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Masterarbeit

Entwicklung einer Monitoring-Umgebung zur
Polyamid 6 Probek©®rpern

Polyamid 6 (PA 6) wird in einer Viel zahl von a
eingesetzt, i nsbesondere jedoch bei erh®°hten the
und im direkten Kontakt mit wunterschiedlichen Me

eine stetige Ver2nderung der umgebenden Luftfeu
geringerer Luftfeuchtigkeit auch wieder abgibt.
der Hygroskopie des Materials werden durch vers
Umgebungsfeuchtigkeit und Belastung stark beein
mechani schen Kennwerte des Materials wie die S

Wasser auf nahme bzw -abgabe stetig. I nsbesonder
ver2andernden Feuchtigkeitsverteilungen ¢ber den
nur mi t hohem Zeitaufwand Z U charakterisieren,
Berechnung von Feuchtigkeitsverteilungen in PA-
wurde. Diese Berechnungsmethode ist zum aktuell e
zeitlich konstant en Umgebungsfeuchtigkeit ei ne

Probengeometrie w2hrend der Sorption zu berechne

I m Rahmen der Masterarbeit soll eine Probenmoni
Pi basierten Sensorstationen ent wi ckel't wer den
Bedingungen v on PA-Probek®°rpern ab der Probenh
Konditionierungsschritte sowi e wa& hrend der Lac
cberwachen und die Daten an ein bestehendes | ndu
weitergeben sollen. Jeder einzelne Probek®rper s
station®ren Kennwerte wie bspw. Mat eri al und An
direkt mit dem Symate Detact System verkn¢gpft w
i nstation?re Gr°Cen wi e di e Umgebungskli madat e
Wasseraufnahme zu konkreten Messzeitpunkten inr
auf genommen wer den. Di ese zeitabh?2ngigen Feuc
Randbedingung zur numeri schen Berechnung der V (
Massendiffusionsanal yse i n ABAQUS berechnet
Berechnungsergebni sse soll mittels geeigneter Me



Auf gabenstell ung:

- Einarbeitung in den aktuellen Stand der Tech
- Auf bau einer Monitoring-Umgebung (Sensorstat
Umgebungsklimas der Probek®°rper von der Her st
Lagerung und Transport bis zur Charakterisier

- Anschl us

S

d

er entwickelten Monitoring Umgebu

Softwaresystem (Symate Detact)

- Ei narbeitung in die Sorptionsberechnung auf
mittels ABAQUS

- Ver wendung
Feuchtigkeitsdaten als Randbedingungen zur S
verschiedener Feuchtehistorien

- Val i dierung

- Erstelle
- Dar stell

n

e

ung
- Anf ertigung
- Prasentat.i

(0]

der mittels Probenmonitoring erl a

der Ergebnisse mittels geeignete
i ner Nutzungsanleitung und Dokume
und Diskussion der Ergebnisse
einer wissenschaftlichen Arbeit
n der Ergebnisse
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6 AOAET AOT CAT ET1TAOEAIT A Oi1 O1 OEAEAOAT . AOUx
AAE 6A01 OO0 AET AO #1 EAT OO0 AAO 3AT AAT AETAO

. AAEOEAEOh AdO#& BRI ARDORAIN IOOBOHRBEAG A A1

$AEET EOET T AT xAOAAT AAOAEOO xREOATHERAAAO 6AO0.
CAOOI £EAT 8 ¥ pcY

I 0# SBIAGP DAIT 01 AOAI Oi #1011 O1T EAAGE/IG# 55 EGEEAA
30AT AAOAI o4 1 & NABODE TAIET 30AT AAOA &£ O AEA - ¢-
51 FAT A ET AOOOOEAI T A0 ' 601 i ACGET 18 $AO 30ATA
O00OPOITCIl EAE Al O 30AGHT EDNOAORAITT A | UxcdMEAT T OO0
00T OT ET LV AT sREORI &) "CHB3OI AT - ACAEETA( -) T @A £AA
3#!1 $3UOOAT AT A1 OxEAEAT O x1 OAAT 8 fouY
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p8x0& AAI - AOEO OAOAEI CAAOA YT AOOOOEA

/| 0o# ROI ECI EAEO AEA +i1 11 O1TEEAOQOEIT UxEOAEAI
+1 i DI T AT OAT AETAO ET AOCOOOEABRIEAT +3ii £OI EGA OF
Ux EOAEAI - AAOBET ATl h  #TjiowOnA oT#1 1 OA 3AO00A
- ACAEET AT OOCAOA 0 @I#C A0 A GBAHIIA M A OOAO . AOUXx A«
00i OFT ET1T1T AOAAEOAO AOAEA AAO #1 EAT O0z3AOOAO
AAOGCAOOAI 1 08 wET A "AOiT 1 AAOEAEO Ailo#AMkil 30A
3AOOAO0 AEA +1711 O1TEEAOEIT AOOAE OOAT AAOAT
00i OFT ETTTA AAO EAxAEI ECAT - AOAEET AT 1T AAO !
AET A 'TAETAOT ¢ OIT AT AAOAT 00T OTEO#T AT AOA

i ECI EAE8 fro@Y
OPC client [ ——
(request)
OPC client N OPC server
(request) N (response)
OPC client OPC server
(request) P 4 (response)

I AAET AO$ £0084HKHI OT ¢ AAO #1 EAMO 510AHOBAO 30C

OPC server
(response)

2.3 Auf dem Markt verfg¢ggbare | ndu:
l oT Systeme

$EA ET AEAOCAI +ADEOAT AAOGCAOOAI 1 OAT h OAOA

- AAOOEAEO i AAO AEA UOi : AEODPOTEO AAO %OOOA
¢ngg OAOA&I CAAOAT )T AOOOOEA 18m 3UOOAI A CAA
Ai - AOEOh O1 AAOO AEA OT OCAOOAI 1 OA ! OOxAT
T xAT AOT ¢OARIT T A O 1 AEAO 3UOOAI A EEAEOO OfT ¢
AOAE AEA AOA& AAiI -AOEO OAO& CAAOAT 371 A£O0xA
" OAA Al ) T AEOEAOAI EOEAOOT ¢ OT A 11 xAT AOI
AT CAxEAOAT h AEO UO AAi o001 EOh AT AAI Oi1 &
%O AQGEOOEAOAI Ci AEAEAOI An Al ET T 1T AOUEAT T A

.AAEEAI 1 CATA xAOAAT AETECA |, EOOI CAIl ET T DAI
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o BHWBEOOEAOAT AA +AOAI EOOT CAT &A1 O AEA OAT Ol OEOAE/

-EAAT AxAOAR )i 4 o1 AOCOA&I OI AT TAARAO $AOAT AATE
1 AOOAT 8 %O EAT AA1 O OEAE Oi AETA 371 AOxAOAAA.
UxEOAEAT AAT )Yia ' AOROAT OT A AAT EIITAOUEA
AOAE OiF 1T AEA 11 xAT AOT CAT UOOROUI EAE AAOAEOC
AAOAEOHARARAT BEAT 1 iEO O1T OAO AEAOA +AOACI OE
&O1 EOEI T OO0i #ZAT ¢ AEAOAO 31 #OxAOA EATT OOAOE

31 £FOxAOAOQUOOAT A AAAEAT AOAE | AEOAOA " AOAEAE
001 xi OAA8 roxY

3UIi AOA 3$HAOMAGYd £AOx AOA D3 WICO@GAECA &1 + ADEOAI

AAOAEOEAAAT 8

%Al EDOMS AAEQGEA] 31 OORBRO@OAWARDBDEARAT AACOETT EO
AETA HYia )ipiAi AT OEAOCOTI ¢ch xA1 AEA AET AT OO0OA
"AOAEOOOAT T AT Oi1T $ECEOAI AT :xEITETGAT h |
AOI ECI EAEO AAT : OCAT ¢ UO S$SEGCEOAI AT :xEIITEIC
SAOOEAAO8 ' O& AEAOA 7AEOA EAITT AET DEUOEEA
. xEITTEIT ¢ xEA AET 7AAZ3AOOEAA Oi1 O1 OAOOAEE
x AOAAT 8 %O EAT AAT O OEAE 1 EAEO GIEQEAERA AI T CA
" AOROA AT CAAOT AAT T AAO AETA +111 O1TEEAOETT |

xEOA8 froyY

SEAT AT O - ETW®B PEAIOAKI &6 OEAE Oi AET 3UOOAIN

Ol OAOOAEEAAI EAEA )14 $AOGEAAO AT AET AAO OT A

OAi 1 Al 08 $EAOA xAOAAT UAT OOAI EOEAOO AAOAEOC
'T Al UOGA AOOAE . OOUAOeETTAT TAAO +) AOAECAAOA
%Ox AEOAOOT CAT AQGEKRIT ADEIA BELLOPRA AR AOOCAT AcO8 «
04# A4EETECEAODUxAELDICCOIO®®#I EACO ET OAET Al &Il
AAT ))i 4 " AOABERBAPRIGA I EBBANBSIMOAEBEOO AO Al O

Oi ZAOOAT AA 01 AOOAEI Of & O AEA '1AET AOGT ¢ Of 0O/
CAAAAEO8 $AO 3UOOAI AOIEGCIEAEO AEA 00RBOAI
AOACATTITATAO $A0CAT 8 %O EAO! ASOI AROAPERAABDE

i1 2q#01 BOOAO ' EAAA $SEAROE ¢ AIY

2.4 Existierende Kaufl °sungen f ¢r
!l ber wachung von Probek®rpern

4AT PAOAOOOZ OT A &AOAEOECEAEOOOAT 01 OAT OET A

OAOEI CAAO8 %O EAT AAI O OEAE Ali1 cCAi AET O AE

Oi 1 AEA +1 EI AOAT 01 OAT EOO O1 Oif £AR7T Cci EAEh AAC
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i AATT A AET CACAT CAT xEOAR O11AAOI 1 AAECI EZ
Oi 1 AEAO 3A7T 07 OAT  AOI ROOAOO xAOAAT 8 %ET A

+1T 1T AETAQETT O11 4AT PAOAOOO OT A &AOAEOAE EI
AET Ai " AOOAEI AAO8 311 AEA EIT T AET EAOOAT 3/
ET EAIT &O1T EOET 1T OET OACOAOQEIT I AAOGT T AAOO

51 CAAOT COEI Ei AAAOGAT 8 (AOOGOAIT T AO "OIGAEKEAO
3AT OE(OENT AU DIhDEThAAT CEAAO8 $EA 3AT O1T OAT 1T A
CAxEET I EAE EI #EED &l Oi I ARO AOA& 01 AOE
' T OAEI OOO0I ECl EAEEAEOAT AOxAOAAT 8 )1 AEAOA«
AET Al TEO AAT EAxAEIEC TEOECAT B3AETEOOOO!
AAOOAEAAT 8 %ET A xAEOAOA " AQA& OF O1T1T +1EI A
xAT AEA A1 O AECAT A ' AOROA O1 AAERT CEC O 1 A

EETTAT8 $EAOA OET A 1T &0 AAOI AAO EET AOO AOAE
us"8 AET A0 AAO ET +ADPEOAI ¢8¢ AAOAEOEAAAI
AETAO . AOUxAOEOI CAAOTI ¢ xAEOAOUOCAAAT 8 3Ii
3AT O1 OAIl i O AAO AEOAEOA 6AOAAOGAT AOGE 4
| OOAT T OxAOOAOOOAOET T AT I AAO Al O 31 AOO
. AEAUO AITA EI coOi nAl ' T UAET Al AOERIT Ol E
- AOOGET 66001 A1 6As 3EA AOAAEOAT EI "AOAEAE
OAOEOOEO O1T A AAE AAO -AOOOI ¢ AAO OAI AOGEOAI
F1pzZTOoY

2.5 Bedeutung f¢r die Aufgabenst el
$EA AEOEAO EIT AEAOAI +ADPEOAT Oi OCAOOAI I
EETI1RT CIl EAE EEOAO "AAAOOOTI ¢ £ O AAOG " AAOAA
AET CAT OAT AO8 $A AAOAEOO ETTAOEATI A AAO ! OF
AT OxEAEAT T AAT %l AT AT OA AAO -1 1EOI OET ¢OI CAA
$ACAADUOOAI AAQUI AB&IAMEI OAAOO EOOh EAAAI
+ADEOAT ¢80 AOxRET OAT )1 AOOOOEA 18m 3UOOAI
AEA " AAOAAEOOTI ¢ AAO ' OEACAAAT OOAT T O1T ¢ O A

AOACAEI EOO8 $A UOI : AEOPOIEO AAO '1 EZAOOQE
AREATT O xAOAT h AEA AET A %OEAOCOCOI ¢ OI 1T +1EI
AAO AAOCOAAEEAT AA +1 EIT A AAxACAT AAT %l Al AT OAI
AETA 1'T1 ACA2AREDARACDHA® BBT j )1 OA0Z) 1 OACOAOAL
47 ( 3A7T 01 OAT AT OxEAEAT O xAOAAT 8 ®%ET A 111 A
ARO AET UATTAT o001 AAT EOO &£ O AEA : 01 OAT O1
Aosl OAAOI EAE OT A 1ROOO OEAE C¢cCcA&8 1 EO ET Al
- AAOI EOOI 01 ¢ AAO $AOAT xEOA AQAAOANOIEAT 14AT
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p8AAAOOOT ¢ A1 O AEA | OACAA

UOOI AECACOEAEAT xAOAATh AA AEAOAO A@bi EUEOD
O1 A AET AT AT OOPOAAEAT AAT &OTEOQEI T 001 ZAT C I E
AADAOABROOOAT ET AAD4A4URCAETI ABOEUEAOAT 8 10
6 AOAOAEOOILA5DIOA0O00I OUOT ¢ &£ O O0OUOBETI 1] ox
2AO0PAAGOUERGET EAES
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3 Theoretische Grundl agen

)T 1T AOEAI A AEAOCAO +ADPEOAI O xAOAAT AEA OEAI C
Ei 2AEi AT AAO "AAOAAEOOI ¢ AAO ! OACAAAT OOA]

Uoi %OOO0AT AAO "AOOEI I Al oi 1 $ E A
31 OPOEI T OAAOAAET O1 CAT AT 0! A1 O AOAE AAC
AT OxEAEAI OA 1 AANOO &%z3EIi Ol AOEI T Oi T AATT U

A £ o~ Az A

' OO0T AUui ¢cAT O1 OCAOOAI T Os8

3.1 Bestimmung von Diffusionskoef:
Wasseraufnahme von PAG6

$EA "AOOEI T OI ¢ OI1T S$EAAOOEI T OEI AEEEUEAT OA]
7AO0AOAOAEI AET A OI1T 0! EOO ' ACAT OOAT A UAEI]
$EA "AOAAET O1 ¢ AEAOAO AAOOEO AOAE ' 001 Al Ag
' T EFAT COOOAECOTI ¢ AAO 31 OPOEI 1 OEOOOGA8 S$EAO »
01 'AAARAEA AO Ai8 rt1y OT A 61 AGOAT A AO Al .
ODPOEOUCACT OOAT Al 0!'zol AOOAI 01T OAOOOAEDS

N s A o~ N £ AN

Il OOEAT EOCOZ' 1 AEAEOI ¢8 . AAE %i AA foeY AOGEA

$EAEOOET T OET AEAEUEAT OAT E1 1 AERT CECEAEOD A/
AEA & 1 CATAA 1 AEAEOIC jospgh (EO AAO OEAR
“AOAEAE AAO 31 OPOEI T OEOOOA AAOGOEI I AT 1BOOO
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XS@PAANOO &%- Z3EI Ol AGET 1 Oi T AATT &1 O AEA 31 Of

) i o8pQq
[13 {‘1, UU (h’) [13
o —>—> —z7Q
©® Yo & [ON0)
(6Y
>0 O
i EO (o SELEEOOCET 1 OBT AEEAEUVUEAT O
O IO 6AOERI OTEO AAO - AOOART AAOOI CAI
¢ - REO
G 61 1 Of Al
o " AOAT OA /1 AROEI RAEA AAO 001 AAEEODPAOO

=t

30AECOT ¢ AAO 371 OPOET T OEOOOA

3.2 Abaqus FEM-Si mulationsmodel |l f
Sorptionsrechnung von Polyamid 6

$A0 ET AEAOAO ! OAAEO OAOxAT AAOA &%- Z3EI Ol A

1 0A1 1 OAOEAI OAT OiI1 0!'¢9 EOOAANCGAAOERREI @t dOE
Ol $A00AO01I O 3UOOIBI A OAR IEQAEAEH ABOOAT 1 O x1 O/
EOO AEl AOA AgobpAOEI AT OA11 AOi EOOAI OAT 7A00
OAET AO 'i OA 011 AAO 10AI EORO AEAOAO 7AO00A /
I EAEO i ECI EAE AET A "AOAAET OT ¢ Ooi 1 31 0P
3DATT O COAT Al UOA ET AET AO AET UAT T AT " A
+1 1T UAT OOAOEI 1 OPOI £EI AETAO UO AAOAAET AT AA

- AOOAT AEZAEOGOET T OAT AT UOA UO EAAAI AAOOAAEOAOD
ETT UAT OOAOET 1 OAAERT CECAT $EEAAOCOEIT OET AEAEUE

UAEOI EAE OAORT AAOI EAEAI 51 CAAOT COEI T UAT OOA
5{ CAAOT COET 1T UAT OOABGETT xEOA AOO - AOOAAOGAT ¢
AAOAAET AGA +1 1T UAT OOAQEIT 1 OPOI E£EI xEOA T EO

T AAEAI 1T CAT AA 3EI 01 AGET 1 AAO OOAOEOAEATI 3D
: OCOAOODBAEAO |1 AAOCAAAT 8 : EAI AEAOAO 3EI Ol
%l AOOEUEOROOI T ADI A0 jwz-1TADI q £ O AAT AAI

001 AAREEOPAO8 ryh oY S$EA £ O AAT 1 06EZAADO AAO

xAOAAT EI 2AEi AT AEAOAO ' OAAEO TEAEO xAEOAC

ODAOEI AT OAT T A #EAOAEOAOEOEAOOTI C OT A &%Z-

P W



UOO #EAOAEOAOEOEAOOI ¢ OT A "AOAAET OT ¢ OI1 &
oriT 71T A +AOEAOET A 3AI AAT Ah -83A8 ryy 1 AAE
3.2.1 | mpl ementi erung der Massendiffusi ons:s
$A0 UAEOAAERT CECA +11 UAT OOAOQEIT 1 OPOI £EI AAC
AAT  -TAAI 1T AAO - AOOAT AEZAZOOEIT 1T OAT A1 UOAS $

_AEOUxAAEDOI AAEEODAO AAO ' Ai i AGOEA np"! O A
+i 1 OAGO AAO 3EiOI AGEI 1 OO CAAGI ¢ AOOAE !0
| AEOAT i T AAI 1 AAOAAET AOR xAO AAAAGOAOR AAOC
¢ AAO p"1! -AEOUxAAEDOI AAEEODAOO AOOAE UxAE
EOO AETA S$AOOOAI 101 C AEITAG OiiiOO0RT AECAI
OAOxAT AAOAT 1 AEOAI i1 AAI 1 CACAT i AAOCAOGOAII ¢
I AAOA RAEAT OAOERTI OTEO Oi1 mhyxtxiis

| AAET1 AOT BECABPAAOOOAT T 0T ¢ AET AO : AEAETC
- AEOUxAAEDPOI ZEEODPAOO UO AAI ETTAOEATI A A
I AEOCAT I T AAT1T AETAO p"! -AEOUxAAEDOI A&t
$A0 EI - AOOAT AEAAOCOET T OITAAI 1T OAOxAT AAOA
4UPO j$#o0s¢ngq OT A AAOOCAEO AOO NOAAOAOEOAE
701 Al AAogcRT CAT 8 $AO0 OAOxAT AAOGA &%wz. AOGU | «
AOAE &I O AEA 3DPAT1TO1 COAT Al UOGA CAAECI AO Of
1 001 AET A AARAO %l Al AT OOUPAT Q | AAOAET OOEI I Al
- AOAOEAI AAEET EOET 1 AAO &EAEGS OAEAI $ E AL
$EAAOOEI T OAECAT OAEAAOCAT AAAZET EADOBAGBRAIAIL T /
"x o D¥FH, AT@AIOBOO $EAAOOET T OEI AEZAEUEAT OAT AAE
xEOA AETA Oi1100RRT AECA , EOI EAEEAEO AAO 7A

¢ T



xEOA AEA $AZETEOEIT AETAO % AOOEUEOROOITAOD
AAT EOEGCOS $EA 3EI Ol AOETT AOAAEOAO 1 AAO
ET T O0OAT OAT : AEOOAEOEOOAT 8 $AO0 51 CAAOI ¢Oi A2
OAoORrRT AAOI EAEA 2AT AAAAET ¢OT ¢ EI &I Ol oi 1

| ARO&EI RAEA AAO 001 AA AOAGCAPORCO OT A EOO EI
ARO - AOOAT AEAAOCOEIT T OAT Al UGA GPETAMEAAEARD A+ TAH
, EO1l EAEEAEO 11 Oi EA@QOAT AT REeAl OAAQRET AAO CAIEO
%l Al A43008; $EA 1 AOUOA ' OEhA xEOA [T EO (EI £A
) T OAOCOAT A - AOOA AAO EIi 001 AAEEODPAO Oi OEAT A
Yy

4AAAT 1$8RE BBOQET 1T Of AOAOEABOOAREATIGOMguEH+O ol

, Al 8A00¢Ss

$SEAEOOEOEHOU ¢ i|o70Y BPDADOEA3FDDEPOED®Or Z2Y
2 A0EIT I

VBPTULOWWZPT Tt P X ¢ X TUTUTUTT TT TT
PB8TCCONZpoO ocmpyp
T8XTP%ZpOo @TULUULY
PBTYX WT w%Zp ¢ Pwxtop
3.2.2 | mpl ementi erung des Zugmodel |l s:

$EA "AOAAET OT ¢ AAO OOAOEOAEAT 3PATT O COAT AI
xEOA AAO - AOOAT AEEAAOOET T OAT AT UOA T AAECAOAEA
Ol OAOOAEAEAAT 8 $EA AOO AAO - AOOAT AE AA(
+1T 1T UAT OOAQGET 1T OOAOOAEI 61T ¢ ETTAOEAT A AAO p!

(El £ZA AAO &A1 AOAOEAAT A n..#0 j E AOAE AEA | Ef

AAOG :OCii AAI1 i AAOOOACAT 8 SEA %z-i AOIA OI
AET UAT T AT %l AT AT OA EETT AT O i AAO AA] EAxA
+iTUAT OOAOET 1 AAERTICEC CAIAAEO xAOAAT +ove
_AGAOEAI T T AAIT UOGO "AOAAEI OI C OAOxAT AAOS

00i AAEEODPAOO xEOA EI -1 AAI1l AEEQGEAOO O A

00 AAEEOPAOO AET A ¢l AEAEAI AEAAT AA : OCEOAAEOD
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x 8xUui AOA $ AOAAO 3uUC

Oii %l Al AT OOUDP #o0$cm2 no$zZ300AOOOh AA AEA
Oi1 .EOAT EOO8 froh tuwh y¢Y

3.3 Symate Detact System

z A 2 A o~ A

YT TAOEAT A AAO )1 OOEOOOAO EOBQUREBA) WEDOAOB A

$A0 3UOOAI x EOA 11 EAI Al ) T OOEOOO CAEI
. AOUxAOEET ZOAOOOOEOOO AAREQAAEQOORAD ! AR
j6z,!.qh 1 AAO xAiI AEAO AO 1T EO AAT AEOAEO
' AOBOAT ET i1 Ol EUEAOO8 $AO0 3UOOAI EOO i AAO
ot AITT AT ' AOROAT ETTAOEAT A AAO )1 OOEOOOO

(AOOOAIT T AO ARAOGAEOAEAO AAO 3UO0OAI Al O UAT OC
00i AOEOEI T OOUOOAI AT ET AETAI 31 AOO &AAOI O
AT Al UOEAOO AOO 00i UAOOEAOOAT OOAIT AT AA S$A

"AEODPEAI A /E0BHA CoAIVGORIOEA B hiXFDHWZAPEL 2 & 4AOA 8
| AAETI ABT C o8¢ UAECO AET A OOET UEPAAOOOAI I O1
AEA AET CAAOT AAT xAOAAT EETTAI 8 fpp¥Y

| AAEI AODGEULBEBAAOOOAT T OT ¢ | BAIOAREDOAS AOAT |
FppyYS8

$EA AOEAOOOAT $AOCATS AARABAROOARET OADBIOAIADAIAIT

$ AOAT AAT EOQUOOAT AACAT AcO -EO (EI ZEZA +) CAO
3UOOAT ET AAO , AcAl S@ABOBIOEAIC SBPRAGBQEIUO 3
| AAOT AET AT OT A $AOAT T EO ET AEOCGEAOGAI T AT : E/
AEA : AT OOAI EOEAOOT ¢ EATIT AAO 3UOOAI ORI C
AOECATT I T AT A $AOAT UOAET AT AAO ET " Aubc OA
B3UOOAT OEOOAI EOEAOO O0AOAI AOGAOAET A1 1 OOA AODA
AAE OEAT AT 11 xAT AOT cAT O1 OAOOOI OUAT A AET CA
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4 Lo°sungskonzepte

"AE AAO %l OxEAEI 06T ¢ OI1 , EOOT COET 1T UADOAI
-1 TEOI OET ¢OI CAAOT ¢ CEI O AO 1 AEOAOA o001 Al Al
x AOAT Ol EAEAO 001 AT Ai EOO AEA 3EAEAOOOAI 1 O
$ AOAT UO AAT EAxAEIECAT 0071 AAi8 $EAO 1000

OAOxAREOAI AAOAT " AUAEAETI OT C AAO 001 AAEEODAC
CEI O AO CAAECI AOA , EOOI CAT & O AEA 1 O& AE( A
UO AET AAT 8 SEA AOEI AAT AT SAOAT i OOAT EI A

AAOOAEAAO O1 OCAEAI OAT xAOAAT 8 $EA , EOOI COAT O
$AO0OAT UO AET UAITAT o001 AAEEOPAOT xAOAAT ET +

"AOAEOAEAOI ¢ UOI ' OEZAAO AAO 00i AAEEOPAOEATT
180 AAEAOOO OEAE 1 EO AAiI ' AOAiI OETTUADPO AAO
+1 Eil AT AOOOOAOET T AT xAOAAT ET AAT +ADPEOAIT 1
+ADPEOAI 18¢9 AAEAAOOO OEAE I EO AAT OOET UEDE?Z
3O0AOET T Al Ol OAOAET AT AA0O8 +ADPEOAI 18x OTA

+1 T UADOEI T EAOOT ¢ AAO (AOAxAOAZ AUx8 371 AOx
xAOAAT ET +ADPEOAI 18x AEA -ECIEAEEAEOAT AA
$ AOAT AAEAT AAIl Os

4.1 Benennung von Proben und Stati

Sicherstellung der Nachverfolgbar
)T TAOEAT A ARAO -1T1TEOI OET ¢cOi CAADGT ¢ xAOAAT 011
30A0EIT T AT $ AOAI AOECATTiITAT8 311 AEA 30AC
+1 EIl AT AOOOOAOGEITATh 6AOAOAAEDOOI ¢cOI AGAEET Al
. AREEET AET AEAOCOOOAI T AT UbO EETTAT R AT xAl AE.
$AOAT A1 OOOAT AAT OET AR EOO AO 11 0xA1T AEC EA
ETTAOEAT A AAO -11TEOI OET ¢OIi CAAOTI ¢ T EO AETA
OAOOAEAT OIT A AAE AAO -AAOIEOOIOIc¢c OI1T $A

i EOUOCAAAT 8 wET A Oi 1 AEA " AUAEAET 61 ¢ EOO EI
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p8vVAT AT T OT ¢ OIT 00T AAT OT A 3O0AOETT AT O xEA 3¢

AOEATT AAOA )1 & Oi AGETTAT 1 AAO EEOA 1! OO0OAGC
$EA "AUAEAEIT Ol ¢ AET AO 3A1 O1 OOOAOETT 1T AAO A
%El OAOUUAEO TEAEO O1T A AEA '1TUAEI Al 3ATO
| AAOOAEAOAAOh xAOxAGCAT A0 AOOOAEAEAT A EGC
$ AOAT AOA&AI AET A Auxs8 6AO0OAOAAEOCOTI ¢ AAE AAO/
ET AEOEAOCAT 1T UO AAT ATT AT 8

$AO0 "ATATTO1T ¢ OI1T o071 AAEEOPAOT EIIT O EI
-1 TEOI OET ¢Oi CAAOT ¢ AET A AAOITTAAOA " AAAOGO
3AT Ol OOOAOEI T AT AOACATTITATAT +1EIAZ 1T AAO
i1 O0OAT U0 EAAAO :AEO AET AAOOEGC AETAO EIC
xAOAAT EETTAIT8 100 AEAOCAI ' OOT A 10600 EA
AT OOPOAAEAT A 1 AOEEAOO xAOAAT 8 $EA " ATATT(
61 OAAOCOI ¢ 011 $i1 Dbl O1 CAT ET AARAO $AOAT AATE
Ao OelTTO6iiT1T AT A "ATATTOIcOoOml Of UO OAOxAI
- AT OAEAT ¢i AEAEAOI AnAT 1 AOAAO OT A EAT AEAA,

L o~ N oA ~oA

"AUAEAET O1T ¢ jEI &ilCATAAT n3AiDBI A )s$O CAI
%OUAOCOI ¢ AAO 00T AAEEOPAOO OOAOOEET AAT 8 6 A
001 AAEEOPAO 1 AAO AEA $AOAO OAET AO %@EOOAT
$AOAT 8 ' OAE AEAOA OOAOEITROAT $AOGAT Ubi o
AAO %OUAOCOI ¢ AAO 001 AAEEOPAOO T EO AAO 3A

xAOAAT 8 $EAO OET A UOI "AEODEAI ) T &l Oi AC
- AOAOEAI UOGOAI T AT 6AOUOIi ¢ch AOO AAI  AET o001
x Al AEA Al i AOGOEA AO EAOS 001l AAEEODPAO

(AOOOAI T O1 COOAOOAAEOAT O A AAAOOAE AOGAE Al
) 1 OOEOOOAO AT OOOAEAT 8 $EAO AEOGCO AAO 2EOE
"AUAEAET OT ¢ AT OOOAEAT O A 3AIPIA )$O 1EA
Ol OAOOAEEAATI EAEA -ECI EAEEAEOAT AET A Al PDPAI

T 6A0xAT AOT ¢ AET AO UAT OOAT ATl 3AOOEAAO UQG

T SEAEAOOOAI 1 OT ¢ OIT %wEI AAOOEGCEAEO AOOA
1TEAEO xEAAAOET 1 AAOAT - AOEI A1 O EITTAOEAI
$EA 6AOxAT AOT ¢ AETAO UAT OOAI Al 3AOOEAAOL

Of OEAT AAT AT )$ 6AOCAAA 3O0AO0EIT AT Al CAAOAC.
UOOAOI ROOECA " AOOAEAAT AETAG Oi1 AEA]  3AOC

AT OOPOAAEAT AAI . AOUxAOEAOOAEAEAAOEAEO8 " A
OADPOT AGUEAOAAOAT -AOEI AT O EITAOEAI A AAO
UAT OOAT A 6AOCAAA8 %wET " AEODPEAI 514 @A EAITAITU

51T ENOCOA ) ABBDEHBRA®BOIOA O1 OAO AT AAOAI UAEOOOAI

CT



p8vVAT AT T OT ¢ OIT 00T AAT OT A 3O0AOETTAT O xEA 3EA

55) RET A pqguwAEO : AEl EOOh EOO OEA TEAEO AOC

Al1o6rcl EAEAT ' AAOAOAEh ET AAO O0OAQEO 1 EAEO
AAOAEOEAAAT A 3000EOOO AAO 3AIiDPIA )$0O 1 OEAT (
55)8%$ $EA 3AIDPIA )$O0 OT11 AT OixiElI A& O AETAI

)1 A&l Oi AGEi T AT AAOAEOOOAI T AT A1 O AOAE &I O A
OAET 8 $EAOA !''1 &£ OAAOOTI ¢ AAAET ¢Oh AAOO AEA 3
OET A O A AAEAO TEAEO UO OEAT A : AEAEAT AOAxA
%El : AEOOOAI PAI OOAI 1 O AET -AOEIi Al UOO %OUL

ETTAOEAT A AAO " AUAEAET O1 ¢ AAOh xAl AEAO AAI
)$ [ AOEEAOO8 5i AET A $1 DAl AAUAEAET OT ¢ OI 1
Ci AEAEUAEOEGC AT O1 OAOOAEEAAI EAEAT 3 0AO0ETTAI
EAAT OEAEUEAOAT AAO %l AT AT O AAO )$ 6AOCAAA 3C
1 O& AEAOA 7AEOA OET A AOAE Ci AEAEUAEOEC
Ol OAOOAEEAAI EAE8 $AITEO AAO AEOEAO AAOAEOEAA
6 AOxAT AOT ¢ 1 AEOAOAO )$zZ6AOCAAAOOAOEI T AT AOI

"AAAOOOI ch AAOO AEA )$Z6AOCAAAOOAOCEITAT | AA
AEOOAT 1 AT S5EOUAEO OAOAEI CAT 8 S$EA )1 &£ Oi AGET I
AAO -1TTEOI OET CcOi CAXOKIT@EI MAD A A%WI 00 &T O1 ET 1 1
OEAEAOCAOOAIOTOB A ETT 1 EOO ET AAO , ACA AE
AT AGECEAEO Oi1 mnhg¢o . AT T OAEOT AAT AAOUBOOAI
$ O0OAE AEA 6AOxAT AdI Cc OI1T ooOrRAEAEQGAT 1T EO AEAOOC
+1 1 DPOEI EAOOI ¢ AAO )T &£ OI AGETT ET $AOO0O0AI 1T OI
OEAE AET (AT AT ETC AOOAE - AT OAEAT T EO OilAE
AAEAAT -EOOAIT EETTAT 1RTCAOA "AUAEAET O1 CA
xAOAAT 8 wET A - AOGAEET AT 1 AGAAOEAEO AAO 3AI PI A
AET AO i AGAEET AT 1 AGAAOAT #1 AAO OAAlI EOEAOA]
T xAT AGT CO&EAT T 12z#1 AAO AOAE ' OOT A EEOAO xAE
&AET AOOT 1 AOAT U OT A AAO AAT EO OAOAOT AAT AT 1 C
"AOAERAECOI CAT OAOxAT AAO fruph veyY8 S$SEA EI

12z#1 AAO EAAAT AET A &AEI AOOTI T AOAT U OI1T omnbe
OEAE E1T +11 AETAOGETT 1 EO AETAI , AAAl OAAIlI EOE
+1 AOOA@O A1 O AOGAE ET &1 Of AETAO 12z#1 AAO A/
i O - AT OAEAT 1 AOGAAO O1T A &£ O - AGAEET AT AET OA



p3@WAEAADO AAO 001 AAEEOPAOEA

4. 2 Aufbau der Probek®rperkennzei
$EA EIi 2AEIi AT AAO ' OAAEO OAOxAT AAOA 001 AAT
AETAO %wOEEAOOAOh AETAO S$EOAEOAOAAOOAEO .
, AOAOARAOAEOEZEAOOT ¢ OAAI EOEAOO xAOAAT OT A &
Ol OAOOGAEEAATI EAEAT $AOO0O0AIIT OT cOA&l Of AT xEA E

p8 AOOOAT T 6T ¢ AAO 3AIPIA Y$ AT O 12z#1 AA

(8 AOOOAT 1 01T ¢ AAO 3AIPIA )Y$ AT O +1 AOOGA®BC

S.22.01279%a7d2

| AAE1 AOWGQGEERPQ I EO AAO 3AIDPIA )$ ET +1 A«

$EA 3AIDPIA )$ OAI AOGO AAOOCAEO AOO UxAE O0OR

OAl AOO xEAAAOOI AETA : O0AI T AT 6AOUOI ¢ Ol
AAOCAOCOAI 1 68 $EA ooORAE@A O A AAO "T AU OE
AACACOAT UOB

I AAET AOT ¢ 18¢ UAECO AAT ' O&ZAAO AET AO AAEOD

S.22.012799a7d2

AN

1. Prifix: 2. Prafix: ID Body:
S: Specimen * Jahreszahl Eindeutige Nummer
G: Specimen Group erzeugt als Posix
M: Material Zeitstempel kombiniert
B: Batch mit der ID der Vergabestation
O: Other in Hexadezimal

| AAEI AOT QAABQJAAO 3AIPIA )3 AOO 0OR AEEC

Co



p3@WAEAADO AAO 001 AAEEOPAOCEATI

61 1T TETEO TAAE OAAEOO CAI AGAT OOAT1 6 AAO AO
AAO 00T AA TAAO AAO 00T AAEEOPAOO AA8 %O EATI
18p AAOCAOOAI T Oq

4 AAAT T"AA RBOGOT ¢ AAO AOOOAT o0ORAEGA AAO

0 OR A£E @ "AAAOOOIT ¢

3 001 AREEOPAO j n3Ail PI AOQ

001 AAEEOPAO 3A0OU jn' Ol 6POQ
- - AOGAOEAIT jn-AOAOEAI OQ

- AOGAOEAT #EAOCA jn" AGAEO(Q

/ ' TAAO "1 xAT AOT CcOA&RT T A {n/ OEAO

$A0 UxAEOA oORZE@ UAEAET AO AEA *AEOAOQOUAEI A
i O AEA CcOil AA UAEOI EAEA %ET T OAT 61T ¢ AAO 0071 A
$A0 3AIPIA )$ "TAU AAOCOGAEO AOO AET AO +A1T1T 01
: AEOOOATI PAI 8 $A0 oReB® OAIADAT] AODAGA 5EI) 8 : AEC
AOUAOCO8 $AAAE EATAAT O AO OEAE Oi AEA $AOC
SAEOT AAT OAEO AAI p8 *Al OAO pwyxmnm mngmm 5EO 5
ET i DPAEOAO OT A DPOICOAIi il AOEOGAE CcOO OAOAOAAEDO.
AOOGOAT 30AT T AT AEAOGAOG : AEOCOOAI PAT O AOOO EI
: AEOOOAI PAT EI 3AIBPIA )Ys$ "TAU Oi AEA AOOO
- AEOOOAITI PAI Oi AET A xAEOAOA :EEEAO OAOEI OL
(AGAAAUEI Al £ Oi AO AAOCAOOAT 108 fruvoY

$EA EAxAEITECA +ATT101 ¢ AAO )$ 6AOCAAA 30AOQ0EI
OT A EAGAAAUEI AT QEMOEBGOOAIN B OIAT O OAT CAOOAT T O8

6AOCAAA 30AO0EIT EOO AETA /& 00 AOEAT AAR UxA
ETAEOEAOAI 1 AAE AAO ®%ET OEAEOOI C AEIAO ) s
Al DAEAETI O OEAE AEA )1 A& O AGEI T AT  AAO +Al1]
CAOAI I Al O AOAUGAAxAEOAT 8 1| AAEIAOIC 180

Ol OAOOAEEAAT EAEAT %l Al AT OA AAO 3AIDPIA )$ AA

CX
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ID Vergabe Station b

Diese Station hat z.B. rstelltSampleID 3 Sz 01279937d2
die Kennung 01 4 e
P Wird automatisch
A ao h generiert
= 1.Prafix wird vom Stammt aus
Bediener/ der der Kennung der
Bedienerin der ID ID Vergabe Station
: I - Vergabe Station
entral gesammelte Kennungen:
vergeben Wird automatisch
ID Vergabe Station m generiert
Labor 01
Fertigung 02
Wareneingang 03

I AAET1 AO$ £O00BAYI OT ¢ AAO (AOEOT £#O0 AET UAITA
$A0 AOAE AEAOA 7AEOA UOOAI T AT CAOOAI T OA 3AIE
I AARECI EAE AOO UAET 30A11AT8 $EA CAOAI OA 3.
$EAO EOO AETA EI ' 001 AEIi AEATT 11T AE ¢cOO OI1
ET AEAOAO (ETOEAEO AET AT AAOCOI EAEAT 61 OOAT
ARO 3AIiPIA )$ AEAOAO AOOAE AEA O0ORAEQA AE
"AUAEAET O1 ¢ Of £ 0O uUOi OAT AT EETT AT 8

4. 3 All gemeine Konzeptionierung d:i
Monitoringumgebung

$EA Ei 2AEI AT AAO Oi Ol EACAT AAT | OAAEO AODEAC
AOO 1T AEOAOAT %l Al Al OAT ¢

P8BAIDPIA )$ 6AOCAAAOI £OxAOA

¢ OOOEAOGOA +1 Ei Al AOGOOOAOGET T Al

o8 EAEO 1 OOOZEZAOOA +1 EIi AT AOOOOAOGEIT T AT

18 xEAE 721 A1l :¢8uv 51 EOAOOAI POI £ AOA
-EO (EI £ZA AAO -1TEOI OET ¢cOI CAABT ¢ O1 11 A1
00i ZAAGAT q OiI1T 001 AAEEODPAOI UAT OOAT CAOA
Oi OCAEAT OAT xAOAAT 8
51 AETA TECIEAEOO 11 AEAT11TOA -AAOXxAAREODI ¢ /
OEAEAOUOOOAT T AT h xAOAAT O1 OAOOAEEAAI EAEA
cu



PpIYPWOOAEAOOA +1 ET AT AOOOOAOBGET T AT 1

orOi 1 EAE AAOO ET OOAT 1 EAOOA +1 EI ATl AOOOOAOET 1
OAOx AT AAOS $A0I AAO EEEADD2IxEHADPE;, dEd A

51 EOAOOAI pOiI £ AOAEET A TEO ET AEA -11EOI OEI
T AAE ! AOAEI 600 AAO ! 001 AcAOOT ¢ AAO o0oOIl AAl
EAxAEI ECAT 001 AAT AOi EOCOAT O xAOAAT 8 : OOROUI

| AEOAOAT #1 1 POOAOT OAOxAT AAO xAOAAT EATT 1E
18p OIT A 18¢ AAOAEOEAAAT AT 001 AATEROANBEAET (
3UOOAT 1 AAOOOAGCAT 1 AOOAT 8

4. 4 Ortsfeste Klimamessstationen (
&i O AEA -11EOI OET ¢Oi CAADOI ¢ xOOAAT OEAO £EAO
AAOOECCAOOAT 1 68 $EAOA 30AO0EIT AT xAOAAT 1 AAE

$EA 1T OOOAEAOOAT 4AOIETAI O OETA A£AOO AT AETAI
AOACAOOAI 1 68 51 OAO 6A0OxAT AOT ¢ AETAO 3A1 01 0O
Ol A AEA OAlI AGEOCA |, O &ZAOAEZAOCAEOEGCEAEO AAO 51 GA
AT OOOAT AAT AT $AOAT 1 AAO AETA EAAAI CAAOT AAI
$ AOARAOOOAI | AAOI EOOCAI 68 $AO0 1 O0OOAAOOA 4AO0I E
#1711 bOOAOh AET AT 47 OAEOAOAAT h AETAI 471(z3A1C
OT A AETAO 3AAT AET OEAEOOI ¢8 -EO AAO 3AATAEI

+ADEOAI 18p OT A 18¢ AAOAEOEAAAT T EO 3AIDPIA
4RO ET A1 AT GCAI Al AAO xAOAAT 8 $AO 4AO0iI ET AT 1A
AT CAT A1 AAGAT GAIOCARDOABAT AADEA $AOATI AAOOOACGH
xAT1T AEA 001 AA Ai 4AOiET AT xEAAARO AACGAI Al
AT AT AGT ¢ 1 ROOO OEAE | AAO AEA 3AAT AET OEA
AAT OOUAOAOAOT Al EAE OAAI EOEAOAT d $EA T UAEI
4RA01I ET A1 AT GCAI Al AAO xAOAAT EETTAT R EOO OIfA
: OOAOI ROOECEAEO AAO CAxi1T1TAT AT $AOAT Oi111 OA

AARO T OOOAEAOOAT 4AOI ET AT O OAEAOOEC CAIl AcA0O
AEA -ECIEAEEAEOh 0071 AAT AT 01 ROUAT AT AAT
I ACAOT UG i AAROxAAEATh TETA AETAT coOinAl - AE
"AOAEOOOAT 1 O1 ¢ AAO 3A1T Ol OOUOGOATI A UO AAOOAE!
OEAE AAOITTAAOO £ O o001 AAT AEA 1 000&EAOGO AOQD
4 0AT OEAOUAEOAT o1 AETAI 1 AARAOxAAEOAT |, ACAC
, ACAOT OO EAAAT 8



patil i 1 OT EEAOET T OETTUAPO AAO -11EOQI OET ¢cOi ¢

4 .5 Ni cht ortsfeste KIimamessstat
%OCRT UAT A UO AAT 1T O0OO0O0OEAOOAT 4AO0I ET Al Oh xAO
AT OxEAEAT 6 O A AOACAAADLBOR AEA OEAE AOOAE I
A AT i OOO0EAOOAI +1 Eil AT AOOOOAOGEIT 1 A1l 61 OAO
4A01 ET AT OO0 CATAT1 0608 S$EA 1T TAEIT AT 4AO01I ET Al (
| O&ACAAAT xEA AEA ET +ADPEOAI 181 AAOAEOEAAS
AET AT AT AAOAT 11 xAT ABT COUxAAE AAOOEIiI i Od - E
AEA %OEAOCOBI ¢ OiI1T +1EIA $AOGAT 1 AAO 1 RTCAO

xAOAAT EETTAT8 "AEOPEAIA A& O Oi1AEA 6AO0OA
ETTAOEAT A AAO )1 OOEOOOAO AOOAE O OAOOAEE/
- AAOxAAEAT AAO +1 EI AARAAET ¢OI CAT ET 2ROI 1 E.

4A01 ET Al UOO 6A0A&I ¢COT ¢ OOAEOB8 : O AEAOAI

| AAO AET A EAAAT 1T OA . AOUxAOEOAOAET AOT C | 72
OEA AEO UO OEAO 3001 AAT AAOOEAAAT xAOAAI
. AOUOAEI O EATT AAO ' EEODPAAE xEAAAO AOEAGA

4A01 ET A1 O AOAE AAOAOEAAZO AAOOEAAAT xAOAAIT 8

4. 6 Kommuni kationskonzept der Moni
dem Detact System

7EA ET +APEOAT 180 AAOAEOEAAAT R OET A O1 OAC
-TTEOQOI OET cOI €AADIBGBOKBAOEODO ET AAO , ACA i A
3AET EOOOOAT T AT $AOAT UO Al bEANT®CHAT 5heTp%p! Y 8

%OOT I AD 1 xT00FTuvwh 1ADABeZyp¥B IEARL '-T1IMEA A O]

ARO -1T1TEOT OET ¢Oi CAAOT ¢ AROATBAAITATA O A ARQEA |
AA-O14z420 O1T OT ET 11 08 $EA % OOAEABRAGAQAE QOAEAOC
' OO0T A AAO xAEOAT 6AOAOCAEOOI ¢ch G¢OOAO 51 0AO
OEAI AT 01 AOOA&I OI AT fpcys8 : 0 AEAOAI : xAAE

x Al AEAI- 1AZOT E%DI E-BIOON QE OOA OOEAAAT xEOA8 %E
"AOAEOAEAOT ¢ EEAOUO EOO +APEOAT ¢8¢ UO AT «
AAT AET UATT AT 30A0EITATh AKAOARIDBOROEIT GAAIOC
AAO14z40 O1 OT ET 11 AoEi 1 ¢cO 1 AAO AEA O OEAT AR
YT OOEOOOAOS YT TAOEAT A AAO . AOUxAOEET £O0AO
AECAT O £ O AEA +1 i$iIADABRRYODRAIIT AICEET ADAIOUOAOD

" AOROAh ABAOAEOOGARIT ET 11 &1 EUESDBAAKD,I'Ii.ChOAT

O1T OAO 6AOxAT ART BAOCE BOAOD® A AIAODYFIA O@i-1t #2721 AO,
UOCAXxEAOAT xAOAAT 8 $A0Ii AAO EET AOO CEAO AQ
$%4! #4 3AOOEAA 3A0 ) AAT OEHEGOAD, 33) $ADI AELD

omn



pail i i OT EEAOEI T OET T UADO AAO -1 1 EOI OET ¢Oi CAZ

I AAET AOT ¢ 181 OAOAT OAEAOI EAEO AAL 142AAAO AA
"Ol EA®O [T EO AETAO "A1 OOUAOAOOEAT OEAEUEAOOD
- AT EDOI AOETT O1I1T AOnhAT AOOUOOAEI EAnRAT 8 $0O
OAT A 2 O I EGCIEAE OAI AOO AT OxEAEAI
OT A ! $ AAERAWDO EA IA EDEVO@RAI B D AITT ¢

Institut Netzwerkinfratruktur

Station 1

Station 2

Detact V-LAN

MQTT-Broker

| AAEI AO$ £008AHI OT ¢ AAO . AOUxAOEET £ZOAOOO!

4.6.1 Form der Kommuni kation ¢ber das MQTT
$EA O11T AAT O1 OAOOAEEAAI EAEAT 30A0EIT AT AC
-144A17 SPAODABODOOAI | AAOOOACAT 8 "AE AAO - AA
OAOE ££AT 01 EAEAT AEA AEDUERBPRR 33AABBERERD ADd
AT PE)DOT ARAET AOPAOO8 S$EAGA 3 MAERE A/GDEMNACN .HIO/
&1 O AO OT A AAET EAI OAHABAABOGAMIOAIT AA O\CEQRA CARTT A

oOiiT1TAi8 $A0 *3/. &I OiAO EOO EI 1TAEAUO Al 2
AOGAAI EAOO OT A &I O AEA -AARAOOOAcCOI ¢ OiT $AOA
OAOAOCAEOAD ruop7z9AHATBRGAGNA ATAADAGOOAT OA . AA
i ET AAROOAT O AEA &I 1 cAT AAT AOAE 3AEI i OOAI 1 EO

T

Ai bl A ERAT T 01T ¢ AAO 001 AAEEODPAOOh AAI AE.
ET A

O
UOGCAT OAT AO O
66 A -

8
T OOAOET3IOABHI T h AT AAO AEA 001 AA AT CAI Al A,

op



patil i 1 OT EEAOET T OETTUAPO AAO -11EOQI OET ¢cOi ¢

AOET AAT EAOS
T OEi AOCOAREDDPOT EO UO AAI AEA $AOAT AOET AA
--29999 EEZIiTzZ00O

$EA ' AAEI AOT ¢ 180 UAENXKHS ADAT OAQUERG O ARET A
ITTO0xAT AECAT 3AEI I OOAI ¢ 7A00Z0AAOA AT OERI O
EOO TEAEO AAGCOAT UOSB

}
| AAE1 AO$ £O00BANYI OT ¢ AAO AOAE 11 OxAI3NECAT 3A

&I Of AO8

$ADAOAZOO0AI 4EDBDOOEAAET AODOOEAADETI BEADO Ol
DAl AcO OT i EOOAT AAO 1T AAE 6AOEAAZAT O1 EAEOI ¢ A
. AAEOEAEO A1 OEAI OAT AT $AOAT ET AAO 3UOOAI
+1 i1 OTEEAOETT EOO ET ! AAEI AOI C 189 AAOGCAO
AOAE CAT AT 1 OAT 3AEI I OOAT ¢ 7AOO0Z0OAAOAT | AA
TEAEO AACOAT UOh A&AOAE AAEETI EAOAAO OFT A AA
AT OODPOAAEAT AAT 1 AARAOOOACAISAIOABBDOARROADI ADAL
AREATT O OAET h xAOxAGCAT OEAE AEARAOCOAAGECAIAEA
AET &I ACAT 1 AOOAT 8

oG
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— Detact V-LAN innerhalbder

Klima Terminal 1 Instituts Netzwerkinfrastruktur

Klima Terminal 2

Klima Mobile 1 =-—[

Payload im
JSON Format

Zwick/Roell Z2.5

ID Vergabe Station

4.7 Konzeptionierung der Har dwar e

)1 TAOEAT A AEAOGAO +APEOAT O xAOAAI AEA Al
(AOAxAOAET T UAPOET T EAOOT ¢ AOIROOAOOS $EA

ETT OOOOEAOOAT +1 EI AT AOOOOAGEI21AKID A AQRCA ATo E A
%ET DI AOET AT AT 1 pOOAOT AOOOAI 1 68 $SEAO AOIECIE
ET EA 6AOEAAEI EORO AAO UO OAOxAT AAT AAT : OAARE
7AREOA AOAE T ECIEAE AAO '1z O1T A 1Al Al AAT AAO
OEA 3AAT Ol OCAT ¢ AEOAEO T EO ET AREAOBRAMIOGUOOO0A

OE#1 1 POOAO CEAO AO AET A 6EAI UAEI OAOA& GCAA
$1 EOI AT OAOEIT AAO 3UOOAI Ah O1T xEA AET A COI nA
7AT1T T ECIEAE OiT10RAZ&ON AXA@DARIOK OARDEAT q OAI A

xAOAATh AA AAE AEAOAT O11 AETAO CACAAATAI
EATT8 $A0Ii AAO EET AOO EOO AO xi1OAEAT OxAOO
"ET AOU 51505300 |1 ACRAADDPAROABRADROA AOEAE /
' OO0T A AAO ET EAT 6AOAOCAEOOT ¢ o#OAE Al rA@diy a8 OF

OAOAAOGOAI (AOAxAOAOQAEI A Oil1AIl OAO&I CAAO
. AAEA&EI 1 CGAT A xAOAAT AEA (AOAxAOADI AOOAE Oi Al
AAO -1T1TEOI OET ¢cOi CAAOT ¢ OPAUEAEUEAOO(4

91 000EAOOA 2AO0OPBRRAIOOLEDE 4) OAEAEODI AU [
5 O0A0OET OAOEAAAR +AT AOA &I O AAO 3AATTAT <
47 ( AT 01T O &£ O AEA %OAAOOOT C O11 4 R
, OEOZEZAOAEOECEAEO8 $AUO AET A 61 OOEAEOOI C
CAOAAAT |/ AAOAEI RAEAT 8



paol T UADOET T EAOOT ¢ AAO

T I TAETA 4A0RBPAROQU OEEOQ: AQT : AET AT $ EOF
I OOCAAA O11 " AT OOUAOET &£ Oi AGETT AT h | EE
AETAT a471( 3ATOI O £ O AEA %OEAOOOT ¢
, OEOEAOAEOECEAEODO8 &i O AEA ' AxREOI AEOOC
OET A AEA 1 AEOOOI COOAEXxRAEADADPAAGBAAAR O0 K
: AOTGO OCAOAEAT 8 $A AAOAT 2AAEATT AEOOOI
AAO 3AATTAT AAO 00T AAEEODPAOCAOGEEAOOAT A
OT A 6AOxAI OAT AAO AT CAi Al AAGAT o001 AA’
OAAT EOEAOQOS
T : xEAET21 Al 1 . ¢ 8 51 EQKBOAI BOREAANAEL,
- AOAEET A EOO bDOI POEAORO OkxBAEMAQOAE I A
Ol OCACAAAT 8 $EA -AOAEET A xEOA | AAO
4RO0APAADO RE) AT e® AAAEAT 08 $AO0 AAOAE
7ET AT xO xEDA i EO AETAO UdorOUI EAEAI
-1TTEOI OET ¢cOi CcAAOT ¢ AET CADPA&EI AcOs
T)% 6AOCAAASEBAQEIHOAIADPA £ O AEA ) $z26A0C
AEOOAT T AT 7ET AT7<€ED ABIOBAHOAT ADEO OAOx AT A
$EA CAT AOGAT 3PAUEELZEEAOQCEITAT AAO (AOAxAOA C
xAOAAT ET +APEOAT v Oi £AZRT1 CI EAE AAOAEOEAAAI

4.8 Konzeptionierung der Softwar e:
&i 0 AAT " AOOEAA AAO -1T1TEOI OETI CcOI CAADI ¢ x4
2AEI AT AEAOGAO ! OAAEO T EO AT OOPOAAEAT AAO
AEAOGAT +APEOGAT AAOAEOEAAAT AT 31 £O0xAOA EAI
Al 1T cAl AET Al "AOOEAA AARO (AOAxAOA 1 EOE
$EAT OOPOI COAI T AR OITAAOT OI AEA £ O AEA v
| AAOOOACOT ¢ AAT EOECOAR AECAT O AT CAEAOOECOA
AECAT AO 31 £OxAOA OAOOAEAT ¢

T 1 0O00FEAOOA 4AOiI ET AT O

T I TAET A 4AO0I ETAIO

T £ O I TAET A 4A01 ERAI4UBAARIOEOECOAD

T : xEAET2tA801 AT CATGAEATT0GBDAT- A OOAAET AO(Q

T)% 6A0OCAAA 31 £AOxAOA

~ A A

1 0O& ' O0T A AAO O1 OAOOAEEAAI EAEAT h UO OAOOI



paol T UADOET T EAOOT ¢ AAO 3°

OEAE Al AEA 31 £O0xAOA AAOAEOO ET AAO +11 UAHY
O1 OAOOAEEAAT EAEAT 01 AOGOAI O AT OAOxAT AAAO EC
AETAO CAAOROAEI EAEAT OT A 1 AEAEO OAOOORT Al EA
OEA AOAE Ei . AAEEETAET DOTATAITTO 011 $0EOO
CAxRBREOI AEOOAT h xEOA &I O AEA %l OxEWERION ¢ AA
UOOI AECACOEAEAZEAT 8 S$SEAOA 3DPOAAEQR DAEOCET | EAO !
CAOAIT OAT 31 £ZOxAOA AAO -1TTEOINORAIIEACABODC O
EET CACAOGRAAIOA E WAROEARIBO AEA UOOUAEO Al xAEOA
ET OAOPOAOEAOOA 001 COAI T EAOODPOAAEAR AEA Oi £
31 £OxAOA xOOAA O AT OxEAEAI Oh AAOO OEA Ot

Il OAAEOOCAAI ROAA ET OACOEAOAT 1 ROOCOS8

4. 8.1 Mul tithreading Ansat z
)T OAAOT 1T AAOA AEA £ O AEA +1 EI AT AOOOOAOET T AT

| OACAAAT CIl AEAEUAEOEC AOAI 11 Al d $AO AAET EAI
CAIl EAEAOOAT +1 Ei ARAOAT R AAO %OEAOOA] Oi1 00
40AT ODI 00 AAO- $40AT 00 EODAOGDI ' 00T A EOO AE

- 01 OEOEOAAAET ¢cOi CAAOT ¢ ETITUEPEAOO8 %ET EAOA
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pyQT Signal (Data) Worker Thread 1
- running long task

pyQT Signal (Data)

Main Thread pyQT Signal (Data)

pyQT Signal (Data) [ Worker Thread n ]
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5 Aufbau der Monitoring U

$EAOAO +ADPEOAI AAEAT AA1I O AEA " AOAEOAEAOI
AOOOAT 1 OAT +11 P11 AT OAT ET (AOAZ OT A 31 &0
%l Ai AT OA ET (AOA OT A 371 Z£OxAOA AAOAEOEAAAT ¢
I AAO 1T AOGCET AT A ' OEACAAAT Ao 11 AT xAOAAT TE
OET A ET AAT $AOAT Al ROOAOT OFT A 10A1T1 AT AA 3
: 0 "AcCeEllT xAOAAT ET +ADPEOAI uv8p 31T £ZO0xAO/
AT OxEAEAI OAIl +1 0 DI 1T AT OAI i AEOEAAE 6AOxAIl
"AOAEOAEAOI ¢ AAO +1 EIi AT AOOOOAOETT ET +ADPEC
i EO AAO "AOAEOAEAOT ¢ AAO ET AEA -11EOI OEI
51 EOAOOAI POiI A AOAEET A8 ! AOAEI EAnRAT A xEOA E
AOIl ROGOAOOS
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MQTTPublisher

MQTTSubscriber

- Client_Name :str

- mqtt _Broker:int

- mqtt Port:int

- maqtt _Username :str
- mqtt_Passkey : str

- Mqtt_gos:int

Client_Name :str
mqtt Broker: int
mqtt Port:int
mqtt _Username :str
mqtt_Passkey : str
Mqtt gos:int

~_init_ ()

- return_Client Name()
- return_mqtt_Broker()
- return_mqtt_Port()

- return_maqtt_Passkey()
- return_mqtt_qos()

- on_connect()

- publish()

- return_mgqtt_Username()

__init_ ()

return_Client Name()
return_maqtt Broker()
return_mqtt_Port()
return_mgtt Username()
return_maqtt_Passkey()
return_maqtt_qos()
on_connect()
on_message()

run()
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5.1.1 Gemei nsame El emente der Mai n-Thr eads

Stationen innerhalb der Monitoringumgebu
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5.2.2 Software der ortsfesten Terminal s
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Temperature_Signal(str)

relativHumidity Signal(str) t TempHumSensor
Fragt kontinuierlich den
SHT31 Sensor ab

Heater_Signal

t_QRCodeScanner

Code_Signal(str) Wertet kontinuierlich das

Ty
Main Thread Kamera Stream aus und

detektiert QR Codes
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QThread

F

TempHumSensor

- wait_time:int

- heater_status: Boolean
- heater_intervall :int
-is_running: Boolean

__init_ ()
- stop()
- run()
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>

>

Start

loopcount = 0

get Temperature
get Humidity

v

emit Temerature_Signal
emit Humidity Signal

if Heaterstatus & loopcount ==
Heaterinterval

start Heater

Y

emit Heater Signal

sleep(wait_time) €
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QThread

F

QrCodeScanner

- vs:VideoStream

- Is_running: Boolean
- _init_ ()

- stop()

- run()
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>

>

<

get frame from VideoStream

v

resize frame width = 400

¥

decode Barcodes with pyzbar

%@ N

emit Code_Signal(str)

more Codes

found

J
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PublishMultipleData

- is_running: Boolean

- init_ ()
- stop()
- run()
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5. 3 Mobil e Ter mi nal s
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mobiles Terminal 1

"~ mobiles Terminal 2

Android Gerat Steuel

mobiles Terminal n
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System
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Temperature_Signal(str)

Fragt kontinuierlich den

relativHumidity_Signal(str) t TempHumSensor {
SHT31 Sensor ab

Heater Signal

Online_Messanger
Schreibtin regelmaRigen
Abstdnden auf MQTT, um
zu signalisieren, dass die

Station online ist

t_SpecimenRegistraiton
Wartet auf MQTT

Messages mit neuen
Sample IDs

New_ PKID_Signal(str)

Main Thread

Button_Monitor
Uberwacht den Taster fiir

das Umschalten der
Displayanzeige

Bat_statt_Signal(str) ‘
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QThread

BatMonitor

- is_running: Boolean

__init_ ()
- stop()
- run()
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4:40PM G ¥ G e
Probenmonitoring
Server IP: 192.168.178.53 Server Port: 1883

Username: detact Password:

RESET CONNECT

(O Mobile 1. C Mohile 2 O Mobile 3 O Mobile 4 @ Mobile 5 Mobile 6
O Mobile 7 O Mobile 8 O Mobile @ O Mobile 100 Mobile 11O Mohile 12

@ Terminal 1 O Terminal 2

Battery: 79.3%

S.22.012799a7d2

Status Messages shown below:

28/10/22_16:38:16: trying to reach the Server at 192.168.178.53. Please wait...
28/10/22_16:38:17: Server 192.168.178.53 is online.

28/10/22_16:38:17: Connected to the tcp://192.168.178.53:1883 MQTT Broker.
28/10/22_16:38:35: Mobile 2 has been chosen as active station.
28/10/22_16:38:41: PKID: S.22.012799a7d2 has been scanned.
28/10/22_16:38:44: Message S.22.012799a7d2 has been published in Mobile 2/
PKID.

GO TO DETACT

-
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AppCompactActivity

MainActivity

+ +

multiple GUI Elements of different types

default IP_Address: String
default_Port: String
Default MQTT Broker: String
Default MQTT_User: String
Default MQTT PassKey : String
IP_Adress : String

Port: String

MOQTT Broker : String

MQTT User : String
MQTT_Passkey : String

PKID : String

actual station id :String
reachable: Boolean

onCreate()
onActivityResult()
mqtt_connect()
mqtt_publish_message()
mqtt_subscribe topic()
online_status()
startPing()
Restore_default_values()
apply _changes()
start_online_monitors()
get timestampl)
openWebURL()
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AppCompactActivity

]

QRScanActivity

+ mCodeScanner: CodeScanner
- Code: String

- startScanning()

+ onRequestPermission()
- onResume()

- onPause()

I AAET AOTICOEBAG JARAD3IARPROAAEOBAY Z$SEACOAI I 8
$A0 ET +APEOAI t18y8p AAOAEOEAAAT A - 01 OEOQEO
AOOAE! TAEA ARCAOWAI AOOMOE EOEAO0O8 %O OO0AT 1 O AE
AET ZEAAEAT 11T xAT AOT ¢ &I O AEA +1 AOOGAT 4EOAAA
50A0 )1 PDBADPEAEAOAOO COUOAGIGE BETAMMAIIST AAOA £
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x EOA81 283EAMAT | AIDEDEOHAO AET A CAOAATT OA 3AI DI/
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OEAE AAOET h AAOO AEA 4EOAAAO cCci AEAEUAEOEC |
Il AOEOEOUO EOO 100 AEA CAOAAA EiI &I EOO OOAEA
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Threads

Connection_Check_IP
SEIHYBLIWFEACLIRENGHILEN  Uberpriift ob die fiir den

Broker angegebene IP
erreichbar ist

Activitys

MQTT Client
Behandeltalle MQTT
Funktionalitdaten

erhaltene MQTT Nachrichten

Sample ID
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5.4 Zugpr¢fmaschinen Zwick/ Roel |l .
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5.4.1 Hardware der Universalpr¢gfmaschine
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Directory to Watch: C:\Users\ennoh\Documents\Test
Broker: 172.20.115.128
Port: 1883
Username: detact
Password: detact#1234

filemonitoring started
open readme

leave Application
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Messrechner

’__________________\

\
TestExpert Il Z to D Software L' e1nF Message Detact System
|
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Messdaten
Priifmaschine

Zwickiline Z2.5
Steuerung
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\ \Export_Verzeichniss J
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New File Signal(str) t__FileParser
Uberwacht
Exportverzeichnis

File_Path_Signal(str)

ProzessExcelSheet

Finished_Signal Liest alle benotigten

Main Thread Daten aus der Excel

Tabelle
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QThread

F Directory changed
FileParser « QFileSystemWatcher

- directory_to_watch: String

- init_ ()
- directory _changed()
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QThread

F

PublishData

- is_running: Boolean

- init_ ()
- stop()
- run()
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5.5 I D Vergabe Software
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5.5.1 Hardwareanforderungen der | D Vergabe
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5.5.2 Beschreibung der I D Vergabe Software
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@3 1D Vergabe Tool — O
Art des Priiflings wahlen: S: Specimen v | [sample_id: S.22.0127a52728
: 2 station_id: 1D_Vergabe
Label Size: medium v

timestamp:  07-10-22_11-28-08

S.22.0127a52728 Spect None

S_Spec3: None

S5.22.0127a52728

Generate Sample ID Parameter Value

edit selected Para update Parameter

Print Label add Parameter remove Parameter

I AAET AOT"QQABBEoEpaAEA / AAOAI BAEA AAO ) $Z6A

Main Thread
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: AEOOOAI PA1 A1 O 300EI ¢ UOOI AES

Start

Generate timestamp with time.time()

cut of first digigt of the timestamp

convert timestamp to hex and
remove "0x" Prefix

return modified Posix timestamp

Ende
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6 Experimentell e Versuchs
und FE-Berechnung

: 00 6A1l EAEAOOT ¢ AAO EITI AAABEEGAGT AGEd 1 0OA & ARD
AEA 371 OPOEIT T OOAAET O1T ¢ OI1 0! ¢ 001 AAREEOD
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AAROAAET AGAT $AOGAT 8 )1 +ADPEOAI o81 xEOA
Of OCATT i1 AT S8
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6. 2 Versuchsaufbau und Durchf ¢hr uni
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