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Design and implementation of real-time wireless graph transmission
system based on COFDM
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Abstract: With the rise of wireless image transmission. related transmission technologies have also been greatly
developed. However, in complex wireless communication environments such as mountains, sea surfaces, and densely
populated urban areas, WiFi, ZigBee, 4G/5G, etc. have poor transmission performance, while the coding orthogonal
frequency division multiplexing (COFDM) technology has become a research hotspot due to its high transmission rate,
strong anti-interference ability, etc. To meet the performance requirements of high transmission rate, low latency, and
high reliability in complex wireless communication environments for wireless image transmission, and to shorten the
design cycle of wireless image transmission communication products, this paper analyzed and studied the COFDM
technology and built a COFDM wireless image transmission system based on the general hardware peripheral USRP and
software radio platform GNU Radio. The system uses Gstreamer technology to collect and process the video stream from
the camera and achieves real-time transmission of 720 P video images at a video transmission rate of 4 000 Kbit/s. The
results show that the system has achieved long-term and stable wireless video real-time transmission, which
demonstrates the flexibility of the system design and the effectiveness of the scheme design.
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Fig.1 Communication system structure diagram
i A T R 5 A 4 A 4% 2R A R G RE AR 1A . i
Bty 10 3 P G 126 WG BN 5 A JURE B 1Y) Python JAIAS , T &
G A 58 U S AT
USRP 24 miy J AR 05457~ M2 21« o A 0 i 592 0
AR5 R0 AR 5 0 B8 Ak 3 T S A R 7R W T R P
NREAR— . FER ik B, 7 M 7 20 A5 5 B AR 0 &
W Of i KRR S BT AR IE . RGP, TR
WLy 5 A B Y 0 5, OF TR AR 0 2 3 1 B, 38 BT USRP
BEAR AL FRY . USRP §# i GNU Radio ') UHD 8k,
5 GNU Radio @7 il % » /7 Al LLfE UHD £ B i 1

2 RFEFEIE

COFDM # AR 4545 T 17 18 4 5 3 A 19 1E 5201 4y &
JH (orthogonal frequency division multiplexing, OFDM) 4%
AU OFDM S —F £ 28 0k 8 ) 3R 45, 2 i ok A A7 3l
TR IR R N BEOIRAT RS L 7E N AN IE SRS B
TR & Gt B 2 A E 38 F 8B LB T R SRR AL
BT M N ASTFEEOIE AT A T RS
WY KA AR N A% AT AR A 0 B T e A R
RE ARG ZRERNIER. B OFDM R f#dk T
AR IR M5 T R B R R IR (X G M R
RATBNBAF ) IR o A i DR AF TE T SH M K ) AL AE
OFDM 1 At 1 i A A 38 4 8% B COFDM, COFDM &
FHAG B A B A e (v JEVARL 3 A 1 T8 G A i 4% BT A
52 B MR T SIS T BR T S R I T &
e AR 1) B W L T A 800 X A ) A5 AR L 45 1 R R %
PP, B m B L) #E R 48 (digital video broad-
casting-terrestrial, DVB-T) & H COFDM % it 1 i £ A
AER RIS H N4,

COFDM % §F J BAE Pl a2 fom . s #4717 18
S Tt 2 0 o B 50 e % 9 0 SR P TR 2 I 1) 2 S ML L 2
BEALEG AR A D L T A DR R RO AR T Y
A 5 YN G B R SR AT R R I S O X R R A S

EAARFMEHEAR — 135 —



WRSHXR

9 RO A5 5 W O 4 A S A0 A% B 2 B 4 41 OFDM
Mg s 8% J5 £ FH bR 3 5 L i 336 AR #e Cinverse fast Fourier
transform, IFET) ¥ £ 2 2 i /) OFDM £§ 5 47 53 I &%
e AR5 TE R I 00 B b 48 A 25 R0 ZRAE R DR A A B
AMEEW I/Q8UE .. &5, USRP ¥ 555 14
T W RS 3 S AR O R R A

BRI SREG [ SRR Y MRS [ AR

mAgER| | tmmgm| | EASH
EE ﬁﬁf;ﬂ« s | B R
. %
J

Bl 2 COFDM k& 4t J5 BAE &
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Fig. 3 Block diagram of the COFDM receiving principle

3 RERITS5XH

T SRS A Y TC AT R 4R AL i, R A Gstre-
amer BRI IR #F 47 R £ H 4, 8 i £ GNU Radio
5 E GRC i I LL USRP N4 & . 78 PC Stk f7
HAFE S AL B, 33 i USRP SE M MifE 5 58 E 51
ik, RESAEBIHHESRIE 4 PR,

Gstreamer & H C 155 i 5 09 FH T 9005 4 B8 49 1
HEZL , AT LS SR AR 2 8 R0 LT e LN 0 SCAR 7 5 S —
i AR A e 7 28 . FLHRA 32 B AL T4 (4 A0 A I L HE B o
1 D) e A58 S S Bk AT A% 2 I 4B, RT LA R A S B 4% Bl S
TH AT R A A 5 Al 42 20 286 Hh — > 2 Ty g ) O 1t
AR

fE Linux & & J 45 @ Gstreamer ¥ 55, 47 gst-
launch—1. 0 #i7& TFJ3 3818 3k , 52 MU A R SE ) 4R AL » B £
5 e DA LS IR 85 v 52 SR A 0 R WA A Ol ts A8 5L Of
BTN video. ts 5 3H . HI46 Ak 3 ZALH « 5 B A4
KPR B SO R SRR A . TR R
A AU 50 o o K, R X W R AT R 48 Ol R IR R
&5 I ST, SR H. 264 K45 g 55, 155 28 2 5 19 10 450
Bdl B2 MPEG-TS &4 B 5 ¥ O & a1 47 1) L AR
5 A video. ts, GNURadio il 13 F FF X 45 18 video. ts
B 52 W, X RS AT AR 3 g i, OFDM. 38 41, % A )
UHD 3, By USRP &, 22 0o ) 3547 K BOH 2 1 &b
B, i USRP 240, OFDM fif 4 5 3 fif 6%, 5 A 18 RX_
video. ts, #EAT AT T 46 L

/- BN [
8% H.264 MPEG -TS || H# o OFDM UHD USRP | |
‘ z%E | ‘X*E‘% H wm | SREA fRiE *{ Al H ik #5
\ Gstreamer / \ GNU Radio
a I o [
s H.264 MPEG -TS OFDM UHD USRP
ol F WA R “{ i H Btk B [
\ Gstreamer / \ GNU Radio
Bl 4 R BIRKIHHELR
Fig. 4 Overall design framework of the system
— 136 — FEAPHBFWEREAR rh B O )



2024%F B B
$43% FBH

AT gnuradio-companion ¥7 7+ GNU Radio EJE 1k 5t
T, #4# COFDM & S0 #2 . & S o GRC Wi F L H20L

File Sink Reed-Solomon Encoder
File Source File: /home/syz/TX_videots p:2
File: /home/syz/video.ts R eslat i
Repeat: No Append file: Overwrite GF polynomial: 285
Add begin tag: () ﬂ N: 255
f :.00 Energy Dispersal K: 239
e Blocks(1504 Bytes): 1 8
size: 51
Reference Signals Blocks: 8

MRS H X

gt GRC Wi 4 5 1 6 s, 528 E2% DVB-T £ 1
BARIE .

Inner Coder
Input length: 1
Output length: 1.512k
Constellation Type: 16QAM
Hierarchy Type: Non Hierarchical
Code rate: 1/2

Convolutional Interleaver
Blocks (12 Bytes): 136
SS & Number of shift registers: 12
Depth of shift registers: 17

Bit Inner Interleaver
Constellation Type: 16QAM
Transmission Mode: 2K

Symbol Inner Interleaver
Transmission Mode: 2K

10 Type: complex

Constellation Type: 16QAM
Hierarchy Type: Non Hierarchical
Code rate HP: 1/2

Code rate LP: 1/2

Guard Interval: 1/32
Transmission Mode: 2K

Indude Cell ID: No

Cell 1d: 0

DVB-T Map

Transmission Mode: 2K
Gain: 1

FFT
FFT Size: 2.048k
Forward/Reverse: Reverse
Window: window.rectangular...
shift: Yes
Num. Threads: 10

FFT Length: 2.048k
CP Length: 64
Length Tag Key:

Kl 5

Fig. 5

Multiply Const

Rational Resampler
ion: 64

<‘ Decimation: 70
Taps:

Fractional BW: 400m

OFDM Symbol Acquisition
FFT Length: 2.048k
Occupied Tones: 1.705k

Cyclic Prefix Length: 64
SNR: 100

UHD: USRP Source

Constellation Type: 16QAM
Hierarchy Type: Non Hierarchical

Vector to Stream

OFDM Cyclic Prefixer

FFT Size: 2.048k
Forward/ Reverse: Forward
Window: window.rectangular.
Shift: Yes

Num. Threads: 1

Interleave

QT GUI Frequency Sink
FFT Size: 1.024k

9 center Frequency (Hz): 0 E“
Bandwidth (Hz): 1.2G

QT GUI Constellation Sink
Num ber of Points: 1.024k
Autoscale: No

QT GUI Time Sink
Number of Points: 1.024k
Sample Rate: 10M
Autoscale: No

Rational Resampler
Interpolation: 70

Decimation: 64
‘ Taps:

Fractional BW: 400m

Multiply Const
Constant: 10m

UHD: USRP Sink
Device Address: ser...30DF14E
| syne: pC Clock
Samp rate (Sps): 1M
ChO: Center Freq (Hz): 2.4G
ChO: Gain Value: 1
ChO: Gain Type: Absolute (dB)
ChO: Antenna: TX/RX
€ho: Bandwidth (Hz): 20M

& 8t GRC i 2
Flow chart of GRC at the transmitter

Demod
10 Type: complex
Constellation Type: 16QAM
Hierarchy Type: Non Hierarchical
Code rate HP: 1/2
Code rate LP: 1/2
Guard Interval: 1/32
Transmission Mode: 2K
Include Cell ID: No

Vector to Stream

FFT

QT GUI Constellation Sink
Number of Points: 1.024k

Cell Id: 0

Device Address: se..30FEQA
Syne: PC Clock

Samp rate (Sps): 1M

Cho: Center Freq (Hz): 2.4G

command) ¢, age: Defautt

Cho: Gain Value: 0

Cho: Gain Type: Absolute (dB)
Cho: Antenna: TX/RX

Ccho: idth (Hz): 20M

No
DVB-T Demap
Bit Inner Deinterleaver Symbol Inner Interleaver Constellation Type: 16QAM
Constellation Type: 16QAM Transmission Mode: 2K Hierarchy Type: Non Hierarchical
Transmission Mode: 2K Direction: Deinterleave Transmission Mode: 2K

Viterbi Decoder
Constellation Type: 16QAM
Hierarchy Type: Non Hierarchical
Code rate: 1/2

Block Size: 512

Gain: 1

Convolutional Deinterleaver
Blocks (12 Bytes): 136
Number of Shift registers: 12
Depth of shift registers: 17

QT GUI Time Sink File Sink
Number of Points: 1.024k File: (_videots
Sample Rate: 1M Unbuffered: Off

Autoscale: No Append file: Overwrite

Reed-Solomon Decoder
P2
m:8

Energy Descramble
Blocks(188 Bytes): §

Char To Float
Scale: 1

QT GUI Frequency Sink

FFT Size: 1.024k =
9| Center Frequency (Hz): 0 |9
Bandwidth (Hz): M

B 6 o

Flow chart of GRC at the receiver

Fig. 6

& 5 i, “File Source” #5815 ¥ -4 il X4 video. ts
W TS I, “File Sink” & i B 45 8 X TX video. ts
A B AR S Al AR 1) DA A6 & S 3 W 7S LS O S 422 AT A0
Xf L. “Energy Dispersal” 5 3 ] 7% i A AL #E 47 0
P HRATE S i AR L A B AL AL AL 2 . “Reed-solomon
Encoder” ¥R F RS S b5 X AL J5 09 515 W47 705 2
T 9 24 58 4 i, “Convolutional interleaver” 8 B 35 FH A2 41
SR FH SR 40 B A% S i 2 0 71 4R L “inner Coder” 11 R 2R
FH A TR g 05 52 0 A5 PR 22 85 Y L R R AT LG R 2 T A &Y
B0 ED , “Bit inner interleaver” #5355 F bt 45 28 24 52 31 49
AL 60 1% 22 1) FE AR ES %, “ Symbol inner interleaver” #5 2

Hh B O T

GF polynomial: 285
Nz 255

QT GUI Time Sink
Number of Points: 1.024k

K: 239

Sample Rate: 1M 8

Autoscale: No Shortening size: 51
Blocks: 8

GRC i

K A5 38 T IR L A7 A8 25 B i B A5 LR Al AT
LY SR, “DVB-T Map” #58 8 S B4 4
ALV T A 1 B LU R 2H AT R JRE ISR, e A RA
5. “Reference Signals” 3t H] F [0 2 1 B2 8 e 5 J& B4 4
P45 5 A A B ECT AR L RS R (s 4. “FFT”
BEHEC & R BT IFFT, A F X R 58 W45 48 T8 UG 45 5
B HEAT A B A2 i OFDM %5 . “OFDM Cyclic Prefi-
xer BB OFDM A5 18y B2 5 K040 52 f 28 21 i e o DL 52
IR AT A

K 6 #,“OFDM Symbol Acquisition” 5 3 52 31 2% ik
625 FAF 5 R 25, 25 Bk 0& 2 A 28 13 3] OFDM 4§ 5,

EAb PR — 137 —



WRSHXR

“Demod Reference Signals” & Ht 2 B 5 45 17 5 F1 4% fay 15
A A5 B BIE 1% 245 “DVB-T Map” B8 A7 e W5, 5 2%
Z PRI AR SCAERAE G A “File Sink ™ BEHRBE B 445 JE
SCURBECAR 3 . %42 QT GUI Time Sink” #8571 fif
5 Je B 5000 W B T

4 ERE5HW

AP A USRP W ## T COFDM %R 45, it
A5 VAT S st A5 5 I3, MR ATUIE R 720 P, 10 Wi By TS A% 204
18 3 AR UITAL B 3 R 4 000 Kbit/s, K55 GRC i
L ZE“DVB Map” S0 A 88 B S BB J5 3% H: 4 QT GUI
Constellation Sink™ B4 it 7R & 5 v 45 4 &2 e 151, an il 7
7N 5 B i AL AR e g O N 16QAM., B GRC i i
1, 7F “Demod Reference Signals” #& 3t J5 % # “QT GUI
Constellation Sink” 4% W um £ 4 2 )% &, & 8 frs .

15
1.0 F . . . .
0.5

oL
,05 L

E3H

-10 | . .
-15F

20l R
20 15 10 05 0 05 10 13
RS
PR 7 ok o v A Al e [
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