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Abstract

With the rapid development of wireless communication technology, communication environments
have become increasingly complex, with a wide variety of signal types and highly flexible transmission
methods. This poses significant challenges for the testing, verification, and monitoring of communica-
tion systems. Traditional signal generation and monitoring equipment tends to be highly specialized,
inflexible, costly, and poorly suited to the rapid evolution of various communication standards and
frequency bands. To address this issue, this paper designs and implements a communication signal
simulation and monitoring system based on software-defined radio (SDR). The system is developed
in C++, creating an independent and controllable platform for communication signal simulation and
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monitoring. By employing a double-buffering technique, it effectively improves the rendering effi-
ciency of the spectrum and waveform interfaces, providing strong support for the development and
maintenance of modern wireless communication systems.
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Figure 1. HackRF One device
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TEffAF_F %4 T HackRF One 7E N BRI L LE 1545 . HackRF One s& — 2K R 44[7], BFE
EIPET EE, SCREA 1 MHz 2| 6 GHz I 48 a5 Y [, W Bl 1 B IR (645 & BRI /e 7E AN [R5
BUE B TS SR S M R . S5EFER, HackRF One PSS T T EZ TR B HE, A
DA R I 1 B il 38 5E il R A R i

2.1.2. BT EREEF

FET AT Z BB (S (5 5 S I R G AE A 2 il 452 1) HackRF One &4, X &F{E 54T
BEADL, I APV [ N A5 5 ks, AT IS BRI R . T IA IR T7 %9, GNU Radio
SE—ANE BN E S . e pt PR BT BRI LT o HE O S AT (5 5 A BRSSP 2 5 1)
REY FE[7]. #RTM, GNU Radio BARTHAEIRA, (HILIEH PSR —E MU RAOUAHE L. Ik, %
XPREE I H 753K, AHHEZEREAT E L R AR E . ATLOEH T Qu/E NI &F & R4 # GNU Radio
BEATHFE . Qt I R AT ERMLHIAETT Qt MR RE FE ARy, W EE FHPERLLE, X H R R R UL JEH 7
), FER I . AR ENE R ERT 6, 817 QT M HREFIFiEd USB #: 15 HackRF
One {5 RGMEH Qt5.14.2 A, HKiSgmiHAH Qt Creator 4.11.1 fitA .
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AGARM BT EEAEE SoREAR (55 R, (5 SRR, (R H P Fr I (GUI AN p 2%
R, 55 REMPUEIT HackRF One WA TS 5K, FERERNE SHIOVETE 5 IHEmE
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SCHFil UDP PSR TE AT A i), KA AR A 2
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Figure 2. Working principle of double buffering technology
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Figure 3. 4ASK signal and spectrum
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3.2. HackRF One #£i&3t
3.2.1. AD/DA &%
1. #2452 DA/AD IR E L.

Table 1. DA waveform information format (Structure HackOutStruct)
< 1. DA SEE 24830 (454 HackOutStruct)

No. 4 B/ ey HiE
1 RO AR centerFre Float MHz
2 SKRER FreSample Float MHz
3 =t pointNum Int
4 iy B PowerA Float R ThaEhlm, HE K%
5 WIREE waveData Float[] W EHE/B byte [[RFER 8 M EEFEE

Table 2. AD waveform information format (Structure HackInStruct)
< 2. AD SEHAE 2483 (454 HackInStruct)

No. B2 B2 Byt HiE
1 R AR centerFre Float MHz
2 KRER FreSample Float MHz
3 P44 pointNum Int
4 WA waveData Float[] PIEEHE/DN, byte[] REER 8 {18 E M

3.2.2. UDP {ZHI8 &N

UDP 23544 “AAA-WorkX—1%¥2%2-2¥2%2” , A HIRFFR &SR RE -1 E | BHHE 2
Z4, HAp TAERSES WorkX =0 1518, 1 AR 2 eI AR R I T:

/128 3% TAR RS+ A B IRIRAS

void MainWindow::SendMessagelnform (HackWave hackT0, QString numstr, double erorRate)// &7~ TAE

{

if (hackT0==Stop)

{
SendMessage(numstr+" < [4");
ui->informSTr->setText(numstr+"-"+" P £§ - S "),

}

else if (hackTO==ComSend) //1

{

SendMessage(numstr+"Hi, & & 4");
QString conCode=QString::number(hackT0)+"-"+QString::number(cS1.freMode)+"-
"+QString::number(cS1.modeType);
ui->informSTr->setText(numstr+"- X $%--H & & "+"-"+conCode);
}
else if (hackTO==ComRec)

{
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SendMessage(numstr+" L G #1152 "+QString::number (erorRate));
QString conCode=QString::number(hackT0)+"-"+QString::number(cS1.freMode)+"-
"+QString::number(cS1.modeType);
ui->informSTr->setText(numstr+"- %~ H & H2Ii"+"-"+conCode);
}
else if(hackTO==EnvRec)

{

SendMessage(numstr+"FR 35 5 ™)

ui->informSTr->setText(numstr+"-"+" £&-- W J");
}
}

3.3. =REBART

T e 3 (Ping-Pong Mode)s&—Ffi UL B S B0 BH[ 1], F A0 R ISR Bl 1) e Ul e, e i
RGAE AT =y A AR AR R 00 AT B A% 0 o 7025 T AR Jo 2 M bl (545 S 05 I R 4o
e BT B TGS 5 A BRI AR S 0%

E S PRI b T A 7 X 22 o 22 1) I A DL R LB

1. VIR MIX . 7E RS E B, I AN2Z 00 X (Buffer A F1 Buffer B), i BYIHIRA . #ilan,
Buffer A F T-#:U%ds . Buffer B H T AL BREE

2. BB JFURTE Buffer A BG5S 585, IS Buffer B 7 AR E N ALY B o B2USCER 1)
BAERE T RERI TR

3. BAEALEE: (5 S ALFBIRAE Buffer B Hont 2003 (O EAR AT IR M. [FIB, Buffer A
Ak SRAEBOH B -

4. X P 4 Buffer A #GHEIE S, R3] Buffer B #H47 ¥ 8R0S tHET,
Buffer A U HE 3 AL BERY B

5. EENEW: LRBBRESHAT, SCIEEREING IR m SR, REAERAZEMIX 2 A RTY)
e, PR B b HE 1 S R S

AREG SR :

%6 E XA buffer,

static Buffer bufl;

static Buffer buf2;

SR 5 I P W AR ALK E) 4 R4S buffer.
#define FLAG_FULL 0 I/ IX i

#define FLAG_EMPTY 1 /%5
#define FLAG RECVING 2 //IE4%4i
#define FLAG _IOPlay 2 //1IE4%
Buffer* ApHackRF::getFreeBuffer()

{
if(bufl.flag == FLAG_RECVING)return &bufl;
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else if(buf2.flag == FLAG_RECVING)return &buf2;
else if (bufl.flag ==FLAG _EMPTY)
{
#ifdef test
if(buf2.flag == FLAG_FULL)

{
flushBuffer(&buf2);
}
#endif

return &bufl;
}
else if (buf2.flag == FLAG_EMPTY)
{

#ifdef test
if(bufl.flag == FLAG_FULL)

{
flushBuffer(&bufl);
}
#endif
return &buf2;
}

return nullptr;}
return nullptr;
}
SRS buffer JaXS 24 Buffer AT RSN, RN TEZ 00 buffer, 55 XRMEE SRS —MULER .
Buffer* pbuf;
pbuf = getFreeBuffer();
if(!pbuf)return;
if(pbuf->buflen - pbuf->writepos>=buflen*sizeof(uint8_t))
{
memcpy(pbuf->buftpbuf->writepos, buf, buflen*sizeof(uint8 t));
pbuf->writepost+=buflen*sizeof(uint8_t);
#ifdef test
gqDebug()<<("write buf®%d writelen:%d totalsize:%d\n",pbuf->bufnum,buflen*sizeof(uint§ t),
pbuf->writepos);
#endif
pbuf->flag = FLAG_RECVING;

else
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int writebuflen = pbuf->buflen - pbuf->writepos;
memcpy(pbuf->buf+pbuf->writepos, buf, writebuflen);
pbuf->writepos = pbuf->buflen;
pbuf->flag = FLAG FULL;
#ifdef test
qDebug()<<("write buf%d writelen:%d totalsize:%d\n", pbuf->bufnum, writebuflen,
pbuf->writepos);
#endif
write2Buf(buftwritebuflen, buflen*sizeof(uint8_t)-writebuflen);

}
i e A BT, RGRENSLE i RO AL B 5 MR, ORI ARAE B A e A ik, i 2 45 i

{35 L 173K
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Figure 4. Software-defined radio terminal main interface diagram
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Figure 5. Spectrum display interface diagram
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Figure 6. Network control diagram
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Figure 7. Signal transmission diagram
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Figure 8. Phase noise test diagram
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