. CHAPTER 7

TI 1o ths ase Xk= S vl | Bt

Te=Ldw Ju Yo - J,,J,

K/k = [V/ck Wy Wzk m«kJ .
we foe Xe= Y Wi = M- 1o and

Cr=de-Xe = de -1 Wa = dp-Wi- o
We can see that the extressim £ Xe and Ep ot
He Same as €ZMZ('07? (7.1 and (7.72), Thus the
MSE are 1dontical . Lls:}y the Same inethod described
m Sectiom 7.2 . we hae the ptimen m{y/u‘ vecter
w For MMSE | '

J
- -,./ . =
k ID _gak ), ylk N ok Jk&
WA;,N R = E[)Z, }; J é[ It Di# - y//e Ine

dtvk y—k %”‘? %’k y,v;z

and P=E[de ] = E[ et et - cot]”

2 (a) Asswme Nr>2. e have
Yo = [Sn 2t S MDY ez 25 (224)

We = [we w.] urk
.2 27 & 27k 2///,(’/)
z]’(ﬁ-l) ak < 27[#1)

7o 2
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7.2 Cond 'd
T
P= EldeY.] = E[a?(; 20k g,;ffk o?és(%/f)f,;,?_”%)]

=l -]’

ELd] = £[4 6'2t) -
= MSE = E[ leef] = EL]+ i & -2p7 w

st ma s 58] ()

2+ 2 (W fW—fz&B(ZT) WeW)+2H’, szr

(6) For NV ' ‘@(Jr]
Ey\': ﬁ?—,‘f: "6@-%— [0 _gﬂz”]

(O MSE = 2¢5 (.24 263G2) W w;, +11, 2)+2my-5; 2

= 24 2(0+o+4)+ 2;((—2);3;;,.24-_-’,F
D
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7.2 Clmt’d

(d) Cx= e~ (W' Tp+ Wi-Tp,y)
- 27k - £5Y. ¢ 2H(k-1)
25 (2F) - (2 &,

0

2- [ S (Zh+ S (—IL(M)]

H

= E[/ek/l] =2 ,_L'[g;j (37%)* QNZ(TF&”/\) ““2'5'.“(21/?)"5';{‘2[%‘”)‘

2 2(s+5+0) = 2
7.3 MSE = 2+;’[Waz-f 2&3[/2\—/5-m~m+ mzj-rz»y/,g;,_zﬂg:zz:{t

! F 7
= 24 3 (W't 2 (F)Wor, +07] + 2w S =

= ISW oS Wt 0307 Wo'lv, 1 F02m, —2 =p

Any pir of Wo and s tat Can satisfy th abwve
é;/fmvft‘ﬁ?v carr fawe the yms odue 9}" %=2 . ‘

1.4 Lot N dencte the namber o]‘ Getticiants m %e
eg wetczer . and M Ao Time reiuo'rea/ between each,

vieral om
(a) For IMS , M= (2a+1)-(076 (s) = 2011 us
M= 254450 43

(¢y For Sgaare yot RLS DFE |, M= /50 + 65/ s

(D) For Gradiong [nttive DEF. M= 3y-§ «s
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‘ﬁ' For fd:/oon, we have e Coherence bime

Te = @ = 4.23 mSec

Thvefore  the moviinum time trtaval Leffrre relrning 2
4. 13 msec | §Wﬂe ers fﬁ LMS %m‘tﬁn~, ench
4774(@2%7 °f the egml(zw needs lime T, where |

Tu = @A+ X106 X stemitin numbers 1o wn‘mye.

= (245D XJo b X103 = 1I1X)0°S = 1) ms _

k‘eégm‘re Jao < /07},' Drwnspossim 0erm4 :/% X4.23.= 0 423 msec.
A s mpsihle 1 mphnest tac LMS alyrisho
on Such a low speed DSP clup If the DSp cﬁjo @n
perfom 2 ! Mith; o nulty‘oé‘cafcéhs per Seeod. Tu  becomes
941ms < 42357 = o423 . Tlmﬁf Sor fa=100HZ and N=5 the
LS algoriithm émbe rplemented o0 27 [lilleon mdtipheations por seemd Dsp Ay
Swase each Time Slot of the s?/w[ Confaine 162 fjméo/,
I 0-4/mS Teme diralion . Chae Showld be /62;/02 274
de'w‘c/S- TAw/ére e mssim wm Sjm.bo/ safe 25

Rives = 755 2 3002 KSpS  due 1 chpncol. coberence

Sim[éw% ) for KRS @[7077%/,, us[y thc lpwo ?Dew’ DSp
0‘? Tu= (2507 + 45/ ) x10°° X 50 eratiins

= (25x5°+435x5) xf06 x50 = 4.25):/07{5

= $28mS > 423 x/0Y =0.423m$
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7.5 Caot’d
Thas f 15 also }fymssfé/e Zo ryblmmt the RLS aﬁmi/v/n on

a Dsp dip with 1 Mille leipliations por Secend - e
Inent gpnim ?wa/ fme DSp M? ;—gz“,,eal 25

9‘25”’!5 4_25- Mm mdts ot

= = = see

IOZ'E{nS) ol x423 = 1o > f/' ms/
/4

= Tz EZ0S :o4rms, Rmes =545 53-02 ksg;.

Jvo-1

If ﬂlﬁ DS-/D 0/{77 h“lﬁA 27 ”///WJ Mlﬂlﬂ‘\lflbys WSW %4
wed, wt hue Tu = "sz’"s-a/;?msaézgms and

Rs:«x:a;f? = o165 ksps - We can See that uzuy the Same
Speed DfPoA;f, RLS alyorithm Can handle Ag@f . yale than
IMs agmum.

(6) For fastoolfz, Tc=o-423mS, theefoe the nifinm lime syiorel
before reliining s 042315 . We cen see that even using « D3p
54?: Wt Can /;a,/m,, 100 fMillsy, mdtiplication f&r:etma’ Snse

//n S

7:«' ,oo z0-//ms >/OZ-7'c =0.0423 m¢ 1,}5 7'/5 }mfoss/l/e 2
;;”f/ vhe LAMS 4{70”%"’ For the RS “gmﬂ{m , e mrhiwn

ed of e DSP i . Y _$HBms 425 o
%e % f P 77 WZMIEJ 5 \_——PZ~72(M5) = ;;;?3— =/9/} midicn

g - _ 425 :
M/)émams/jec , =2 Tu= —72;’72"*2 Z0.042m5 . Pspay = 330«6/%/

vof2

(> For fu=joooo e Te =0023 ms.  It’s 7}255115/6 ]‘vr both e

LMS and RLS algorithms bo h7>/wnt wsing te PSP cAcp with
current lechudlayy

2-6} (x) See e MATIAB /_ijrm, f7—05./h
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7.6 (ont’'d
(4) If the Second ray 2% f&uw{ at t=25us, Ha
AKX A a’e&y W 25 | jrz’afer Ther The dgéjy that
The egm&'zer can (ﬁ@r ) ﬂm’]‘mé the data cannet be
recrealed Carectly  See Fo- fﬂ.oéd(a),{é),k)mdfﬂ'), _

(€> Whsn The Secwd oy is set fz‘?“[ o Zero.
né?f/(oyﬁ the error affer Convergence becames vory small
o stull exusts. That s e efua!x’zer norse. This s

Shown fg‘-./?ﬁé@.

- , _ ” K
T @S b5, B[ Y, <L) = )= € Tmop, wheee ¥ i

the SMR threshold , we fowe

r~ _ / s -
I T A8 D G2 iz Zosdp

7&79& . e mean SR of the /9‘/'7[5324 f/w/z.:, 7 syna/
2% 05 dB obove the SWE Threshold . Ms'u; epustim (7.57), 1

Aove
(5. P (64B lelow the mewn SWR Lhreshold) =02 0. 04

(¢> P(6dE belww 2he mens SR threshott) =02 = 0008

(d) 5 (6B belows the mean SWR threshold) = 0. 7% < s0ofl

(e Faom the aboe we can ee That ][a‘rd M brzneh
Selectter d/iwyé reresver.  The jbmé;zé/‘/r}? that tht
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77 (ont 'd ;
swp wil be 6dB polow the maan SR thresheld 15 02

_‘j See the MATLAE /mfmm /»07.-08):1 and F7 f7-03

:] In tha arimad e com wmer, TAL Symfé on A M
branches ort ased and added with W‘m&‘e branch
n/ef/ituw ]‘MWS ar. TAe mdt/7 Sfm[ &weffe w
Ym= fﬁd’  th totad /Wwffrm&rst A/zq,

whwre N v the moLse fowr por brecch . 7%07%7{,5/4

A (E ai-r)
res t”d SMR 16 Vi = zA/-, o
Wﬂ'{”"? ]‘Mm ai, =2 M, are Ve foﬂdé‘o”f”

%-E % of eguﬁjfﬂ's a/% =0 , 7':/,21..‘M .

be maxrrazed ad ImEs L -
M- 2 g-(r’VNI) 2 /‘1 Fyar

whsre Y*:WI‘Y{Z 25 the  frarch SR and Gen b2 ‘?afqymfd
a5 XY= .."_(;;ﬂ(y-2> , whwe X and Y e an
Grawssicai  yandam pariables o ]’ gm( rarrarce O and ~
Fero mean. Thus Dp 15 4 0{"‘,?“”"’ distrrbution o7

A M Gawssiar redes varables s bh rariance E—T—LF’
2/ T 20

Tz a[%sfl‘fy ][ww[ o 1 s
A=l ,>;1?/]7‘ :

_;X____?———-—-———"' ))M >0

(M- -1)!

7(/ M) =
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710 Cont’d

104og, (/T = /04 (6= 778 A
For b-dranch  selecticr a’/‘k"ers/fi, e avernge SIR
rovemerd 25

& /5 ‘ ’
/0'%7/0(5‘);)// ) /(7»467/0 Z‘E," = 0.%0’:@45) =5'7d3

I]‘ ‘/273=0-°/, jZY 8-brarch moopmad redeo Cm/ém,m

k-1
N -— *Vr é ()yr) ~-of ¢ _(G c____l)
piomsy=r e Mg LD < S b
. _oo] [ _o-0 (°°/ N -
= /- e[ (7.,)>.' ]2 r7x10"”

For 6-dranch  seleclion diversity .
P(rnsy)= (1-e )™= (17" = g7x1™"

For @& single Kaylecoh Afading chanrel .
> J¢—F

plr<sy)=r-eT=1-e™'z 795 4o

2 () Baxd on the definction of . (st Shoutd be
e Suitable o call Y LA arjoé‘mefz ,7 the g7t

)f&/f'aéxlz? ), we Aave
P00

/'Z = e77>[— P"/x}/%] = )%= L (F))

(5 Y= [1-e 5]
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7.1 Cont'd
() For BPSK, Re(?)=0(/2r ). Giren X=/0"3 we

Jare
_ [07)()]2 3. 2

Yo = 2 = — 2
Gl1-))  bir5?)

(d) In thes case . )} = LX)

= 48026 =368 4B

_&r G-y
Ve = 2 =9 N ,
%[1_ (10-3);7{-] 454 = /3—7 dB
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£.11 See the MATLAB program p8ll.m and Fig. p&ll.

The 64 guantization vectors are (each column contains one vector}:

Columns 1 through 7

-1.0416 -0.5821 -1.4484 0.2083

-0.5245 0.7293 0.5761
-0.8850 1.8520 -0.7157

0.1233 0.5841 -0.2705 -0.9283
Columns 8 through 14

-2.6594 1.3634 -2.2150 -0.6623 0.8973

-0.9619 -2.4045
0.0562 -0.3274 0.8941 0.9270

0.4884 -1.3398 1.3320

Columns 15 through 21
0.6199 -0.1141 -0.4555 -1.4531 0.2642 0.9874 0.8000
1.0388 -2.4886 0.4939 -1.1477 -1.035%0 -0.3348 1.6057
Columns 22 through 28
-0.0942 0.4185 0.8428 1.3229 0.1160 -0.1277 -0.3933
0.3561 0.1407 0.1858 1.1117 0.2152 0.7864 -0.5289
Columns 29 through 35
1.5744 0.0709 0.5237 0.3896 -0.0673 0.4072 ~0.7746
0.5004 1.4680 -1.6375 0.6859 -1.4108 2.2418 ~-1.3458
Columns 36 through 42
-0.8210 0.6018 0.0829 -0.4342 0.3812 1.0026 1.0249
-0.3752 -0.9841 -0.0980 1.8908 0.4029 -1.0752 -2.0029
Columns 43 through 49
1.7521 -1.4234 -0.1661 0.3837 -1.0973 0.1494 3.1329
~-1.3038 -0.2866 ~0.9883 1.2358 1.1021 1.0070 0.0327
Columns 50 through 56
-0.2452 -1.6159 -0.1840 1.0793 0.6323 1.5192 -1.2874
-1.8059 0.4938 0.0660 0.6205 -0.6823 -0.6571 -1.8785
Columns 57 through 63

-0.2711 1.3955 ~0.4755 -0.9577 0.2313 1.9427 2.0501
-0.2225 2.0920 1.2940 0.0914 -0.3363 1.1305 -0.1682

Column 64

0.0415
0.5773

The mean squared error distortion computed from the test seguence is
0.0275. 0275. We can see that the MSE distortion for the rate 3, 2-dimension
Vector quantizer is less than that for the rate 3 scalar quantizer.

Theareticad lower bpund on MSE  distriim fvr a mie 3 ?mwf I'Z&f’cff @762

dirersion = 2""'- 6% = 270 2 00154 . (See equesm (60) in [Mek3s).
[Mek 85] Makhoul, J., Roucos. & 5. and Gish., H., * Veutsr Jusrtizatio: m 5]"“" caaby’

Poc. ’ff; PP 1551158, Nov. 1935
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&.12 .| See the MATLAB program p&12.m and Fig. p&.i2

The 64 guantization vectors are (each column contains one vector)
Columns 1 through 7

0.0577 -1.8433 -0.6225 -1.1155 -2.0601 -0.1380 -0.0921
0.3076 -1.4062 -0.3863 »v-0.7736 -0.7074 -1:5222 -0.5689

Columns 8 through 14

0.2003 -1.5632 -0.2561 -1.9816 -0.9409 -0.8360 ~0.9894
-0.2440 ~-1.9189 0.2848 -2.6935 -0.5288 -2.2484 -1.1809

Columns 15 through 21
1.2101 1.1565 2.0051 0.3935 0.4235 -0.0326 -0.6749
0.4419 1.8960 2.1411 -0.1250 1.7790 -0.1932 0.3061
Columns 22 through 28

-0.3221 0.1544 0.8663 -1.2890 0.4229 0.4424 2.4456
-0.3228 0.5541 -0.3847 -1.4615 1.3479 0.8415 1.3688

Columns 29 through 35
-0.2333 1.2679 -0.7651 0.1331 0.8701 0.3033  -0.7017
1.3738 -0.1312 0.8026 0.9053 0.1702 0.3488 -0.7243
Columns 36 through 42
0.4031 1.1372 0.0144 0.5464 ~1.4392 ~0.7975 -0.1514
~-0.5522 0.8577 -0.9260 0.3412 -1.0051 -0.2046¢ 0.0083
Columns 43 through 49
1.5928 1.4233 -0.4340 -0.1647 -2.5761 -0.7477 1.9103
1.4323 0.8812 -0.9211 0.7469 -1.8792 -1.0637 0.5321
Columns 50 through 56
0.5527 0.5871 -0.4250 -1.2357 0.7594 . -0.4568 -0.4889
0.0519 -1.0419 -1.2822 -0.3979 2.4654 -0.5975 0.0831
Columins 57 through 63
-1.4924 -0.7798 0.7855 0.7272 -0.9640 -0.3679 0.1247
0.1370 -1.6209 0.6134 1.0414 0.1578 0.5105 0.0767

Column 64 i

1.0224
1.3258

The mean squared error distortion computed from the test sequence is
0.0249, which is less than that for the uncorrelation case in problem

-

Comparing Fig. p8l2 and Fig. p8dl, we can see that the quantization
vectors in this problem become more condense due to the correlation

between the Sa/-jo/&s ]
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x2

Distribution of quantization vectors for Gauss-Markov Source

—T

-1

T T " — e T

.
x » »
x
= x b
x *
% 9w m % X
b o x . x x =
x x g X
Y x X * x
x * 4
* x X
- -
x ¥ x
b 3
" »*
»
*
x
L L : L
-2 -1 /] 1
x1
Fig. pg_12
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3.2 lonl’d
For the 1277;/1 of the Lraining  Sefuence . the relative
brrelation  and  the dimensims of the vector guanlizer,
Inirease ok 7‘ e three frwfars and Fox the othar Tio,
the MSE destortion wild decrease
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