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MICROCONTROLLER BASED CONTROL OF A SINGLE-PHASE

INVERTER
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ABSTRACT

Switching-mode single-phase DC-AC converters have been widely used in critical
applications such as uninterrupted power supply systems and AC motor drives. Among various
control techniques, Pulse Width Modulation (PWM) technique is the most effective one that is
commonly used to regulate the magnitude and frequency of the converter’s output voltage. In this
thesis four DC- AC converter control schemes implemented by a microcontroller are evaluated.

Theoretical analysis, experimental results, and harmonic evaluation given.
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Vector out Vector Vo
i | 6,(deg) ¢, (deg)
i 0 +V, 180 =L
2 179 +V, 359 -V,
gATMINIUNIEISUDINYD Square wave  (18NT1381989 [8] )
1 .3 2n
a, ==\ [V,d6+ [-V,de|=0
T 0 n
V —ﬂ' 2z
a, ==%| [cos(n0)do - [eos(noyao | =0
T L0 ks
V K 27
b, =—%| [sin(n0)d0 - [sin(n0)d0
% L O b4
vV P
= & [— cos(nd)|; +—cos(né?)|2 ]
nx /)
V
= n—‘;’;[(coso —cosnz)+ (cos 2nm —cos mr)]
V
= —%[(1-cosnz)+(1—cosnz)|
ni
2V,
=4 [(1 - cosnr)|
nr
e n fluavg Ml cosnz =1
L
Auiu b, =0
o n uavA MlA cosnr =—1
v & 4V,
MU b, =—%£
nr
o a s 9 = LY o 3 & o 9 a = 4
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A15197 4.8 M5 1S sUMo U e TN IARANITNAADIATHANMIATUINVRINTEHIAT

G TR ek
Order Current At One Load(A) Current At Two Load(A) Current At Three Load(A)
Measure Simulation Measure Simulation Measure Simulation
1 0.389045 0.426418 0.724436 0.799569 0.977237 1.094442
2 0.000525 0 0.000221 0 0.000513 0
3 0.100000 0.121865 0.131826 0.177007 0.144544 0.198604
4 0.000309 0 0.00016 0 0.000437 0
5 0.042170 0.059116 0.047863 0.072979 0.050699 0.076803
6 0.000119 0 (.000224 0 0.000200 0
7 0.020654 0.034255 0.022909 0.038943 0.023988 0.040043
8 0.000299 0 0.000221 0 0.000110 0
9 0.011350 0.022081 0.012162 0.024027 0.012162 0.024448
10 0.000603 0 0.000412 0 0.000490 0
11 0.0605370 0.015316 0.005888 0.016250 0.006095 0.016443
12 0.000380 0 0.000191 0 0.000646 0
13 0.002512 0.011206 0.002754 0.011705 0.002541 0.011805
14 0.000136 0 0.000120 0 0.000335 0
15 (.001047 0.008536 0.001189 0.008825 0.001259 0.008882
16 0.000148 0 5.43E-05 0 0.000119 0
17 0.000550 0.006710 0.001000 0.006889 0.000841 (.006923
18 4.73E-05 0 0.000151 0 0.000279 0
19 0.000813 0.005409 0.001549 0.005525 0.001318 0.005547
20 0.000309 0 0.000407 0 0.000343 0
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Current of square wave at one load
0.45¢

0.4

0351

. THD=33.53%

025+

0.2

T

Current (A)

015+

01¢

005t T
0 =8 © T & WA
9

Lo
Q

O]

0 1 3 5Y Mox
Harmanics Order n

=
—
o

15

o o =) 3 Sy v 3 -
U 4.11 ersuetinvesnszud Iihmsdmaneani ldvinmsduau mazlvaa 1 ga fing

a A o
AIRFILVUUAIT
Current of square wave at three load
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Vector Vo Vector Vou
; | 6,(deg) i | 6.(deg)
1 0 0 5 22320 | =V,
2 4320 +V, | 6 | 31680 | -V,
3 13679 | +V, | 7 359 0
4 137 0

d = a
TAINITHIFIINOUNUBY Quasi-square wave (1@na1581394 [8] )
1 n 2r
ay =—| [Vodo + [~V,d8 =0
T
0 L4

T

2z
a, = Ve [eos(n0)a6 - Icos(n@)d@} =0

0

/¥4

T
b, = QB ”IV‘,C sin(n0)dé | = %f—[— cosn9|;’““]
2

= -’-%;i [cos(na)— cosn(m — a)]

= 2 fcos(nar) = cosnr cosa]
nr

= %C-cos(na)[l ~Cos mr]
Fia

¥
o W 1

i ndhuavg dnfud b, =0

4 4o o 4y,
dio n Wlumvd daiusm b, = —%cos(na)
nr
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4 3 2 o = q'
ﬂ]iN’?l 4.10 G!'IiNLﬂ?SEJULﬁUiJ F1TUBUNOHDNITNAADIUALHBNTITAIUIU VDI T IAY

HUUAIOT-TUADS

Order Current At One Load(A) Current At Two Load{A) Current At Three Load(A)
Measure Simulation Measure Simulation Measure Simulation
1 0.384592 0.557006 0.724436 1.044432 0.977237 1.429608
2 0.000977 0 0.000519 0 0.000589 0
3 0.095499 0.139195 0.13489¢6 0.202179 0.151356 0.226844
4 0.000473 0 0.000251 0 0.000302 0
5 0.050699 0.085699 0.059566 0.105796 0.063826 0.11134
6 0.000130 0 0.000132 0 0.00032 0
7 0.020654 0.03289 0.025119 0.037391 0.028184 0.038448
8 0.000339 0 0.000351 0 0.000288 0
9 0.020417 0.034673 0.022131 0.037729 0.022646 0.038389
10 0.000102 0 0.000182 0 0.000359 0
11 0.007762 0.011685 0.009016 0.012398 0.010000 0.012545
12 0.000403 0 0.000254 0 9.89E-05 0
13 0.010593 0.018669 0.011350 0.019501 0.012589 0.019668
14 0.000145 0 0.000452 0 9.77E-05 0
15 0.003350 0.004727 0.003673 0.004887 0.004732 0.004918
16 0.000275 0 8.32E-05 0 0.000160 0
17 0.006839 0.011646 0.007586 0.011956 0.007943 0.012016
18 0.000279 0 0.000145 0 6.53E-05 0
19 0.001245 0.001816 0.002042 (0.001855 0.002291 0.001862
20 0.000372 0 9.33E-05 0 0.000309 0
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Quasi square wave at one load
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Current of Quasi square wave at three load
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Vector Vo Vector out Vector out Vector Vou,
i | ;(deg) i | 6.(deg) i | 0.(deg) i | 0/(deg)
1 0 +V, 126 9479 | +V, |st| 18326 [ +V, | 76| 27206 | +V,
1 3.26 -V, |27 9566 | -V, |52 18720 | =V, 77| 271839 |-V,
2 7.20 +V, 28] 10199 | +V, [ 531 19097 | +V, | 181 21926 | +V,
3 10.29 -V, 120| 10286 | -V, | 54| 19389 | =V, | 79| 28559 | -V,
4 1457 | +V, | 30| 10009 [ +V, |55] 19833 | +V, | 80 | 28646 | +V,
5 17.32 =V, |3t 1008 | =V, (56| 20092 |-V, | 8l | 29277 | -V,
6 21.93 +V, [ 32| 1e3r | +V, | 57| 20569 | +V, | 82| 29368 | +V,
7 24.37 -V, 33| 1733 | =V, 158] 20797 | =V, | 83| 29993 | -V,
8 29.29 +V, | 34| 12353 | +V, [59| 21303 | +V, | 84 | 30093 | +V,
9 31.42 -V, | 35| 1245 | -V, 60| 21502 | =V, | 85 | 30701 | -V,
10| 3663 +V, 136 13067 | +V, |61 22037 | +F, | 86 | 30819 | +V,
1| 3849 | -V, 37| 13187 | -V, |62| 22209 | =V, | 87| 31418 | -V,
12 | 4397 +V, |38 13778 | +V, | 63| 22768 | 4V, | 88 | 31547 | +V,
13 ] 4557 =V, [390] 39171 | =V, 64| 22917 | =V, | 80 | 32128 | -V,
14 51.28 +V, [ 40| 14488 | +V, {65} 23498 | +V, |90 | 32277 | +V,
15 52.67 -V, | % 14649 | =V, |66 | 23627 | -V, | 9l 32837 | =V,
16 | 5858 +V, 1 a2 15197 | +¥, 61| 24227 | +V, | 92 | 33009 | +V,
17 | 59.79 -V, | 43| 15382 | ~V, 168 | 24339 | =V, | 93| 33543 | -V,
18 | 65.87 +V, | 44| 15903 | +F, | 69| 24953 | +V, | 94 | 33742 | +V,
19 [ 6693 -V, 145 16117 | =V, 70! 25053 | =V, | 95| 34249 | -V,
201 73.13 +V, | 46| 16609 | +V, 71| 25677 | 4V, | 96 | 34477 | +V,
21 74.08 -V, | a7] 16852 | =V, | 12| 25768 | =V, | 97| 34953 | -V,
22 80.37 +V, |48 17313 [ +V, | 73| 26399 | +V, | 98 | 35212 | +F,
23| 81.26 =V, 49| 17589 | =V, 1 74| 26486 | =V, | 99 | 35657 | =V,
24 | 87.59 +V, [ 50 18017 | +V, |75 27119 | +V, | w0 | 35949 | +V,
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8, 8, a, By
a,,=g J‘I.cos(na)t)deI—l.cos(nmt)dwt+...+ j(—l)".cos(na)[)da)t+...+ _[I.cos(na)t)da)t
4
& 2} 8 Bag

_ 2 [[sin(rn8,)—sin(n0)]+ [sin(n6,)-sin(n6,)]+ ...+ (~1)* [sin(6, ) =sin(n6, ,)]
T +...+[sin(n 6,y ) —sin(n6,,)]

&, o 6,
b, :z Il.sin(na)t)da)t + I— L.sin(nwt)det +...+ J (=D* sin(not)dar +...+ Il.sin(nwt)dax
an , O 8

2 [cos(n 8,)—cos(n 82)]+ [cos(n93) —cos(nd, )]+ et (-1 [cos(nﬁk,l )—cos(n6, )]

T4+ [cos(n 8,,)—cos(nb,, )]
a o = ar 3 b
uauﬂagﬂ mmaunfumuiaﬂummmmmu"lﬂmn

C, ==\/a,2, + bf

I'd a oo ‘i!i:’] = ar Irl ar :: =2 o i a oo s
8153J'E']1Jﬂ71ﬂ1u314“lﬂ£ ull@“ﬂﬂﬁﬂﬂl@ﬂlli\iﬂu ‘Vw‘i"l PNUHIIHIUIN T IUDUWLAUTBUDY

Tnaaee difluasusiinuesnszud Wi

4 =t o Y 'y a a
ﬂﬁNﬁ 4.12 ﬂ?iTQLﬂiUULﬁUU FNIIUIUNANNHANITNADDAUUASHANITATUIU YDINMTAIAY

wu 'y Twans

Order Current At One Load(A) Current At Two Load(A) Current At Three Load(A)
Measure Simulation Measure Simulation Measure Simulation

1 0.346737 0.489018 0.630957 0.916949 0.851138 1.255110
2 0.617989 0.138377 0.02786! 0.227608 0.033113 0.275221
3 0.005012 0.032851 0.008913 0.047715 0.012735 0.053537
4 0.005370 0.018601 0.006026 0.024573 0.003428 0.026469
5 0.006457 0.011059 0.007079 0.013653 0.002317 0.014368
6 0.000700 0.005276 0.003508 0.006208 0.004315 0.006442
7 0.000335 0.009321 0.002399 0.010597 0.003631 0.010896
8 0.002317 0.006218 0.003090 0.006893 0.003020 0.007045
9 0.000653 0.006400 0.002541 0.006964 0.002570 0.007086
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4 =t o = ° a a
ﬂ]i'Nﬁ 4.12 ﬂﬁNﬁj‘iﬂ‘l]ﬂ?lU‘U?ﬂillBuﬂ%'lﬂﬂﬁﬂ'ﬁ‘ﬂﬂﬁﬂﬂlmzﬂﬁﬂ’ﬁﬂ’luﬁlu VDINTTTIAY

o
wunluTwens (we)
Order Current At One Load(A) Current At Two Load(A) Current At Three Load(A)
Measure Simulation Measure Measure Simulation
10 0.001035 0.006864 0.001905 0.007364 0.002884 0.007469
11 0.001274 0.005748 0.001603 0.006099 0.002630 0.006171
12 0.002113 0.006221 0.001950 0.006544 0.002427 0.006609
13 0.000668 0.004939 0.001622 0.005160 0.002317 0.005204
14 0.001216 0.005814 0.001950 0.006039 0.001778 0.006084
15 0.000556 0.004648 0.001189 0.004806 0.002113 0.004837
sl6 0.000383 0.005242 0.001096 0.005399 0.001641 0.005429
17 0.000275 0.004372 0.001334 0.004488 0.001349 0.004511
18 0.000427 0.004796 0.001429 0.004910 0.001641 0.004932
19 0.001365 0.004247 0.000966 0.004338 0.001445 0.004355
20 0.000417 0.004369 0.000813 0.004454 0.001334 0.004470
=4
HaNaINgHg)
Current of Bipolar wave at one load
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Current of Bipolar wave at three load
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Vector Vo Vector Vo Vector out Vector Vou
i | 6(deg) i { 0.(deg) i | 6,(deg) i | 6,(deg)
1 0 +V, | st 9206 | +V, | 101 [ 18300 | +V, | 151 | 27206 | -V,
2 377 0 52 94.79 0 102 | 18326 0 152 | 274.79 0
3 6.69 +V, 153 95.66 +V, 1103 ] 18720 | =V, | 153 | 27566 | =V,
4 7.20 0 54 9839 | +V, | 104 | 18737 0 154 | 27839 | =V,
5 10.29 +V, 155 99.26 0 105 | 19012 | =V, | 155 | 27926 0
6 11.13 0 s6 | 10199 | +V, | 106 | 19097 0 156 | 28199 | -V,
7 13.72 +V, | 57 | 10286 0 107 | 19389 | -V, | 157 | 282.88 0
8 14.57 0 | 581 10557 | +V, | 108 | 19473 0 158 | 28559 | -V,
9| 1732 | +V, ] 59| 10648 0 | 109 [ 19747 | =V, | 159 | 286.46 0
10| 1849 0 60 | 10919 | +¥, | 110 | 19833 0 160 | 289.17 | =V,
11| 2077 +V, | sl 110.08 0 1| 20092 | =V, | 161 [ 290.13 0
12] 2193 0 62 | 11273 | +V, | 112 | 20209 0 162 | 29277 | -V,
130 2437 | +V, | 63 | 11373 0 113 | 20422 | =V, | 163 | 293.68 0
14| 2583 0 64 | 11637 | +V, | 114 | 20569 0 164 | 29633 | =V,
150 2782 | +V, | 65| 11733 0 115 | 20797 | =V, 1 165 | 297.39 0
16 | 29.29 0 |66 | 11987 [+V, [ 116 20943 0 166 | 29993 | -V,
17| 3142 | 4V, ]| 67 | 12099 ¢ | 17| 21129 | =V, | 167 | 30093 0
18] 3317 0 68 | 12353 | 4V, | 118 | 21303 0 168 | 30347 | -V,
19 3480 | +V, | 69 | 12459 0 L1efo21502 | =V, | 169 | 304.67 0
20| 36.63 0 70 | 12698 | +V, | 120 [ 21677 0 170 | 30707 | =V,
21} 3849 +V, | 71 128.27 0 120 21837 | =V, 1171 | 30819 0
22| 4048 0 72 | 13067 | +V, | 122 | 22037 0 172 | 31058 | =V,
23| 4197 +¥, 1 73| 13187 0 123 | 22209 | =V, | 173 | 31197 0
24| 4397 0 74 | 13408 | +V, | 124 | 22408 0 174 | 31418 | =V,
25| 4557 | 4V, | 15 | 13557 0 125 | 22547 | =V, | 175 | 31547 0
26| 4778 0 76 | 13778 | +V, | 126 | 22768 0 176 | 31768 | =V,
27 4907 | +V, | 77| 13917 0 127 | 22947 | =V, | 177 | 31929 0
28 51.28 0 78 ¢ 14117 | +V, | 128 | 23138 0 178 | 32128 | -V,
29| 5267 +V, | 79 | 14289 0 129 | 23259 | =V, | 179 | 32277 0
30 | 5507 0 80 14488 | +V, | 130 | 23458 0 180 | 32477 | =V,
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4 ¢ a & .
ﬂﬁ]\‘lﬁ 4.13 M5 UTAIINND TNTTITINY (9D)

Vector Vi Vector Vou Vector V.. Vector Vo
i | 6.(deg) i | 6.(deg) i | 8.(deg) i | 6,(deg)
3| ser9 | 4V, | 81| 14649 0 |13t} 23627 | =V, | 181 | 32662 0
32| 5858 0 82 | 14823 | +V, | 132 ] 23867 0 182 | 32837 | -V,
33| 5979 | +V, | 83 | 15022 0 133 | 23973 | =V, | 183 | 33009 0
341 6233 0 | 84 | 15197 | +V, | 134 | 24227 0 | 184 | 33183 | -V,
35| 6333 | +V, | 85 | 15382 0 135 | 24339 [ =V, | 185 | 33397 0
36| 65.87 0 86 | 15529 | +V, | 136 | 24593 0 186 | 33543 | -V,
37| 6693 | +V, | 87 | 15757 o 137 | 24688 | -V, | 187 | 33742 0
38| 6957 0 88 | 15903 | +V, | 138 | 24953 0 188 | 33889 | ~F,
390 7048 | +V, | 89 | 16117 0 1139 | 25053 [ —F, 189 | 34132 0
40 | 7313 0 |90 | 16233 | +F, | 140 | 25317 0 190 | 34249 | -V,
41| 7408 | +V, | 91| 16492 0 141 | 25406 | =V, 1191 | 34477 0
42 | 76.79 0 | 92| 16609 | +F, | 142 | 25677 0 192 | 34593 | -V,
43| 7766 | 4V, | 93 | 16852 0 143 | 25768 | =F, [ 193 | 34869 0
44 | 8037 0 | 94| 16937 | +V, | 144 | 26039 0 194 | 34953 | -V,
451 8126 | +V, | 95 | 17229 0 145 | 26126 | =V, | 195 | 35212 0
46 | 83.99 0 | 96| 17313 | +F, | 146 | 26399 0 196 | 35297 | -V,
47| 8486 | +V, | 97| 17589 0 147 | 26486 | =V, | 197 | 356.06 0
48 | 87.59 0 | 98| 17606 | +V, | 148 | 26759 0 | 198 | 35657 | =V,
49 8846 | +V, | 99 | 180.00 0 149 | 26846 | =V, | 199 | 35949 0
50| 9119 0 [100[ 18017 | +F, | 150 | 27119 0 | 200 36000 |-V,
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o ] e w ° ] - 9/ v dy Y o Ay ¢
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s
al 61 92!’7[ el[ll

2 {sin(n0,) - sin(n0)]+ [sin(n8,,) - sin(n6,,_)]+ ...+ [sin(nb,,, ) - sin(n6,, )|}
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é a [ 8
2 2 , 4 . 2k , 102 .
b =— Jl sin(nwt)dot + jl sin(not)dwt +...+ Jl sin(nwt)dot +...+ Jl Ssin{nwt)dwt
r
8 2 TS Bia)

2
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T
wemldgagisueiinveanssiuunsadnnuldnn
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A15197 4.14 M51305 0 eV AT UDINIINKANITNABDALATHANITATUIY VBINTEIAYA

nuuyii Twars

Order Current At One Load(A) Current At Two Load(A) Current At Three Load(A)
Measure Simulation Measure Simulation Measure Simulation

1 0.350752 0.487620 0.638263 0.914328 0.851138 1.251523
2 0.017579 0.160848 0.028840 0.264569 0.029512 0.319914
3 0.011350 0.030331 0.014454 0.044346 0.017179 0.049757
4 0.007079 0.036056 0.010593 0.047633 0.010000 0.051308
5 0.005957 0.008191 0.008610 0.010111 0.009016 0.010641
6 0.004571 0.011323 0.006998 0.013323 0.007762 0.013825
7 0.003890 0.006090 0.006237 0.006924 0.005821 0.007120
8 0.003589 0.006850 0.004027 0.007595 0.004169 0.007761
9 0.003758 0.002981 0.004217 0.003244 0.003020 0.003300
10 0.002570 0.003645 0.003631 0.003910 0.003673 0.003966
11 0.002089 0.002189 0.003715 0.002322 0.004519 0.002350
12 0.003631 0.002689 0.002951 0.002828 0.003311 0.002857
13 0.002213 0.001286 0.001950 0.001343 0.002754 0.001355
14 0.002042 0.001815 0.002483 0.001885 0.002661 0.001899
15 0.001349 0.000917 0.002371 0.000948 (.002917 0.000954
16 0.002427 0.001446 0.002113 0.001489 0.003162 0.001498
17 0.001603 0.000559 0.001718 0.000574 0.002754 0.000577
18 0.002213 0.001112 0.001641 0.001138 0.001109 0.001143
19 0.001084 0.000367 0.001445 0.000375 0.001531 0.000376
20 0.001862 0.000929 0.001641 0.000947 0.001820 0.000950
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MANUIN O
i. Tlsunsuluinsnealnamed dsPIC30F2010 Tagl¥ MPLAB C30 48415 Microchip 1u

o
n15ABN 1Wa

JREERFE AR AR AR R R RO RR kR R RO R R Rk |

/* Program control inverter by machatronics@hotmail.com */
/* Hardware : ET-dsPIC30F2010 TRAINING KIT V1 */
/* Target MCU : dsPIC30F2010 */
/* : X-TAL : 73728 MHz */
1% :Run 117.9648MHz */
* : Selec OSC Mode = XT w/PLL 16x */
/* Compiler : MPLAB + C30V1.33 */
/* Last Update : 5/Feb/2007 */
/* Function : Use UART = 115200 BPS */

JAR A A Ao ok ok A A AR AR R R Rk AR KRR AR

/* Used RCI13 =TXD */
/* Used RCi4 =RXD */

/*****************************************#********************#/

#include "p30£2010a2.h" // For dsPIC30F2010 MPU Register
#include "uart.h" /' Used UART Config

#include "stdio.h" /1 Used "sprintf" Function

#include "pwm.h" // Used MCPWM Library Function
#include “adcl10.h" // Used 10 Bit ADC Library Function

/* Setup Configuration For ET-dsPIC30F2010 */

_FOSC(CSW_FSCM_ON & XT PLLIé6); // Enable Clock Switching,Enable Fail-Salf Clock
// Closk Source = Primary XT + (PLL x 16)

_FWDT(WDT_QFF), // Disable Watchdog

_FBORP()R(PBOR'__ON & BORV_27 & PWRT 64 & MCLR_EN),

/{/ Enable Brown-Out = 4.5V Power ON = 64mS Enable MCLR

_FGS(CODE_PROT_OFF); /f Code Protect OFF

/* End Configuration For ET-dsPIC30F2010 */

const float P = 3.14;

unsigned int MaxDutyCycle = 0,

unsigned int DutyValue[27]; // Duty Cycle

unsigned char CurrentFreq = 50; // Currend freq inital display

unsigned char TranFreq =35, /I kHz
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unsigned long tmpLong = 0;

unsigned int tmpInt = 0,trplnt2 = 0;

unsigned char tmpChar = 0,tmpChar2 = 0;

float Result = Q;

float tmpfloat = 0,tmpfloat2 = 0,

float TimePerCycle = 0.0;

unsigned char DCVoltage = 100, H(x10)V
unsigned char ACOutPut = 76; H(x10)V
unsigned char DutyMode = 0x01;

unsigned char DutyMode_fcPETER =1;

unsigned int testValue;

unsigned int ValueForRun = (;

unsigned char DutyForCozysqr = 18;

char rx_data = 0;

char uart_buf[20]; #/ "sprintf" Buffer
char receivebuf[ 10];

char receiveindex = 0;

char checkduty = 0x00;

char checkupdown = 0x01; /0 down |1 up

char checkChannel = [; /f channel O is 1H 2H on / channet | is 1L 2L on
char checkActiveRelay = 0;

unsigned int NewPTPER,;

/* pototype section */

void init_uart(void); // Initial UART! Function
void init_mcpwm(void); {/l Initial MCPWM Function
void LED(void);

void InitialVariable(void);

void ActiveRelay(char),

void ChangeDirecti();

void ChangeDirect2();

void UpdateAcOutPut{void);
unsigned char iLoop;

unsigned char jLoop = 0x01;
unsigned char deadLoop = 0x00;

unsigned char checkDouble = 0x01;
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void ISR _PWMInterrupt(void)

{

ifDutyMode == 0x01 || DutyMode == 0x02)

{

OVDCONDits.POUTIL = [;OVDCONDbits. POVDIL = {;

OVDCONBDits.POUT2L = 1; OVDCONbits. POVDZL = 1;

if{ checkduty <26) /f check if in list for display

{

}

if{DutyMode == 0x01)

{
SetDCMCPWM(1,DutyValue[checkduty],0);// Channel One is Qutput
SetDCMCPWM(2,DutyValue[25 - checkduty],0);
/f Channel Two is Output

H

if{(DutyMode == 0x02)

{
tmplint = DutyValue[checkduty];
// Channel One is Output
SetDCMCPWM(1,tmplnt,0);

// Channef One is Output

// direction up or down

iflcheckduty = 0 && checkupdown == 0)

{

checkupdown = 1 ;checkduty = -1;
if(DutyMode == 0x02) checkduty = |;

iflcheckupdown == 0x01)

{
if(checkDouble == jLoop)
{checkduty++;jLoop = 1;} // up step
else

t
jLoop = jLoop + 1; I double step



}
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if{checkupdown == 0x00)

{

'

if{(checkduty > 25)

{

if{checkDouble == jLoop)

{checkduty--;jLoop = 1;} // up step
else
{

jLoop =jloop + I, // double step
'

checkupdown = @,

checkduty = 25;

if{DutyMode == 0x02) checkduty = 24;

telsed

iflcheckupdown == 0x01)

{

if(checkDouble == jLoop)
{checkduty++;jLoop = 1;} /1 up step
else
{
jLoop = jLoop + I; // double step
H
if{checkduty >= DutyForCozysqr && DutyForCozysqr 1= 0)
iflcheckChannel)
// Check Channel is Output
{
OVDCONDbits.POUTIL = 0, OVDCONbits.POVDIL = 0,
OVDCONDits.POUT2H = 0;0VDCONDbits POVD2H = 0,
for(deadLoop = 0 ; deadl.oop < 12;deadLoop ++);
OVDCONBDBits. POUTIH = 1;0VDCONbits.POVDIH = 0;
OVDCONDbits. POUT2L = |; OVDCONbits POVD2L = 0;
telse]
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QVDCONbDits.POUTIH = 0;0VDCONDits. POVDIH = 0;

OVDCONDits.POUT2L = 0, OVDCONDbits.POVD2L = 0;
for{deadLoop = 0 ; deadLoop < 12;deadLoop ++);
OVDCONDits. POUTIL = 1, OVDCONbits. POVDIL = 0;
OVDCONDits. POUT2H = |;0VDCONbits. POVD2H = 0,
}

if{checkupdown == 0x00)
{
if{check Double == jLoop)
{checkduty--;jLoop = 1;} // up step
else
{
jLoop = jLoop + 1; // double step
}
iflecheckduty <= DutyForCozysqr && DutyForCozysqr !=0)
{
OVDCONDits. POUT2H = 0,0VDCONDits. POVDIH = 0;
OVDCONBDits. POUTIH = 0;0VDCONDbDits.POVDIH = 0,
for(deadLoop = 0 ; deadLoop < 12;deadLoop ++);
OVDCONbits.POUTIL = 1; OVDCONDbits. POVDIL = ;
OVDCONDits. POUT2L = |; OVDCONbits. POVD2L = 0;

b
if(checkupdown == 2)
{
checkupdown = | ;checkChannel = | - checkChannel;
SetDCMCPWM(1,0,0);
SetDCMCPWM(2,0,0);
}
if(checkduty > 25)
{
checkupdown = 0,

checkduty =24;
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}
iflcheckduty = 0 && checkupdown == 0)

£
checkupdown = 2;
checkduty = 1;
SetDCMCPWM(1,0,0);
SetDCMCPWM(2,0,0);
H
}
[FS2bits. PWMIF = 0; /! Clear Interrupt Flag

void _[SR _UIRXInterrupt(void)
{

rx_data = ReadUARTI(), // Get UARTI Data Receive

switch{rx_data)

¢

case'?: /Y
LATEDbits. LATEO = 'LATEDits. LATEO;
iflLATEbits. LATEQ)

{
sprintfluart_buf,"Relay Active !!\n\r"); // Print Message String
putsUART[{({unsigned int *)uart_buf); // Print uart_buff to UART1
while(BusyUARTI1());
¥
break;
H
putcUARTI1(rx_data); // Echo to TX of UARTI
while(BusyUARTI()), // Wait putcUARTI1 Complete

IFSObits. UIRXIF = 0;

void delay ms(unsigned int ms)
{
unsigned int x,a;

for(x = 0; x < ms ;x++)



for(a = 0;a < 1632;a++),

void ChangeJumper(void)
{
while(1)
{
if(PORTFbits.RF3 ==10)
{
LATBbits. LATB3 =0;
detay_ms(500);
if(PORTFbits.RF3 == 0}
while(PORTFEbits.RF3 == 0},

64

break;
}elsed

LATBbits. LATB3 = | LATBbits. LATB3;

i

delay ms(1000);

H

int main{void)

{
init_uart();
#ifdef DEBUG
sprintfluart_buf,"\n\rTest CircuitAn\r");
putsUART1((unsigned int *)uart_buf);
while(BusyUARTI());
#endif

//-- Test Port
TRISBbits. TRISBO = 0;

TRISEbits. TRISEOQ = @;

Initial Variable();

// Initiat UART = 115200,N,8,1

// Print Message String
/Il Print uart_buffto UARTI

/I Wait putsUART1 Complete

{/ Config RB0 = Output
// Config REO = Output



UpdateAcOutPut();
TRISEbits. TRISES = 1;
TRISEbits. TRISE4 = [;
TRISEDbits. TRISES = 1;
TRISFbits. TRISF2 = {;
TRISFbuts. TRISF3 = 1;

TRISBbits. TRISBO = 0;
TRISBbits. TRISB1 =0;
TRISBbits. TRISB2 = 0,
TRISBbits. TRISB3 = 0;
TRISBbits. TRISB4 = 0;
TRISBbits. TRISBS = 0;
LATBbIits.LATBO = 0;
LATBbits. LATBI1 = 0;
LATBbits. LATB2=0;
LATBbits. LATB3 = 0;
LATBbits.LATB4 = 0;
LATBbits. LATB5 = 0;
TRISDbits. TRISDO = 0;
LATDbits. LATDO = 0;
LATEDits. LATE4 = [;
LATEDbits. LATES = 1;
LATEDits. LATES = [;
LATFbits. LATF2 =1,
LATFbits. LATF3 =1,
LED();

LED();

LED();
delay_ms(5000);
ChangeDirect1();

#ifdef DEBUG

sprintfluart_buf,"start MCPWM \n\r" };
putsUARTI((unsigned int *Juart_buf);

while(BusyUART1());

#endif
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// Relay active
f Up Amp
// Down Amp
#/ Up Freq or Up Step For Quasi

// Down Freq or Down Step For Quasi

/f Print Message String

// Print uart_buff to UART!



checkduty = 0;
init_mcpwm();
while(1)

{

// detect Switch
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/f Loop Continue

iflPORTEDbits.RE4 == 0 || PORTEbits.RES == 0)

{

LATBbits. LATBO = I,LATBbits. LATB1 = [;LATBbits. LATB2 = [,LATBbits. LATB3 = 1;

delay ms(500);

ifPORTEbits.RE4 == 0 || PORTEDbits RE5 == 0)

{

OVDCONDits.POUTIL = 0; OVDCONbits. POVDIL = 0;
OVDCONbits.POUTIH = 0;0VDCONbDits. POVDI1H = 0;
OVDCONDits. POUT2L = 0; OVDCONDbits. POVD2L = 0;
OVDCONDits.POUT2H = 0;0VDCONbDits. POVD2H = 0;
IEC2bits. PWMIE = 0;
ift PORTEbits.RES == 0}
{

DutyMode = DutyMode + 1;

telse
DutyMode = DutyMode - 1,
}
if{(DutyMode > 3) DutyMode = 1;
iflDutyMode < 1) DutyMode = 3;
iflDutyMode == 1) {ChangeDirect1(}; }
iflDutyMode == 2) {ChangeDirect2(), }
iflDutyMode == 3) {ChangeDirect1(); DutyForCozysqr = 16; }
#ifdef DEBUG
sprintf{luart_buf,"Press button!!"\n\r"}; // Print Message String
putsUARTI1((unsigned int *Juart_buf);// Print uart_buff to UARTI
while(BusyUARTI());
#endif
ChangeJumper{);
Initial Variable();

UpdateAcOutPut();
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IEC2bits. PWMIE = 1;

OVDCONDIts.POUTIL = 1; OVDCONDits. POVDIL = 1;
OVDCONDits. POUTIH = |;0VDCONbits. POVDIH = 1,
OVDCONDits.POUTZL = 1; OVDCONbits. POVD2L = 1;
OVDCONDits.POUT2H = 1;0VDCONbits.POVD2H = 1,

H
if{PORTEDbits.RE8 == 0)
{
delay ms(100);
iflPORTEbits.RE§ == 0)
{
iftcheck ActiveRelay)
ActiveRelay(1);
else
ActiveRelay(0);
checkActiveRelay = | - checkActiveRelay;
delay_ms(1000);

¢
if(PORTFbits.RF2 == 0 || PORTFbits.RF3 == 0)
{
iflPORTFbits. RF2==0)
{
LATBbits. LATB2 = 0;
telsed{
LATBbits. LATB3 = 0;
}
delay_ms{500);
ifl(PORTFbits.RF2 = 0 || PORTFbits.RF3 == 0) && (DutyMode == 0x01 || DutyMode ==
0x02))

IEC2bits. PWMIE = 0;
iflPORTFbits. RF2 ==10)
{
TranFreq = TranFreq + 5,LATBbits. LATB2 = |;



DutyMode == (x04))

UART1

}

|

telse{
TranFreq = TranFreq - 5;LATBbits. LATB3 = |;
}
if{TranFreq < 5) TranFreq = 5;
if(TranFreq > 15) TranFreq = 15;
if( TranFreq = 5) checkDouble = 0x01;
if{ TranFreq == 10) checkDouble = 0x02;
if{ TranFreq == 15) checkDouble = 0x03;

[nitialVariable();
UpdateAcOutPut();
[EC2bits.PWMIE = 1;
LATBbits. LATB2 = 1;
LATBDits. LATB3 = 1;

ift(PORTFbits.RF2 == 0 || PORTFbits.RF3 = 0) && (DutyMode == 0x03 ||

iflPORTFbits.RF2 == 0 ) DutyForCozysqrt+;
if(PORTFbits.RF3==0)  DutyForCozysqr--;

ifl DutyForCozysqr > 23) DutyForCozysqr = 23;

ifl DutyForCozysqr < 1) DutyForCozysqr = ;

#ifdef DEBUG

sprintf(uart_buf,"Dquasi = %d",DutyForCozysqr );

/f Print Message String

putsUART | ((unsigned int *)uart_buf);// Print uart_buff to

while(BusyUARTI());
#endif

// Update LED status

if(DutyMode == 0x01)

{LATBbIts.LATB0O = O,LATBbits. LATBI = 1;

LATBbits. LATB2 = [; LATBbits. LATB3 = I;}

if{l DutyMode == 0x02)
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{LATBbits. LATBO = [;LATBbits.LATBI1 = 0;

LATBbits. LATB2 =1,

if(DutyMode == 0x03)

LATBbits. LATB3 = [;}

{LATBbits. LATBO = 1;LATBbits.LATBI = 1;

LATBbits. LATB2 = 0;

}

LATBDbits. LATB3 = 1;}

/**********************************#********************/

/* Initial UART for dsPIC30F2010
/* 115200,N,8,1 / 117.9648MHz Fosc

*/
*/

F L Y

void init_uart()

{
CloseUARTI();

ConfigIntUARTI(UART_RX_INT_EN&
UART_RX_INT_PR4 &
UART_TX_INT_DIS &
UART_TX_INT PR5);

// Open UARTI = Mode,Status,Baudrate

OpenUARTI(UART_EN &
UART_IDLE_STOP &

UART _ALTRX ALTTX &
UART_DIS_WAKE &
UART_DIS_LOOPBACK &
UART_DIS_ABAUD &
UART_NO_PAR_8BIT &
UART_ISTOPBIT,
// Config UARTI Status
UART_INT_TX &
UART_TX_PIN_NORMAL &
UART_TX ENABLE &
UART INT RX CHAR &
UART ADR DETECT DIS &
UART _RX_OVERRUN_CLEAR,

/f Disable UART! Before New Config
/l Config UARTI Interrupt Control

/f Receive interrupt enable

// RX Interrupt Priority =2

// Disable TX Interrupt

// TX Interrupt Priority =3

/! Enable UART(UART Maode)

// Disable UART in IDLE Mode

/1 Select UITX=RCI3,UlRX=RCI4
// Disable Wake-Up

/I Disable Loop Back

// Disable Auto Baudrate

/I UART = 8 Bit, No Parity

/Il UART =1 Stop Bit

/f Select Interrupt After TX Complete
/f Normal UI1TX Mode

// Enable UITX

// Flasg Set After RX Complete

/l Disable Check Address

// Clear Overrun Flag



70

/ ET-dsPIC30F2010 TRAINING KIT V1.0 Hardware Board

// XTAL =7.3728MHz

// Fosc =73728 MHzx 16 = 117.9648 MHz

// Fey(UART) = Fosc / 4

i =117.9648/4=129.4912 MHz

/f UIBRG = [Fey/A16xBaud)]-1

1 =[29.4912 MHz / (16x115200)] - 1

i =15=BFH

15); / ET-dsPIC30F2010 UART Baudrate = 115200 BPS
H

JEEER SRR SRR TRk kA

/* Initial PWM for dsPIC30F2010 */

/* -> PWM Frequency = 5 KHz */

/********************************/

void init_mcpwm()

{
CloseMCPWM(); // Disable MCPWM Before New Config
// Config MCPWM Interrupt Control

ConfigIntMCPWM(PWM_INT_EN & // Enable PWM interrupt
PWM_INT_PR7 & // PWM Interrupt Prierity = 1
PWM_FLTA_DIS INT & // Disable Fault-A Interrupt
PWM FLTA INT PR3} // Fault-A Interrupt Priority = 7

[ R R Rk ok ok R ROk R ok R ROk KRR o

// ET-dsPIC30F2010 TRAINING KIT V1.0 Hardware Board

// XTAL="7.3728MHz

/f Fosc=7.3728 MHz x 16 = 117.9648 MHz

// Fcy =Fosc/ 4

/- =1179648/4=294912 MHz

// Tey =1/29.4912 MHz

// =33.90842 nS

JPERRRRERR R AR R R Ak AR AR KRR K K
/1 PWM Clock = Prescale =1

// PWM Clock = Postscale =1

/1Cycle PWM=1*1/29.4912 MHz =33.90842 nS

B R L i,



#ifdef DEBUG
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sprintf{uart_buf,">NewPTPER = %d \n\r",NewPTPER); // Print Message String

putsUART{(unsigned int *)uart_buf);

while(BusyUARTI(});

#endif

OpenMCPWM(NewPTPER,

update

// PTCON

PWM_EN &
PWM_IDLE STOP &
PWM_OP_SCALEI &

PWM_IPCLK_SCALE! &

PWM_MOD_UPDN,

// PWMCON]
PWM_MODI_COMP &
PWM_PENIH &
PWM_PENIL &
PWM_MOD2_COMP &
PWM_PEN2H &
PWM_PEN2L &
PWM_PDIS3H &

PWM PDIS3L
PWM_SEVOPSI &
PWM_OSYNC_PWM &

PWM_UEN);

void Initial Variable()

{

/! TimePerCycle

/! CurrentFreq = 50;

// Currend freq inital display

// TranFreq = 5s;
#ifdef DEBUG

// Print uart_buff to UARTI

// SEVTCMP = Special Time(Not Used)

/! Enable PWM Function

// Disable PWM in IDLE Mode
/f PWM Post Scale = |

// PWM Input Clock Prescale = 1

/// Mode of operation Updown with double

/I PWMI = Complmentary Mode
/I PWMI High enable
/I PWMI Low enable
/1 PWM2 = Complmentary Mode
// PWM2 High enable
// PWM2 Low enable
/{ PWM3 High disable
/I PWM3 Low disable

/Il Special Even Post Scaler = 1:1
/l Overide Sync. With PWM Clock
// Enable PWM Update
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sprintfluart_buf,"Going to mode > %d \n\r", DutyMode); // Print Message String
putsUART 1 ({unsigned int *}uart_buf); // Print vart_buffto UARTI
while(BusyUARTI());
#endif
if{DutyMode == 0x01 || DutyMode == 0x02)
{DutyMode_fecPETER = 0x01;}
if{DutyMode == 0x03 || DutyMode == 0x04)
{DutyMode_fcPETER = 0x02;}
#ifdef DEBUG
sprintfluart_buf,"CFreq = %d TFreq =%dkHz ", CurrentFreq, TranFreq);
// Print Message String
putsUART [ ((unsigned int *)uart_buf); // Print uart_buff to UARTI
while(BusyUARTI());
#endif
/! Compute TimePerCycle in ms
tmplnt = (TranFreg*1000}/CurrentFreq ; // Pulse
tmpfloat2 = TranFreq;
TimePerCycle = 1/tmpfloat2;

tmplnt = TimePerCycle* 1000;

// Frequency =29.4912 MHz
// Time Period = 33.90842 nS
//29.4912 MHz /5 KHz
// TranFreq in ms
// Set Prescaler is 1
NewPTPER = ((29491 / TranFreq)/DutyMode fcPETER);
PTPERDbits PTPER = NewPTPER;
MaxDutyCycle = NewPTPER*2,
#ifdef DEBUG
sprintfluart_buf,"PTPER=%d Max=%d\n\r",NewPTPER ,MaxDutyCycle);
// Print Message String
putsUART1{(unsigned int *)uart_buf); /{ Print uart_buff to UARTI
while(BusyUARTI());
#endif
b
void UpdateAcOutPut()
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if(DutyMode == 0x01 || DutyMode == 0x02)

{

ACOutPut = 76;

DCVoltage = 100,

tmpfloat = ACOutPut;

tmpfloat = tmpfloat/DCVoltage;//,tmpfloat2 = 0,
tmplnt = tmpfloat*1000;

if{ TranFreq == 5) jLoop = 1;

il TranFreq = 10) jLoop = 2;

if{ TranFreq == 15) jLoop = 3;

for(iLoop = 0; iLoop < 13 ; iLoop = iLoop + 1)

{
Result = TimePerCycle*2*jLoop*(iLoop +1);
tmpChar = (2*5); /*CurrentFreq)/10;*/
Result = tmpChar * Result * PI;
Result = Result/100;

Result = sinflResult);

tmpfloat2 = | - (tmpfloat*Result);

DutyValue[13 - iLoop] = tmpfloat2*NewPTPER;
tmpfloat2 = tmpfloat*Result;

DutyValue[iLoop + 14]}= tmpfloat2*NewPTPER;

DutyValue[iLoop + 14] = DutyValue[iLoop + 14] + NewPTPER,;

}

DutyValue[0] = 0; DutyValue[26] = 2*NewPTPER,;

#ifdef DEBUG

for(iLoop = 0; iLoop <26 ; iLoop = iLoop + 1)

{
sprintf{uart_buf,"Resuft[%d] = %d\n\r",iLoop,DutyValue[iLoop]);
// Print Message String
putsUART1({unsigned int *)uart_buf);// Print uart_buff to UARTI
while(BusyUARTI());



}

DutyValue[26] = 0;
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sprintf{uart_buf,"Result[%d] = %d\n\r" iLoop,DutyValue[iLoop]); // Print Message String

putsUART1 ({unsigned int *)uart_buf),

while(BusyUARTI());
#endif

H

#ifdef DEBUG

DTCONI1bits. DTAPS = PWM_DTAPSSE;
DTCONI1bits. DTA = PWM_DTAI;

// Print wart_buff to UARTI

sprintfluart_buf,* ACQutPut = %d ,Vrun = %d\n\r", ACOutPut,tmplnt );

// Print Message String
putsUARTI1((unsigned int *)uart_buf);
/f Print uart_buff to UART1
while(BusyUART1());

#endif

void ActiveRelay(char status)

¢

'

if{status == 1)
LATDbits LATDO = I;
else
LATDbits LATDO = 0;
sprintf{uart_buf,"Status Relay %d \n\r",LATDbits. LATDO);
putsUART I ((unsigned int *Juart_buf);
while(BusyUARTI1());

void LED()

{

LATBDbits. LATBO =0;
LATBbits. LATB1 =0;
LATBbits. LATB2 = (;
LATBDbits.LATB3 = 0;
delay_ms(1000);

LATBbits. LATBO = |;
LATBbits. LATBI = 1;

/f Print Message String
// Print uart_buffto UARTI



LATBbits. LATB2 = I;
LATBbits. LATB3 = I,
delay_ms(1000);
}
void ChangeDirect1()
{
LATBbits. LATB4 =0;
LATBbits. LATB5 = [;

H
void ChangeDirect2()
{
LATBbits.LATB4 = 1,
LATBbits.LATBS = 0;
}

2. Wsunsuadunasmesarfusiindvos wiyﬂﬁm Quasi-square wave
function[bn] = MQSW(n,qs,Vdc)
% compute Quasi-square wave
n=15;qs=12; Vdec =310;
Overall = 0;
Nduty of QS in dsPIC =gs;
bn =0,
each_of period_in_dsPIC = 0.2 ; % 5kHz is .2ms
duty_cycle_real = Nduty_of QS _in dsPIC*each_of period_in_dsPIC;
alpha = (duty cycle real*(pi/2))/5;
fileexp = fopen('ex portQSW.txt','w+');
fornn=1:2:n
% bn = ((2*Vdc)/(nn*pi)) * (cos(nn*alpha)) * (1 - cos(nn*pi))
bn = ((4*Vdc)/(nn*pi)) * (cos(nn*alpha));
Overall = Overall + bn;
bn_(nn) = abs(bn);
bn_abs(nn) = abs(bn);
fprintf{fileexp,'n = %d [ %8.3f ] \n',nn,bn);
end
fornn=1:2:n
spectra_(nn) = bn_abs(nn)/bn_abs(1);

end
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% compute THD Voltage
Cn2=0;
forn2=3:2:n
tmp = bn_{n2)"2;
Cn2 = Cn2 + tmp;
end

THD = (sqrt(Cn2)/bn_(1})*100,

fprintf{ fileexp,'Overall %8.3f\n',Qverall);
felose(fileexp)

numberx = [1:n];

figure(1);

%bar(numberx,spectra_)

stem{ numberx,spectra_);

title('Harmonics Quasi square wave');
xlabel('Harmonics Crder n');

ylabel('Voltage (V)');

strstr = num2str(THD, 'THD=%10.2f %%\n")

text(10,0.7,stestr,'FontSize',16);

% Compute Current
% compute impedance R + XL
R1 =504.789766534733;
R2 =252.728317059161;
R3=168.776371308017,
L =0.349;
freqFdt = 50,
fileexp = fopen('CurrentAndImpedanceQuasiSQR.txt','w+);
[tmpl = &;Itmp2 = 0;Itmp3 = 0;
fprintf{fileexp,’ MZim INTIMZim2MI[2\tZim3\I3\n');
fornn=1:2:n
Zim1(nn) = sqri(R1°2 + (2*pi*L*freqFdt*nn)"2);
latorderl(nn) = bn_(nn)/Zim1(nn);

Itmpl = Itmp! + (latorderi(nn))"2;

Zim2{nn) = sqrt(R2"2 + (2*pi*L*freqFdt*nn)"2);



latorder2(nn) = bn_(nn}/Zim2(nn),

Itmp2 = Itmp?2 + (Iatorder2{nn))*2;

Zim3(nn) = sqrt(R3"2 + (2*pi*L* freqFdt*nn}*2);

latorder3(nn) = bn_(nn)/Zim3(nn);

Itmp3 = ltmp3 + (Iatorder3(nn))*2;

77

fprintf{ fileexp, n=%d\t%8.3 \t%0.8 {\t%8 .3 t1%0.8\t%8 3 ft%0. 8 f\i\n',an, Zim 1 (nn),latorder1(nn),Zim2(nn),lato

rder2(nn),Zim3(nn),latorder3(nn));

end
Ione = sqrt(Itmp1);
Itwo = sqrt(Itmp2);

Ithree = sqrt(Itmp3);

fprintf{fileexp, lone=%8.3f ltwo=%8.3f Ithree=%8.3f\n',lone,[two,[three);

folose(fileexp)

% compute THD of Current one load
Cn3=0;
forn3 =3:2mn

tmp = latorderl(n3)"2;

Cn3 =Cn3 + tmp;

end

THD?2 = (sqrt(Cn3)/latorderl (1))* 100,

figure(10);

stem(numberx,latorderl);

title('Quasi square wave at one load');
xlabel('Harmonics Order n');

ylabel('Current (A)');

strstr = num2ste{ THD2, ‘'THD=%10.2f %%'n') ;

text{10,0.3,strstr,'FontSize', 16);
% compute THD of Current two load
Cnd =0,
fornd4=3:2:n
tmp = latorder2(n4)*2;

Cn4 = Cn4 + tmp;



end
THD3 = (sqrt(Cnd)/Tatorder2(1))* 100,
figure(11);
stem{numberx,latorder2);
title('Current of Quasi square wave at two load’);
xlabel('Harmonics Order n');
ylabel(‘Current (A)');
strstr = num2str(THD3, "THD=%10.2f %%\n") ;
text(10,0.7 strstr,'FontSize',16);
% compute THD of Current three load
Cn5=0;
fornS=3:2mn
tmp = latorder3(n5)"2;
Cn5 = CnS5 + tmp;
end
THD4 = {(sqrt{CnS)/latorder3(1)}*100;
figure(12);
stem(numberx,latorder3);
title(*Current of Quasi square wave at three load');
xlabel{'Harmonics Order n');
ylabel('Current (A)');
strstr = num2str(THD4, 'THD=%10.2f %%\n’) ;

text(10,0.7 strstr,'FontSize', 16),

3. Tlsunsuadrawadiansgrsusiindunsdaanal Square wave
function[bn] = fnSqW(n,qs,Vdc)
% compute Quasi-square wave

n=15;qgs=1; Vdc =173,

Qverall = 0;

Nduty_of_QS_in_dsPIC = gs;

bn_=0,

each_of period_in_dsPIC = 0.2 ; % SkHz is .2ms
duty cycle real = Nduty_of QS_in_dsPIC*each_of period_in_dsPIC;

alpha = (duty_cycle_real*(pi/2))/5;



fileexp = fopen(‘exportSqrw.txt 'w+';
fornn=1:2:n
% bn = ((2*Vdc)/(nn*pi)) * (cos(nn*alpha)) * (1 - cos(nn*pi))
bn = ({(4*Vdc)/(nn*pi));
Overall = Overall + bn;
bn_(nn) = bn;
bn_abs(nn) = abs(bn);
fprintfifileexp,'n = %d [ %8.3f ] \n',nn,bn);
end
% compute THD
Cn2=0;
forn2=3:2:n
tmp = bn_(n2)"2;
Cn2 = Cn2 + tmp;
end

THD = (sqrt(Cn2)/bn_(1)*100;

fprintf{fileexp,'Overall %8.3f \n',0Overall);

fclose(fileexp)

fornn=1:2:n
spectra_(nn) = bn_abs(nn)/bn_abs(1);
end
numberx = [1:n];
figure(2),
stem(numberx,spectra_); title('Harmonics square wave");
xlabel("Harmonics Order n');
ylabel(*Voltage (V));
strstr = num2str{THD, "THD=%10.2f %%\n")
text(10,0.7 strstr,'FontSize', 16);
% Compute Current
% compute impedance R + XL
R1 =3504.789766534733;,R2 = 252.728317059161;R3 = 168.776371308017,
L = 0.349;freqFdt = 50;
fileexp = fopen{'CurrentAndlmpedanceSqrw.txt','w+");

Itmpl = 0;Itmp2 = 0;Itmp3 = 0;
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fprintf{fileexp,' Zim I\ IMZim2MI2\Zim 3 3\n');
fornn=1:2:n
Zim!1(nn) = sgrt(R 12 + (2*pi*L*freqFdt*nn)"2);
latorderl(nn) = bn_(nn)/Zim1(an);

[tmp1 = {tmp] + (latorderi(nn))*2;

Zim2(nn) = sqrt(R2"2 + (2*pi*L*freqFdt*nn)"2);
latorder2(nn) = bn_(nn)/Zim2(nn);

Itmp2 = Itmp2 + (latorder2(nn))*2;

Zim3(nn} = sqrt(R3~2 + (2*pi*L*freqFdt*nn)"2);
latorder3(nn) = bn_{nn)/Zim3(nn);

Itmp3 = Itmp3 + (Iatorder3(nn)}*2;

fprintf{fileexp,'n=%d\t%8.3{t%0.8ft%8.31%0.8f\t%8.31\t%0.8 f\t\n',nn, Zim 1 (nn),[atorder 1{nn),Zim2 (nn),lato
rder2(nn),Zim3(nn),latorder3(nn));

end

lone = sqrt(ltmp1)

[two = sqrt(Itmp2)

Ithree = sqrt(Itmp3)

fprintf{fileexp, Tone=%8.3f Itwo=%8.3f Ithree=%8.3f\n’,lone,Itwo,Ithree);

fclose(fileexp)

% compute THD of Current one load
Cn3 =0,
forn3 =3:2m

tmp = latorder1{n3)"2;

Cn3 =Cn3 +tmp;
end
THD2 = (sqrt(Cn3)/latorder1(1))*100;
figure(20);
stem(numberx,latorderl);
title("Current of square wave at one load);
xlabel(*Harmonics Order n');

ylabel('Current (A)");



strstr = num2str(THD?2, 'THD=%10.2f %%\n"} ;
text(10,0.3,strstr,'FontSize',16);
% compute THD of Current two load
Cnd =10
forn4 =3:2:n
tmp = latorder2(n4)"2;
Cn4 = Cn4 + tmp;
end
THD3 = (sqrt(Cn4)/latorder2(1))*100;
figure(21);
stem(numberx,latorder2);
title('Current of square wave at two load'),
xlabel('Harmonics Order n');
ylabel(‘Current (A)');
strstr = num2str(THD3, 'THD=%10.2f %%\n’) ;
text(10,0.7 strstr, FontSize',16);
% compute THD of Current three load
Cn5=0;
forn5=3:2:mn
tmp = latorder3(n5)"2;
Cn5 = CnS5 + tmp;
end
THD4 = (sqrt(Cn5)/1atorder3(1))* 100,
figure(22);
stem{numberx,latorder3);
title("Current of square wave at three load");
xlabel("Harmonics Order n');
ylabel(*Current (A)'),
strstr = num2str(THD4, 'THD=%10.2f %%\n") ;

text(10,0.7 strstr,'FontSize', 16);

4. Tdlsunsuardanadianssiueiindvosdayanas Bipolar wave
function[bn] = fBipotar(n,Vdc)

% compute Quasi-square wave

MI=220/(310); n=111;Vdc=310; Overall =0; bnk = 0;

freqTran = 29491/5898;
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period = (1/freqTran)*2;

period = 0.4;

PulseCount = 20/0.4; % 20 ms/ 0.4ms
periodInRad = (2*pi)/PulseCount;
lo_zero = periodInRad/4;

PulseCount = 50,

%% %% %% % %% %6 %% % %% % % %% %6 % % % %% % %% % % %% %% % %% %%
% This source code derived from dsPIC inside function UpdateAcOutPut();
NewPTPER = 5898;TimePerCycle = 0.4,
maxdutyis = NewPTPER*2;ACQutPut = 76;DCVoltage = [ 00,
acperde = ACOutPut/DCVoltage;
forindex = 1:13

Result = (2 * pi * 50 * TimePerCycle * index)/1000;

Result = sin(Result );

tmpfloat2 =1 - (acperdc*Result);
DutyValue(14 - index) = tmpfloat2 *NewPTPER;
tmpfloat2 = acperdc*Result;
DutyValue(index + 12)= tmpfloat2*NewPTPER;
DutyValue(index + 12) = DutyValue(index + 12) + NewPTPER;
end
% 1---13---37---50
% 13----25 25----1 1---- 13
forindex2=13:25%1-13
AllDutyValuePerOneCycle(index2 - 12) = DutyValue(index2);
end
for index3 = 1:25 % 13 - 37
AllDutyValuePerOneCycle(index3 + 13) = DutyValue(26 - index3),
end
for indexd = 1:12 % 37 - 50
AllDutyValuePerOneCycle(index4 + 38) = DutyValue(index4);
end

2%% %% %% %% % % % %% % %% % % %% %% % % % %% % % %% % % % % %%

halfpulse = TimePerCycle/2;



fileexp = fopen('AngleBipolar.txt','w+');
for nn = 1:PulseCount
timeAtnn = ((AllDuty ValuePerOneCycle(nn)* TimePerCycle)/maxdutyis)/2;
thecenter = halfpulse + ((nn - 1) * TimePerCycle);
theleft = thecenter - timeAtnn;
theright = thecenter + timeAtnn;
Arraycosine(nn*2-1} = (2*pi*theleft)/20;
Arraycosine(nn*2) = (2*pi*theright)/20;
% fprintf{fileexp_,'%d\t%3.2f\n%d\%3 .2 fin',nn*2-1,(180* Arraycosine(an*2-
1))/pi,nn*2,(180* Arraycosine(nn*2))/pi);
end
fprintf{fileexp_,'1\t0\n’);
for nexport = 1:1:100
tmp = (180* Arraycosine(nexport)/pi) + (180*Arraycosine{1)/pi);
fprintf{fileexp ,'%d\t%63.2f\n’,nexport,tmp);

end

fclose(fileexp );
% compute order
for nOrder = 1:1:n
bnk =0;
bnkall = 0;
bnk2 = 0;
bnkall2 = 0;
fork =2:50
bnk = ((-1)*k)*(cos(nOrder* Arraycosine(k - 1)) - cos(nOrder* Arraycosine(k)));
bnkall = bakali + bnk;
bnk2 = ({(-1)*k)}*(sin(nOrder* Arraycosine(k)) - sin(nOrder* Arraycosine(k - 1)));
bnkali2 = bnkall2 + bnk2;
end
bnkallC = sqrt(bnkall2*2 + bnkall*2},
bnk = 2*(bnkallC*310)/(pi*nOrder);
bn_abs(nOrder) = abs(bnk);
bn_(nOrder) = bnk;

end
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% compute THD
Cn2=0;
forn2 =3:2:n
tmp = (bn_(n2)"2;
Cn2 = Cn2 + tmp;,
end

THD = (sqri{Cn2)/bn_(1))*100;

fornnl = 1:l:n
spectra_(nnl) = bn_abs(nnl)/bn_abs(1);
end
numberx = [1:n],
figure(4);
stem(numberx, spectra )
title('Harmonics Bipolar wave?);
xlabel('Harmonics Order n');
ylabel('Voltage V");
strstr = num2str{THD, "'THD=%10.2f %%\n") ;

text(75,0.7 strstr,'FoniSize',16);

% Compute Current

% compute impedance R + XL

R1=1504.789766534733;R2 = 252.728317059161;R3 = 168.776371308017,

L =0.349;freqFdt = 50;
fileexp = fopen{'CurrentAndImpedanceBipolar.txt’,' w+');
Itmp1 = 0;Itmp2 = 0;1tmp3 = 0,
fprintf{fiteexp, Zim 1M 1M Zim2 12U Zim3\t[3\n'");
fornn=1:1:n

Zim1{nn) = sqrt{R172 + (2*pi*L*freqFdt*nn)"2);

latorder1{nn) = bn_(nn)/Zim1(nn);

Itmp1 = Itmp] + (latorder1{nn))*2;

Zim2(nn) = sqrt(R2°2 + (2*pi*L*freqFdt*nn)"2);
[atorder2(nn) = bn_(nn)/Zim2(nn),

Itmp2 = Itmp2 + (latorder2(nn))*2;
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Zim3(nn) = sqri(R3~2 + (2*pi*L*freqFdt*nn)"2);
Iatorder3(nn) = bn_(nn)/Zim3(nn);

[tmp3 = Itmp3 + (Tatorder3(nn))"2;

fprintf(fileexp,'n=%du%8.3f\1%0.8\1%8.3 At%0 8 \t%8.31it%0.8A\n',nn, Zim1 (nn),latorder1(nn),Zim2(nn),lato
rder2(nn),Zim3{nn),latorder3(nn));

end

[one = sqrt{Itmp1),

[two = sqri(Itmp2);

Ithree = sqrt(Itmp3);

fprintf{ fileexp, Tone=%8.31 Itwo=%8.3f Ithree=%8.3f\n",Ione,Itwo,Ithree);

fclose(fileexp),

% compute THD of Current one load
Cn3=0
forn3=3:1n

tmp = Iatorder1(n3)"2;

Cn3 =Cn3 + tmp;
end
THD?2 = {sqri{Cn3)/1atorder1 (1))*100;
figure(40);
forn3 = 1:1:n

specCurrent(n3) = latorder!(n3)/Tatorder I{1);
end
stem(numberx,specCurrent);
title("Current of Bipolar wave at one load');
xlabel('Harmonics Order n');
ylabel('Current (A)");
strstr = num2str(THD2, "THD=%10.2f %%\n'} ;
text(75,0.3,strstr,'FontSize',16);
% compute THD of Current two load
Cn4=0;
fornd =3:1:n

tmp = latorder2(n4)"2;

Cn4 = Cn4 + tmp;

end



THD3 = (sqrt{Cn4)/Iatorder2(1)* 100;
figure(41);
stem{numberx,latorder2);
title("Current of Bipolar wave at two load');
xlabel("Harmonics Order n');
ylabel{'Current (A));
strstr = num2str(THD3, "'THD=%10.2f %%\n"} ;
1ext(75,0.7 strstr, FontSize', 16);
% compute THD of Current three load
Cn5=0;
forn5=3:1:n

tmp = [atorder3(n5)"2;

Cn5 = Cn5 + tmp;
end
THD4 = (sqrt{Cn5)/Tatorder3(1))* 100,
figure(42),
stem(numberx,latorder3);
title("Current of Bipolar wave at three load');
xlabel('Harmonics Order n');
ylabel("Current (A)');
strstr = num2ste(THD4, "THD=%10.2f %%\n") ;

text(75,0.7 strstr,'FontSize', 16);

5. Wsunsuadranasianariusiinduoedwanal Unipolar wave
function[bn} = fnunipolar(n,Vdc)

% compute Quasi-square wave

MI=220/(310); n=111;Vdc=2310; Overall=0; bnk=0;

freqTran = 29491/5898;

period = (1/freqTran)*2;

period = 0.4;

PulseCount = 20/0.4; % 20 ms/ 0.4ms

periodInRad = (2*pi)/PulseCount;

lo_zero = periodInRad/4;

PulseCount = 50;

%% % % %% %% %% %% %% %% % %%6%%6%%% %% %% %% %% %% % % % %

% This source code derived from dsPIC of function Update AcCutPut();
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NewPTPER = 5898; TimePerCycle = 0.4;
maxdutyis = NewPTPER*2;ACOutPut = 76;DCVoltage = 100;
acperde = ACOutPut/DCVoltage,
for index = 1:13
Result_= (2 * pi * 50 * TimePerCycle * index)/1000;
Result = sin(Result_);
tmpfloat2_ =1 - (acperdc*Result),
DutyValue(14 - index) = tmpfloat2_*NewPTPER,;
tmpfleat2 = acperdc*Result;
DutyValue(index + 12)= tmpfloat2*NewPTPER;
DutyValue(index + 12} = DutyValue(index + 12) + NewPTPER,;
end
% 1----13----37---- 50
% 13----25 25----1 [---- 13
for index2=13:25%1- 13
AllDutyValuePerOneCyclel(index2 - 12) = DutyValue(index2),
end
forindex3 =1:25% 13- 37
AllDutyValuePerOneCyclel(index3 + 13) = DutyValue{26 - index3);
end
for indexd = 1:12 % 37 - 50
AllDutyValuePerOneCycle(indexd + 38) = DutyValue(index4);

end

for indexreverse = 1:50
AllDutyValuePerOneCycle2(indexreverse) = AllDuty ValuePerOneCycle1(51 - indexreverse)
end
%%%% %% %% %% %% % %% %% % %% % % % %% % %% % % % %% %% % %%
%
halfpulse = TimePerCycle/2,;
fileexp_ = fopen{'Angleunipolar.txt','w+');
for nn = 1:PulseCount
timeAtnnl = ((AllDutyValuePerOneCyclel(nn)*TimePerCycle)/maxdutyis)/2;

timeAtnn2 = ((AllDutyValuePerOneCycle2(nn)* TimePerCycle)/maxdutyis)/2;

thecenter = halfpulse + ((nn - 1) * TimePerCycle);
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theleftl = thecenter - timeAtnnl;
therightl = thecenter + timeAtnn{;
theleft2 = thecenter - timeAtnn2;
theright2 = thecenter + timeAtnn2;
% pl -<- p2 -<- p3 -<-p4
if theleftl < theleft2

pl = theleftl;

p2 = theleft2;

p4 = therightl,

p3 = theright2,
else

p2 = theleftl;

pl =theleft2;

p3 = therightl;

p4 = theright2;

end

Arraycosine((nn*4)-3) = (2*pi*pl)/20;

Arraycosine({nn*4)-2) = (2*pi*p2)/20;

Arraycosine({nn*4)-1) = (2*pi*p3)/20;

Arraycosine(nn*4) = (2*pi*p4)/20;

fprintf{fiteexp ,'%d\t%3.20\n' (nn*4)-3,(180* Arraycosine({nn*4)-3))/pi);
fprintf{fileexp ,'%d\t%3.2f\n',(nn*4)-2,(180* Arraycosine({nn*4)-2))/pi);
fprintf{fileexp ,'%d\t%3.20\n",(nn*4)-1,(180* Arraycosine({nn*4)-1))/pi);
fprintf{fileexp ,'%d\%3.2 fin',(nn*4)-0,(180*Arraycosine({nn*4)-0))/pi);

end

fclose(fileexp );

% compute order
for nOrder = 1:1:n
bonk = 0;
bakall = 0;
bnk2 =0,
bnkall2 = 0;
fork=1:50



bnk = (cos(nOrder* Arraycosine(2*k - 1)) - cos(nOrder* Amraycosine(2*k)));
bnkall = bnkall + bnk;
bnk2 = (sin(nOrder*Arraycosine(2*k)) - sin(nOrder* Arraycosine(2*k - 1)));
bnkall2 = bnkall2 + bnk2;
end
bnkallC = sqrt(bnkail2~2 + bnkail*2);
bnk = 2*(bnkallC*310)/(pi*nOrder);
bn_abs(nOrder) = abs(bnk);
bn_(nOrder) = abs(bnk);
end
% compute THD
Cn2=0;
forn2=3:2mn
tmp = bn_(n2)"2;
Cn2 = Cn2 + tmp;
end

THD = (sqrt(Cn2)/bn_(1))*100;

fornnl=1:1:n
spectra_(nnl) = bn_abs(nnl)/bn_abs(1);
end
numberx = [{:n];
figure(5);
stem({numberx,spectra_)
title('Harmonics Unipolar wave');
xlabel('Harmonics Order n');
ylabel('Voltage V');
strstr = num2stre{THD, "THD=%10.2f %%\n") ;

text(75,0.7 strstr,'FontSize',16);

% Compute Current
% compute impedance R + XL
Rl =504.789766534733;R2 = 252.728317059161;R3 = 168.776371308017;
L = 0.349;freqFdt = 50;

fileexp = fopen('CurrentAndlmpedanceUnipolar.txt','w+');

Itmpl = 0;Itmp2 = ;Itmp3 = 0,
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fprintf{fileexp,'Zim I\MLIMZim2MI2\Zim3\I3\n'");
fornn=1:2:n
Ziml(nn) = sqrt(R 172 + {(2*pi*L*freqFdt*nn)"2);
latorderl(nn) = bn_(nn)/Zim1(nn);

Itmp1 = Itmpl + (Tatorder1{nn))*2;

Zim2(nn) = sqri(R2"2 + (2*pi*L*freqFdt*nn)*2);
latorder2(nn) = bn_(nn}/Zim2(nn);

Itmp2 = Itmp2 + (latorder2{(nn})"2;

Zim3(nn) = sqrt(R3"2 + (2*pi*L*freqFdt*nn}*2);
Tatorder3(nn) = bn_(nn)/Zim3(nn);

Itmp3 = Itmp3 + (latorder3(nn))*2;

fprintf{fileexp, n=%d\t%8.3 {\t%0.8 \1%8.314%0.8 \t%8.311%0.8f\t\n',nn, Zim 1 (nn),latorder I (nn),Zim2{nn),lato

rder2(nn),Zim3(nn),latorder3(nn));

end

fone = sqr(ltmp1);

Itwo = sqrt(Itmp2);

Ithree = sqrt(ltmp3);

fprintf{fileexp,Tone=%8.3f [two=%8.3f Ithree=%8.3f\n',lone,itwo,[three);

fclose(fileexp);

% compute THD of Current one load
Cn3=0;
forn3 = 3:2:in

tmp = latorder1{n3)"2;

Cn3 =Cn3 + unp;
end
THD2 = (sqrt{Cn3)/latorder1(1))*100;
figure(40);
stem(numberx, fatorderl);
title("Current of Unipolar wave at one load");
xlabel("Harmonics Order n');

ylabel(*Current (A));



strstr = num2str{THD2, 'THD=%10.2f %%\n") ;
text(75,0.3,strstr,'FontSize', 16);
% compute THD of Current two load
Cn4=0;
fornd =3:2:n
tmp = latorder2(nd)"2;
Cn4 =Cn4 + tmp;
end
THD3 = (sqrt{Cn4)/Iatorder2(1))* 100;
figure(41);
stem(numberx,latorder2);
title("Current of Unipolar wave at two load");
xlabel('Harmonics Order n');
ylabel{'Current (A)');
strstr = num2str(THD3, THD=%10.2f %%\n') ;
text(75,0.7 strstr,'FontSize', 16);
% compute THD of Current three load
Cn5=0;
forn5=32n
tmp = latorder3(n5)"2;
Cn5 = CnS5 + tmp;
end
THD4 = {sqrt(Cn5)/latorder3(1))*100;
figure(42);
stem(numberx,latorder3);
title{'Current of Unipolar wave at three load');
xlabel("Harmonics Order n');
ylabel('Current {A)");
strstr = num2str(THD4, 'THD=%10.2f %%\n") ;

text(75,0.7 strstr,'FontSize', 16);
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