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m PLC - Controlling a virtual intelligent house:

o Elevator

o Garage door
o Lighting

o Alarm system
o Coffee maker
o TV
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m PLC - Programmable Logic Control
(Beckhoff)

m Railroad

mLego/NXT
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11 TTL (5V) TTL (3,3V) CMOS (5V) RS-232
Input Output
Input Output Input Output 15.0V . . 15.0V
. 5.0V
I 4.44V
Input Output 3.5V
. 3.0V
2.4V 2.4V
2.0V 2.0V
1.5V
0.8V 0.8V
0.4V 0.4V 0.5V
B High Level
Low Level 3.0V
TTL ... Transistor-Transistor Logic 50V
CMOS ... Complementary Metal-Oxide—Semiconductor -15.0V -15.0V
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Locomotive and Magnet Items Control ﬂ
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m Operating voltage for several components (Motor, Lamp, ...)

m Digital control — Message transmissing using data packets
o Binary and ternary data coding
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m Clock 19,2 kHz — Data pulse width about 208 pus

m Data format:

0 Loco address: 4 ternary digits (0 ... 79 / 80 - Idle)
o Option: 1 binary digit (0 - Off / 1 — On)
o Speed step: 4 binary digits
(O — Stop / 1 - Inversion of the direction /

2 — Lowest speed step /
15 - Highest speed step)

Bit Number: 1 2 3 4 5 6 7 8 9
\ [ [ | \ \
Locomotive Address Opt. Speed Step

| | | | \ \
Bit Weight: 3 3 32 3 20 20 22 2
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m Clock 38,4 kHz — Data pulse width about 104 pus

m Data format:

0 Decoder address: 4 ternary digits

0 Reserved: 1 binary digit (always 0)
o Decoder output: 3 binary digits
o Bit: 1 binary digit (0 - Off / 1 — On)
Bit Number: 1 2 3 4 5 6 7 8 9
\ [ \ | \
Decoder Address 0 Decoder Output Bit
| | | | |

Bit Weight: 3 3 32 3 20 21 22
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[ Multivibrator ]

' ' ’

Astable Monostable Bistable
Multivibrator Multivibrator Multivibrator
Oscillator Timer Flip-Flop
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RS Flip-Flop D Flip-Flop
Symbol: dr q Symbol: 15 ol
—4S Qp— —pC Q p—

Implementation with NAND gates:

R—T3] - nsn D/C|Q
b+ Q

-/ H X L Xx

>< L H L X H x

) H L H L £ L

s—1 [ ¢ H H x H £ H
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Return Signal Information
using the S88 Decoder

g—Do—cD_
ENABLE

PIS 3—[>o-—|>c

1

P1
o7

P2
06
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Source:

MOTOROLA Semiconductor Technical Data

MC14014B

Source:

MOTOROLA Semiconductor Technical Data
MC14044B

Vpp =PIN 16
Vgg =PIN 8

P4=PIN 4 i
P5=PIN 13 2

+5V

RESET

| OAD

ClLK

GND

DS
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Project Idea
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m Railroad 1:
o Controlling trains via PC and Marklin control unit

(management of independent trains within the same rail
segment)
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m RS-232, 2400bps (~210 bytes per second)

m Challenges (a selection ©):

o Controlling locomotives (messages get lost if the time between
consecutive messages is too short)

o Controlling switches

— Magnets need to be kept active for some time ->
mechanical movement

— Magnets must be deactivated explicitly -> otherwise,
the coil may burn out

— A deactivation command locks the interface for a certain
time -> no further commands or S88 polling

o Exact timing for reading information from the S88 decoder in
polling mode



23

Project Idea

m Railroad 2 and 3:

4 3 2 1 1

8 7 6

123456

decoder s88

123456) 16 15 14 13 12 11 10 9 +

123456 8 7 6 5 4 3 2 1 1

decoder s88

123456/ 16 15 14 13 12 11 10 9 1

Source:

TR

zur Weiche

booster

http://172.16.21.11/index.php/Main/Eisenbahn
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LPT1:

COM1:

transformer
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m Messages for locomotives are sent directly to the Booster
o MC or via PC (serial port) with special bit patterns
0 Unreliable transmission -> periodic repetition needed

m Where are the trains? (ideas welcome)

o Detectors (light barriers, reed contacts, ...) connected to S88
decoders, read via uyC or PC (parallel port)
— Light barriers are bulky, but known to work (somehow)

— Mechanical items (contact rail, switch rail) need
regularly cleaned tracks, and are worn out...

o Last seminar: optical recognition (laser pointers to ceiling,
tracked using two WebCams)



25

Agenda ﬂ

m PLC - Programmable Logic Control
(Beckhoff)

m Railroad
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Lego - System Overview
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Block Diagram NXT Brick

Power
supply

Bluetooth®
Bluecore™ 4.0

Display

Output circuit

SPI-Bus

UART-Bus

Main Processor
Atmel® ARM7

!

Buttons 41

I2C-Bus

Co-Processor
Atmel® AVR

USB

Sound

Input circuit
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Source:

LEGO® MINDSTORMS® NXT
Hardware Developer Kit
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Touch Sensor (Switch)

Source:

LEGO® MINDSTORMS® NXT
Touch Sensor
Hardware Schematic

J1

Modular

|

OOk WMN

R1
2.2K

iiiu
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Light Sensor (Reflected-Light Barrier)

Source:

LEGO® MINDSTORMS® NXT
Light Sensor
Hardware Schematic

R1 R8 R2 R4
180R 1.8K 47K 330k
Q1A ~a
PUMT1 A
& QiB
N, PUMT1
J1
Modular
D1 R3
W Red 330R :12
e 3
QzAN ' Q@B g
PUMX1 4] ha  PUMX1 e
o
1 Qs
I, BC847
9 “al” Q3
R7 R9 “u SFH309-4 c2 R5 R6
10K 10K = 6.8k 560R
470nF
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Ultrasonic Sensor (1/2)

4.3V_Power VGCGC_5V
T R16
3 O A ——4
RA1B RA1A RA1C + €13 RA1D
10uF 10K
10K 10K 10K
~ o
\TPg TP10 P11 —
O Q O B
R2 c6 R4 c7 Re cs R18
= = = 1.5MEG L Pio P2
IMEG 100pF 1MEG 10pF 1MEG 10pF O
G R G2 ca ca Ris
I prana I b aie I CzA II ]
Il T, PUNX 1 T PUNIX 1 Il aPUMX1 Il Fa,PUMX1
inF 47K 100pF 100pF inF
\ 10K
PZ1
E=| R3 RS R7 R17
TCT40-1252 100K
b 220R 220R 220R
Re Cs Rg =
A }l
47K 220pF 22K
vce ele]
A A
R23 R24
10K 10K U2
VCC_5V X1 C15
1 GnD

RESETB R,

uic U1E B P10
>6 1 2 17< 11 TP12 El ? 32
CD4049 TCT40-12F2 CD4049 E P1.2 —33—]P1 3/S

P3.0/SDA 24 P31 P1.3 29

u1D UTF P3.0 VCC 550
q 10, 15, 14, PZG L
26 o7 P2
>CCD4049 wﬁ P22 P2.1

P8 p2.1 QsB Q3A P2.0 TP7 SCO015 I Ci4

K]
N
N

==

] UlB U1?A . GND |38 D..? 22pF
osco & 3.58MHz i
CD4049 CD4049 Viele} 0scl :I- ’
_L_

PUMH4 PUMH4

Source: LEGO® MINDSTORMS® NXT Ultrasonic Sensor Hardware Schematic
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Source:
Uz il_
LEGO® MINDSTORMS® NXT VCC_ 5V 44 | GND X1 C15
Ultrasonic Sensor |38 i
Hardware Schematic og(r;\)lg 37 |:|_2 22pF
36 3.58MHz
VCC OSCl RESET
RESETB [Fi4—pr0— =
VCC 5V VCC 5V VCC 5V VGG 5V TP12 P1.0 Po5— VCC 5V
o) o} 0 o) P1.1 | bl
o 1 E}-g a0 Pl3scL =
P3.0/SDA 24 P30 VGG 29 =
2 R13 é R12 P2.0 _ZETH
| 27 r- 1
ek ook 26d poo P2.1
ESC015 = (C1i4
100nF
DIGIAIQ
DIGIAI _ |
; R15 3 R14
47K 47K
Z\D2 , J1
P1.3/SCL oS Modul
ZT\BAV9g VCC oauiar
D3 =
P3.0/SDA OTPe GN D ;
ZT\BAV99 GND
c10 C11 VCC 5V 3
aoF | aoF DIGIAIO 4
B 1 DIGIAI g
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4 Bricx Command Center - [9_multiple.ngc]

I@Eile Edit Search Yiew Compile Tools Window Help - |8 X
2 L = RN S <R R B e = L @
P =
BE kB dh | g B G R e e o L B,
: L ttt = Random{50) + 40; ~
£3 Functions ttZ = Randomil);
£3 Subroutines if (te2 > 09
=80 Tasks { OnRew(OUT A); OnFud(0UT C): Wait{ttt); }
mair else
@ moverandom { OnRew{OUT C}; OnFwd(0UT A4);Wait{ttt); }
£ttt = Random(150) + 50
InFwd (00T _A&+00UT_C) ;Wait(tLL) ;
}
}
task maini)
i
start moverandon;
JetiensorType (RENI0F_1,3EN3I0F_TYPE_LIGHT) ;
JetiensorMode (SENI0R_1,3ENI0FR_MODE RAIN ;
while (true)
{
if [ (SENSOE_1 < 100) || (SEN3O0E_1 > 750))
i
stop moverandom; B
OnResw ( OUT_A+0TT C) ;Wait(30);
gtart mowverandom; w
< 1 ¥ )
13: 89 LSEQ MET Insert
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Controller & Watcher

Watching the brick

Direct Controller

Senzors
[w] A [v] B [¥]C
1 |Light.-“-‘-.u:tive v| |Haw v| ] ] ] [¢] Sensor 1 662
[] Pawer 0 0 0
Mods 3 0 3 Senzar 2 64
2 |Lightdctive ~| [Pecent v ] Reg Mode [0 ] . [ Sensor 3
[¢] Fun State |32 a 37 [ Sensor 4
3 |N|:une v| |Haw v| [] Tum Ratio |0 0 0
4 | Nore v| |Raw v i Tl i B o 0 [#] Timer 0 544653
[«] Tacho Cnt (521 0 -102 llimet 49656
Mators Ellntl:l:'TEht 921 0 -102 [V Timer 2 | 644650
— | otation azl 0 -102 v Ti
AN EEE ' J S [4] Timer 3 644662
T Puort 115 Butfer Length Responze
| J .
B [ [4] |E||E| I G Mlizc1 0 o* MMessage | 0 | 2] Sonc sois
o S ;-
cu@mEa | J (i2c2 [ -
S Wizca [ 05
v 1
s O
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m LEGO Mindstorms NXT

o Develop your own small operating system - thread
management and scheduling

34

Source: http://shop.lego.com/en-DE/LEGO-MINDSTORMS-NXT-2-0-8547
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You should implemented a minimal real-time operating system with
the following features:

m Threads (minimal dispatcher + API)

m Minimal memory management (at least static stack memory
management for threads)

m A static priority-based, FIFO scheduler

m A sleep function, which suspends the current thread for a specified
amount of milliseconds
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void create_thread (void* entry_point, int stack_size,
unsigned char priority, int* thread_id)

m Creates a new thread
m Starting with a call to entry_point

m With a stack as specified by stack_size (you are allowed to
demand a fixed stack size - always 512 Byte ...)

m The thread with the highest priority runs
m Returns an ID for the thread

void terminate_thread ()

m Can only be called by a thread to terminate itself (destroy the
thread control block)
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37

m int get_thread_id ()
o Returns the ID of the thread (just for printing/debugging)

m Vvoid sleep (int milliseconds)

o Thread is suspended for the specified amount of milliseconds

m int tick_count ()

0 Returns the number of milliseconds since the start of the
system
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m Estimate for all functions of your operating system the worst case
execution times. Is your operating system predictable? Also
specify the time required for a context switch.

m Think of an example to demonstrate your operating system. Your
demo application should have at least two parallel activities. For
your demo application, please indicate the utilization of the
threads. Also specify deadlines, periods and execution times of the
parallel activities.

m As a starting point you can use an adapted version of the Lego
NXT firmware. This start-kit already contains the configuration of
the timer interrupt, which is necessary to implement pre-emptive
scheduling.
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