Spring 2010
EE 4601: Assignment 6

o Date Assigned: March 16, 2010.

e Date Due: March 30, 2010.

{a) The two signal constellations shown in Figure P__5.17 exhibit the same average prob-
ability of symbol error. Justify the validity of this statement. _

(b) Which of these two constellations has minimum average cnergy? ]u‘stxfy your answer.,

You may assume that the symbols pertaining to the message points displayed in Figure:

P5.17 are equally likely. ;

(a) (b)
FiGURE P5.17

Simplex
most negative correlation that can be achieved with a set of M orthogonal signals. That
is, the correlation coefficient between any pair of signals in the set is defined by

(transorthogonal) signals are equally likely highly-correlated signals with the

1 fori=7j
i = =1
M-1
One method of constructing simplex signals is to start with a set of M orthogonal signals,
each with energy E, and then apply the minimum energy translate,

Consider a set of three equally likely symbols whose signal constellation consists of

the vertices of an equilateral triangle. Show that these three symbols constitute a simplex
code. ' . )

fori #j



3‘, Let P,; and P.o denote the probabilities of symbol error for the in-p hase and quadrature
channels of a narrowband digital communication system. Show that the average prob2

bility of symbol error for the overall system is given by
Pe = PcI & PsQ T PefPe_Q

' - S I
i-l Figure 6.53 shows a 240-QAM signal constellation, which may be vi 3 :
iewed
form of QAM cross constellation. ' ’ eved s an extended
(a) Identify the portion of Figure 6.53 that is a QAM square constellation.
(b) Build on part (a) to identify the portion of Figure 6.53 i
o gure 6.53 that is a QAM cross
(c) Hence, identify the portion of Figure 6.53 that i i '
o e s at is an extension to QAM cross

§_ Determine the transmission bandwidth reduction and average signal energy of 256-QAM,
compared to 64-QAM.

é , Two passband data transmission systems are to be compared. One system uses 16-PSK,

and the other uses 16-QAM. Both systems are required to produce an average probability

of symbol error equal to 10~3. Compare the signal-to-noise ratio requirements of these

two systems.



37

33

29

25

21

17

13

-23
-27

-31

-39 -35 -31 -27 -23 -19 -15 -11 -7 -3 1 5 9 13 17 21 25 29 33 37
T I | ] I | | | | }n | | I [ | | | | I |
B (Ifm) -
236 224 216|212 218 228
= L] [ ] [ ] [ ] L ] L] _
234 205 185 173 164|162 170 181 157 220
| L ] [ ] [ ] ® [ ] [ ] L ] L ] [ ] L ] _
226 193 165 146 133 123|121 125 137 154 179 207
| [ ] [ ] [ ] [ ] [ ] L] [ ] L ] L ] L ] L ] [ ] _
229 189 156 131 110 96 87 |33 92 100 117 140 172 208
- ® [ ] [ ] L ] L ] [ ] L ] [ ] L ] L ] [ ] ® [ ] L ] _
201 160 126 98 79 64 58 |54 62 71 90 112 141 180 221
| L ] [ ] [ ] L ] L ] [ ] [ ] [ ] L ] L ] [ ] L ] [ ] [ ] ® v}
222 177 135 102 77 55 41 35|31 37 48 65 91 118 155 198
s [ ] L ] [ ] [ ] L] [ ] [ ] [ ] L ] L L ] [ ] L L ] [ ] [ ] |
' 203 158 119 84 60 39 24 17|15 20 30 49 72 101 138 182 230
- L ] [ ] ® [ ] [ ] [ ] [ ] L ] [ ] L ] [ ] [ ] L ] [ ] [ ] [ ] [ ] - |
194 148 108 75 50 28 13 6 4 8 21 38 63 93 127 171 219
| L ] [ ] L ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] L ] L ] [ ] [ ] [ ] [ ] ]
238 186 142 103 69 43 22 9 1 0 5 16 32 56 85 122 163 213
L. [ ] L ] [ ] [ ] [ ] L ] L ] [ ] [ ] [ ] L ] L ] [ ] L ] [ ] [ ] L ] L] _
- 120 1ﬁ4 196 ?.3 4.5 2.5 1.1 § g Z 1.8 3.6 5.9 8.8 1g4 1§6 237“;9}_
199 152 113 80 52 33 19 12|10 14 26 42 66 97 134 174 225
= [ ] [ ] [ ] [ ] L ] L] [ ] [ ] [ ] L ] L ] L ] L ] [ ] L ] [ ] L _
210 167 128 94 67 47 34 27 |23 29 40 57 81 111 147 187 237
| [ ] L ] L] [ ] L ] L ] L ] [ ] [ ] L ] [ ] L ] [ ] L] [ ] [ ] L ] |
232 183 149 115 89 68 53 46 |44 51 61 78 99 132 168 209
| L ] [ ] [ ] L ] L ] L] L] [ ] L ] [ ] L ] [ ] [ ] a [ ] L ] _
214 175 139 116 95 82 74 |70 76 86 104 129 157 195 235
= [ ] [ ] L] [ ] L ] [ ] [ ] L ] L ] [ ] L ] [ ] L ] L ] [ ] |
205 176 150 130 114 107|105 109 120 136 161 191 227
| [ ] L ] L ] L ] [ ] [ ] [ ] [ ] ® L] [ ] [ ] L ] =
215 184 169 153 145|143 151 159 178 202 231
- L ] L ] L ] L ] [ ] L ] L ] [ ] L ] [ ] L ] _
233 211 200 192|188 196 204 223
| L ] L ] L ] L ] L ] [ ] L ] L ] |
239
L = =
| | | | | | | | | | | | | | | | 1 | | 1
-39 -35 -31 -27 -23 -19 -15 -11 -7 -3 1 5 9 13 17 21 25 29 33 37

37

33

29

25

21

17

13

-31

-35

FIGURE 6.53 Quarter-superconstellation of V.34 modem with 240 signal points. The full super-
constellation is obtained by combining the rotated versions of these points by 0, 90, 180, and 270

degrees. (Taken from Forney et al., 1996, with permission of the IEEE.)



