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Abstract

This paper proposes a new detection algorithm with better performance for spatial
modulation (SM) systems, which uses (M-PSK) or (M-QAM) constellation diagram. The
proposed algorithm has enhanced to M-algorithm-based maximum likelihood detector (M-ML).
Mathematically, we analyzed the number of mathematical discussions of the ML detector which
determining from (M-ML) algorithm on the first receiving antenna down to the last receiving
antenna. Then counting the smallest value for these mathematical discussions at each receiving
antenna, which refers to both the received symbols and the number of the effective antenna on
the transmitter side. The proposed algorithm named (L-ML). The simulation results showed that
the proposed algorithm gave an improvement in bit error rate (BER) value compared with the
algorithm (M-ML). Both algorithms (M-ML) and (L-ML) have the same value of computational
complexity. The results of the proposed algorithm (L-ML) were verified by simulation with
Matlab.

Keywords: Spatial Modulation (SM), Constellation diagram (M-PSK), Constellation diagram
(M-QAM), Maximum Likelihood (ML), M-ML Algorithm, L-ML Algorithm.
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0355 0.709 0355 0

0.338 0.022 0.203 0.519

2.769 4171 2.844 1.441

Q' = arg s | 8 smallest
\ 1.615 2.377 1.274 0.512

Ql = {(1' 84); (2' SZ); (21 53); (2! Sl); (1, Sl); (1, 53); (4: 54); (Zr 54)}
WM Gy o QL e seadl yualic e Talde) j = 2 S JLELY) ) aie dpaly )l cliilia) aas o
. 2. ¥
:6(Ji,s) = |y] - hj'iS| 4:‘*41:’,)3‘
2
6(21,54) T |J’2 - h2,154|
6(21'54) = |—0.629 + 0.502i — (—0.8 == 0.09i)(0.7071 = O.7071i)|2

86y =10+0]2=0
6(22,52) > |y2 _ h2,252|2
8ty5,) = 1-0.629 + 0.502i — (0.39 — 0.22i)(—0.7071 + 0.7071i)|?
865, = [—0.509 + 0.071|* = 0.264
5(22,53) = |YZ - h2,253|2
865, = 1-0.629 + 0.502i — (0.39 — 0.22)(—0.7071 — 0.7071i) |
8Cy5p) = [—0.198 + 0.622|* = 0.426

6(22,51) = |3’2 - h2,251|2

6(22‘51) = |—0.629 + 0.502i — (0.39 — 0.22i)(0.7071 + 0.7071i)|?
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8¢5 = |—1.060 + 0.382|* = 1.269

2
6(21,51) = |J’2 - h2,151|
85y = 1-0.629 + 0.502i — (0.8 — 0.09i)(0.7071 + 0.70715) |

8¢5y = [-0.127 + 1.131|* = 1.295

2
5(21,53) = |y2 = h2,1$3|
6(21,53) = |-0.629 + 0.502i — (—0.8 — 0.09:)(—0.7071 — 0.7071i)|?

8,5 = [-1.131—0.127|* = 1.295

2
5(24,54) =5 |YZ = h2,454|
8Chs,) = 1-0.629 + 0.502i — (0.7 — 0.1i)(0.7071 — 0.7071i)|?

6845, = 1—0.063 +0.078i|* = 0.010

2
5(22,54) T |J’2 - h2,254|
8¢5, = 1—0.629 + 0.502i — (0.39 — 0.22i)(0.7071 — 0.7071i) |
8(ys,) = 1—0.749 + 0.933i|* = 1.431

2 2 2 2
0159 O(2sy  Olzsy Ozsy) )
2

Q* = arg( ) | 4 smallest < 5 5 5
O(ts) Ots)  Olasy  Olasy)

? o 0 0.264 0426 1.269
Q _arg("s)<4 smallest (1 295 1905 0,010 1431)

Q* = {(1,54); (4,54); (2,52); (2,53)}
M) iy e Q2 e senall ualic o blde) j = 3 bl JLEuyl S aie Al cldlid) sas -
:d(ji's) = ly; - h]-,l-s|2 Azl
5(31,54) = |Y3 - h3,154|2

885,y = 1-0.7071 + 0.990i — (—1.2 + 0.20i)(0.7071 — 0.7071) |2
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8tsy =10+0]>=0

2
5(34,54) = |J’3 - h3,454|
8845, = 1—0.7071 4 0.990i — (=1 + 0.88i)(0.7071 — 0.7071i) |

8¢y, = 1-0.622 — 0.339i|* = 0.502

2
6(32,52) = |J’3 = h3,252|
5(32’52) = |-0.7071 + 0.990i — (1.39 — 0.01i)(—=0.7071 + 0.7071)|?

63, = 10.268 4 0.00006i|* = 0.072

2
6(32,53) = |J’3 = h3,253|
8¢5,y = 1—0.7071 4 0.990i — (1.39 — 0.01i)(—0.7071 — 0.70715) |
88y, = 10.282 + 1.966i|* = 3.945

Q® = arg s (1 smallest ( 6(31’54) 6(34,54) 6(32’52) 6(32’53)))
Q3 = arg(;5)(1 smallest (0 0.502 0.072 3.945))

Q® ={(1,5,)}

o Cinall e Jubell (5 Millig 5, o8 4l Josall Sl s Js¥1 el s Jal) 3 sell of B Laa griians
At Ju Al (a8l Judell 585 g, = [0011]

:(Y) Sl Ja
(V) JEd) e
y=001 Y2 ¥3)T=1(0318—-0.276i —0.629 4+ 0.502i —0.7071 + 0.990i)T

mi (LML) Gl e slheWhs  JWESY R B i) dke b
Q° = {(i,s) i€l emwnm.,N];s €S}

Q0 = {(1; 51); (1,82); (1,53); (1,54); (2,51); (2,52); (2,53); (2, 54);}
(3,51); (3,52);(3,53); (3,54); (4,51); (4, 52); (4, 53); (4, 54)
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add11 = 0;add12 = 0;add13 = 0;add14 = 0;
add21 = 0;add22 = 0;add23 = 0;add24 = 0;
add31 = 0;add32 = 0;add33 = 0;add34 = 0;
add41 = 0;add42 = 0;add43 = 0; add44 = 0;

ARl 385 o Q0 Ao senall yualic o Talae) j =1 JsY) JlEaY) s die dual )l clilid) s
57 = |y — Ry s dssl
Ohs) = 1Vi = S| ===
2
6(11,51) = |J’1 = h1,151|
8¢5 = 10318 = 0.276i — (0.42 + 0.03i)(0.7071 + 0.70715) |
8lisp = 10.042 — 0.594i|* = 0.355
1 2
O(1,s,) = |)’1 = h1,152|
815, = 10318 — 0.276i — (0.42 + 0.03i)(—0.7071 + 0.7071i) |
8¢5, = 10.636 — 0.552i|* = 0.709
1 2
5(1,53) T |J’1 - h1,153|
8¢5, = 10.318 — 0.276i — (0.42 + 0.03i) (—0.7071 — 0.7071i) |
8¢5, = 10.594 + 0.042i|* = 0.355
1 2
5(1,54) i |J’1 i h1,154|
8¢5, = 10318 — 0.276i — (0.42 + 0.03i)(0.7071 — 0.70715) |
8y =104+ 0i]2 =0
1 2
8(as) = |3’1 ~ h1,251|
8(ys,) = 10.318 — 0.276i — (=0.3 + 0.06i )(0.7071 + 0.7071)|?
8(zs,) = 10.572 = 0.106i|* = 0.338
1 2
8(as,) = |J’1 - h1,252|
8y, = 10318 = 0.276i — (—0.3 + 0.06i )(—0.7071 + 0.7071)|?
8lys,) = 10.148 — 0.021i|* = 0.022
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2
5(12,53) = |)’1 - h1,253|
8(ys,) = 10.318 = 0.276i — (=0.3 + 0.06i )(—0.7071 — 0.70711)|?
8(ys,) = 10.063 — 0.446i|* = 0.203
1 2
6(2,54) = |J’1 = h1,254|
8tys, = 10318 = 0.276i — (=0.3 + 0.06i )(0.7071 — 0.7071i)|?
8(ys,) = 10.488 — 0.530i|* = 0.519
1 2
8(3,5) = |[y1 — hi3s1]
83,6, = 10318 — 0.276i — (1.62 + 0.07i )(0.7071 + 0.7071:) |
8(ssp = |—0.778 — 1.471i|* = 2.769
1 2
63,5y = |[y1 = hi3s2|
835, = 10318 = 0.276i — (1.62 + 0.07i ) (—0.7071 + 0.70715) |
83,6, = 11.513 = 1.372i|* = 4.171
1 2
8(3,55) = |1 — hy3s3]
83,6, = 10318 — 0.276i — (1.62 + 0.07i)(—0.7071 — 0.7071i) |
(35 = 11414 + 0.919i|* = 2.844
1 2
8(3,5,) = |3’1 » h1,354|
83,5, = 10318 = 0.276i — (1.62 + 0.07i )(0.7071 — 0.7071:) |
83,5, = 1—0.877 + 0.820i|* = 1.441
1 2
O(as) = |3’1 - h1,451|
8l4sp = 10318 — 0.276i — (1.09 + 0.28i )(0.7071 + 0.70715) |

8l4s = 1—0.255 — 1.245i|* = 1.615
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5(14,52) = |J’1 - h1,452|2

6(14,52) =10.318 — 0.276i — (1.09 + 0.28i )(—0.7071 + 0.7071i)|?

8Ly, = 11.287 — 0.849i|* = 2.377

5(14,53) = |J’1 = h1,453|2

6(14‘53) =10.318 — 0.276i — (1.09 + 0.28i)(—0.7071 — 0.7071i)|?

8(ss,) = 0.891 + 0.693i[* = 1.274

5(14,54) = |y1 - h1,454|2

85, = 10318 — 0.276i — (1.09 + 0.28i )(0.7071 — 0.70711) |2

8{ys, = |—0.651 4+ 0.297i|* = 0.512

A8Y) dacals A Gy e QL Ao panall pualic aa

1
/ 6(1151)

61
Q! = arg; 5 | 8 smallest (12’51)
(3151)

1
8(a,sy)

0.355
0.338

2.769
1.615

Q! = args) | 8 smallest

6(11,52)
5(12,52)
6(13,32)
5(14,52)

0.709
0.022

4,171
2.377

1
6(1153)
61

(2!53)

1
0(3,55)

1
5(4’r53)

0.355
0.203

2.844
1.274

1
(2,s,)

1
6(3.54) /

1
O(a,s,)

0
0.519

1.441
0.512

1
6(1.54) \\

Q1 = {(1,54); (2,52); (2,53); (2,51); (1,51); (1,53); (4,54); (2,54)}
AV Al ) A8l 34 e Q% ic ganall 22
1 = min(Q")
Q% = {(L 54)}
add14 = add14+1=0+1=1
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el 305 o QL Ao senall jualic e Taldie) j =2 JE JLEaY) s die dual )l el sass o
. 2 - .
:6(Ji,s) = |y] - hj,isl 4:“41-9.)3‘
2
5(21,54) = |J’2 - h2,154|
815y = 1-0.629 + 0.502i — (0.8 — 0.09i)(0.7071 — 0.70715) |
85y =10+0]>=0
2 2
6(2,52) = |3’2 - h2,252|
865, = [=0.629 + 0.502i — (0.39 — 0.22i)(—0.7071 + 0.7071i)|?
8¢ys,) = 1—0.509 + 0.071|% = 0.264
2 2
6(2,53) ~ |J’2 = h2,253|
8(y.5,) = [-0.629 + 0.502i — (0.39 — 0.221)(—0.7071 — 0.7071)|?
8(y5p) = 1—0.198 + 0.622|% = 0.426
2 2
6(2,51) T |J’2 - h2,251|
8¢5 = 1—0.629 + 0.502i — (0.39 — 0.22)(0.7071 + 0.7071i) |
8¢5, = 1—1.060 + 0.382|% = 1.269
2 2
6(1,51) n |3’2 - h2,151|
8¢5 = 1-0.629 + 0.502i — (—0.8 — 0.09i)(0.7071 + 0.70715)|?
8¢5y = 1—0.127 + 1.131]% = 1.295
2 2
5(1,53) = |J’2 - h2,153|
64, = 1-0.629 + 0.502i — (—0.8 — 0.09i)(—0.7071 — 0.70715)|?
8¢5 = [-1.131—0.127|* = 1.295
2 2
5(4,54) = |YZ - h2,454|

88,5,y = 1-0.629 + 0.502i — (—0.7 — 0.11)(0.7071 — 0.70710)|?

Journal of University of Babylon for Engineering Sciences by University of Babylon is licensed under a Creative
Commons Attribution 4.0 International License.

38

ISSN: 2616 - 9916

www.journalofbabylon.com

info@journalofbabylon.com | Journal.eng@uobabylon.edu.iq


mailto:info@journalofbabylon.com
mailto:info@journalofbabylon.com
mailto:Journal.eng@uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive

JOURNAL OF UNIVERSITY OF BABYLON
ARTINIE Vol.30, No.2.| 2022

For ENGINEERING SCIENCES (JUBES)

€9 oy

0 T

ey ¢

<y <

$9 iy v

0 T

1V“7 l.

\.‘ Y <

$9 phrrmy &

0 T

ey ¢

\.‘ v <

v

6845, = 1-0.063 +0.078i|* = 0.010

2
5(22,54) = |3’2 - h2,254|
865, = 1—0.629 + 0.502i — (0.39 — 0.22)(0.7071 — 0.7071i) |
8¢5 = [—0.749 + 0.933i|* = 1.431

2 2 2 2
0159 O(2sy  Olzsy  Ozsy) )
2

Q% = arg(;s) | 4 smallest < 3 5 >
6(s)  O(sy  Olasy  Olzsy

. A 0 0.264 0.426 1.269
Q _arg<"s)<4 smallest (1 295 1305 0,010 1.431)>

QZ = {(11 54); (41 84); (2J SZ); (2; S3)}
Ay Al Hl) A i e Q2 de samall 20a3

Qf = min(Q?)

Qf = {(1,54)}
add14 =add14+1=1+1=2

Al iy Ao Q2 A senall jualic o faldel j = 3 Gl JLainy) s aie gl i clilial s -
: o |
ngi's) = |y] — hj.isl 41.“4\-’...)5\
2
5(31,54) = |J’3 B h3,154|

5(31,54) =]-0.7071 + 0.990i — (—1.2 + 0.20i)(0.7071 — 0.70711)|?

5(31,54) =104+0/2=0

2
5(34,54) = |Y3 = h3,454|
6(34‘54) = |-0.7071 + 0.990i — (—1 + 0.88i)(0.7071 — 0.7071i)|?

6845y = 1—0.622 — 0.339i| = 0.502
A L e
(2.52) — |3’3 3,252|
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885, = 1—0.7071 4 0.990i — (1.39 — 0.01i)(—0.7071 + 0.70715) |

63, = 10.268 4 0.00006i|* = 0.072

2
6(32,53) = |J’3 - h3,253|
835y = 1—0.7071 4 0.990i — (1.39 — 0.01i)(—0.7071 — 0.7071:)|?
83y, = 10.282 + 1.966i|* = 3.945

AV Gl ) A8 335 Q3 e sanall jualic a3

4 3 3 3 3
Q3 = arg(ijs) (1 smallest ( 6(1‘54) 6(4154) 6(2‘52) 6(2'53)))

Q3 = arg( (1 smallest (0 0.502 0.072 3.945))
Q3 ={(1,54)}
A Azl A8l 35 e QF Ao semall 2083
Q} = min(Q®)
Q} = {(1,54)}
add14 = add14+1=2+1=3
adddd; s = sort{add; 5}
adddd; sy = sort{0,0,0,3,0,0,0,0,0,0,0,0,0,0,0,0}
adddd; sy = {0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,3}
(t,8) = max{adddd; )} = 3 = add14

055 SHtillsg e54 58 e Juusall Sally SV ol s cJIadll lsgl) 5 add 14 (o (b Lan i
st Jeall i Jakell a9 @ = [0011] 58 Jsficnall byl ket
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