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0 1 o el ) 4% RLASE 62 J R o 6 () A R BB A — 2 e R B T O
PRk vl i B AR BUH . 155 TR GR i R . il R [ Z B IRAA U1/ oK, 24
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TIANE#H,

PUEC R F B R B 55 TRARI B MR E R SERGER 5EE TR
G R AR AA L HESh 5 B R #1055 ik 2P A 5k .

Jb T aR ol K F
MR 52
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69, PR R EEBE LRI BN . £8E0 30 Fafm B, AREFH )
BERACEZH TS EIEE pu AR B8 K 5 b i 09 Py s 3822, I IE 30 1) 58 HAR
REMMER:; NERSEBREFRAEADNBFEETRIERERLE . NBLLK
Eimal FEEBFEHRFZEERLS, FILNIGEEZE N “BXE" “ T2
AR 2 i & B B AT 824 2] ARG P AR AT SR “ B 7 B R REBEAT VR
[T+, SR T G 28 HL 28 46 th DA DABE {4 Dy = 104 68 12 TIC 4k v 3 W 3 381 A AR O
B L i GRIR A KA TU“RITFE™) I8t — 2 B 2N H R4 o4k s Gk
BALRNHE TEER—F . AR XL AN k& &7, B F R
87, Be s B G s B AL A8 | B 22 > R4k LAE B BUH 69 B 5 , 58 45 07 % % BBk AR
B ERETHIRERFEIE.
PEEERBARNELMBEH TN EAR . ETRIFEEANFTREELESE
B BATS M . B B 5 LAY KR BT 4R B 2 E] AR R L 2 R R
B . TIARIER M T b 2 R XA TR EMAEZE T, A 45RA T
TR BB AR EA T B LN AL &, LMK (EH) AR R T2
i FH AL HB% A 3K E 4k B F- & (Sora) A B db 5t B 81 B A BR2S B) IF & A9 (& 45 X
P B L 8 F 5 (YunSDR) 2 6] , TR A & s YF R A R TR B RGE
RERE MV CBEYL, S — KRS ETF Sora/YunSDR #IA F K {4 L £k
HSCH IR, BE 4k TRAEFHEFH CDIO J7 ik, B Conceive (4 & )-
Design(i% i1 )-Implement (3£ i ) -Operate (2 4/E) , i 523 E IE 7] A FE“fi " dp “2% 7,
HEQF LR SR PEZEF AT OB AN EAFEHE S 088,
EPHEBEE5EX:
s BNFEZRERENEGSHFERE BT IR GIEIEAREFL LMK
FHEURRAFF R R EAB” NN LR “TLERE".“BohiE
B BAES A EBEFES A FRERITBAHKCRERIT .8
LHHTE, BITRRAE X TRETLRBSON M TLE M BE, 1)
REZEAMELRE SRG XL BN ERFEESLRATHESHHE.
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o FEHF ARG CNF LA T A G R B . A LB B
TAHI TG 28 Ha Y B fogr b B I v T, O 0 JE 4Kk vl R T B 3 55 [R] T 3l S0
ji 3 A (dynamic spectrum access, DSA) A, M Z 40 T A H1 JC £ B 18
& N S L AE i 2 U e i RN A E . B, DA AR e 2 B AT BY
TAES R EA PR 22 TR IR T ff B E 4 38 1R 1938 {7 T & (quality
of service, QoS) & H P AL (quality of experience, QoE), &1k & 4 k4
55 WL R S, S B S 0 ) % 1 R 5 D0 A B A IS k08 1R AR G I A, S
%, FM,AFH—AEEZEEHRHREEER AN TN TL B AR
R P RINA MG L BB AR

o MEAEFERAMBEWE, NN TLHEFEISA A B ESgES
W PR SR 1 AR W B Z AR SR R A (PR AE DL R BR
RN GITE“MB TR 227 B R BOb , SR B T QI LR R S F
o ABLLE R TL B LK F & Sora/YunSDR N A4l , REHEA
M A 8N KA TE R L Y B A JEL B Sora/ Y unSDR () 5 48 #4 T4 i 2
SEmBE I IFAH —FRFI T Sora/YunSDR Wy SL56 sf SRR ¥, Hrp
AR RIHE R R BGNRE, BEAFEEZNE M ERE
HAH I AR 7 WO FTF R AU 5T 09 2 R . G X S S0 ES, B AT
DAZE“ M0 2 TR0 BB AR N TR TR M B R A B A SR R A =E B TR

s XFFRBIFRIFFEHME. IWMELRERFERLE S ANH ML ZERKGE
BHEARWEELRRE W, LA ATEE. USRS, A EEH R
XA R HA— A RB2ERIFFE”. UMEX DN KEZCH &N
B, AT LUTE B0 00 R4 A BA , 88 R OR [8] B & 5K Y 7 &, 52 30 R 4R A 3
A B E R . ABE ARG LB E AR K RBIVK . E BT
LA B R HLA N FH Hp A7 AE 1 8] A, 32 Y — 20 A0 i AR G, LU R 51 E L 2
HEZHE 5T S R Z B AS i S5 A 1E .

EHHEE.

o BN R TREH RN EAFRSHFLR LR AR T M5
“FT7RGE—, A B T 3R E AL s TR W R B N A B R, 4R E 7
“H R AR S BOEBOE, SEBL BT T O A A T R R E A
A R EMEEE IR, HEG G F I TN EERN mEE
HE,

o A —FRFIE T Sora/YunSDR A K14 {4 TG 2% i SL 06 s IR 72 8831,
FF o] B 5% 10 H /) %% > (problem-driven learning B project-driven
learning) , FF BN IR A Al T ¥ & 25 A= 192 2 D4R, 12 5 5 A 19 0h 7 B %
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SHEGEEM CBHERGERE”.OANM R TL B B E R,
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EENEHM ESATXEBS .

S —EB4r: AR TCLK o 5 3K M TC 2k H 1 B A ME A L SE AR TR B L R R 2R 4 L R A
T V£ Sora/YunSDR 8 BE (4 2848 it AR IR IEfL AR (R R S
W (EEARFES 1~5 F);

5 AR TC L H i N B A R R L SE B R AR R, A BBk R
HRBE(FEQFES 6~9 7)),

A IE T AU AE R 5 A5 B AGE AR LB TR B TR RS Sk A
BHA RS AE 2 AR CR ) TR B EAR T E L RS R BRI S %
P AR N FRLER G F RS A ST R &SN E B AR
AR EMEAESHE . X TEHARBE I CRBEEAM S % 5 EIh
FHP G0 R T8 A 45 1 B PR L S5 38 CER R B3 10 B B 514 18 15 57 1T 4 8 el 4
HEKAR,
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E EF2E K Joseph Mitola [Nl 8+ JC 5 X A 01 o £k v 5 8 4k T8 vl 4 K R 4B
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Mitola 554 1999 4F & F 7E IEEE Personal Communications Magazine | 3£ 3C
Cognitive Radio: Making Software Radios More Personal #5| Fi¥ & & & o

4

4



W R REL R RES £ (5 200

6500 YK (FRHE A F 2 AR Google Scholar 2015 4E 6 A MG 5HE), XM T
— AR T ESRERE R SR AR B RS I EABREZE N RER
& Mitola 44 AR BE BB % $2 H BT A8 2k | 37 A & 50 B 70 & i J& A 14 18 3C (seminal
paper) , f# f 2 A8 52wl B AEL A 331 1B , fk 9 2 FE TR I L W0 B B T A 2 LUE Y IR
KM, R B THBAS GBI FRMBEIH. XSiFRBRIMANKMEL
2R 5N H TR B & B & UL Mitola 564 & 18 3 i B ks i

FE R 58 B Z B, e ) B IR IS AR K AL 4R TR O S kE . R ER
MM E TAEMS 3 T RK ARFI R4 E A0 H (61132003) M A H LA E LW
H (20120009130002) , Hr e i & Fe A<k 45 3% 1 H (2013]BZ002) b 5 3¢ 8 K 2% 18
ETREIESHRER SRR H (274021529 BB, ILAb, 8 A T 0 22 4% I R
I BT A2 K R ARV B AN 36 [ 3 B W HE T K2 Jeffrey H. Reed #4% fF 44
T A5 B AN HF .

INHR BB AREEHHA Rk B IIFERNMARSEZ Pk A8 4
T R ARG BAL S0 E AR, BRFAIEEKEMS ERT A, X F B P AE7E
I IREA B Z 4, BiE AT & K5 EE A FHOESE IE , LELE S5 0B R A B
5638 5 B0, AT AS R !

REF ER WL
20159 A dx



1.3.1
1.3.2

m%@
SH K -

%ﬂﬂm%$$%

2.1 BRI TCEE BBIETR «ooevsunvensssanssor s miwond Ssaeis svscss omts SeHss wnsni s subions
2.2 BRIETCERHL R BEHEH -vvee o res conrnnerenenecesrneee serans sesaas seecn vee ees
2.3 BRUETLH BB IR T G S BEE AR oveeevrreerrrreenrre et et e e

2.3.1
2.3.2
2.3.3
2.3.4
2.3.5

BEE -

SHE K -
F3F RUYTLEXELTA Sora

3.1 Sora fAif>

3.2 Sora BAIFHEM 5 ML B AR

3.2.1

RTFEZHEEESLIY OFDM R4 [FE @k g -

BRUE TR B IEIFTIRR ooeveevrnrrreeroeernnnneeee e e ces eee
B XLBHBOTEE -
LGE T LIPS £ % NI Seihed
BEF2EB] . BT 23 E(E 54 A OFDM KR EHLE -

HMRTLBEIE -

© ©W 0 U1 N

-+ 35

. 36
- 37
-+ 38



X NmBHRELRGE—REL ZR(FE 2 R

UMX % 7%

w w w w w
D NN N DN
D Ul B W N

4.1  Sora FHAK g F ALY
4.2 ARG ABEIAY ..
4. 2.1 &A

4.
fi 8

N SO SO S
CAJCAJOJCAJCAJOJ

4.4 M *ﬁ?’ﬁmﬂﬁﬁéﬁiﬂ

4.4.2 #WHABKEMLL -
4.4.3 LI -
Eﬂ%‘ﬂ

5.1 YunSDR 4t

5.1.1 YunSDR E & LA -
5.1.2 YunSDR & fREMERET oo eeeerersoonenonsee e sneneneneas

1
5 Lﬂ@mmﬁ.mMmmmmMmmmmmmmmmmm“
.6

R R T T N §
Sora i LR «ovovrvrr e
BEAE, von owvens smowns oumens £nemee o sewan b st § 5esiss ¢ 5ESHS § Shans HURNE KRBIFY
BEER R o sveoson v vn yws wrwwns smesvs sxsind s Ensien v BONN § Funian & (S48 § KRS § BIHSNY BHSRR NHOHSY

45
46
49
55
57
58

60

- 60
- 61

1.2, 5 BIAAGIEBY ST sovcns omooms vonens sasis s sowai ¢ 553as § 5wnes 6 5isikn § rmrams
4.3 *D*%ﬁf}'@]
- 67

63
64
65
66
66
66

69
69
71
72

- 78
- 76

72

78

79

- 80
- 81

85



5.2

(2]
w

8%
2%
F6E

6.1
6. 2
6.3
2%

FTE

E8E

YunSDR R GL 2244

YunSDR % F2 55K

IR
SCHK -+

A TC LR AL AR M AL 2 72 5 Y 7 T

IWHITCLR ML 7E B e Bk B RS sh @ (5 R B N -

FF Sora 451 BRI -
HF Sora ML FEFED -

Sora H 3l 4 1% il A9 BT S HERE ML -

ET YunSDR BB TR BEE RARITER

OFDM JH5 % 5 38 T GEHE R v verven e eeeeae s seseesaes e sas eeeeeaeons
OFDM 45 B2l S i 7] 25 BB AR T IS BRTIE -+ eveeorver ereerssnnneneons
cosnan 183

OFDM 4 B 3 3 A5 H B BT 5 00 -
S esessssnesec st st sas et beannse 194

OFDM 7 S i i 20 B 40 % [R5 3 9 8+ 5 0 E

OFDM Faf #lin RS 5 2 -

5.2.1 YunSDR BBEHEUBI cowssevevon sosns sxsivns svoes sompon ansives sisinda
5.2.2  YunSDR HIRRIEIRA voesssronsacronsssssnsnssanss suvens aawson sssians
R TR e 1§}

5.3.17 BBEHEEREESD srsvasnmmasosiesmsasasisse sy s
5.3.2 MATLAB GBI  sesvosssissnssanssssine snoonssossnvorsons
5.3.3 GNU Radio BRG] +wsrssesesinsssssimmosinmosssnisses
5.8.4 FPGA/SoC BBEESELH wsessvwsmssmanissmavirnsmsvosriness
.ae e - 113
- 114

86
89

90
94
100
104

115

ﬁ%ﬂ%%%ﬁm?&%ﬁé?ﬁAlﬁ EcPE(J FH ceveermmei

BT Sora BIIAMBHF TR ILIE -oooover e

117

130
130

132

- 133
@(éﬂ*gﬁ—ﬁﬁ&&ﬁﬁ@)

143
145
149

158

- 160

160
174

189



1 oA A% RS EB G 2 )

8.6 MIMO-OFDM XA & ks R G g g

8.8 MIMO-OFDM K4 Bl R Sk ad--
aﬁ%jcﬁik

w227

9.2 M%?#%%%%kﬁ%%

9.2.1 MM LBEAREN —RBHERFERE DM

i%ﬁ%

E%@
S 3Ok -+

8.7 MIMO-OFDM 345 B 3 30 f 4 B0 5 B0 -+

s adiswenanemee D16
- 224
- 224

212

225

225
225
226

ox peseniss, Q2T
" wi . . .. 9929
- 231

228



w1 = e

“TLRIEE”, B M 19 i 28 5K [a] t DA sk (BL & KR & B R 5 o] Jé (Guglielmo
Marconi) 7E 1895 4K SEH T K4 2. akm BEE M EL B IR E"D & T ik —
BT FEMER, AR =THFEXkBHEGHANRERBRA ZNHZE &
B BT — 4 H 25 %€ Y [a) B ek A A R 451 40

(1) JELR 53 CGif 95 T PR 75 3K 5 70 46 A3 3% % U5 A BR 3L 43 =2 [l A4 oF I

— 7 AT JE 4R 53 Gy 55D B T oK 5 BB, 3538 HU 2020 47 026 5 7%
Bh R Ml 95 B 2010 4E RS B BCHR L 55 kA 1000 A5 LL L Bl AR T A58
B BCHE B Pk R 15 B (1000 X Mobile Data Challenge) ! ; %5 — 77 [ J& 46 K 3 43 38
TR 3 475 A 4% B IR O =2 3GHz RLF B 451 B #F B R 4> 52 B¢, Bt = Wl 4> Bt {d
F B350 B UL T 28 40 I6C B9 913 Y 57 B 3 R 2 R 94 2 B ) P SR A AR AR L B 3 5k
FET BTSRRI AR

(2) 3# {5 P AE(QoS) B H P 1A 5 (QoE) -k 5 & 24 £ 748 ¥ R 3R 15 2 (8] 19 F &

— TR B R AR A I A (SR AL R ROR O R KD K
TaE BEFERSERN AR, MR E 2 245 AR I8 55 1 ok s A
WEBR T 55— 7 T 2 33X 4 S o 7 P 3 i 4 B 3 15 1 i (QoS) A Bk iR 7+
SFEFE .

(3) “&6” i AE B PR 515 8 @ FE KRS Z [ 7 G

— 7 T2 AT A B LA 2 AR A CRE U5 15 8 AN 25 7R i 1D SR8 T 5 B 45 B,
5 — RS B A EE R R AL AL IR 2R R R T E A
B b A 55 BB IR TR 9% AR T R IR 2 A R] YR 2R .

PLIA R LR H (cognitive radio) BEAR B BRI M A KRB E LR EFREELAE
5 E 4 THT Ko Bsf f B S J G B 4 T g ) L IBK ELGE R = R K B0 IA I R BB L R iR
o bR E PR M AR T I B R X, EER¥ K Joseph Mitola [l 43
SIAE 1990 4EH1 1998 4F e 7E E AR I b IE 3R H 4004 To 2k o FiA 60 6 28 v i B
&L IFB R BN EAR R Tl FANECR O R 02k o 45133 4 B ALAL ) 1 AR i 17 5
SCRE HET R T AR T RS LGN,

X ATASBOF A H A 24 09 B O SR U B A 45 o BT B0 R 9 AR B4R e L R
LB 5ANMRGTLB" =N ARMESZEBER: INNEX BT FER



2 B F AL EAGE —RELSEHB(E 2 R)

L&KM S BE ¥ SRR ELRB GRERALHA T BN
FRi™) s MK ELR R FHRE” RAELS IR GIBRAXHE TR
F7) 5 INEERAE IO LR o U AR T 2K ri B 8 BB AL 3, AS AL Sk R A kT EL S T B
RAE”, et HAF s AL AR « A 322 5 040 LUK B BUB B 4 - 58 45 b 57 %0 4 2 3k ik
PR BN A 2R W LB RS . EA R NEBTBEAERE L K
P T2k v A SE BN TE AR L SR T R 7 5 AR A 3 36 DA O A R 4R Ll
JEAE P IO Lk i 9 B A b3 i 51 A AR5 #E (cognitive engine) SR SE B, fH 2, X IF
AR BE A TE LR e R 6 UL T R B AR (S WK 4 P28 11 30) , Bk
i 423K BN R AL R B T RAE” —HE .

AT H e XA R TC £k R X — A I 3 U T B A HE AT B AR M A 4 B AR A O
L BRI RGN R T B LA KON T4 i &R GE 9 PERE TEAG 7
B RIGTES 2~5 B RIX A T B Al & 5 R AR —— XL
L AR VB TE L -6 (Sora Al YunSDR R 40) LA K 8 4 Jo £k o B 5 4k 4 72 7 o5
PEATHE— B WAL 5 6 T B G AT A B 1 R S AR e AL AR

L1 NAJCSe 2R A i

INFICL SR ERBBEER EE R REXTLB 5N TLEZL”
(father of software radio and cognitive radio) i Joseph Mitola [Il 647 1998 4¢
T B 52 T2 F% KTH (Royal Institute of Technology in Stockholm) f#—/~#fist
4 RISk, IS T 1999 4E & F A H Joseph Mitola [[l il Gerald Q. Maguire &
i —Rie 3z . Mitola 5 A= $ A 8 TG 28 o B AR $ 3R S — b JE 48 38 15 698
k. REANMELENMEC L8 + 2447, HAjE R XA H Jo 4 # B
H—NG— W& L AR 5T LA 5 E PR 41 4 5 T K 5] 19 # A (perspective) 2% &
i (vision) , XA ELHABMEWREN MR IF A EL—F" . FRERPAH
T—TEALEEWNIEERH AT .

In response to the operator’s commands, the cognitive engine is capable of
configuring radio-system parameters. These parameters include “ waveform,
protocol, operating frequency, and networking”. It functions as an autonomous
unit in the communications environment, exchanging information about the
environment with the networks it accesses and other cognitive radios (CRs).
A CR “monitors its own performance continuously”,in addition to “reading the
radio’s outputs”; it then uses this information to *“ determine the RF

environment,channel conditions,link performance,etc. ”,and adjusts the “radio’s



1% ApiZois 3

settings to deliver the required quality of service subject to an appropriate
combination of user requirements, operational limitations, and regulatory

(2]

constraints”.

F A %1 T 2k H 3% —HE 2 B Joseph Mitola [l 464 IF 4R G B8 B2 AR
B3 WD (8] n S [ Il R 25 B 4 FCC, 3 [ 17 38 v A 55 8 15 ke 55 A 2
SLE L Ofcom, REMERELBEHRRFEATRD GEE MBS S EHIRRE
LZHZE (Bl an IEEEITU , H PRk o2k 118 3% SDR Forum %) DA K 72k A 9 A i
M. FLEPRS AR P (B0 Proceedings of the IEEE , IEEE Journal
on Selected Areas in Communications Z&) %y Zy 9 R TN B L & 1), 5 ik
[ B, [ PR2E R g XA ML B E R KN HE B TRZEZEHITS. &
T 15 EMFR AN LB KRR —T N ) Z (EF N 20 F R HE R
%) B E Z [ HEHL AR (enabling technology) : A XA LA 2 5 45035 A FH 2 , ik 7T LA 2
BEEEEE MG RIENEE S E A AN ELGE RS A UBEB I R
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