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Programming the Factories: As-is State

#elif CLIENT_HBW
if (msg->get_topic() == TOPIC_OUTPUT_STATE_ACK) {
SPDLOG_LOGGER_DEBUG(spdlog: :get("console"), "DETECTED state ack:{}", msg->get_topic());
std::stringstream ssin(msg->to_string());
Json::Value root;
try {
ssin >> root;
std::string sts = root["ts"].asString();
SPDLOG_LOGGER_DEBUG(spdlog: :get("console"), " ts:{}", sts);
if (ft::trycheckTimestampTTL(sts))

hbw_.requestQuit();

} catch (const Json::RuntimeError& exc) {
std::cout << "Error: " << exc.what() << std::endl;

}
SPDLOG_LOGGER_DEBUG(spdlog: :get("console"), "OK.", ©);

} else if (msg->get_topic() == TOPIC_LOCAL_SSC_JOY) {
SPDLOG_LOGGER_DEBUG(spdlog: :get("console"), "DETECTED joy:{}", msg->get_topic());
std::stringstream ssin(msg->to_string());

Json::Value root;

try {
ssin >> root;
std::string sts = root["ts"].asString();
SPDLOG_LOGGER_DEBUG(spdlog: :get("console"), " ts:{}", sts);
if (ft::trycheckTimestampTTL(sts))

ft::TxtJoysticksData jd;

jd.aXl = root["aX1"].asInt();
jd.aYl = root["aY1l"].asInt();
jd.bl = root["bl"].asBool();

jd.aX2 = root["aX2"].asInt();
igE;z==r;gz'f[bgvﬂsgzﬂfg) 6—12 Embedded TXT Controllers

hbw_.requestJoyBut(jd);

SPDLOG_LOGGER_DEBUG(spdlog: :get("console”), " 1:{} {} {} 2:{} {} {}", jd.ax1, jd.av1, jd.bl, jd.ax2 b 1 C++ appllcatlon / ContrO”er
}
tch t Json::RuntimeError& 1
baxe izg??couioi "::r;r:‘:a 'r:rS: e::'.:tl'hgt() << std::endl; ® 2 hard-WIred processes
}
SPDLOG_LOGGER_DEBUG(spdlog: :get("console"), "OK.", @);

} else if (msg->get_topic() == TOPIC_LOCAL_VGR_DO) { . . . o
SONI NG | NGAFER NERIIG endlne: roat("rAncala™)  "NETECTEN ver da: 1" mea-seat +anicl)\)- https//qlthubCom/flschertechnlk/txt tra|n|nq factorv
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«Programming» the Factories: To-be State

{ B Camunda Modeler - o X
D-2 BB 90| @ «- N
¢ ECSAExampleProcess2.bpmn x production_process_remate.bpmn X burn_proc.bpmn x burn_process.bpmn x burn_transport.bpmn X color_process.bpmn X production_process.bpmn X )
|

SInMHg SngMn Pkpd
Calibrate VGR WTTuanspol fransport to sink
Production ended

Properties Panel

| [ ] { ] [ ] ' { """"""""" Qoe— Execute via Camunda Platform
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| Start Productio }::F J 8 I !
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The Journey

telif CLIENT_MBW [
“ " if (msg->get_topic() == TOPIC_OUTPUT_STATE_ACK) { |l camunda Modeler - O X
SPDLOG_LOGGER_DEBUG(spdlog: : get("console”), "DETECTED state ack:{}", msg->get_topic());
std::stringstream ssin(msg->to_string());
Json: :Value root;

try { O-=2 B = [ N L » -
ssin >> root;
std::string sts = root["ts"].asString(); ¢ ECSAExampleProcess2.bpmn X production_pracess_remote.bpmn X burn_proc.bpmn X burn_process.bpmn X burn_transport.bpmn X color_process.bpmn X production_process.bpmn X 4
SPDLOG_LOGGER_DEBUG(spdlog: :get(“console™), * ts:{}", sts);
if (fti:trycheckTimestampTTL(sts)) |
{

hbw_. requestQuit(); L ﬂI'l
) -
} catch (const Json::RuntimeErrord exc) {

std:icout << "Error: " << exc.what() << std::iendl; \
: ||l # f=) ) ® @ 0Co
SPDLOG_LOGGER_DEBUG(spdlog: : get(“console”), "OK.", @); '

H [ *Pickup and
} else if (msg-»get_topic() == TOPIC_LOCAL_SSC_JOV) | Enter Color Calibrate HBW Calibrate VGR U"‘f‘?v\'fmm Q.[ transport to
SPDLOG_LOGGER_DEBUG(spdlog: : get(“console”), "DETECTED joy:{}", msg->get_topic()); ‘

v

:/‘: @ Oven
std::stringstream ssin(msg->to_string());
Json::Value root;
try {

Start Production

ssin >> root;

std::string sts = root["ts").asString();

SPDLOG_LOGGER_DEBUG(spdlog: :get("console™), * ts:{}", sts); |
if (fr::trycheckTimestampTTL(sts))

{

Properties Panel

O £ kel © T T )
Start Milling Sorting Machine Pickup and
Calibrate VGR OV Bum WT Transport Machine sort transport o sink

J Production ended

fr::TxtloysticksData jd; |
X1 = root[“ax1").asInt();

.a¥1 = root["a¥1"].asInt();

bl = root["b1"].asBool();

jd.ax2 = root["ax2"].aslnt();

jd.a¥2 = root["a¥2"].asInt();

jd.b2 = root["b2"].asBool();

hbw_.requestloyBut(jd);

SPDLOG_LOGGER_DEBUG(spdlog: :get("console”), * 1:{} (} {} 2:{} {} ()", jd.ax1, jd.av1, jd.bl, jd.ax2

} catch (const Json: :RuntimeErrork exec) { |
std:tcout << "Error: " <c exc.what() << std::endl;

}
SPDLOG_LOGGER_DEBUG(spdlog: :get(“console”), "OK.", @); Diagram XML
} else if (msg-»>get_topic() == TOPIC_LOCAL_VGR_DO) {

Log
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Number Function Input / output Master

1 Photo-transistor external |

2 Photo-transistor internal 14

3 Reference pushbutton horizontal 15

4 Reference pushbutton probe arm rear [

5 Reference pushbutton probe arm front 17

6 Reference pushbutton vertical 18 TXT-Controller 2
7 Encoder horizontal Cc2

8 Encoder vertical C4

9 Motor conveyor belt M1

10 Horizontal motor M2

1" Motor probe arm M3

12 Vertical motor M4

from https://www.fischertechnik.de/-/media/fischertechnik/fite/service/elearning/lehren/lernfabrik/fabrik 2019 englisch neu.ashx

Hardware </
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The Embedded TXT Controllers: Software

rm‘mnv! LA
TXT-8003 ‘05:1:!‘

m |
telif CLIENT_HBW
if (msg->get_topic() == TOPIC_OUTPUT_STATE_ACK) {
SPDLOG_LOGGER_DEBUG(spdlog: :get("console"), "DETECTED state a
std: istringstream ssin(msg->to_string());
Json::Value root;
try {

", msg->get_topic());

ssin > root;
std::string sts = root["ts"].asString
SPDLOG_LOGGER_DEBUG(spdlog: :get ("¢
if (t::trycheckTimestampTTL(st,
{

o)t s}, st);

hbw_, requestQuit

catch (const Json::Runtis
stdiicout << "Eg

roré exc)
" << axc.what() <c std:iendl;

pdlog: :get("console”), "OK.", @);

) == TOPIC_LOCAL_SSC_JOY) {

(spdlog: :get("console”), "DETECTED joy:{}", msg->get_topic());
in(msg->to_string());

std::string sts = roof
SPDLOG_LOGGER_DEBUG( spdl
if (fti:trycheckTimestampTTL

2] asstring();
et("console”™), " ts:{}", sts);

ft::TxtloysticksData jd;
jd.aX1 = root["ax1"].asInt();
jd.av1 = root[ .

jd.b1 = root["
jd.ax2 = root["ax2"].asInt();
jd.a¥2 = root["aY2"].asInt();
jd.b2 = root["b2"].asBool();
hbwi_. requastloyBut(jd);
SPDLOG_LOGGER_DEBUG(spdlog: :get("console”), "

1:4} } 2:{) {1 {}", d.ax1, jd.avi, jd.b1, jd.aX2

}
} catch (const Json::RuntimeErroré exc) {
std::cout << "Error: " << exc.what() << std::endl;

fischentechnikp,. 4§
community firmware

ftrobopy

https://github.com/ftrobopy/ftrobopy

¥
SPDLOG_LOGGER_DEBUG(spdlog: :get("console”), "0K.", @);
} else if (msg-»get_topic() == TOPIC_LOCAL_VGR_DO) {

Fischertechnik C++ Project
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The Embedded TXT Controllers: Software

ftrobopy

* Unix Process on controller
« Provides TCP Sockets

* Python library _
- Deploy locally or on remote computer G | fochenectoes

import ftrobopy

my_txtl = ftrobopy.ftrobopy(host=f"192.168.0.12", port=65000, update_interval=0.01)
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Bringing Hardware & Software Together

ml
ml

m2
m2

o7
07

i3
if

.setSpeed(512)

.setSpeed(-256)

.setLevel(512)

= my_txtl.motor(1)

= my_txtl.motor(2)

= my_txtl.output(7)

= my_txtl.input(3)
18.stately == -
print("Switch i3 pressed")
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B File Edit View Navigate Code Refactor Run Tools Git Window Help smart-factory-pythor — O X
S II E I . O smart-factory-python ' hardware 2:~ burn_slide example v = b & Git ¥ v A 9| Q
I I Ia Xal I Ip e . Ven E‘: y = app.py 2 milling_machine_txts.py & general_t Run 'burn_slide_example' Umschalt+F10 nple.py v

: v import ftrobopy A v
g oven_txt = ftrobopy.ftrobopy(host=f"192.168.0.14",
= port=65000, update_interval=0.81)
o 07 = oven_txt.output(7)
) ml = oven_txt.motor(1)
L)
Z il = oven_txt.input(1)
o
z
4 # Open Oven door

07.setlLevel(512)

# Drive in slide

ml.setSpeed(-512)

while il.state() == 0:

pass

ml.stop()

# Close Oven door

07.setlLevel(D)

I
i Run: burn_slide_example B — FEventlog a —
% | 2 = Update... ]
* » » »

P Run © problems £ Python Packages K Git B Terminal @ Python Console i= TODO ) Event Log

IZ] Run selected configuration 20:1 CRLF UTF-8 4spac.. Python 3.8 (smart-factory-python) } master ‘i
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'Shop Floor 1 Punching

PunchingMachine

+ check position
+ punch

+ transport_from_to

WorkstationTransport
+ positions(]
DrillingMachine + check position
+ check position + move_to
+ drill + pick up_transport
+ transport_from_to i
& v
<<interface>>
SortingMachine GeneralController
+ state

+ conveyorDirections|]

+sort by color |77 [>|+ state_of machine

+ calibrate
+ set_current task

Oven + stream_data

+drive_in 7 Fay

+ drive_out :
HighBayWarehouse

+ burn

+ swap

+ store

+ unload

VacuumGripperRobot

+ positions|]

_______ + move_to

+ pick up transport

MillingMachine

.|+ checkPosition
+ mull

+ move from to

+ transport_from_to
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@ High-Bay Warchouse 2

Sorting Machine 1 Machlnc

.U._ il"l "__LT W sy

e e

Ra— | . ['u.rhlllmc
g | Drilling “ionmg Machine 2 Machine 2
': High-Bay Warchouse 1  Machine

Shop Floor 2
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E Eile Edit View Mavigate Code Refacter Run Tools Git Window Help smart-factery-python - burn_coppy  — O *
Going ObjeCt Oriented' Exa ple smart-factory-python = hardware = generic = (= 2k~ burn_slide_example ¥ = b % Gi: ¥ v A S Q&
- I I I i =] ple.py = OV1.py = multi_processing_station_txts.py @ ftrobopy.py ’ ’ By b
2 : Run 'burn_slide_example' Umschalt+F10 VPJ'—
= v ovenl = Oven(12) ol A v
] \
ovenl.burn(5)
=
g
= class Oven:
- def __init__(self, txt_number):
B K
g
=3
& def burn(self, time_in_seconds: int = 2) -> None:
]

self._drive_into_oven()
self.txt.play_sound(15)
for i in range(time_in_seconds%8):

if i%2==0:

self.o8.setlevel(512)

else: self.oB8.setlevel(0)

time.sleep(0.3)
self.o8.setLevel(0)
self._drive_out_of_oven()
self._adjust_platform_for_workstation_transport()

return

] def _adjust_platform_for_workstation_transport(self) -> None:
. self.ml.setDistance(100)

self.ml.setSpeed(-1 % self.ml_speed)

time.sleep(0.3)

self.ml.stop()

return

R. Seiger, L. Malburg lling a Smart Factory with Processes in Camunda // CamundaCon Live 2021
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GET Jmm/mill  Starts milling.

Going Service-based

If the workpiece moves to the milling machine, mills and then moves to the ejection position, pushes
the workpiece onto the conveyor belt, starts it for 10 seconds and then returns to the initial position.

° Expose h|gh_|eve| methOdS Of OOP model mmimill?machine=mm_1&time=10&start=initial&end=ejection Example Link

1:1 via RESTful web service |
+ HTTP GET with parameters preneer

o Pyth on Flask Name Description

machine * required

Workstation Transport i mm_'l
+ positions[] (path)
DrillingMachine + check position PunchingMachine 1
+ check_position + move_to + check position mm_
+ drill + pick_up_transport + punch
+ transport_from_to ; + transport_from _to time time
- : T integer
N Y 5
<<jinterface>> VacuumGripperRobot (path)
SortingMachine GeneralController + positions(]
+ conveyorDirections[] * state P + move to start * eaured Start Position
+sort by color 7T £>|+ state_of machine + pick_up_transport string tart - Start Positi
+ calibrate (path) start art Position
+ set_current_task
— Oven + stream_data - MillineMachine end * required End Position
B i“ cm _.v'v 4} oo |+ checkPosition string
+ drive out - : = iti
—bum: HighBayWarehouse + mill (path) end - End Position
+ swap + mo\'c_ﬁ‘om_to
+ store + transport_from_to
+ unload

R. Seiger, L. Malburg lling a Smart Factory with Processes in Camunda // CamundaCon Live 2021
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) Postman

Going Service-based: Example

Home  Workspaces ~ Reports  Explore Q_ Search Postman

&3, Working locally in Scratch Pad. Switch to a Workspace

[ <« ¢ GET h. @  GcET B. (o Fe®  cET R Te ¢ te [ -
FTFactory / Mill v oo Vs =]

GET ~ http://192.168.0.5:5000/mm/mill?machine=mm_1&time=10&start=initial&end =ejection

Params ® Auth Headers (7) Body Pre-req. Tests Settings Cookies

Query Params

KEY VALUE DESCRIPTION coo  Bulk Edit
machine mm_1
time 10
start initial
end ejection
Response v

El Q, Find and Replace ) Console

R. Seiger, L. Malburg ling a Smart Factory with Processes in Camunda // CamundaCon Live 2021
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Going Business Processes

« Call web service via BPMN Service Tasks using http-connector

B Camunda Modeler - O X
O~ B B |9 C | W «~ E E & M MW @ E|L b -
¢ ECSAExampleProcess2 bpmn X production_process.bpmn X fransport_process.bpmn X producfion_process_remote.bpmn X burn_proc.bpmn X burn_process.bpmn X burn_transport.bpmn X color_process.bpmn X production_process_praes.bpmn ; ?

Activity_1akrfhd

1

-
@ 3

1ol

< | General || Connector || Listeners | Input/Output | Field Injections

4.| |¢ /: ] Details
) {‘H@ . O O [:]ﬁ} Connector Id
Move from DPS 3 @_‘.-‘[ 0\:;.' ggln;rov http-connector x
to OV Do = Detecti
o etection Input Parameters =
. /; Burn complete
b ~ url x

Local Variable Name

url X

O
<> Start Burn
(=]
S

Properties Panel

Variable Assignment Type

Script v

00 00O

~
. Script Format
javascript x
Script Type
Inline Script v
Script
url = "http://10.0.70.23:5000/cv/burn?
machine=ov_1" p
» method GET
Output Parameters +
Diagram = XML Log

R. Seiger, L. Malburg
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 Model processes with element templates
tore Empty Burn
Bucket EH]
automatically {%} {%} VEEER
Un\oad Sheet Transport to l Transport to Transport to Sort Transport from X Burn :
Slab from HBW Oven D ———— B o <> D'\nmmg Machine Sorting Machine ° sink_1 to HBW
New Order {%} ‘ \ L White Color A Woarkpiece Version 1
Received .| Burn (Middle, _;@_ -[ detected Produced
: Thick) A Id
! Tl
/: {%} Burn X
”””””””””” ’ Transport from
sink_2 to HBW Name
Red Calor Burn (Middle, Thick) P
detected
Custom Fields
{%} Asynchronous Before
Transport from
sink_3 to HBW Asynchronous After
Blue Color
detected Custom Fields for scope:

camunda:Connector
ConnectoriD
http-connector
Method
GET

URL
Oven 2 middle, thick v

Properties Panel

R. Seiger, L. Malburg Controlling a Smart Factory with Processes in Camunda // CamundaCon Live 2021
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Going Business Processes: Example

¥ Camunda Modeler — [m] x
A= = [al X > -
—_—
‘CSAExampleProcess2. bpmn X production_process.bpmn fransport_process.bpmn DrogucuUI_process._ leinuie.bpmn X burn_proc.bpmn X burn_process.bpmn X »
Wy e
R i
o 7
& Viove from OV
) O © Move from DPS to Color
~ to OV Detection
O O Start Burn Burn complete
=
B
s
O & g
=
& =
=
O 8 :
— S
o
I]:I =
w2
Diagram XML Log

R. Seiger, L. Malburg Controlling a Smart Factory with Processes in Camunda // CamundaCon Live 2021
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= . = & [cademic i
i s . [ Production_Log | Map ‘ Statistics Cases O ° ranny seiger@unisg.ch Dlsco
Zoom: QO 186% l:@ search. ) Detail
S
% Activities Paths
2
pick_up_and_transport DPiee
i 2 2 2 2 2 2 4
store_empty_bucket burn drill human_review get_empty_bucket transport_from_to 2
2 2 2 2 2 -
2 2 2 2 2
100% 100%
Mt Frequency

transport
h 4 )
punch_ribbing
2

Show: | Absolute frequency %

16 3
12 2
8 1
4 0

Add secondary metrics

@ Performance

#CAMUNDACON
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What about Sensors?

human
workstation

!? machine
controller

electric
connection

. motor

N VGR_1_Crane_Jib
WILI | current_state B voro: cumentsue B Hew.: cument state harioantal rotatiansl movem it sossd [P p——— @ horicontal late rall vt sow: " .
ot ready not ready e . i
e e requested_service_ur HBW..1: executed service -
v spand transcort S RIBWHSTORE
o MY opersiontiy i OV.1 operation tme o VoRY:operationt HBW_1 operation time
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Going Event-driven: Quality Check Example

__________________________________________________ Application Edit View

= Q, search... @ DiscoNNECT & e

MQTT Streaming

¥ ftsim.weber.ics.unisg.ch
00 » $SYS (44 topics, 689 messages)

|
|
|
|
|
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Sort | Idr = {"br": "82.9", "Idr": 2564, "ts": "2020-02-26T10:55:05.2772"}
|
|
|
|
|
|
|

bme680 = {"aq® 0, "gr’: 360491.0; °h::33:1, "iag™ 25.0, 'p: 926.7, rh*s 27.29, “r*: 25.28, "% 221, s™ ...
broadcast = {"hardwareld": "50F14AEB1219", "hardwareModel": "TXT", "message": "init", "softwareNam...
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P c (3 topics, 3 messages)

Miling Started
tart Check

Environmental
Conditions
Environment Not
OK
Call to CEP Platform

&

Manual Control

Workpiece milled

Response from Qualty i Worko od
uality iIssue orkpiece spolle
CEP Platform detected

©
O~ g

/@info(name='EnvCheckOk') \
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Going Event-driven: Starting a Process

@source(type = 'mqtt’, url =
"tcp://broker.hivemqg.com", client.id = “unisg", topic =
"TF_Buttons/M3X", @map(type = 'json’))

define stream BlueButtonStream (type string, state
string, ts string);

@info(name="bluebutton’)
from BlueButtonStream[state == 'pressed’]
select str:lower(type) as color
wsert into ProcessStartStream,; /
HTTP POST
{@} ickup and ) @} @)}
e Unlazildv\f’rom transport to » QV Burn WT Transport
Qven
Start Production \_ Y,
© &
Start Milling Sorting Machine o Pickup and
Machine sort 7| transport to sink ’ ( )
Production ended
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