure of the present installation have to be reused for the new
system called “ASDUV_E”, which is presently being finalized by the company Telvent
Netherlands. For acceptance tests — and later routine testing — a sensor simulator was
commissioned to facilitate the testing of the communication between all sensors and the
data acquisition systems and the correctness of the AWOS data processing.

The simulator — called ‘MetSim’ — is capable to simulate all sensors of a fully equipped
airport (at least 130 instruments) including static values, predefined runs with added statis-
tical variation as well as the replay of recorded weather data of real sensors from the field.

Sensor telegrams can be modified and new sensor types can be defined by configuration
without changing the program code.

An essential feature is the ability to compare all parameters in real-time to the values de-
termined by the AWOS under test including derived values, METARs, SPECIs, data tele-
grams to air traffic control (ATC) etc. The structure and the scope of the sensor simulation
tool are presented.
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Fig. 1: Outline of MetSim modules and test setup.

Simulation Module

The test tool MetSim includes a simulation module to generate the data messages of all
sensors types presently used at the different airports (e.g. MOR, wind speed and direc-
tion, pressure, temperature, humidity, clouds). The sensor data created in the simulation
module is arbitrarily adjustable. The simulated values can be changed via keyboard or
mouse. The test tool also allows the users to set the different possible states of a sensor
such as ‘defective’, ‘heater failure’, ‘power fault’ or ‘windows contaminated'.

The simulator is capable to simulate all sensors of a fully equipped airport including static
values, predefined runs with added statistical variation as well as the replay of pre-
recorded weather data of real sensors from the field. The time characteristics of each sen-
sor is selectable from different presets (linear, step, curved). Sensor telegrams can be
modified and new sensor types can be defined by configuration without changing the pro-
gram code. Also generated by MetSim is the information from the ATC tower such as
runway direction or information on runway illumination, transmitted as XML telegrams.

The sensor data telegrams are finally sent to the AWOS under test, and internally to the
algorithm module where the data is processed by the algorithms as defined by DWD.

Algorithm Module

This module uses the algorithms as defined in appropriate regulations to calculate all cor-
responding meteorological parameters (e.g. RVR, QNH, tail and cross wind, cloud layers)
and statistical values such as averages, min., max. values from simulated sensor inputs.

Comparison Module & Logging

The comparison module of the test tool compares processed sensor data with data from
the AWOS server (meteorological data and data telegrams to the ATC provider via pro-
prietary back channel). Differences of the target/actual comparison are highlighted and
displayed instantly. All inputs, outputs as well as relevant internal parameters are logged
into a protocol file for later reference.



7| Haa3 |

Bunymangy
bunyJamqy

<FO0X<0T><ET>TH 00 00 0O
<FO0X<0T><ET>TH 00 00 0O
SFOX<0T><ET>TH 00 00 0O
CFO0X<0T><ET>82 00 00 00
<F0<0T><ET>82 00 00 0O
SFOX<0T><ET>8L 00 00 00

0o0Tod
0010
00Tod
ooToy
0o0T0d
00To0d

arFa
arra
a¥rd
9959
99549
9959

£eL98-
2698
£eE98—
LEF9E-
LEF9E—
LEFDE-

5E6T
SZAT
SE6RT
LBET
LBET
LBET

054
059
059

WELFE<E07 9E5°
CELFE<E0r L2687
WELFE<E0® EEES
WELFECZ0r AESC
WFLFE<Z0* BZGS
WELFE<E0: FELS

Biyaag

EECTE R R
9FTT:FT 1E
= e R
A T R R T
EETRAR Y ok b MO
S EERT Te

FEEL UL H

LURLIEE

uojsod

L R TA

=]
=)
SHLER)
IR

paepuels [

Tk S| +0SAQNTIS [dAd - _m._,_m.m_

gl
uolEUIWIN||

KA,

aonak
HHAn,

SA5 055 SES 00S Sif

o3 [+

GG
am

501
arug

@ _ azIWopUEY @

yaniug +

uziziEaa (o) .

1ajbasaganas JIE

uajean

RaEECIEEEEE

RS

o) abriaziaT

@_n _m_ca%eﬁ.a

15y

qoud [
WusUF  eed

t sensor data and statistical noise ranges.

jus

Ruler mode of sensor simulator to ad

ig. 2:

F



<

X i o~

I

L]

[t |2 | Haa3 |

“FO0F<0T><LT>98
“FO0<0T><ET>98
AF0*<0T><ET>98
LF0F<O0T><LT>HE
“FO0F<0T><ET>H8
<F0X<0T><ET>H8

v lleAiziug

oo

FEHD

05 0T 0ot
05 0T 0F
05 0T 0t
05 0T 0t
05 0T 0t
05 0T 0ot

=E0F<0T=<ET=>0& E2°F0

<EQ==0T=<ET>0% L2°F0
T80 TLO TS0 TI0 9&Lz

<EQ0==0T=<ET=de T2 F0
T20 TLO0 TS50 Za0 00FZ

<E0==0T=<ET=8c 00750
T30 TLO0 TS50 T20 00FZ

<E0x<0T=<ET>F9 097 F0
T30 TLO0 TS50 T20 00%2

0o0T0dg a¥59
0o0Toy a¥59
0010y 8¥59
00T0Y £059
0o0Tod 2059
0o0Toy 2059

070Z &°PT OTTITO L7LZ+

TUUTE<ETESE OFRTH 27250 £°TE+ &°FTH 67150 5°E2+

0708 29790 0°0Z L7284+
SLP L9 BL BL BL LL LL
<EQ0==0T=<ET=08 ¥50 L

0708 25°P0 B7ET STTE+
02F 23 8L 84 9L AL LL
<EQ0=<0T=<ET=05 &50 94

0708 e2°P0 L7°8T 67284
08F 63 9L 84 9L AL LL
<EQ0=<0T=<ET=45 S50 L

0°0% 00750 070 97+
08F 83 94 84 9L LL LL
<E0==0T==CT=45 T30 L

AFFIG-
IFF9a-
9FF98—
Lgeag-
£gEsa-
£BE9a-

TTIIH=TO>
TTHL=TO*

STMH=TO>
JT¥M=T0>
gTLm=T0O=

dTMH=TO=
JTVN=TO=>
ATLN=T0=

YTAH=TO=
TI¥M=TO=
FTILM=<TO=

TINH=TO>
TIWM=TO=
YVTLN=TO>

wweabaja |

TORT 059 WY¥L¥PE<Z0> 0F¥5 LT-90:-5T TE
T06T 059 L YLPH<ZO0> 96 91:90:5T IZ
T06T D53 L YLPH<Z0> LEE 9T:90:5T 12
EEeT 059 YLPH<Z0> T¥S7L0°90°5T TE
EE6T D59 LYLPH<ZO> LF¥6°90:90:5T IZ
EE6T D59  YLPH<Z0> BEE 90:90:5T T2

| F7 - ThRUI+OSANGISA LY - 1R

Hduwa)
wHHdwa L

(IOSUSSPUIA,
(QIOSUSSPUIAY
(JIOSUSSPUIA,

THOSUSSPUY,
SUOSUSSPUY,
DUOSUSSPUIA,

FIOsUBCPUIAY
gJ0SUASPLUIA,
AOSUSSRLIAY

IOSUSSPLIA,
ADSUSSPLIAY
IOSUSSPLIA,

Bungiauyasag

Jgdwa LiH =
Yudwsa] =

vHudwa)

PUARAH =]
Bagpuip, =)
JSUIPUI =

(MOSUIGPUIM,

PUIAAH =
BagpU =
UTPUIA, =

JI0SUISPUL

PUAAH =)
BaypUIi, =
JSUIPUIA, =

GI0SUISPUL

PUIAAH =
AP, =
JSUTPUIA, =

Yi0sSuagpuIA
aep)

3

(8= M awnuelbaja)

_n_l

aJH

]

~abnazydap,

Co|lFE@RIPF ES -S| onappemn [

sty lEgEg

LWISIAWY o

lay data telegrams as transmitted by the sensor interfaces.

isp

Telegram mode to d

.3

Fig



<POX<OTPCET>ZB
<FO<OTPCET>ZB
<FO2COT?(ET?ZB
<FOXCOTPCET?6L
<FOY<OTPCETY6L
CROYCOTOCET 6L
<FO><OT>CET>5B
<FO><OT><ET>58
<FO><OT><ET>58
<FO><OT><ET>¥E
<FO<OT?CET>¥B
<FO<OT><ET>¥E
<FOX<OTP<ET?£B
CFOXCOTPCET?£B
<FOYCOTICETYEB

ooToyg
oo0Toyg
0o0Toyg
0o0Toyg
00To0Yy
ontod
ontToyg
00T0yg
0o0Toyg
0o0Toyg
0o0Toyg
oo0Toyg
0o0Toyg
0o0Toyg
00ToYy

EEFY
6EFY
66F9
6F59
6¥59
6F59
EEF9
EETFT
E6TY
££99
£€99
££99
¥ava
¥ava
Fara

9¢E98—
9ZE98—
9¢E98—
SEF98—
SEF98—
SER9E—
FOFag-—
FOF98—
FO9F98—-
9LE98—
94298—
94€98—
BdE8-
ELE9B—
ELEQB—

059
059
059
059
059
059
059
059
059
059
059
059
059
059
059

WTLF
WYL
WNLF
WNLF
WY.L
WELE
WYLE
WELF
W TLF
W LT
WRLF
WYLF
WY.L
«YLF
WYLE

g<Z0> 6F5°
g<Z0> BE6R’
dg<20> 9¥E°
g<Z0» 055°
g<Z0> 0¥6°
g<z0> LFES
g<zZ0>» 055"
g<Z0> TFe’
g<Z0> LFE°
g<Z0> T55°
g<Z0> 2F6°
g<Z0> 8FE"
g<2Z0> €55
g<20> £¥6°
g<Z0> 6FE’

T 8l +05AIGISIA [ - [F1ES)

siaps

aUH

-abrazian

ypisuy

d intuitive way.

In an easy an

to specify time response of a simulated sensor i

line

ime

T

Fig. 4



aBraz{iaf,

0oati [iliT}43 BIRQI0SUACT M J8E0T ' IRg) B A0sUAS YU Ssifojounatal S0i0 og 25 HOW [
0oatt 26601 BIRQI0SUAC TN /0T *NEH) B NSUAS U Ssifojounagaw B0 og 15 HOW ()
66501 00011 4003 22501 D 05US LIS 3Ya5I00j040RY3W 010405 5THOM )
98601 10011 ByRQI0sURGinA 32607 yPeg) 4 0suss IS ayasibojoloagaw B0 jog 2 HOW [
20011 £660T SR I0SUAC M J2c07  (-3dney) 4 Josuas s Supsibojodoaga 900 ng T4 HOW [
Z0011 Z0011 4003 22501 4 J05ua5 IS SysIBoj0Ioagaw S0R.0J0g 4 HOW [
26601 20011 BYRQI0sUASTMA 33507 Peg) 3 405US YIS ayasIBojosoagaw Sbiojog 23 4o [
26601 6EE0T 2R Q40sUAS M 39501 (-3dneH) 3 Josuas YIS ayasibojoloayaw abriojos [ERt] prl
2660T 26601 4003 285071 3 4nsuas s ayasifiojoioagaw abioog FHOW R
£0011 66601 BYRQI0sUAS i 39507t RRE) D 0suas i ayasibojosoagaw sBio jog 207 HOW [
000171 £00TT EIR0SUASIMT 32501 tUNEH) D Josuas upis aupsbojooayaw abiiogos T HOl [
00011 0og1y Elalar] aagQ] i aosuas s ayasibojoioagau abnuoog ITHOW [
z0011 Z00TT EjR0SUBS M J8507  fAEg) g Josuas Juis apsibojoioayew sbiioyog 29 HoW [
26607 ooorT EJR0SUBSIM] a2c01  (-3dned) g aosuas Juis aypsibojooayew sbiio s 15 HOW [ar)
£0011 28601 4003 28501 9 40suag s syasibojoloagal sbiojog O[T
10011 10011 BYECHOSUBSINA 28501t fied) v Aosuas Juais ayasibojasoagaw abn.ojog 20 HOW [
£0011 [ilil141 BIECH0SUBSMA Jacnl  cmeH) v A0suas ‘s ayasibojosoaga sbiniojog T HOW m
£00T1 £0011 4aa3 32501 7 aosuas s ayasibojoioagau abnso o o HOW [
i = 2IRQAISUASTMA J8sa1 {drijaeg) d J0SUSS YSRINS USA STORISOJUT Zd ASTIEISOI 7]
i - =a =g laEAN =1 g 23507 (-3dneH) 4 Josust JSegIUYaIS UoA SNIRISOU] T4 ASNIEISO U] E
it & BIEQ40sUAS T J3c07 (dmjaeg) 0 J0sUSS J4eqIYaIs Uon SNJRJSou T ASNIeISouL E
I E EIRCADSUBSOMA EC=S (-3dneH) 0 J0SUBS JFHEGIYDIS UoA STIEISOJUL T ASTIEISOT ()
it e BIRnsURS M 1201 (dreoeg] y J0sUBE JFHR0INS U0A SIIEISOUL 2R ASNIRISOIUT Q
_‘_____;_ & =al=la RN [=Inlg [iYg | JacnT nnun_ijv M A05USE J=EqILIIS oA SNYEIE0JUT ;._I>mjumum_uh_|; E
it Z BIRQIOSUAC M 3ac01 (drbfeg) 7 0SUSC YIRS Lo STIRIEOII] 2T ASTIEIZ0 UL ()
Nt 3 2RQIOSUAC A Jac0t [-90REH) 7 405USE JSRAIYIE LA STREISOJUT 1T ASMIEISOMI [oh
ik E 2IRQIOSUAC M 33501 {InIeg) o A0SUSE YSBGILNC UDA STEISOIUL W ASTIEISOHI [
N E 21egI0sUacad 2501 (-3} 3 J0SUSS YR IRGIHAIS U0 STISOJUL T ASTHRICEMT [
i = 2RQI0SUACaM 32001 [driaeg) [ A05Uas YSRqIAIE UOA STYEISOJIL 2T ASMIRASOLT [
Nt 3 21RQI0SUAS A 32001 (-3NEH) T J0SUES YIS IRGIYRIS WO STRISOJUL T ASTHRICEMT [o0
it = 21RQI0SUASaM 22501 (riIRa) B A0SURS YIRGIYAS LA STRRISOJUT ZE ASTIEISOHT o
i E BYRQ4ISUAS M 38501 {-3NeH) 5 J0SUSS YSHEQIYS LA STIRISOIUL TS ASNIRISE [3F
i E BIRQ4ISUAS M 38501 (dryeg) 4 Josuag YRGIYIS Lok SNRISOIT 24 ASTIRISOMT [F)
i 3 BYRQAISUAS M 38501 {-3NEH) o J0SUSS JHRGIIS ok STIRISOIUT T4~ ASTARISOHT [
RN i : BYRQABSUASTMA 38501 {drjpeg) 3 J0sUasUSaMIYIIS UOA STIRISOIUL Z3ASTIEISEI [
PR T & i E ByRQI0sUBsdind 28501 {-3NEH) 3 JosUBSUBYBMAAIS UoA STIEISOIUT T3 ASTAEISOHMT (3|
i £ EYRQI0sUBSTina 28501 (dreeg) 3 J0sUs JERqIYIIS UoA SMEISOJUL 207 ASTIEISOHI [
i 7 BYRQI0sURSTind 28501 {-3dnEH) 3 40sUaS YSHRGIYAIS UOA SNIRISEIUL 1D ASNIEISE (a5
it : BYRQI0SUBSTMA 2501 (drepeg) g 4osuss JEEqIYIS UoA STIEISOJUL 29 ASTIEISOMT [
i - a1l laEAN =T g 285071 (-3dreH) 9 J05USS JSIEGIYAIS UoA SIIEISOJUT T ASNIEISOUT E
i & EIR40SUAS M 225071 ({dryaeg) v J0SUSS JS4EqIYIS UoA SNIEISOJUl 2 ASNIEISOJUT E
i F EIRQAISUAS M EC {-3dNEH) ¢ 40SUSS YSHBGIYAS UOA SNIRISEIUL TrASNIEISEI (25|
e ssuagqababsny BET EIE4DSUSSIMT aacnl  (drpeg) woaosuss Lniessdws |- jHundne | -juegsup 2o dafT
[lamlosuss g
uoness o'+l el 4003 Jac0] o J0suag niedadis |-pundne | -Juegsug W dafaF
5 addrig el LET BIEQ40sURS AT Jenl  res fngededwaipiundne L auyaiauyasyaunp U | Zo 1 dd Q
bungiaasag LET el B1RQIOsURS AT 1201 *8g fangesadua IR uUndne | 343Uy IsLUInD U T 191 dd a
Emv”“m = —ﬂ _ 8y Jajauysalag _ 2, _ Ve, AeqEbaidsas _ e, muagababsny UagEds _ addnie _ Bungisnzseg _ BUIER
uablz. O | Jaroy abiaz 100
X uajqeLes
G ECIEEERECE R

WS 1T

dule).

1ISON Mo

(compari

1ISON

for target/actual compari

lew

: Variables v

Fig. 5



