                                   APPENDIX
Appendix B   The Q-Function and its Relationship to the Error Function 

Consider a normalized Gaussian random variable u of zero mean and unit variance. The probability that an observed value of u is greater than x defines the Q-function
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In words, the Q-function equals the area under the positive tail of the zero-mean, unit-variance Gaussian density function. From the defining equation (B.1), the following properties of the Q-function follow:
property 1    For x = 0, we have the exact value
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property 2 For x < 0, the corresponding value of the Q-function is given by the relationship
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property 3   A useful bound on the Q-function is given by
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Table B.1 gives a short tabulation of the values of Q(x) for 0 =< x =<5. The properties described in Equations. (B.2) through (B.4) are confirmed by examining the entries of this table.
The values of the Q-function listed in this table for 0=<x=<3.7 have been rounded to 5 significant decimal places; for 3.8 =< x =< 5, we have done the rounding to 7 decimal places.
Table B.1 The values of Q-function
	X
	Q(x)
	X
	Q(x)

	0.0
	0.50000
	2.2
	0.01390



	0.1
	0.46017
	2.3
	0.01072



	0.2


	0.42074
	2.4
	0.00820



	0.3


	0.38209
	2.5
	0.00621



	0.4
	0.34458
	2.6
	0.00466



	0.5
	0.30854
	2.7
	0.00347

	0.6
	0.27425
	2.8
	0.00256

	0.7
	0.24196
	2.9
	0.00187

	0.8
	0.21186
	3.0
	0.00135

	0.9
	0.18406
	3.1
	0.00097

	1.0
	0.15866
	3.2
	0.00069

	1.1
	0.13567
	3.3
	0.00048

	1.2
	0.11507
	3.4
	0.00034

	1.3
	0.09680
	3.5
	0.00023

	1.4
	0.08076
	3.6
	0.00016

	1.5
	0.06681
	3.7
	0.00011

	1.6
	0.05480
	3.8
	7.24 X 10-5

	1.7
	0.04457
	3.9
	4.81 X 10-5

	1.8
	0.03593
	4.0
	3.17 X 10-5

	1.9
	0.02872
	4.30
	0.85 X 10-5

	2.0
	0.02275
	4.65
	0.17 X 10-5

	2.1
	0.01786
	5.00
	0.03 X 10-5


It is found that often this effect is formulated in terms of another function  namely, the com​plementary error function.
In this context, we first define the error function as
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The error function has two useful properties

[image: image7.wmf])

(

)

(

x

erf

x

erf

-

=

-

                                                                                            (B.6)

This property is known as the symmetry relation.
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A related function, called the complementary error function, is defined by
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Examining Equations. (B.1) and first line of Equation (B.8), we readily find that the Q-function and complementary error function as related as follows:
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The inverse of this relationship is given by
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Hence, given the Q-function, we may use Equation (B.10) to calculate the corresponding value of the complementary error function for prescribed x. Conversely, given the complemen​tary error function, we may calculate the corresponding Q-function using Equation (B.9).
Appendix C   The Simulations Results
Appendix C.1   The Influence of Changing SIR 
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Figure C.1 The performance of interleavers with convolutional encoder
for DSSS (Frame length=400 bits, SNR=10 dB, ρ=0.5 and  SIR=0 – 6 dB).
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Figure C.2 Performance of DS-SS system with and without interleaving and encoding.

(Block length=400 bits, SNR=10 dB, jamming duty cycle  (ρ=0.5)
and 
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= SIR=0 – 6 dB).

Table C.1 The performance BER values of interleavers with convolutional encoder against the convolutional encoder’s performance alone and the performance of  DS-SS without any encoders or interleavers (for Figure C.1)

	Conv.Encoding with Random Interleaving
	Conv.Encoding with Block Interleaving
	Convolutional Encoding Without Interleaving
	DSSS
	SIR

	0.11
	0.1192
	0.122
	0.082
	0

	0.0672
	0.051
	0.07
	0.07
	1

	0.019
	0.0273
	0.021
	0.056
	2

	0.0079
	0.0081
	0.01
	0.045
	3

	0.0024
	0.0023
	0.002
	0.034
	4

	0.0005
	0.0005
	0.0005
	0.025
	5

	0.0001
	0.0001
	0.0001
	0.017
	6


* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
Appendix C.2   The Influence of Changing the Frame Length 

SIR = 1 dB
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Figure C.3 Performance of interleavers in convolutional encoded DS-SS for various block lengths, (SNR=10 dB, SIR=1 dB, 
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 and block length=300-1400 bits).

Table C.2 The BER values of interleavers with convolutional encoder against the convolutional encoder’s performance alone for DS-SS (for Figure C.3).

	Convolutional Encoding
	Conv.Encoding with Block Interleaving
	Conv.Encoding with Random Interleaving
	Frame Length
(bits) 

	0.06
	0.0651
	0.0545
	300

	0.0625
	0.0529
	0.0573
	400

	0.0697
	0.0575
	0.0577
	500

	0.0381
	0.0608
	0.0722
	600

	0.064
	0.0634
	0.0772
	700

	0.0438
	0.0671
	0.0716
	800

	0.0586
	0.0695
	0.0536
	900

	0.0505
	0.0475
	0.0583
	1000

	0.0579
	0.0742
	0.0736
	1100

	0.0684
	0.0514
	0.0751
	1200

	0.0587
	0.0709
	0.0855
	1300

	0.0695
	0.0604
	0.0689
	1400


SIR = 2 dB
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Figure C.4 The Performance of interleavers in convolutional encoded DS-SS for various block lengths, (SNR=10 dB, SIR=2 dB, 
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 and block length=300-1400 bits).

Table C.3 The BER values of interleavers with convolutional encoder against the convolutıonal encoder’s performance alone for DS-SS (for Figure C.4). 

	Convolutional Encoding
	Conv.Encoding with Block Interleaving
	Conv.Encoding with Random Interleaving
	Frame Length
(bits)

	0.0207
	0.0248
	0.0262
	300

	0.0238
	0.0247
	0.0221
	400

	0.0285
	0.0281
	0.0221
	500

	0.0281
	0.0233
	0.0283
	600

	0.0235
	0.027
	0.0331
	700

	0.025
	0.0187
	0.0216
	800

	0.0232
	0.0342
	0.0234
	900

	0.0284
	0.0208
	0.0249
	1000

	0.0249
	0.0214
	0.0213
	1100

	0.021
	0.0232
	0.0312
	1200

	0.0223
	0.0183
	0.0331
	1300

	0.0215
	0.0255
	0.0265
	1400


SIR = 3 dB
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Figure C.5 Performance of interleavers in convolutional encoded DS-SS for various block lengths, (SNR=10 dB, SIR=3 dB, 
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 and block length=300-1400 bits).

Table C.4 The BER values of interleavers with convolutional encoder against the convolutıonal encoder’s performance alone for DS-SS (for Figure C.5).

	Convolutional Encoding
	Conv.Encoding with Block Interleaving
	Conv.Encoding with Random Interleaving
	Frame Length
(bits)

	0.0078
	0.0081
	0.0079    
	300

	0.0083
	0.0082
	0.0075
	400

	0.0070
	0.0071
	0.0082    
	500

	0.0073
	0.0067
	0.0083
	600

	0.0074
	0.0101
	0.0068    
	700

	0.0079
	0.0086
	0.0070
	800

	0.0087
	0.0080
	0.0059
	900

	0.0084
	0.0070
	0.0064    
	1000

	0.0077
	0.0094
	0.0093
	1100

	0.0074
	0.0105
	        0.0068    
	1200

	0.0060
	0.0069
	0.0082    
	1300

	0.0078
	0.0091
	0.0088
	1400


SIR = 4 dB

[image: image23]
Figure C.6 The performance of interleavers with convolutional encoder for DSSS (SNR=10 dB, SIR=4 dB, ρ=0.5 and frame length=300-1400 bits)
Table C.5 The BER values of interleavers with convolutional encoder against the convolutıonal encoder’s performance alone for DS-SS (for Figure C.6).

	Convolutional Encoding
	Conv.Encoding with Block Interleaving
	Conv.Encoding with Random Interleaving
	Frame Length
(bits)

	0.0020    
	0.0025    
	0.0020
	300

	0.0022
	0.0034    
	0.0022
	400

	0.0024    
	0.0022    
	0.0025
	500

	0.0026    
	0.0019    
	0.0019
	600

	0.0018    
	0.0030    
	0.0025
	700

	0.0024
	0.0019    
	0.0033
	800

	0.0015
	0.0021
	0.0022
	900

	0.0020    
	0.0021    
	0.0017
	1000

	0.0020
	0.0023    
	0.0021
	1100

	0.0017    
	0.0019    
	0.0020
	1200

	0.0021
	0.0025    
	0.0024
	1300

	0.0023
	0.0027
	0.0021
	1400


SIR = 5 dB

[image: image24]
Figure C.7 The performance of interleavers with convolutional encoder for DS-SS (SNR=10 dB, SIR=5 dB, duty cycle jamming (ρ=0.5)   and frame length=300-1400 bits)
Table C.6 The BER values of interleavers with convolutional encoder against the convolutıonal encoder’s performance alone for DS-SS (SNR=10 dB, SIR=5 dB, 

ρ=0.5 and frame length=300-1400 bits, BER= x1.0e-003).

	Convolutional Encoding
	Conv.Encoding with Block Interleaving
	Conv.Encoding with Random Interleaving
	Frame Length
(bits)

	0.4877    
	0.3790    
	0.5382
	300

	0.4786    
	0.4298    
	0.4193
	400

	0.4204    
	0.4434    
	0.4924
	500

	0.5688    
	0.4420    
	0.5472
	600

	0.4317    
	0.4912    
	0.5347
	700

	0.4971    
	0.4862    
	0.4236
	800

	0.4160
	0.5398
	0.4967
	900

	0.4379    
	0.4609    
	0.4962
	1000

	0.4226    
	0.5122    
	0.6711
	1100

	0.4895    
	0.4804    
	0.4597
	1200

	0.4796    
	0.4941
	0.4895
	1300

	0.5606
	0.4211
	0.4697
	1400


SIR = 6 dB

Figure C.8 The performance of interleavers with convolutional encoder for DS-SS (SNR=10 dB, SIR=6 dB, ρ=0.5, and  frame length=300-1400 bits, BER= x1.0e-003).

Table C.7 The BER values of interleavers with convolutional encoder against the convolutional encoder’s performance alone for DS-SS (SNR=10 dB, SIR=6 dB,

	Convolutional Encoding
	Conv.Encoding with Block Interleaving
	Conv.Encoding with Random Interleaving
	Frame Length
(bits)

	0.0939
	0.1011
	0.1206
	300

	0.1038
	0.0852
	0.0825
	400

	0.0791
	0.1183
	0.0981
	500

	0.0954
	0.1024
	0.0874
	600

	0.0981
	0.0810
	0.0888
	700

	0.0890
	0.0922
	0.1047
	800

	0.0952
	0.0978
	0.0873
	900

	0.0877
	0.0898
	0.1113
	1000

	0.1101
	0.0991
	0.0918
	1100

	0.1047
	0.1073
	0.1165
	1200

	0.0995
	0.0829
	0.0966
	1300

	0.1185
	0.0900
	0.0758
	1400


ρ=0.5 and frame length=300-1400 bits, BER= x1.0e-003)
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