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B.C. Mortimer 

PROGRESS REPORT 

• 

The following projects are currently being pursued. 

(i) Analysis of the behaviour of the Bundle and Double Bundle Codes. 

In order to test the abilities of the Bundle and Double Bundle Codes 

to cope with error patterns observed during the actual transmissions various 

pieces of software have been written. The field data from sites 184, 188, 

300, 301 and 302 were converted to information on the errors by using the 

program CRUNCH which is described in section 4.2 of our report "Error Correction 

Schemes—for- Broadcast -Telitext Systems", March 1984. This information mas 

then downloaded to a microcomputer containing a 6809E microprocessor and stored 

on floppy diskettes. 

Software has been written to assign the observed error patterns to encoded 

messages. These corruptedmessages were then decoded by the software and checked 

for successful decoding. If the decoder reports a failure this is recorded 

and the next bundle is then processed. Whenever the decoder claims a successful 

decoding the result is then compared with a copy of the original and any 

erroneous decodings of the results are noted. In this comparision, any occurence 

of a difference from the original data is sufficient to cause a report of 

erroneous decoding. 

This process was applied to both the Bundle and Double Bundle codes at the 

same information rates for 15 different bundle lengths. To ensure that the 

information rates for both bundle codes are the same we always test the Double 

Bundle Code at twice the length of the Bundle code. 

Each of the codes is tested in several ways. Firstly a single pass of 

the decoder is made, namely each packet is decoded (horizontal decoding) and 

then the vertical codewords are decoded. If any of the vertical codes fail, 

then the decoder declares a decoding failure. When we reeat this process, 

each bundle is decoded twice and we refer to this as "two pass decoding". 

An intermediate decoding technique, refered to as "dne and one half pass 

decoding" is also tested. In this case, after the first decoding, both 

horizontally and vertically, rather than a full repetition of the decoder, we 

use only the horizontal decoding of the packets. 
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• We are awaiting further data from other sites and are currently examining 

the results.of the three decodings of each of the two codes. Sample results 

are given in the tables. 

(ii) Analysis of the Distribution of Errors in Telidon Field Data. 

The following statistics have been claculated: 

1) a) For each site the packets were broken into.groups of roughly one. 

thousand packets each. For each such group the bit error rate (B.E.R.) was 

computed and the results compared to ascertain whethe9 - the B.T.R.- Was 

reasonably stationary.at  each_site. 	:› 
• ..- 	 n 

• 
2) Between Packet Analysis. 

The ength of the gaps between erroneous packets were computed and 

these were considered as a time series. For this time series the auto-correlation 

coefficients were calculated for lags from 0 to 30 gaps. If g is the average 

gap, then summing 

(g  k 	g ) ( g k+i - g )  

gives Ci (for i=1 to 20) and the ratios 	Ri = Ci/CO are plotted as a 

correlogram. This can then be examined for any significant correlations. 

The hypothesis that the gaps are randomly generated by a Binomial process 

was tested by caluculating the observed and expected frequency of gaps of 

lengths 0 - 20. 

Within Packets. 

The frequency with which each byte in a packet contains an error was 

calculated and the resulting frequencies were graphed against the byte number. 

At the few sites analysed the errors do not appear to be evenly distributed, 

showing a tendency to be more likely towards the end of the packet. 

• 
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4) Within Bytes. 

For each byte in error, the frequency for each of the eight possible 

bits to be in error has been calculated to see if any positions tend to 

predominate. 

We have analyized the data for only five sites so that it would be 

misleading to report any conclusions. We continue to expect more data and 

the latest promise is that it will arrive on November. 29th, 1984. 

Some samples of the output are given in the graphs and tables. 
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0.08 
0.00 
0.00 
0.11 
0.00 
0.40 
0.00 
0.15 
0.33 
0.18 
0.37 
0.59 
0.63 
0.22 
1.15 

SITE 201-2 
DOUBLE BUNDLE 1 PASS DECODING 
LENGTH 	BUNDLES 	FAILS 	ERRORS 	%FAIL 	%ERROR 

14 	1295 	42 	1 	3.24 	0.08 
16 	1134 	55 	1 	4.85 	0.09 

18 	1009 	V 	61 	1 	6.05 	0,10 

20 	909 V 	62 	1 	6.82 	V 0.11 

22 	826 	66 	4 	7.99 	0,48 

24 	757 	76 	3 	10,04 	0.40 

26 	699 	' 	81 	3 	11.59 	0.43 

28 	648 	92 	3 	14,20 	0.46 

30 	605 	88 	2 	14.55 	0.33 

32 	568 	98 	5 	17.25 	MO 
34 	535 	105 	4 	19.63 	0.75 

36 	506 	101 	6 	19.96 	1.19 
mr,  ‘,0 	479 	lie 	7 	22.96 	1.46 

40 	456 	116 	4 	25,44 	0.88 

42 	432 	112 	6 	V 25.87 	1.39 

DOUBLE BUNDLE 1,5 PASS DECODING 
LENGTH 	BUNDLES 	FAILS  V ERRORS 	%FAIL 	%ERROR 

14 	1 295 	31 	6 	2.39 	0.46 

16 	1124 	34 	11 	3.00 	0.97 

18 	1009 	30 	11 V 	2,97 	1.09 
20 	909 	32 	11 	3.52 	1.21 

22 	826 	34 	11 	4.12 	1.33 

24 	757 	40 	13 	5.28 	1.72 

2 	699 	40 	13 	5.72 	1.86 

28 	648 	44 	18 	6.79 	2.78 

30 	605 	42 	12 	6,94 	1.98 
;P 	568 	50 	19 	8.80 	3.35 -- 
34 	V 	535 	52 	15 	9.72 	2.80 

36 	506 S', 	17 	10.47 	3.26 
;P. 	479 	62 	15 	12.94 	3 .13 

'i0 	456 	V 	58 	16 	12.72 	3.51 

42 	432 	65 	19 	15.01 	4.39 

DOUBLE BUNDLE 2 PASS DECODING 
LENGTH 	BUNDLES 	FAILS 	ERRORS 	%FAIL 	%ERRnR 

• 

14 	1295 	3 	1 	0.2 3  

1 6 	1134 	8 	0 	0.71 
18 	1009 	V 	6 	0 	0.5 9  
20 	909 	q 	1 	0.99 
22 	826 	10 	0 	1.21 
24 	757 	8 	2 	1.06 
Pt".; 	

,qm 

	

t.,, 	13 	0 V 	1.86 
2R 	P,4R 	6 	i 	0.93 
30 	605 	q 	c 	1.49 
m,.7. 	568 	14 ....._ 	 i 	2.46  
34 	V 	535 	15 	2 	2.80 
35 5 	...7,05 	17 	''' -, 	3.3 
mn -ro 	479 	

V 18 	2 	3.76  
40 	456 	25 	1 	5.48  
42 	433 	

V 28 	5 	6.47 



0.31 
0,S1 
0.20 
0.55 
0.85 
1,26 
1.08  
1.08  
1.07 
1.1 9  
1.59 
1.39 ' 

1.57 
1.67 
2.89 

••••• 

SITE 301-2 
11, BUNDLE 1 PASS DECODING 

LENGTH 	BUNDLES 	FAILS 	ERRORS 	%FAIL 	%ERROR 

	

7 2589 	97 	0 	3.75 	0.00 

a 	2268 	lei 	m 	4.45 	0113 

9 	2016 	104 	1 	5,16 	0,05 

• 10 	1814 	109 	3 	• 6.01 	0,17 

11 	1649 	116 	7 	7.03 	0,42 

- 	12 	1510 . 	116 	4 	7.68 	0.26 

13 	1395 	120 	5 	8.60 	0.36 

14 	• 	1295 	123 	6 	9.50 	0.46 

15 	1210 	123 	5 	10.17 	0,41 

16 	1134 	135 	5 	11.90 	0.44• 

17 	1068 	134 	9 	12.55 	0.84 

18 	1009 	136 	7 	13.49 	0.69 

19 	955 	155 	5 	16.23 	0.52 

20 	909 	153 	6 	16.83 	0.66 

21 	864 	IC, 

	

i,lb 	8 	18,06 	0.93 

BUNDLE 1.5 PASS DECODING 
LENGTH 	BUNDLES 	FAILS 	ERRORS 	%FAIL 	%ERROR 

	

7 2589 	56 	30 	2.16 	1.16 
8 	2268 	64 	31 	2.82 	1.37 

9 	2016 	58 	30 	2.88 	1.49 

gl, 10  
il 	

1814 9 

	

67 	
33 3.25 

	

4.06 	
1.62 

	

1649 	:9,  2.37 

12 	1510 	67 	37 	4,44 	2.45 

13 	1395 	73 	33 	5.23 	2.37 
14 	1295 	71 	,m 

	

,..,,J 	5,48 	2.55 

15 	1210 	74 	35 	6.12 	2.89 
16 	1134 	

nn 

	

OG 	38 	7.23 	3.35 

17 	1068 	r""n 

	

OZ 	34  

	

 /.77 	3.18 

18 	1009 	79 	35 	7,83 	3,47 

19 	955 	85 38 	8.90 	3 .98 
20 	909 	89 	34 	9.79 	3.74 

21 	864 	Ra 	39  

	

- 	10.19 	4.51 
BUNDLE 2 PASS DECODING 
LENGTH 	BUNDLES 	FAILS 	ERRORS 	%FAIL 	%ERROR 

• 

	

7 	
,..,0 

	

CJO- 	55 	8 	2.12 
n  

	

, 	2268 	60 	, 	2.65 

	

9 	2016 	Fig 	4 	2,93 

	

10 	1814 	5E 	10 	3.09 

	

il 	1649 	59 	14 	3.58 

	

12 	1510 	Fi 	19 	4.04 

	

13 	1395 	58 	15 	4.16 

	

14 	1295 	ciA 	14 	4.17 

	

15 	1210 	72 	13 	5, 95 

	

16 	1134 	68 	13 	6.00 

	

17 	1068 	61 	17 	5,71 

	

lE 	1009 	60 	14 	5.99 

	

J.P 	955 	68 	15 	• 7.12 

	

20 	909 	•67 	17 	7.37 

	

2 1 	864 	• 	62 	25 	7.18 
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0 	ets  
0 	its 
0 	.ts 
0 	,'et;  
O  Pacets 
0  rackets  
0 Pac;ets 
0 pac:ets 
0 Packets 
0  rackets  

with 24 errors 
with 25 errors 
with 26 errors 
with 27 errors' 
with 28 errors 
with 29 -errors 
with 30 errors 
with 31 errors 
with 32 errors 
with 33 errors 

maximum number of bit errors in a byte: 8 

distribution of single errors in bits(0-7) 
655 1401 706 1580 494 1374 1630 1579 

distribution of erroneous bytes through the racket  
1 	90 
2 	118 	. 
3 	144 
-4 	261 . j 	280 
6 	301 
7 	275 	. 
8 	359 
9 	368 
10 	329 
11 	342 
12 	320 

- 13 	349 
14 	390 
15 	320 
16 	361 
17 	394 
18 	395 
19 	363 
20 	413 
21 	426 
22 	412 
23 	398 	 . 
24 	409 

430 
26 	403 
27 	442 
28 	615 
29 	18 
30 	0 
31 	0 
32 	0 
33 	0 

byte error weight distylribution9419 509 33 4 5 2 0 1 

TIME SERIES ANALYSIS 

number of peaks in the series: 1653 ('3.1E-001 of the series) 

: 7.1402E-001 

:5255 
: 2.5E+000 

1111 
16:25 JUL 06 '84 'ES-301-2.F69MOORP 

ANALYSIS OF SI 	E301-2 
Bit Error Rate •uccesive intervals of X Packets: 

X 	BER 	. 
1002 	2.1653122E-003 
1005 	2.1810590E-003 
1002 	3.0563872E-003 
1002 	3.0831195E-003 
1001 	2.7071143E-003 
1003 	2.5281299E-003 
1001 	3,1530969E-003 
1001 	2.7472,127E-003 
1005 • 2,6830135E-003 
1001 	2,6714357E-003 
1005 	2.5319829E-003 
1002 	2.6598589E003 
1001 	2.1139575E-003 
1012 	2,5144692E-003 
1001 	2.6312973E-003 
1005 	2.5008458E-003 
1002 	2.1920445E-003 
1002 	2,7311449E-003 
319 	7.5570981E-004 
**,P(11141et*****11:************************** 
total 1 of Packets: 18372 
number of correct packets:13118 
number of erroneous packets: 5251 
number of lost  rackets 	: 0 

prob. of a correct racket  

number of É8PS (N) 
average gap length 

Overall Bit Error Rate : 2.5750074E-003 

3128  rackets  wfth 1 errors 
1097 packets with 2 errors 
471  rackets  with 3.errors 
228  rackets  with 4 errors 
118  rackets  with 5 errors 
73 packets with 6 erors 
38 Packets with 7 eérors - 
37  rackets  with 8 errors 
17 packets-with  9  errors 
14 packets with.10 errors 
? packets with 11 errors 
2  rackets  with 12 errors 
q r ackets with 13 errors 
2 pdckets with 14 errors ' 
2 packets with 15 errors -  - 
3 packets with-16 errors 
2 packets with 17 errors 
1 Packets with 18 errors 
0 packets with 17 errors 
0 packets with 20 errors 
1 paJels 'with 21 errors 
0 F--;ts with 22 errors 
• • 	.0; 4 h " 



•. , 

auto-correlatio 	fficients 
20• 	0 	1.73E}000

21 	1 	•1,27E+000 

22 	1 	 9,09E-001 
23 	0 	6.49E-001 

24' 
nc» 	

0 	4:63E-001 

4J 	0 	3.31E-001 

26 	1 	2.36E-001 

27 	1 	1.69E-001 

28 	0 	1.20E-001 
29 	0 	8.60E-002 
30 	0 	6.14E-002 

coeff. 

0 	2,0344E+001 

1 	1.0864E-001 
2 	-2.1833E-001 
3 	-7.6614E-004 
4 	1,8672E-001 
J 	6.6599E-002 
6 . 	-1,8406E-001 
7 	1.3026E-001 
8 	3.5443E-002 
9 	-2.0172E-001 
10 	-7,9119E-002 
11 	1.5014E-001 
12 	-1.5961E-001 
13 	3.1011E-002 

• 4 	8,1776E-002 
15 	2.5611E-001 
16 	1.6664E-003 
17 	3.1076E-001 
18 	1.1394E-001 
19 	4.9008E-002 
20 	-2,9632E-002 
21 	3.0517E-003 
22 	-2.0432E-001 
23 	1.7108E-001 
24 	-8.9093E-002 
25 	-2,4534E-002 
26 	1.4821E-001 
27 	2.0715E-001 
28 	-4.0469E-002 
29 	1,9288E-001 
30 	-4.0498E-001 

ratio to CO 

1.00E+000 

5.34E-003 
-1,07E-002 
-3.77E-005 
9,18E-003 
3.27E-003 
-9,05E-003 
6.40E-003 
1.74E-003 

-9,92E-003 
-3,89E-003 
7.38E-003 
-7,85E-003 
1.52E-003 
4,02E-003 
1.26E-002 
8,19E-005 
1.53E-002' 
5,60E-003 
2,41E-003 
-1.46E-003 
1.50E-004 

-1,00E-002 
8,41E-003' 
-4.38E-003 
-1.21E-003 
7.23E-003 
1,02E-002 

-1.99E-003 
9.48E-003 
-1.99E-002 

Observed 

length 
0 
1 
4 

3 

.15 	' 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19  

and ExPected Numbers of Gars: 

observed 	expected 
1550 	1.50E+003 
1034 , 	1,07E+003 
802 	7.66E+002 
498 	5.47E+002 
-416 	3.91E+002- 
300 	2.79E+002 
189 	1 i99E+002 
139 	1.42E+002 
82 	1,02E+002 
63 	7.25E1001 
62 	• 	5.18E+001 
33 	3,70E+001 
22 	. 	2.64E+001 
17 	1.88E+001 
14 	1.35E+001 

9.61E+000 
8 	6.96E1000 
5 	4.90E+000 
5 	3.50E+000 •  

3 	2.50E+000 
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