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7.699

6.3191

9.4941

7.1365

5.8843

8.7114

5.1196

3.8757

5.5061

8.5581

7.0474

8.9019

8.9326

7.3396

9.0771

5.54

4.3716

5.5767

9.1655

7.918

8.6543

11.661

9.52

10.861

7.2563

5.479

6.7493

8.3765

7.1094

7.5659

10.851

9.2261

9.7793

7.8779

6.0117

6.9146

8.3062

6.5508

7.0032

11.917

9.644

9.7661

9.52

7.1614

8.3467

7.9358

5.8967

6.2524

12.791

10.11

9.5771

10.579

7.9543

8.9575

7.8616

5.6062

6.4705

11.331

8.7676

8.1958

11.466

8.4087

9.5615

7.7534

5.6282

6.658

10.653

7.9592

7.6389

12.119

8.9287

10.301

7.3718

5.8018

7.5098

6.6423

6.1082

6.3594

8.8145

8.0684

9.8569

5.0249

5.3274

8.3643
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				モノポール		モノポール抵抗付 ツキ		円 エン

		300000		9.94E+02		1.17E+03		1.82E+03

		30298500		4.99E+02		6.81E+02		1.96E+02

		60297000		8.50E+02		4.54E+02		6.03E+02

		90295500		1.08E+03		3.81E+02		1.99E+02

		120294000		3.25E+02		2.81E+02		1.36E+02

		150292500		3.03E+02		1.68E+02		1.06E+02

		180291000		2.32E+02		1.10E+02		5.33E+01

		210289500		1.87E+02		8.69E+01		4.50E+01

		240288000		1.45E+02		6.30E+01		3.05E+01

		270286500		9.60E+01		4.52E+01		1.79E+01

		300285000		6.59E+01		3.27E+01		9.83E+00

		330283500		4.49E+01		2.19E+01		8.52E+00

		360282000		3.00E+01		1.55E+01		5.22E+00

		390280500		2.26E+01		1.13E+01		3.68E+00

		420279000		1.37E+01		7.62E+00		3.03E+00

		450277500		9.12E+00		4.68E+00		2.72E+00

		480276000		5.51E+00		2.89E+00		2.53E+00

		510274500		3.15E+00		2.02E+00		2.40E+00

		540273000		1.61E+00		1.55E+00		2.29E+00

		570271500		2.01E+00		1.82E+00		2.30E+00

		600270000		2.95E+00		2.29E+00		2.26E+00

		630268500		4.14E+00		2.94E+00		2.21E+00

		660267000		5.62E+00		3.75E+00		2.28E+00

		690265500		6.21E+00		4.14E+00		2.16E+00

		720264000		6.98E+00		4.42E+00		2.08E+00

		750262500		8.25E+00		5.47E+00		2.15E+00

		780261000		8.42E+00		5.57E+00		2.05E+00

		810259500		8.34E+00		5.40E+00		1.91E+00

		840258000		9.89E+00		6.31E+00		2.00E+00

		870256500		1.02E+01		6.51E+00		1.92E+00

		900255000		9.89E+00		6.30E+00		1.75E+00

		930253500		1.23E+01		7.54E+00		1.84E+00

		960252000		1.22E+01		7.35E+00		1.80E+00

		990250500		1.04E+01		6.78E+00		1.65E+00

		1020249000		1.31E+01		7.76E+00		1.73E+00

		1050247500		1.31E+01		8.27E+00		1.73E+00

		1080246000		1.10E+01		7.18E+00		1.55E+00

		1110244500		1.32E+01		7.67E+00		1.60E+00

		1140243000		1.46E+01		8.50E+00		1.70E+00

		1170241500		1.18E+01		6.76E+00		1.57E+00

		1200240000		1.35E+01		7.04E+00		1.61E+00

		1230238500		1.56E+01		7.36E+00		1.82E+00

		1260237000		1.08E+01		6.13E+00		1.68E+00

		1290235500		1.40E+01		6.30E+00		1.62E+00

		1320234000		1.56E+01		6.71E+00		1.94E+00

		1350232500		1.07E+01		5.16E+00		1.97E+00

		1380231000		1.19E+01		4.88E+00		1.81E+00

		1410229500		1.44E+01		5.24E+00		2.20E+00

		1440228000		9.36E+00		4.27E+00		2.35E+00

		1470226500		7.96E+00		3.45E+00		2.10E+00

		1500225000		8.31E+00		3.64E+00		2.39E+00

		1530223500		4.39E+00		3.05E+00		2.61E+00

		1560222000		3.23E+00		2.51E+00		2.21E+00

		1590220500		2.57E+00		2.84E+00		2.49E+00

		1620219000		1.41E+00		2.90E+00		2.71E+00

		1650217500		1.03E+00		2.39E+00		2.18E+00

		1680216000		1.39E+00		2.69E+00		2.30E+00

		1710214500		2.17E+00		3.50E+00		2.64E+00

		1740213000		2.28E+00		3.22E+00		2.11E+00

		1770211500		2.61E+00		3.50E+00		2.02E+00

		1800210000		3.89E+00		4.58E+00		2.49E+00

		1830208500		3.63E+00		4.06E+00		2.16E+00

		1860207000		3.62E+00		4.13E+00		1.84E+00

		1890205500		5.59E+00		6.24E+00		2.36E+00

		1920204000		4.62E+00		5.18E+00		2.22E+00

		1950202500		4.18E+00		4.78E+00		1.73E+00

		1980201000		6.81E+00		6.81E+00		2.18E+00

		2010199500		5.58E+00		5.58E+00		2.21E+00

		2040198000		4.77E+00		4.96E+00		1.73E+00

		2070196500		7.81E+00		7.80E+00		2.08E+00

		2100195000		6.53E+00		6.69E+00		2.19E+00

		2130193500		5.01E+00		5.41E+00		1.64E+00

		2160192000		9.56E+00		1.03E+01		1.98E+00

		2190190500		7.15E+00		7.46E+00		2.24E+00

		2220189000		5.11E+00		5.41E+00		1.56E+00

		2250187500		1.05E+01		1.09E+01		1.79E+00

		2280186000		8.08E+00		8.73E+00		2.20E+00

		2310184500		4.99E+00		5.55E+00		1.57E+00

		2340183000		1.10E+01		1.28E+01		1.55E+00

		2370181500		8.03E+00		9.63E+00		2.04E+00

		2400180000		5.06E+00		6.39E+00		1.47E+00

		2430178500		1.14E+01		1.64E+01		1.43E+00

		2460177000		7.37E+00		9.24E+00		1.93E+00

		2490175500		4.66E+00		5.85E+00		1.45E+00

		2520174000		1.06E+01		1.55E+01		1.24E+00

		2550172500		7.04E+00		8.71E+00		1.77E+00

		2580171000		4.15E+00		4.87E+00		1.42E+00

		2610169500		7.57E+00		9.27E+00		1.17E+00

		2640168000		4.93E+00		5.76E+00		1.59E+00

		2670166500		3.37E+00		3.62E+00		1.33E+00

		2700165000		5.07E+00		5.43E+00		1.23E+00

		2730163500		3.10E+00		3.62E+00		1.58E+00

		2760162000		2.08E+00		2.34E+00		1.29E+00

		2790160500		2.79E+00		3.24E+00		1.26E+00

		2820159000		1.83E+00		2.44E+00		1.62E+00

		2850157500		1.13E+00		1.46E+00		1.29E+00

		2880156000		1.57E+00		2.13E+00		1.32E+00

		2910154500		2.06E+00		2.39E+00		1.83E+00

		2940153000		1.75E+00		1.65E+00		1.43E+00

		2970151500		1.80E+00		2.01E+00		1.32E+00

		3000150000		3.74E+00		3.28E+00		2.09E+00

		3030148500		3.25E+00		2.45E+00		1.72E+00

		3060147000		2.76E+00		2.36E+00		1.39E+00

		3090145500		6.46E+00		4.72E+00		2.44E+00

		3120144000		5.58E+00		3.91E+00		2.20E+00

		3150142500		3.67E+00		2.77E+00		1.55E+00

		3180141000		9.37E+00		5.95E+00		2.85E+00

		3210139500		9.39E+00		6.01E+00		2.88E+00

		3240138000		4.41E+00		3.40E+00		1.74E+00

		3270136500		1.10E+01		7.31E+00		3.23E+00

		3300135000		1.44E+01		8.96E+00		3.71E+00

		3330133500		5.14E+00		3.79E+00		1.99E+00

		3360132000		1.07E+01		7.13E+00		3.39E+00

		3390130500		2.29E+01		1.13E+01		4.68E+00

		3420129000		5.76E+00		4.14E+00		2.31E+00

		3450127500		1.04E+01		6.82E+00		3.35E+00

		3480126000		3.28E+01		1.57E+01		5.81E+00

		3510124500		6.94E+00		5.10E+00		2.94E+00

		3540123000		8.88E+00		5.95E+00		3.16E+00

		3570121500		2.81E+01		1.52E+01		6.03E+00

		3600120000		7.76E+00		6.09E+00		3.55E+00

		3630118500		7.31E+00		5.12E+00		3.02E+00

		3660117000		2.79E+01		1.53E+01		6.67E+00

		3690115500		8.38E+00		7.11E+00		4.54E+00

		3720114000		6.30E+00		4.61E+00		2.95E+00

		3750112500		1.62E+01		1.23E+01		6.30E+00

		3780111000		8.90E+00		8.69E+00		5.65E+00

		3810109500		4.68E+00		4.25E+00		3.00E+00

		3840108000		9.58E+00		9.86E+00		5.94E+00

		3870106500		6.88E+00		1.12E+01		6.80E+00

		3900105000		3.18E+00		4.23E+00		3.26E+00

		3930103500		5.36E+00		8.05E+00		5.47E+00

		3960102000		6.17E+00		1.37E+01		8.48E+00

		3990100500		3.19E+00		5.13E+00		3.91E+00

		4020099000		4.50E+00		6.99E+00		5.05E+00

		4050097500		8.00E+00		1.41E+01		8.75E+00

		4080096000		4.82E+00		6.29E+00		4.69E+00

		4110094500		5.08E+00		6.29E+00		4.69E+00

		4140093000		1.02E+01		1.32E+01		8.92E+00

		4170091500		6.46E+00		7.74E+00		5.46E+00

		4200090000		4.87E+00		5.27E+00		3.97E+00

		4230088500		1.10E+01		1.23E+01		8.72E+00

		4260087000		8.97E+00		9.73E+00		7.16E+00

		4290085500		5.04E+00		5.10E+00		3.82E+00

		4320084000		1.05E+01		1.09E+01		7.69E+00

		4350082500		1.20E+01		1.27E+01		8.37E+00

		4380081000		5.29E+00		5.14E+00		3.84E+00

		4410079500		1.04E+01		9.96E+00		6.76E+00

		4440078000		1.65E+01		1.71E+01		1.11E+01

		4470076500		6.29E+00		6.26E+00		4.70E+00

		4500075000		8.65E+00		8.05E+00		5.47E+00

		4530073500		1.79E+01		1.78E+01		1.09E+01

		4560072000		7.11E+00		6.87E+00		5.36E+00

		4590070500		7.71E+00		6.75E+00		4.92E+00

		4620069000		2.03E+01		1.83E+01		1.09E+01

		4650067500		8.52E+00		8.44E+00		6.70E+00

		4680066000		6.15E+00		5.51E+00		4.46E+00

		4710064500		1.81E+01		1.60E+01		1.05E+01

		4740063000		1.03E+01		1.08E+01		8.00E+00

		4770061500		5.67E+00		4.99E+00		4.26E+00

		4800060000		1.42E+01		1.30E+01		9.09E+00

		4830058500		1.07E+01		1.14E+01		9.33E+00

		4860057000		4.90E+00		4.24E+00		4.16E+00

		4890055500		1.00E+01		9.29E+00		7.56E+00

		4920054000		1.07E+01		1.20E+01		1.12E+01

		4950052500		4.03E+00		4.17E+00		4.75E+00

		4980051000		6.42E+00		6.42E+00		6.66E+00

		5010049500		7.48E+00		8.18E+00		1.04E+01

		5040048000		3.55E+00		3.50E+00		5.07E+00

		5070046500		4.01E+00		3.68E+00		5.20E+00

		5100045000		7.59E+00		6.45E+00		1.14E+01

		5130043500		5.71E+00		4.71E+00		8.26E+00

		5160042000		4.17E+00		3.44E+00		5.23E+00

		5190040500		7.70E+00		6.32E+00		9.49E+00

		5220039000		7.14E+00		5.88E+00		8.71E+00

		5250037500		5.12E+00		3.88E+00		5.51E+00

		5280036000		8.56E+00		7.05E+00		8.90E+00

		5310034500		8.93E+00		7.34E+00		9.08E+00

		5340033000		5.54E+00		4.37E+00		5.58E+00

		5370031500		9.17E+00		7.92E+00		8.65E+00

		5400030000		1.17E+01		9.52E+00		1.09E+01

		5430028500		7.26E+00		5.48E+00		6.75E+00

		5460027000		8.38E+00		7.11E+00		7.57E+00

		5490025500		1.09E+01		9.23E+00		9.78E+00

		5520024000		7.88E+00		6.01E+00		6.91E+00

		5550022500		8.31E+00		6.55E+00		7.00E+00

		5580021000		1.19E+01		9.64E+00		9.77E+00

		5610019500		9.52E+00		7.16E+00		8.35E+00

		5640018000		7.94E+00		5.90E+00		6.25E+00

		5670016500		1.28E+01		1.01E+01		9.58E+00

		5700015000		1.06E+01		7.95E+00		8.96E+00

		5730013500		7.86E+00		5.61E+00		6.47E+00

		5760012000		1.13E+01		8.77E+00		8.20E+00

		5790010500		1.15E+01		8.41E+00		9.56E+00

		5820009000		7.75E+00		5.63E+00		6.66E+00

		5850007500		1.07E+01		7.96E+00		7.64E+00

		5880006000		1.21E+01		8.93E+00		1.03E+01

		5910004500		7.37E+00		5.80E+00		7.51E+00

		5940003000		6.64E+00		6.11E+00		6.36E+00

		5970001500		8.81E+00		8.07E+00		9.86E+00

		6000000000		5.02E+00		5.33E+00		8.36E+00
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HBZEF 7T TIZLBMassive MIMO

 SRR¥TFOFA
= ELMEiREX
» BEBRFT7UTT
» 7HATHLKIETAPRINE—LTH—ZY
= CHRIEXRZEHIE

3 GHz
A=0.1m
4 elements

30 GHz
A=0.01m
400 elements

Propagation loss: 20 dB less

:

Beam forming: 20 dB gain

0.1m
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s PUTTOTHOREES
vo(t) = s(t) exp(jwt)
Vo (t) = VPm; cos(2mf.t) — \/ﬁmQ sin( 2rtf.t)
= Re{vP(m, +ij)(COS(2T[fCt) + jsin(2mf.t))}
= Re{s(t) exp(j2rf.t)} = Reis(t) exp(jw,t)}
ToTFHOETUTHIDITRER
L (t) = —d; sin(¢)
COITHREICKDEIKBREE
T=1/c=2nly/w.A
CC Tl AEFv)7DRE
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LI=D>TT7UoTH1IETHZIEEBIE
v1(t) = s(t — 1) exp(jw,t) exp(—jw )
= s(t — 1) exp(jw,t) exp(j2rd, sin(¢) /1)
EBSsO)DEAIX 7 IZHLTIEEIZRILINDT
v1(t) = s(t) exp(jw,t) exp(j2md, sin(¢) /1)
FLEBZEBRBZEDR—IN\VMEEIE
r1(t) = s(t) exp(j2md, sin(¢) /A)

L ol

VUV ! R

L
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FRTCOTUTF N EEHHHLCERLLH NI
Y(O) = D Wit (®
m=0

M-1
= s(t) z wy, exp(j2rd,, sin(¢) /1)

m=0
=s(t)G(p)
==L

M-1
G($) = ) iy exp(j2mdy, sin($) /)
m=0
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FERERS

M = [ [
d=21/2 I\ ﬁ i
w,, =
0.8 —
0.6 —
|G(P)|/M
0.4 —
0.2 —
ol | | | | | |

3 -2 —1 0 1 2 3
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Multiuser—-MIMO (MU-MIMO)

» BRFTUTTERVEREME

« SRRDT T FHEIZHIE
» A—HRETFIHER

s E—LTF+—3I2T X)L
s BIHRADFYRILLENE M FHAI THRE

—_

JUY

2

EAITHHELHS=
E—LX)4

| M

K D HRIEAVE A0

=E—LIA—3Y
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Array.m

P RAES TE

clear,

clf;

rng;

NoArray = 128; W T oTTH

Interval = 0.5; % BRTERIELE7>TTRE
Resolution = 360; % AESfERE 360/ResolutionfE
Phase = —pi:2%pi/Resolution:pi; % Z|EAZETF = 1
Beam_direction = pi/4; % E—LIAXr—=SUT5HE
Null_Direction = 0.3; %W XIWITA—ZTHE
Null_Thres = 0.0071; % XILDFERS

Reserve_Gain = []; % FHEEBH-ITE—LNFI—2
Reserve_Coeff = []; % FhEB-ITREEY

result_index = 0;
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Array.m

JIL—T DRI, E—L/INN3—2 D&

for Trial=1:10000

Trial % Trial DFR
Gain = 0,
Coeff = randi (2,1, NoArray)-1; % ELEIZ &L 2 EHIZEH
%Coeff = ones (1, NoArray) ; % TNVITRA ARERE.0DI5EE

for index=0:NoArray-1

Gain = Gain + Coeff (index+1) /NoArray *
(exp (1i*x2xpixInterval*index*sin(Phase-Beam_direction))) ;

end
Gain = abs(Gain). /max (abs (Gain)) ;
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Array.m

XILEHZm=-IEEDNE

1Ll

% XILEHZm-9 58 DANIE
if abs(Gain(floor (Resolution/2xNull Direction/pi)...
+(Resolution/2+1))) < Null_Thres
% Gaind T v RDEKR
floor (Resolution/2*%Nul| Direction/pi)+(Resolution/2+1)
h XILDREDRTR
abs (Gain (floor (Resolution/2*Null Direction/pi). ..
+(Resolution/2+1)))
result_index = result_index +1;
% E—LNEZ—2DRTE
Reserve_Gain = [ Reserve_Gain; Gain ];
% ERIRHBDRTEF

Reserve Coeff = [ Reserve Coeff; Coeff ];
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Array.m

XIVEHZm-9 55 DUNE

1Ll

% FHEB-TE—L/INI—2DRT
semi logy (Phase, abs(Gain)./max (abs(Gain)))
hold on
xlim([-pi pil)
xlabel (" ¥phi [rad]’)
ylabel (|G &phi)|/N v')
ylim([10"-4 1])
% k = waitforbuttonpress % AIEFER, O v THE
end
end
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s BET A7 T HIIMMDFEEELELGAFEEDLDZTEIR
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s VSWRIZ1~D1E
- BAIEEEEENBESOENERDE
n RIEEBSLANIVIEEROFYyRILTHE
= VSWREDESMHEIER
s PL—72TF
. SHREHIEO -1, 1, | -lOVWTRAADH
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XERHE

= AR RHETET7UTTORE
« HE /X, WEBZDHREE
= MWELEHMEOENEL
s 2B :7UoTTOHELE, AE
« MEoinT
. VSWROD’EIIE ZEEH
s SBEB:TL—T7UoTTDOERIRBURTERRE

» BERBREBCRET IO XLEE
s PL—7oT 4%
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TAARAAYI Y

LIR—FDPPTICIXETEEDOANEREMRIET S
s PL—7UTFDEEHEER
s FL—T7oTFTDEBRBRERETILI) X LDERA
s PL—T7UTFTERBRBREI—FDY—X(MS Word)
« PL—R2—0—&
s FIHNEHDITTRELE=-EGRURE—E (MS Word)
» 7T HEAEHIEEER
» BMELE=T7UTTOREBEEH DR
« BEELI=7UTTFDEE
= VSWRDBAIEHER, ZIEEESLANILDOAIERR
s PUOTTEEAETOHRICZIRLIZR

L
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