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Preamble

This Master Thesis is the final part of a development obtaining a complete POCSAG receiver
containing RF stage, signal processing module and microcontroller unit.

Special featured by an outright assembler programming to ensure small memory usage and
accurate comprehensible interface timing.

As a result of a previously available project study the RF receiver is part of this report.

Again the development work was done inside the author’s company.

For advising and discussing I want to express my gratitude to Prof. Dr. Otto Parzhuber and
Assistant Prof. Dr. Robert Boésnecker.

Munich, August 2009 Thomas Miehling




Contents

[Preamble]

|List of Figures|

[1—_motivation|

2

P AG description

[2.1.1 coding theory| . . . . . . . ...
[2.1.2 channel coding] . . . . . . . . . ..
[2.1.3  Hamming distance| . . . . . . . . . . ...
[2.1.4  Singleton bound| . . . .. ...
[2.1.5° Hamming bound| . . . . . . .. . ...

2.1.9 optimal codes| . . . . . . ...

[2.1.10 pertect codes| . . . . . . . ..

RIIT BCHecodel . . . . . oo
2.2 POCSAG paging protocoll . . . . . . . . . ...
2.3 preamble (PA)| . ... ...
2.4 codewords (CW)| . . . . . . . ..
2.4.1 synchronization codeword (SC)[ . . . . . .. ... ... ... ... .. ...
2.4.2 address codeword (AC)| . . . ... ... ... ...
2.4.3 message codeword (MC)| . . . . .. ... ... ... .. ...
|2,si ],Sl],f: SZQdQWQISH ......................................

How to build up a cost effective small and reliable POCSAG decoder|

[3.1 Description of the circuitf. . . . . . . . .. ... o oo

How to bring the microcontroller to handle POCSAG data|

4.3 status register| . . . . . . . L L L
4.4 special instructions| . . . . . . . ..
4.5 pseudo Instructions| . . . . . . . ..o




Contents

4.7 initialising] . . . ... L oL
4.8 1mplementing a tableread| . . . . . . ... oL o o
4.9 interrupt handling| . . . . . ... Lo
[4.10 software programming| . . . . . . . . . . ... e e e e
4.10.1 1nitialising] . . . . . . . ...
4.10.2 interrupt TMRO| . . . . . . . . . . . .
4.10.3 interrupt RS232. . . . . . . . .

[4.13 storing data into the lash memory| . . . . . . . . .. ... o000
4.14 reading data out of the flash memory|. . . . . . . . . .. ... ... ... ... ..
[4.15 searching for the POCSAG header| . . . . . . . ... ... ... ... ... ..
4.16 read POCSAG datal . . . . . . .. .. o
[4.17 Testing CRC| . . . . . . .

[5 Description of the PC programme

|6 measurement equipment|

[7__next enhancements|

[8  Subsumption|

[A bounds for binary optimal codes (¢ = 2)|

IC_Makros

ID complete circuit]

[E PCB layout and assembbly diagramme

|[F PIC pinout diagramme|

[Index]

54

57

60

62

63

64

66

71

73

75

76

77




List of Figures

[1.1 analogue pager| . . . . . . . . 6
[1.2  typical POCSAG pager|. . . . . . . . . . . . . . 7
[1.3  classical POCSAG receiver with UAA208x chipset| . . . ... .. ... ... ... 8

SAG > microcontroller] . . . . ... 8
2.1 overview: channel coding and information channell . . . . . . .. ... ... ... 10
2.2 view over different code classesl . . . . . .. .. ... 10
2.3 examples of hypercubes representing Hamming distances 1 ... 4 . . . . . . .. .. 12
2.4 POCSAG signal format| . . . ... .. ... ... ... ... ... ... ... . 17
2.5 POCSAG Codeword formatl . . . . . . . .. .. . ... ... ... 18
2.6  CRC generated by shifting registers|. . . . . . . . ... ... ... ... ... .. 20
3.1 overview stationary POCSAG receiver project| . . . . . . . . .. .. ... ... .. 25
3.2 POCSAG PIC decoder using a pager’s RF receiver| . . . . . ... ... ... ... 27
3.3 second version with own RF receiverl . . . . . . . ... ... oL 28
[3.4  complete overview into opened housing| . . . . . . ... ... oo L. 29
3.0 circuit overviewl . . . . . . ..o 30
4.1 PIC 16F628 block diagramme| . . . . . . . . . .. ... .o L 31
4.2 status register| . . . . . .. L L L 33
4.3 loading of PC in different situations| . . . . . .. .. ... ... . ... ... ... 40
4.4 initialising the PIC processor| . . . . . . . . . . . ... oo 42
4.0 1nterrupt timer O sequence| . . . . . . . ... 42
4.6 interrupt R5232 sequencel . . . . . . ... 43
b1 data interfacel . . . . . . ..o 54
5.2 general adjustments| . . . .. ... ... 55
B3 RICH . . . o e 55
[0.4 Siren Programmes| . . . . . . ... e e e e e e e e e 56
.o FEPROM content] . . . . . . .. o . 56
6.1 radiocommunication service monitor Rohde & Schwarz CMBd2 . . . . . . . . .. 57
6.2 radiocommunication service monitor Schlumberger Stabilock SI 4040, . . . . . . . 58
6.3 Radio Code Analyser Schlumberger Stabliock SI'4922(. . . . .. .. ... ... .. 58
6.4 logicanalyser Intronix Logicport| . . . . . . . . .. ... ... o L. 58
6.5 digital oscilloscope Rigol DS1022 CD| . . . . . . . ... .. .. ... ... ..... 59
[7.1 wvisualization of the IDEA algorithm| . . . . ... ... .. ... ... ....... 61




List of Figures

ID.1 microcontroller circuit . . . . . . . . ... o 71
[D.2 mainborad circuit] . . . . . ... 72
|[E.1  microcontroller PCB completel. . . . . . .. .. ... o000 73
|[E.2  component placement specification| . . . . . .. ..o o000 73
|[E.3 mainboard PCB complete| . . . . . . .. ... o oo 74
|E.4 component placement specification| . . . . . .. ..o o000 74




Chapter 8
Subsumption

This project was able to show the capabilities of a cheap and powerful PIC microcontroller doing
the whole POCSAG decoding, relay stearing and data output. More feasibilities to integrate
is highly impossible into the used chip within this project. For programme memory as well as
port pins we have to chose the next greater type.

But nevertheless the stationary receiver is built up flexibly so that the microcontroller print
can be changed very easily for future needs.

A reliable replacement for the Phillips chipset is now available and software can easily be
adapted to users’ needs. Compared to the original chipset’s price the naked microcontroller
hardware costs only a trickle. The discrete built receiver has even a higher sensitivity compared
with Phillips’ chipset. We have shown this in [7].

The next enhancement will be the implementation of IDEA decryption to be also in the
position to serve all encrypted POCSAG nets. Interesting especially because of the patent
expiration at last in may 2011. From this time on IDEA is not sourced any more with any kind
of license fees.
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