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SUMMARY

In recent years, several kinds of wireless communication technology have been widely
deployed to enhance mobile communication. From the first generation of mobile
communication to the fifth generation of mobile communication, wireless communication
technology is constantly improving. The development of these technologies is changing
the society. Through these innovations and applications, our daily life will be changed.
In general, the common wireless communication in our life is the information
transmission between mobile phones and base stations. A typical digital communication
system called DMR (Digital Mobile Radio) is a digital mobile radio standard developed
by ETSI (European Telecommunications Standards Institute). For security and
confidentiality reasons, radio signals are usually encrypted before being transmitted. The
information attached to the signal may include information such as "the modulation
method of the signal, the ID number of the radio equipment, the sound and the
transmission time". This study attempts to analysis the DMR system used by police and
firefighter sectors in Taiwan. At present, there are many solutions to receive and decode
digital radio communication systems. In order to solve the problem of system integration,
this research uses the SDR (software-defined radio) development platform, named GNU
Radio, and a lot of required communication modules to design a DMR receiving system
under Linux operating system. The main goal of this thesis is to decode the radio
equipment ID number in the DMR system. After obtaining the radio ID, other value-added

applications can be easily designed via software development.

Key Words: Software-Defined Radio, Digital Mobile Radio, Radio, GNU Radio,
USRP, RTL-SDR, DMR, SDR




INTRODUCTION

With the increasing evolution of wireless communication technology, radio walkie-talkies
are becoming more and more convenient. However, with the economic development, the
public demand for wireless communication has increased, making the radio walkie-talkies
gradually open to civilian use, such as camping, mountaineering, department stores, concert
venues, etc. From analog technology to digital technology, traditional radio has greatly
improved its voice quality, communication security and spectral efficiency. Digital
technology has many advantages over analog technology.

However, the implementation of digital wireless communication still needs to completely
rely on hardware design. In general, hardware-based design needs to invest a lot of money.
With the widely adopted radio communication applications, the problem of spectrum
resources has become more prominent. At the same time, the needs of users are also
increasing, and users are more and more inclined to use digital products. Hence, they face
the problem of replacing a large number of hardware devices. DMR (Digital Mobile Radio)
is a digital mobile radio standard developed by ETSI (European Telecommunications
Standards Institute). For security and confidentiality reasons, radio signals are usually
encrypted before being transmitted. The information attached to the signal may include
information such as "the modulation method of the signal, the ID number of the radio
equipment, the sound and the transmission time". This study attempts to analysis the DMR
system used by police and firefighter sectors in Taiwan. At present, there are many solutions
to receive and decode digital radio communication systems. To solve the problem of system
integration, this research uses the SDR (software-defined radio) development platform,
named GNU Radio, and a lot of required communication modules to design a DMR
receiving system under Linux operating system. The main goal of this thesis is to decode the

radio equipment ID number in the DMR system.



MATERIALS AND METHODS
We implemented the DMR receiver using the GNU Radio real-time signal processing
framework, which is open source software. As figure 1 shown, for all experiments, we used
an RTL-SDR as RF receiver. An open sourced software develop environment, GNU Radio,
is used in this study. GNU Radio is user-friendly for user to easily adjust the primary

parameters in a digital mobile radio receiver.
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Figure 1. Architecture of the integrated system diagram
This study will use a laptop computer with an RTL-SDR dongle for signal reception. It is
expected to receive the DMR radio signals transmitted by the police station or the firefighter
station through the antenna. Then we can use GNU Radio to design the DMR receiver to
decode some useful information such as radio ID. After obtaining the radio ID, other value-

added applications can be easily designed via software development.

EXPERIMENT RESULTS
Based on the research results, the problems and limitations encountered in real-time
reception of digital mobile radio signals are discussed. We need stable DMR radio signals to

receive and decode in Linux operation environment. Since the specifications of each



communication module are different, we need to integrate them via an open source platform
such Linux, GNU Radio, and software defined radio. The real signal radiated from police
station or firefighter station is unstable. Hence, we recorded two DMR radio waves through
RTL-SDR in a police station. Two radio IDs are encoded in the two DMR waves, respectively.
We can stably radiate the two signals via SDR device in our lab and conduct a lot of
experiments to analysis and decode the DMR signals. The measurement results from this
study show that we can successfully receive and decode the radio ID encoded in DMR

signals by using our proposed SDR-based design.

CONCLUSION

In this thesis, we implemented the digital mobile radio by the software-defined radio
architecture to receive the radio signals. The DMR receiver designed by the software-defined
radio architecture can not only be implemented at a low cost but also be easily modified and
added. SDR technique is more flexible and expandable as compared with hardware-based
design. Therefore, we don’t need expensive hardware equipment due to the low cost of
software-defined radio devices. A major advantage is that we can adjust the overall
communication structure by software, according to the different needs of different
communication systems. At the same time, we can use open source tool Kits to integrate a
variety of different digital communication systems. Advance dispatch system for police or

firefighter agencies can be easily designed via our proposed method in this study.
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Y
Call Control Layer Al Layer 3
Data Link Layer Al Layer 2

I | — S—
Physical Layer Al Layer 1

B]5 -~ DMR protocol stack[9-11]



- AEFHECPL > £ T
KALFVAERE - BT - ARBEAETE 27 i FHWA 1(Air Interface

Physical Layer 1) & #% 127 # s -

BRI %
#F I B e
RF # 4

Tf'_fu‘{r'?ﬁ ~ F_

B

St
oy
4

%
Eu
g
:‘ﬁ
I

P I BEaE 2

SR O B S 0 St A B i i

¥ kb (DLL) 7 04 Ao 5 Sodpal 3 0 I 1 @ ek

9u g favg

fé"‘ i"?—%rﬂ —1:*,3 A3 EAL ’;;Jap‘wraL [JrEE 1R L@iﬁf;{_

pf—%.mﬁt%}i@%] CEMZ R A MaaE o HER TGS L
Bolph itk A 2 R BB R R BRI - 50 4 6 Hfeal

& (Air Interface Data Link Layer 2) £ #

IRy

i B (7w 2145 EFC > 5%k 4075 # % CRC)

SRR ER R AR

FE F,Q(ACK)fr'a‘ 5 1 4]

BB o F
AT ~ A M fEiE f?fr e

P I BT B TR

Fu (kRSP )

SR AR R (B R

fehy £ 7
23 CCL % #3n 8 #qu

h S ik
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%= K e g4k (CCL) > 3 @ 4w (Air Interface, AD)enir e - 1 & %
SRR 2 IR B ERE AR ERT AL BRI HER
IS ST

e  jL:k(Base Station)fx#s ~ & *

o wErliZ i o EFEck

o BAAFeeelBiEEIRT

o PEFH(DMRID & ¥ chill i F)
o Emicdy - e 7oL

o A HEFHG Piﬁi}(?f,%;m A)

o EhECRE LA
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212 7R RAT HiFL B8

e 7 % & 7 (Digital Mobile Radio, DMR) & & 3% @ * TDMA 4
i > DMR #:2[9]4 %1 125K 45 % » * 9600 bitrate 7 4FSK 2 %= 34 » $=
AEMEERPFFS 5 30 THD2 B 5 BT B @ﬁéﬁl—
FEAFEH(LF 6 £ 2 DMR 57 SRS Aurdl b s o F R
‘ggﬂ»\ia»\&%ggﬁ‘gtﬁﬁ BT eI Ltgt% Rl ﬁil;g 7 CRC-
FEC % #icdp Va4 Bl > T g "UHF AT &= "R & & e licdp s o

Bl6 ~ TDMA Hjtv
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% 2~ DMR 15 % ke £

#E 5 e F) 30 MHz
i YRR 12.5 KHz
SHIF A % AFSK
F BB TDMA
i ﬁi%jﬁ x 9.6 Kb/s
& 4.8 Ks/s
FSK #f % +1944, +648, -648, -1944 Hz

DMR 7 TDMA Frame 2% ﬁ‘_
O RS FE oy TR RIS oRl T

° Burst : = Tﬁfﬁﬁ;ﬁ“{/ﬁ»ﬁ?f\&é 30ms ¢ — i# TDMA ;‘*’%F_r,\ °
FBRAFT L~ B ITDMAE » = FUFIH B o
e Frame: - Bf=¢ 7 7 B TDMA %4 » £ & 5 60ms -

e Super-frame : DMR & f=d = Bizie = » * 30T 3 @ﬁ;‘] °
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CACH

esx (2HI[H2H0H1IH202H202 21211211

mst 1120112120212 21112121112 1]2

- t

TDMABurst  TDMA Frame Guard time

B7 ~ TDMA P B #£it )
%k p A 5 (Base Station, BS)eg 3 5 BS TX » § BS St imd K i
PFo v B E e AR BRAZE BSTX &3 2% B #4 ¢ (Common
Announcement Channel, CACH) » H # »> ¥ 43 ¢ 1@ {o3n 4 - {7 & - (Mobile Station,
MS)F %% #3p &35 B g @ v ¢ 57 %P (Guardtime) » @ 3

T CACH » + i o7 b (76 52 B 5 o Bibas B 572 3 o

DMR <77 Burst §= Frame 7 ’}?.

- ﬁk”ﬁ?fﬁ»f‘:‘éﬁ.ﬁ % i# 108 bits 1§ i\ % B fr— B 48-bit (e b 2 1 4 FH
s doB 89 FA o & BUEE HRPERE R S 30ms o fe 264 bits Hicdh 7
R HY 5127 5ms e @& * 216bits Gf R BROKE 60 ms P HEE S

264 bits
108 bits 1 48 bits [ 108 bits

SYNC or
Payload embedded Payload
signalling

I 50ms I

27,5 ms 1
I 30,0 ms
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TDMA TDMA

burst burst
center center
SYNC or SYNC or
Payload lembedded Payload Payload lemb Payload
signalling signalling
Timeslot 1 H Timeslot 2
25ms

| | |
! 30,0 ms ! 30,0 ms !
| ]
I TDMA frame !

B9 -~ MS sourced TDMA frame

bo@) 10 #75% > F BHEAE ARSI R 5 - B 20bits 0 SlotType v Tk
S & e Slot Type sl 3l F3L & & chp h oWl 11 ¢

Pt
RN
(o]
(e)]
=
R
%

& BB T 1 TR Y g »< % j7 (Payload) 1 FEC -

cc | Data Type
FEC Parity
FEC Parity I K
A Iln\\ 'I’
A
\‘ ’,’ ‘\\ ll
A ’ ~ ’
A ’ ~ ’
\‘ II \\ s
\ ’ ~ 4
=) S
° SYNC or b=
Info (98) é: embedded é Info (98)
5 i i
= signalling (48) =
w W
\-Les L1 —, L2 R12 \Ema res —
I L17J kua R13J R17 I
' 27.5ms i

B]10 - General data burst
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Bl K

o LG AR RN o
o RATHA AL o Bk B0 4 BEgp LRI IP R

¢ &%Z‘L‘E‘.ﬂliﬁfr f,‘t‘f_:; ;‘{I}L HiiE * o

Data Type Purpose Payload FEC
Pl Header, see note Privacy Indicator information in a standalone burst BPTC(196,96)
Voice LC Header Indicates the beginning of voice transmission, carries addressing BPTC(196,96)

information

Terminator with LC Indicates the end of transmission, carries LC information BPTC(196,96)
CSBK Carries a control block BPTC(196,96)
MBC Header, Header for multi-block control BPTC(196,96)
MBC Continuation Follow-on blocks for multi-block control BPTC(196,96)
Data Header Carries addressing and numbering of packet data blocks BPTC(196,96)
Rate % Data Continuation  [Payload for rate 2 packet data BPTC(196,96)
Rate % Data Continuation  [Payload for rate % packet data Rate % Trellis
|dle Fills channel when no info to transmit BPTC(196,96)
Unified Single Block Data  |Carries control and/or data payload in a single block BPTC(196,96)
NOTE:  This information element is not defined in the present document and is reserved for future use.

Rl BHHFUTR A2 2k

DMR it £

AR50 % Bit & 2 #(Control Signalling BlocK message structure) » CSBK
¢ % ¥ CSBK 3% (75 (CSBKO) fr4#fic ID (FID)2 & LB sk % 5 12

o DATA ~ % ¢ 3 #F 230 #F T 3 (B]4e Source ID and Destination ID )
e CSBK 4 ¢ 37— & 96bits e7n3t & F £ o

o CSBK 4 ch- 4 4fdeM 12 457 o
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Bit
7 6 5 4 3 2 2 o

o |LB|pPF] CSBKO
1 FID
2
3
a4
Octet S Data
6
7
8
o
10
11 CSBK CRC

112 - CSBK message structure

Bl 13 ¢ > 3 @ Info st & ik 196 bits » # ¥ 7 3 96 bits 77 CSBK 437131 5Lt
& % . (80bits 34 +16bitsCRC) #hF 4l o CSBK 3 4 7L d BPTC(196,96) 4%

F& B FEC %3 - 7 [ 13 ¢ i Slot Type #cFp 27 4 3k B 5 CSBK fi5¢ o

| CSBK (80) | CRC(16) |

v v v v

| BPTC(196, 96) Encoder |

v i ] t v i ] t

| Interleaver |
- ~
- 8 s
- ~
- - ~
> 1 ~ ~
- -
e Se
- ~
= =
= =
Info (98) (3 SYNC g Info (98)
L= —
g =
@»
| |
1 27,5 ms 1

B13 ~ CSBK t 3¢

Block Product Turbo Codes , BPTC(196,96)

BPTC(196,96) %8 B ¢ ek dr 413 £ ~ A FEiafr ¢ FEilicdh 4o B 14 577 -
Bl 14 % ¢ = f=¢ » # 96 bits 3 & 1(0) - 1(95) *c ¥ &— @ 9 7 x 11 7
B ¥ oR(0)-R(2)= BAFT =~ KBS0 T *"9‘?”5 Payload #Z >
2 % 99 bits o & - {7enFd H_Rx & * Hamming(15,11,3) %48 %2k » & -

FlenFAld H_Cx & * Hamming(13,9,3) %8 i -
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IW)IW)IW)IM)IW)IMI

IT)[M[W)]‘(“)]KWIW)I

1

1

1
| o

K‘ll“)ll‘)ll“)lml

/” \‘N\
P A
I R(2) l R(1) l R(0) [ u9s) (s4) s3) s K91) uso) us9) uss) H_R1(3) | H_R1(2) | H_R1(1) | H_R1(0)
wa7) uss) uas) 84) sa3) us2) s1) ¥s0) u7e) u7s) wn H_R2(3) | H_R2(2) | H_R2(1) | H_R2(0)
ve) u7s) ure) w73 wr2) wn Wroy uss) wes) we?) es) H_R3(3) | H_R3(2) | H_R3(1) | H_R3(0)
es) W&4) us3) ws2) we1) weo) s9) uss) us7) se) uss) H_R4(3) | H_R4(2) | H_Ra(1) | H_Ra©)
1(s4) Ns3) us2) us1) (so) a9) a8) a7y Was) Has) 4a) H_RS(3) | H_RS(2) | H_RS(1) | H_RS(0)
1a3) wa2) wat) a0) 39) s w33 ©3e) ©3s) w34) 133) | H_Re@) | H_Re@) | H_Re(1) | H_Rew©)
132) N31) u30) W29) z2s) w27 2s) W2s) 24) H23) w22) H_R7(3) | H_R7(2) | H_R7(1) | H_R7(©0)
wz21) ¥20) 19) w18) w17) we) w1s) 014 N13) w12) w11) | H_Re@) | H_Re@) | H_Re(1) | H_rRs@©)
w10y wo s wr) ue) us) ey u3) w2) 1) wo) | H_RrRe) | H_R92) | H_rRe1) | H_Re©)
H_C1(3) | H_c2(3) | H_c3(@) | H_ca@) | H_cs@) | H_ce@) | H_c7(3) | H_ca@) | H_ca@) [H_cro@|H_cri@|n_cr12a)|H_cra@)|H_crea@|n_crsm)
H_C1(2) | H_c22) | H_c3(2) | H_ca@) | H_cs@) | H_ce@) | H_c7@) | H_ca@) | H_ce@) [H_cro@|H_cri@|H_cr12a)|H_cra@)|H_cream|v_cisa
H_c1(1) | H_c2(1) | H_c3(1) | H_can) | H_cs(n) | H_ce1) | H_c7(1) | H_carn) | H_ce) [H_crom|H_crim|H_ci12¢n|H_cra|H_cream|n_cis(n
H_C1(0) | H_c2(0) | H_C3(0) | H_ca(0) | H_c5(0) | H_ce) | H_c7(0) | H_cae) | H_c9) [H_c1o@)|H_c11@|H_c12(0)|H_c13(0)|H_cre@ |H_cis0)

Fiaure B.1: BPTC (196.96)
Bl114 ~ BPTC(196,96).% %8 > 3%
F
e 24 3420 1(0)-1(95) 1I4EM 15 - &R HT

HF A2(Octet 0 — Octet 11) > + T £ % d = 4=

B 15 12 CSBK 73U 7F 4 » 1% P& BPTC(196,96)%#% > s'd =1 + » o

3 EIJ—L-

b o

2022 ~ 96bits

= CSBK z_ BPTC(196,96) .55 Fg 5
#7|® - R(2)-R(0)FFX % 0o

Figure B.1: BPTC (196,96)

B15 -~ CSBK 2. BPTC(196,96) %78 St = 3¢
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7 6 5 4 3@ 1 0
0 [LB]PF] CSBKO
1 FID
2
[1e9 [ w00 [ [ w2 [ o0 [ weor [ wem [wen | 10 Octet 0 (LB+PF+CSBKO) 3 This bit shall be setto
[ [l e el 1 [ octet 1 FID 4 O
w7 | w6 | wes) | wes) | xs3) | we2) | wen) | ey [ 1t
: . : [T octet 2-3 Reserved oftet 5 bata 5 [Snallbesello 117000
1 1 ' 1 [T Octet 4-6 BS address 6 — e [7)0
: : : : Octet 7-9 Source address ; o Allbdss:a bumcoo 2
] Lo
[mlmlmlmlnlmlnmlmIL" I:lOcteth-llCRC e sello 0,
5 4 9 %
19 CSBK CRC 2 4
o ~ 1"
~ e
S Y LB PF R | Rt | RO
, \
: = ws) | W | wen | w2 | wen | wo | wes | s | Octet 0 LB+PF+CSBKO
R2) | R | RO) | wem) l s4) l 183) I s2) l wsn) | wso) | wes) | wes) [H_R1) | H_RY2) | MR | H_R1O) wo | 6% | i | on | wew | wer [owe (e ]| Qe LFID
wen) | wee) | wes) [ wse) | we3y [ ws2 | wen) | weoy || wre) | wrm | wom) [ mee) | m_re@ | M R2t) | H_R20)
s | wm | wm || wo | ws | wa | ww [ w2 | Octet2
we | s | e | ey | w2 [ oy | o) | wes) | wes | wsn | wes) i Rae) [ H_Ra@) | H_Ra) | H_R30) . Reserved
s5) Wy | w2 | wen | weo) | wse) | wse) | wsn | wse) | wss) [ H_Rae) H_Ra@) | H_Ra) | H_Ra) W | W) | Kes) | NeB) | e | Wes) I wes | w9 | Octet 3
wse | us) | s | wsn | wso) [ wes) | wem) | wan) | wee) | was) | wes) JH_RSE) | H_Rs@) | HRS() | H_RS(0) Wy | ws2) | wen | weoy | ws;y | wewy [ wn | we || Octet 4
wen | w2 | wen | weo | wee) | wes | wen | we s | ee (| s |l HRse) | H_Re) | H_Rsir) | H_Rem) I} = | w0 | x| w2 l P | w | v || Octet 5 BS address
w2 e | w0 | ws) | ke | ke | e | s | e | w23) | k22 | H R7E) [ H_RTE) [ H_RTO) | H_R7(0)
[wn [ o [ s [ wn [ wen [ wan [ wan [ wo]] Octet 6
w21 | w20) | wes) | wem) | wen) | owee) | owes) | e | wen | w2 [ wen 6 Re) [ H_Re@) | H_Rs() | H_Rs(o) 0 | ] [ ] I
wo | wo [ [ [ | e | w | @ | @ | o | @ |uree|nree]|nrem|nrem o [ wen [ wn | s [ wa | 0o | wa ]| wa . Octet 7
H_C103) | H_C203) | H_C3(3) | H_Cam) | H_co3) | H_ce3) | H_c7i) | H_cam) | H_com) |H_c10m)|H_c11@)|H_C12i)|H_C13@)fH_cram[H_c1sa) l il I o l - I - l it I i I b ‘ en | Octet 8 Source address
H_C1(2) | H_C2(2) | H_C32) | H_Ca2) | H_C52) | H_C8(2) | H_C72) | H_C8(2) | H_C(2) |H_C10(2)|H_C112)|H_C12(2)|H_C13(2)|H_C14(2)|H_C15(2) | 23) I N22) | 2y l W20 l w19 | 18) I w“n l we) Octet 9
H_C1(1) | H_C2(1) | H_C3(1) | H_can) | H_Cs1) | H_cs(n) | H_C7r1) | H_CB(1) | H_Co(1) |H_C10(1)|H_Cra(n)|H_C12(1)|H_C13(1)|H_C14(1)|H_C15(1)) 15) I L) I "3 l N2 | L) I 110) l 9 l 8) Octet 10
H_C1(0) | H_C2(0) | H_C3(0) | H_C4(0) | H_C510) | H_c8(0) | H_c7(0) | H_ca(0) | H_co(o) |H_c10(0)|H_c11()|H_c12(0)[H_C130)[H_Cra0)[H_C15(0) @ [ w [ [ w | @ | @] o] of Ocetll CRC
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8 & & S 7 (Software Defined Radio, SDR)[13] > ¥~ &5 & 43 2
BT o BB ML A 1980 & N o Aeh e L A 24 ey ARG
e BA N A EHWIEAEARNT AT & AT 4 0 KT ST
Bt H M PEA S A R B Y P T & 3R el ik o B R~ AR S
i 21991 #4d JoeMitola £ #& 11 pF » Az 4k & = w75 ¢
EEFH IR FINT R AL AR R R g A T
BERTHEZHEINS IR - I RRDU Y gRRTANT 5> S ES
MR BEE W PR AR T E R AT R AR AT pp
&om FRZ AR B FF T 3] ¥ (Defense Advanced Research Projects Agency,
DARPA)P o 7 A e (A AT T o

TR E A ERT A2 L LA WK I FAS Y RE BB ATRY o
WA AFHTELEATARRARLTEARDR FIET 7 L EFH eI s
FIHR AR G BN E RN AURAE K B R R 33

B A AEEE S T LB EGPR B Sk  Aed ST

i

W
A

3

MM RRHE S AEAR S AR MT B EHRL e
FHE T BB B AT L TEY 7 Y BB ] s PR AT e i

WIZAaRTHRE T FEAROEAR TN EE > Z @ R IQIT -

ARG % et GNU Radio o pre 8- B 4§ B it 233 B 25 ool R
AT 5o v B RS R B B e e R 0 A LB R
TLARAR AT R & U A R K38 S T L O AT A

TRAEE A ap o B F {HAMKSE -
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BFHITEERTT M el - BT 5 GNU Radio[14]2 1 % /87 b #5% foa
PRI KA > F RN FRTF A EIFIMIAMRY IR A

RTHETHARE [ B AuESE o

221 HW K RMT P+ H

P A A AT EH[I5] 4B 16 17 o ok LR A AT T AT ik
PR B AAAEY R AR PR T s 5P 25 ¥ (RF Front-End)i 48 *F 3 %
PFjr s 3 S gl S 5LiE E 0t | AT 3R e B 8 3% % (Analog to Digital
Converter, ADC) ~ #c iz % +* & 3 % (Digital to Analog Converter, DAC) » 12 % 3%
¥ A2 ;0 it SBR[ L 7| (Field Programmable Gate Array, FPGA) w3t 512 > £ 1
* 3 i * B 7| % (Universal Serial Bus, USB) /i & T2 A 5% 1 2
TR OT o SRR RN HHE TSN R H T LSBT

an 4 4
{'z% ,f‘ %/U o

N & 77 ] ,;r? “' rZ N
R r."? e+ é‘._}i r«ﬁj\mxi

-~

=H

v o a2
E g

ADC  DDC
RF

Front-end

FPGA USB  Software
DAC DUC

fur
/ﬂ}
S

% B AU 2 [15]

;

B116 ~ #ick
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222 A EFEWIEERATLEHE

FEFHIZARTOFE 7 6 PR kAR L E W TR EART PH R
RARENPEER > LR A5 A A - RIS T - BRLT e
B8 Fefoen L 34 i o 287 3 & RF #fci 34 #7# * o0 48 3 RTL-SDR dongles
(RTL2832U) » i fBB 3% 4 o & 3 5 %3 2 e[16]i& - # B iz & p o b X

FIPR R hS AR R o 3 5] 0 H Ap B o i o

23 -%*%2 SDREFHMAEFEL A

Freq. Range Sample Rate  ADC

B ey T | Comment
(MHz) |~ (Mbps)  (bits)
HackRF Mike Ossmann ‘ 30 - 6000 | 20 8 RX/TX
AirSpy SDRSharp | 24-1750 10 12 RX
SDRPlay  SDRPlay Team | 0.1-2000 8 12 RX
RTL-SDR Realtek | 24-1766 | 32 8 RX

USRP B200 | Ettus Research =~ 70 - 6000 56 12 RX/TX

23 NEWTARRTY CEEFHRAT LA

MEEPRERAEIT 0 d AN BL AT B A2 d AT REAE S Bl o F]t SDR G142
Bétpeng 22 g T RINLE cGNURadio o 5 % L en® &k (R 5 48 a2

I

SHREET 5P
Bo TR T AERT LT AR A H v BN F R

a

© 3 LT f1* GNU Radio 2 2= - B SDR ek
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C
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231 FRTRRATPMAZ

5 [1714 % & # & 34% USRP > RTL-SDR 4= GNU Radio #:48 » B i <5
GNU Radio # #8557 11356 SDR 73k # 9 I & 4810 31 % %091 % USRP
7 RTL-2382U % & > %6 GNU Radio ¥ it WBFM 4 {c ¥ -

#7 [18]91% RTL-2832U USB #: fc B # e Raspberry Pi £ fcfrj24s FM 2
5. ¥ 1238 PC } ¢ SDR Sharp 4748 % ¥ 3 - Raspberry Pi £ - 814 4 ¥ &
FAgOL R+ %o e A1 o RTL-2832U USB 4 fc B ehiics" 2.3 6 USB #-
R4 1Q $ & #f 35 T 2 %6 > GNURadio £ # o fa4n $H{ ¥ 7 USB #24< & i 5

T T ENERT > % GNURadio» ¥ 1 f (Fé75 F Bl A hF % EH -

# 7 [20]3% 46 GNU Radio = 2 2 #4741 ¢ = » & * RTL-2832U USB #1c
Efo— B USRP & Xl B RMT B4 £ 7 &7 AT Y FM R 47 34

E;_: ;E!J o

F1[19] #5 it * RTL-SDR el ¢ ~ 3 (T2 B3 > ¥zl o B & fe
P AP L 2 P AR o B & 4o dp DSP frid IR~ RIEfr R

B o
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232 FEFHRATAMET

SDRSharp #23% ¥ 17 & Windows ¥ % % %} & * RTL-SDR i& {747 3% & Jp >
£ FM~AM = SSB~DSB~CW 23 B o & 1.2 A7F P e1% &3] > 4o% 5
DSD Plus — A2 * » ¥ 47 [p ¢ hSOlp 5B FHRTEL ~ B EGUELE BB
B E o

721K 3 8?4 IF Jo3 Beh DMR i 5t 56 FPGA HRiE (79 % o

K3 A0 AN 1% enie L 45 355 (Bit Error Rate, BER) erje 3 %

1 [22]1F 4 A gt L& & ML SDR hi5HE - F 17 DMR 4~ 2L g (Physical
Layer , PL) & 5t @ ZAAF AT ~ A /23 ¥ % > & Windows OS ! i i MATLAB {r
USRP % & 4 2% -

TEK c GREINF T I AARPRMUMR FHET 0 & 2016 £ 23
3o [23] i%'?‘,‘ &I ST F ¥ L (e-bus) kAL 2 o X i By i
MM 8o & S m e ke i%fﬁiﬁﬁi'lﬁﬂ@ﬂi%&%{ﬁﬁ#f cdzeich S o =3

':r";rﬁt,i—_molg*imjr&m—xi l]}”“’rﬁfﬁ?-ﬂ < I & iiﬁﬁiﬁ@ﬁﬁ]m?’%%
FIp o IFﬁIPB”" T BRI EFFEAERT (DMR) foi A WI-Fi aiTie
Bo o li BN m TR RRRAEEE o ph b g - fa b A { AT R0k
RH e F R o B GRS LA L DR 0 26/3G/LTE BRT i A
PR B PERD AT L AKEFRY B o R TE R > v iR

B4 g Mg A e

2020 & A. Nikitin et al. %i o4t A [24] 7% * DMR &8 chlic i 76 & T 2
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T HE o L WH T % o3 R AT A 160 MHZ HTE S i o
G ERTES PR AT LAk o AR S S A RT K

B AR AT AL A ik O L TG AT P SR L ] S

2020 # ¢ A. Atutxa etal.?iﬁz (R =y PR [25] ) AR E R R F
Z - EERTHE > DMR & * fti'f%ﬂ‘:“{%;ﬁﬁﬂﬁﬁ" » B Al E A
(Unmanned Aerial Vehicle, UAV)#z ' 4% /% Raspberry Pi .3 ¥ i# {7 DMR # 2
KA o 7
BRI AR TE AP TAE o DMR ¢ AmMT £ Bk

a—

B FH2GFSGaERFEEF TN F o ABHEFIRT R

BF o

233 ki

BLAAPFTHRFF TR PR BRSO ZEWOS A § T
Aigm 2o m M. Abirami 4 2975 Gt B R VT A S
USRP % #:4% GNU Radio  [26] » #; * f§ 5 ¥ i< & A eh s\ 7 9 —3d 2 %
%o @ B. Uengtrakul » #% ) B> 38 SDR 9 Bk ehR* 38[27] > # 3n 5 9 % 2%
BAE A 2P sldedlchdE B A E 0 Fp e - B M2 A SDR F %

A2 o

EiilE

o

Bl R D B oS g R e o AR T AL o B
5 7 (Digital Mobile Radio, DMR) €. i @ 2 3 2 ¢ (ETSI) & & % (7 5 f &%
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MR FInF 4 RBAFH R F o o F TR LG MELPF > DMR #3484
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F
@h
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W
;@t
=
aﬂa
&

REFERE NP R BEETT F

LR AHRPA SN 2 AEBOE o d WA R A

3
)l
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Gl
K3

Wk H e B P PR AR kARG > DSP 11 2 FPGA HiiFend 2 > &

[
ETIRS
B

iR SRR o blAe? R AR EAR O RAEEAN 0 EBE
PAE T o v R B FILH] 0 4 B4 7 SDR M T

Ao B WA Eci AR A B % DMR KSR &K G R e

B o #il 2 é/ﬁ"%—%i’ Ao 2 AR R 2 P A B e T A 4o ?‘1,?’%[18] B8] &
Windows T % % 3L} & * SDRSharp(% = = ##l)i&jc FM 5L > @ A5 7 5 &
fo DMR UL o 2 f2[21] & Windows (7% % %1 383> DMR ¥ 4 1c B > 518
FPGA & F {3 F & 2 A4 7 1 Linux fe3 % ¥v+ % GNURadio #ic 48 T_%& & 40
T BT L3 DMR £ ks T ﬁi’f‘r&i}%\ﬁﬁﬁi °o = }%‘%[22]5_’\%‘:‘ SDR m‘;%f# ’
9 ¥ DMR ,% 3t > A& Windows 1T % % Lt i%i6 MATLAB = USRP %= V-
AT AR AENAPRF Z e niTE kAU & % MATLAB @ # ¢ * GNURadio’
A v‘/}%[zz];‘ fRlcdp e H v g oo }1%[23—25]:15-DMR MBI

Blde: T3 T 4 SABEL I E A IR0 BS 2 %%[28]*;2’ *ET FRE* Linux i3
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¥ %% 2 GNU Radio fit# 2 &ML B F L 59 17> g;w]%?é;gk[zg]? TR
TALT Pk sz B AT s TR R BTk A T o

2 4~ é}gkb‘-g‘&%

Fo\e e | [20] | [22] | [18] | [31 | [23] | [24] | [25] |[28]| %%
W'ng’vs olo |l o | o] x| x X | x| x
I I x x| x x| x| x| x o] o
MATLAB | X | O | X | X | X | X X | X | X
GNURadio | X | X | X | X | X | X X | 0] o
FPGA | O | 0 | X | X | X | X X | X | X
fREp TR | X | X X X X X X X o)
SDR%## | X | 0 | 0 | 0 | X | X X | 0| o
DMR o Wl o1 vox] & 0O | X | o

0

e X | x| x| x 212 e o] o

R i
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PRE G AN AELY R P L2 AR AF YRR Y I
BETHZERNTT 532 75 & M7 (Digital Mobile Radio, DMR) % v »
fﬂ”ﬁ#ﬁ“m%kRF&%@PQQﬁo%$$¥—%@%GE*%%%
HTRETEHEARNT2ZHEFT S GNU Radio scd82E4E » % - e #-4 29 (THix

AT AT 2 M T R ERT S RESHEA KRG > 12 IFF AR
B Bts A SR TRARRG ¢

THIZARTHEFRELI S FHIBRF L S 38T L7 g ey
HEBANRY CFETORMFRAFRY 22 0SNG SRR K
HEROR HREEeT o PREORGG VT RREAAMEY 0 Pl AFY

F A A Linux s AT2Z R IZLZaRTFFET S GNU Radio 75 243

3.1.1 GNU Radio ##<* &

GNU Radio[14] & - 2 & ¥ «nB Rkl » B> LERTEF T 5 T
ARG AL AAFHIT e e Bf2R -~ 22 RFUSL - ERMEHR - %

* B 4% c GNURadio A Bt 2 22072 RFH B KE - &

N
o

EEF A BT (T U LF R e il S Al - Bk
¢ o GNU Radio %4%;% gads pF ¢ 34 (7 49 I i v+ f2 & GUI 41 6 3%
A EGE AT L E R H(F P 527 45 07) - GNU Radio i * #2538 241 % infe
BlIfE4 » - @ 8 ELAIE S B> BAF el MBS A - B RY o

i 3 GNU Radio Companion(GRC) %38 {7 » * v i 5L A2 Bl {r 2 = 5 A2 R
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\T»
md\
lﬁ‘
\

RS A Ao B 17 o SRR P oo A5 d GNU Radio B3 ¢ ¢ )
- R ARSI A e B B R H A F B R R
GN

FHH @Y FS T UG CICH ARNET P AAIE R 18 3

C%}ﬁ

Radio -+ & B4 2 15 % > GNURadio 127 & 55 * %4 » i@ * CH3F 3 R
S B R B e d 4 ok A7 B e 47 B (Scheduler) » 4% Python p 2& fifle 3
TR AR R s iR SR R BE* Python #ra et 3

13\1

T e RO R AR TR BRI AER 0 A B G 2 Bt e 7

AT EH GNURadio 5 > 5 ki kg saffrg it -

42 GNU Radio Companion ~ H—23:45

. File Edit View Run Tools Help

*usrp151.8M.grc - /homejjay/5E - GNU Radio Companion

A i X i =
FM_stereoReceiver 8  grdsd %  usrp151.8M % Qop X
¥ Core
: :P‘:‘m UHD: USRP Sink ¥ Misc
:top-block Samp Rate (Sps): 204N
Generate Options: WX GLI Copy
ChO: Center Freq(Hz): 15184
) Nop
c .
File Source 158 tag name: AT ¥ Synchronizers
File:...recording2048k_2.bin Stream to Vector I Vectorto Stream Title: FFT ot Costas Loop
popetls [T =l Sample Rate:2.048M ¥ Instrumentation
_— Addbegintag: | BasebandFreq: 151 8N v WX
1D:samp_rate /A WX GUI Scope Sink
1| YDivs: 10
Value: 2.043M = P ¥ (no module specified)
Ref Scale (p2p):2 ¥ 0p25
FFTSize: 1.024k decoder_bf
Refresh Rate: 15 decoder fF
Rational Resampler ' -
: Freq etVamame; ore fskq_demod_ff
[ oecmation: s I :"'::*:“:"“ _ I. “"‘::"Zw fska_slicer_fb
onstant: m :
DSD Block Taps: pe pcap_source_b
Frame type: Auto detect Fractional BW:0 ¥ 0p25_repeater
- |
Unviced Quaity:3 gardner_costas_cc
IO Ex Em e p25_frame_assemble
Verbosity: High vocoder
D Options
o [1d Value
Loading: "fhome/jay/ = fusrp151.8M.grc” Imports P
[>>>Done ¥ Variables ap
XML parser: Found 1 erroneous XML file while loading the samp_rate| 2.048e6 ®
block tree (see "Help/Parser errors” for details)
0

Bl17 ~ GNU Radio Companion (GRC)
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Python Flow Graph

SWiG

C++ Signal Processing Blocks

USE2 connection

SDRPlay / RTL_SDR

118 + GNU Radio T 5 B % 2 % £

32 AMERE A L

kat
&
S
i
(H}

FHET L0 PEEINGEE RF AWK A TR kdp it

¥ OB R ET RIS
3.2.1 RTL_SDR dongle (RTL-2832U) # st

AT P AR K 2 - 0 5 Realtek o 2 #7%] i¥0 RTL-2832U[18, 19] »
THRE L SRS CBRREES - A B p RS A - 0

4ok o B A ANE @2 BNRE hEE > 4oF 19 o

®19 - RTL2832U
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d % RTL2832U # £ ##-4 S22 chle 4 fod 2 A £ 5 (RAW 1/Q
Samples) ® #& @;ﬂis?lf'l T LR JF,Z iktf‘, e ol B e & (RB20T +
RTL2382U) k= fif T R A RT PR HT - o

higz {4 0 &4 AnttiPalosaari ~ Eric Fry fo Osmocom [ ff e g8 22 % 4 »

-l
X
e
it
o+
ke
ok
N
el
N
-
o
.

| * 2B Y T 4 SDR i~ H s e gt > H

% 5 RTL-2832U # + %4 %

ﬁﬁﬁ@'él_%] 24 MHz ~ 1766 MHz
R Up to 56MHz
B+ P~ & (Sample Rate) 2.56MS /s
P~¥ f247 2 (ADC/DAC) 8 bits
EEF; & 50 RX
R R &L T Realtek RTL2832U

3.2.2 USRP # 4Lt

7 ot * e USRP(Universal Software Radio Peripheral) B200 4] 20 >
¥ % W7 Ettus Research »74 & chid * Hid T Z & AT % %% »USRP #

i % p > e USRP Hardware Driver (UHD) > @ UHD & - i B xR 4045 ~
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BT 5 ehspd Azt 0 2 ¥ At Linux  ficdc & 2 Mac OS  353% 47 - 60 AP
(Application Programming Interface) » { = i = & B3 & 5 53 7 { MR % %
B BAARHArL 5

# 6 ~ USRP B200 %

R 70MHz~6GHz
A Up to 56MHz

) 61.44M

Bk B 3
Sample/second(MS/s)
P4 247 & (ADC) 12 bits
; _ Full Duplex
A EHS
(Rx/TX)
Tl BT USB 3.0

= A!rufa A SR

9« Mh&“’dﬁ"—ﬂﬂ¢l€!
I'*)l’ =

T2 h £
//II//I//I/I //I// /ll/l /lll IIIH [ i III\II LRI l\\\\ \\\\ \\\\

b ) ' USRP B200 A s QD
& 4 Hz— iz
i 1 = e

|

®20 ~ USRP B200
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33 ENMIRARTRITDMR&EY 2

3

TR APTEREFAB DT LR AT L Y Linux

o

Ubuntul8.04 ¥ ¥ % % » % # B k- GNURadio 5 il = £ £ R T B # T
¢ oS F & GNURadio p 5§ eificie 2 o R7 & rtl-sdr SR 4750
gr-op25 ~ gr-baz ~ gr-dsd f= gr-osmosdr & % i e > 4ol 21 o M PR E
d GitHub (- B £ 3 m# 3 IR 3R A E il A B frd 2 p 3)2F
AR R o EARY AP E B SUPR- B RRE 0 (AL B E G R A A AP F DR
o BBERTRRG (TS ES 7 Flapkin . F LA LS B3 L AP

R

@ Home  workarea-gnuradio Q =

dsd . GPSrx LLML] Luk:j gr-dvbs grdvbt

o oS oo ﬂ[ﬂ][ﬂ]

gr-fskd gr-gps grisdbt  gr-osmosdr ~ mbelib 0p25 rtlsdr

Recent

Home
Desktop
T

Eh
%h

satellite  SoapySDR SoapySDRP  SDRplay_
lay RSP_API-

Linux-
2.13.1.run

B2l F %2 e
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331 R &%-

L

|
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% — i * GNU Radio

"

L 5L

K,% 7 GNU Radio p

B e o

SN}

B

92

)

N

THERT

T

,

XY o

P
4

F TR Rt A > F w2 DMR

G o 4] 22 45 o

=

p ek s d GitHub(FF ks 76T 2)B~ {8 4p

WX GUI Slider
ID:xlate_bandwidth
Label: Xlate BW
Default Value: 12.5k
Minimum: 5}
Maximum: 50k Variable
Converter: Float D: fine_click_freq
Value:0

WX GUI Text Box

Variable

ID:xlate_offset Variable - ’
Label: Klate Offset 1D: click_freq v ‘la”mﬂf T WX GUI Slider
Default Value: 0 Value: 151.702M faluer ID: xlate_offset_fine
Converter: Float Label: Fine Offset
' - AnyCode Default Value: 0
WX GUI Static Text ault Va
WXGUI Static Text || 1D:auto tune ofiset freq | | 002 2e-2n-code0 | Minimum: 10k
ID:final_freq Label: Auto tune "‘"‘“F‘"-f“‘"e 17:32””” Maximum: 10k
Label: Final freq - Code:selfset...et_fieq(0.0) converter: Float

1D: key_map
Value:{1: '012... TBOABCDEF'}

OP25 Traffic Pane

T

Default Value: 151.702M
Converter: Float

Converter: Float

Variable Config
ID: config_xlate_bandwidth
DefaultValue: 12 5k

Type: Float

ConfigFile: grc_op2s
Section: main

‘Option: xlate_bandwidth
WriteBack: 12.5k

WX GUI Scope Sink
Title: Audio
sample Rate: 8k
AC Couple: On
Notebook: nb, &
Trigger Made: Auto
¥ Axis Label: Counts

3

WX GUI Check Box

idle_silence

Options Import Import Note Variable Note WX GUI FFT Sink
ID:0p25_gre p :_op25 po! yoursource! | | ID:samp_rate | | Note:Canuse ...Xlating back Title: FFT Plot WX GUI Waterfall Sink
ptions: WX GUI - Value:2.045M Sample Rate:2.043M Title: Waterfall Plot
R CU1 Natehook File Source Baseband Freq: 1517021 Sample Rate:2.045M
jotebos :...cording2048k_2_1.bin Throttle ¥ perDiv: 10 dB Baseband Freq: 151.702M
ID:nb Repeat: fes Sample Rate: 2.048M ¥ Divs: 10 i 100 e
- , : Y N
Et;::e;:;w;n.:g e ‘Add begin tag: pmt.PMT_HIL ol Refrevela ﬂ Reference Level: 30 I:x suislider [
S ’ Ref Scale (p2p):2 Ref Scale (p2p):2 “gain . Cain
FFT Size: 1024k FFTSize:512 (o =3emm T
RRLIERZS S e RefreshRate: 30 FFTRate: 15 DefauitVahie: 210
: : - um:
Variable Verbose output: On Average Alpha: 0 Notebook: nb, L Minimum:0 )
ID: decim Sample rate:2.043M Notebook: nb, 0 FreqSetVamame: None Maximum:S0 SR
Value:5 Frequency (Hz): 151.702M Frequency Xlating FIR Filter Rational Resampler FreqSetVamame:151.702M o)) —
TE g Relative gain: On Decimation: 5 Interpolation: 28.8k _—
D:channel Gain: 20 Taps:firdes.low_pass(1, s 409.6k WX GUIFFT Sink
: channel_rate Merread length (bytes):262.14..4k T Taps: ‘ WX GUI Waterfall Sink Title: FFT Plot
Value: 28.8k - i Sy .
Sample Rate:2.048M Fractional BW: 0 ; Title: Waterfall Plot Sample Rate: 28.8k
Variable WX GUI Scope Sink Sample Rate: 28.8k Baseband Freq: 0
ID:samp_per_sym Titie: Scopeisy Baseband Freq: 0 ¥ perDiv: 10 dB
Value:6 — - Sample Rate: 28 8k Dynamic Range: 100 ¥ Divs: 10
o Decimating FIR Filter VScale: 1.5 1| Reference Level:-30 b-l RefLevel (dB):-30
Variabie pepm— Decimation: 1 Ll Ref Scale (p2p):2 Ref Scale (p2p):2
ID: pre_channel_rate Ll gy e T WX GUI Scope Sink AC Couple: On FFT Size:512 FFT Size: 1.024k
Value: 408.6k FRw Notebook: nb, 4 FFT Rate:15 Refresh Rate: 30
Sampie Rate: 4.8k Tageer Mol Notebook: nb, 3 Average Alpha: 0
WX GUI Text Box o [J] VScale: 1 ¥ Axis Label: Counts FreqSetVamame: None Notebook: nb, 2
ID:freq OP25 FSK4 Demodulator 'I T Scale: 50m Freq SetVamame: 0
Label: Frequency Channel Rate: 26.8k op: (simple) 5 Rational Resampler
Default Value: 151.702M - i : e
Key map(hex): 1: ..BCDEF'} Trigger Mode: Auto Interpolation: 44.1k e Jravm—
Converter: Float Message Callback Y Axis Label: Counts Decimation: 8k
Constant:1 Sample Rate: 44.1k
Name: auto_tune_offset Variable Taps:
Message Part:Arg 1 Fractional BWW: 0

WX GUI Check Box
ID:verbose

Variable Config
ID: config_xlate_offsat
Default Value: 0
Type: Float
ConfigFile:.grc_op25
Section: main
‘Option: xlate_offset
WriteBack: 0

Variable Config
ID: config_freq
Default Value: 151.702M
Type: Float
ConfigFile:.grc_op25
Section: main
‘Option: freq
WriteBack: 151.702M

®22 ~ GNU Radio /4%l 3+

e RTL2832 Sourse : if i # * RTL2832 - » & 3% RTL-SDR dongle
R BN AT A LRI B e B

e Frequency Xlating FIR Filter : ¥4f 7 *U% fF X Rimik & > 3%
FHESEE YU E A M) FIR ik B H

TV FE B F

33

FHEINA & 1Y

e

s
T

2

e 4420

&%

)

WX GUI Slider Label: Output dle silence Label: Verbose . ole logging
1D: audio_mul Default Value: False Default Value: True
Label: Audio mul True: True Fr—
Default Value: 0 False:False Fabse:False
Minimum: 40
Maximum: 20 Tl
Converter: Float ID: audio_rate
Value: 44.1k

832U

HLig

7B o



e Rational Resampler : & 373~ B » ¥ 55 e { saBf &

e  Quadrature Demod : * >+ FM ~ FSK - GMSK % > ﬁi%] » AT B
@?J A LR FAPM AIAGA T R FEE -

e Decimating FIR Filter : 34 B~(*44f) 3 "UR B ik B > % AR\ K E
1‘}‘}@?1 MR AP IT o REF L I AT A REARE c FREK
AR PR EEFRAET A THARE ) 2 i £ 0 TFs2

7| Fs/2 » H ¢ Fs {@1 » g PR 5 f RO i B o
e  OP25 FSK4 Demodulator : 4FSK f#3 % ficke o
e  OP25 Decoder : i#% i OP25 f&f5 -4 » AP ¥ 12 4F DMR 2 EL:E (7245 -

332 R

AAeF] 230 AT L E 2 F R D ATF RE A B Ay R g
BEXERP 2 - Hh-HieFEr o TERI2 {8 APLER op25 & feh
P

S & A F] T el R B S T op25/0p25/gr-op25 _repeater/apps | it {7 4% (¥4 ]

ns W tpe" Forked from git://git.osmocom,org/op25 "max" branch on #1 /bin/sh
Max ips m ot ng s o 9/10/2017
Jul Up to date with "max" branch as of 3/3/2018 # op25 install script for debian based systems

# tncluding ubuntu 14/16 and raspblan

audlo server sockaudio.py and remote player

Af [ 1 -d op25/gr-op25 1; then
echo err op25 top level directories not

es (experimental)
o configure NAC 0x000 in trunk.tsv and have
]

st change to the op25 top level

3 1 i tory
gnuradio-dev gr-osmosdr R logging changes to trunking.py echo before running this script
Ubhackr f-dev Ubltpp-dev st fine tuning in real time (,./<» keys extt

x11 git

size the curses terminal
jet update

vvvvv adlo 25  op25 " R-get bulld-dep

get install gr - 05MmoSC

Recent ame Size odIfied d b u, p-dev

21 pkg-config

glt clone git://glthub.com/boatbod/op25 f
on-waltress python-requ

Home & build
cmake
Desktop -

e s docs Br /etc/modprobe.d/blacklist-rtl.conf ]; then
ns

i op25 echo 1ing blacklist-rtl.conf
BR echo » reboot before running op2s
12 blacklist-rtl.con sudo install -m 0644 ./blacklist-rtl.con

1] cMakeLists.txt . d/

Install.sh

+ B8 0D i BcCEFEDO A

t1d
L install.txt :
STEP 3 (bulld and install code): o B README L/
cd op25 ] README-rpi3-liquidsoap ke tnstall
nkdir butld Other Locations Eonfig
5 b rebulld.sh
stderr.2
Finally you may need to use the command P 7 1
audlo, but the trunking loglc will cause

| dvb_usb_rt128xxu . until the
[
r \

Plain T PlainText v  Tab Width: 8 v L1, col1 - NS sh v Tabwidth:8 + Ln1,col - NS

B123 ~ OP25 #i-le % L3P
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< wor radioc op2s op2s gr-op25_repeater apps
w-r | =
G Name
< s gr-op2s I =1 appsl i corr
=3 | & grop25 _repeater J st dJocs =1 pycache
e S grc S tdma
e} i include - test
et i Uib = e
1 | s python - uril
- swig audio.py
= | s cfFg.json
= [ Y] CcMmakelLists.txt cfgtrunk.py
= Y1 €cmakeLists.bext
e dmr_airspy_example.json

dmr_rti_example.json
getid.py
ar_agnuplot.py
ar_gnuplot.pyc
http.py
http.pyc
icemeta.py
log_ts.py
log_ts.pyc
meta.json
multi_rx.py

1 nyseg.tsv

LY onondaga.tswv

Y] ontario.tsv

| 51 op2s.liq
op2s.sh

[ op2s-lig.service

5] op2Ss-rx.service

B124 -~ OP25 e g & B /s

F ok 2 WIRR R o K Ttrunkyj3utsv v 2 o BY S A RN E R T

2,

e RN Aol 25 ~ 26 7m0 K ETAF 2 % {8 & Terminal ﬁis?] > Jrx.py --args 'rtl' --
gains 'Ina:49' -T trunkyj3.tsv -q 0 -S 2048000 -2 34 {7 rx.py * }{T& & & B 27 #r
7T 0 Fh R ELE 5 /home/lab402/workarea-gnuradio/op25/op25/gr-op25_repeater/apps e

o -args i iEH sdr EE o

o --gains: EHFFJIHEES] o

e -T:{'» trunkyj3.tsv ¥ i o

e qiHEFHBEK L

o S!IPFHRIKIT - EHAKE 2048MHz-
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FEA - [trunkyj3.tsv] -

EA
FroE(A) : | Unicode (UTF-8) ~ |
FEE): THER - TP (IERES) -
mERW) © |1 —[+]
SEFEE
EEEE(F) O SFFECER(S)
@ E{IE(M ) 3E5R(C) ) SSR(E) ) ZEHE(P) ) HAth(rR)
) EEfiESRm(D) FERAFRAEQ) : =
HithsErs
) FEERRfI AT (0) O SRS BB (N)
WiE<
RaaEEal(y) - =
[=E3 [=E3 [=E3 [ [=E3 [=E3 =z (=3 =
] Eysname Control Channel List Offset NAC Modulation TGID Tags File Whitelist Blacklist Center Frequency
2 SYSTEM 151.7962 ] <] FSK4
ERBA(H) FEE(0) HH(C)

B]25 ~ trunkyj3.tsv =

e Control Channel List : ¥ < #f F 3% % > i#423%K % 5 151.7962 MHz -

ETIN

3=

e Modulation : i&42 34 % > ;1% 4FSK -

root(@labd02: home,\abd02/workarea-gnuradio/op25/op25/gr-0p25_repeater/apps : {

{ op25 ops g

File Edit View Search Terminal Help
root@lLab4e2: /home/1ab462 /workarea-gnuradio/op25/op25/ar -op25_repeater /appsk 1s O Recert

audio.py op25.1iq stderr.3 A iy __-_ ) )
cfg.json op25-1ig.service stderr.4 o @ @
cfgtrunk.py 0p25-rx.service tdna B Desktop op2ssh  op25lig.  op2six. op2Sstats.  p2s. P25
CMakelists. txt op25.sh terminal.py service  senice sh decoderpy  decoder.
corr op25_stats.sh terminal.pyc v 1 pyc
dnr_airspy_example.json  p25_decoder.py tk_trbo.py

dnr_rtl_example. json p25_decoder.pyc tompkins.tsv @ @

getid.py p25_demodulator.py  trunking.py a

gr_qnuplot.py p25_demodulator.pyc  trunking.pyc p2s_ p2S_ README  README-  README-  README-
gr_gnuplot.pyc __pycache__ trunk. tsv 0 demodulat  demodulat configurati  dmr op25 stats
http.py README trunkyj2.tsv orpy orpyc on

icemeta.py README-configuration 'trunkyj3 (copy).tsv' d &

log_ts.py README-dnr trunkyj3.tsv = @ @.

log_ts.pyc README-0p25 stats  trunkYd.tsv W T

meta. json rX.py tx setTrunkFr — sockaudio. Sockaudio. ~ stderr2  stderr3
multi_rx.py setTrunkFreg.sh util +  OtherLocations eqsh py pyc

nyseg. tsv sockaudio.py W

onondaga. tsv sockaudio.pyc @ @ @.

ontario. tsv stderr.2

stderr4  terminalpy terminal  tk trbo.py  tompkins.  trunk.tsv

I root@Labwz:/home/lab402/wurkarea-gnuradio/opZS/opZS/gr-op25_repeater/apps#l
pyc tsv
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File Edit View Search Terminal Help

Spectrun; tuned to 151796200 Hhe

0P25 U T

N‘ 0x0 WACN Bx-1 SYSID x-1 0.606060/6.600000 tsbks O

&

Sl

_80 .
Frequency 151.796200(0) _100151‘,75 151‘,75 151‘,77 151‘,73 151‘.79 15‘1.3 151“91 151‘,92 151‘,93 151‘.94
f
| _ req (h)old (s)kip (Lock (W)list (B)list (q)uit (1-5)plot (,.<>)tune 150,781, B.6L765 i
B27 ~ xpy 4~} 74 o
34 FHIERATR EDRAL FH#
341 R E%EHB
BB R TR EART L T BB BRI AR

5

B kPR IUBLE BB 0 B 4 AT 0] ARUBLAL AT R

N
ar}

Tk SLIE 1‘#“ CF P AR R T e A B ORI R PR i e R R R
SRR EAIE Y IR 4250 1 /L 7 (Field-Programmable Gate Array, FPGA) &

B~ B i endic >3 8 a2 (Digital Signal Processing, DSP) & 5 > 12 % 2k 3 245 e
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AT R E%EESET - 24T 0 52— & RTL-SDR dongle 2832U it {7 3%
BT e ;E;*%"ﬁ“ﬁ TRBNCE RS LN A rF SO DMR AT AL £
## GNU Radio % > DMR £ jc B efz ;8 ~ fiole ki (7 5 45 22 B onfid sl - B &

ARG S R RTK A ID B e T 0 R T B 28 A T e

FFT . ‘ Constellation

ID Number file
Real Signal Situation antenna Get ID Info
A
. ) RTL-SDR FGNURadio
Pre-recorded Real Signal GRC FFT
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Yr¥ A1 8%

AESETRESDTHRLESE - AP HRAEEFE- S 7E k5 Linux Ubuntu
18.04 ' A cnE 26 7 %% > ¢ * GNU Radio 3.7.13.4 'K & i §8 T &5 & 7
sF 4 b — 5 RTL-SDReHRF %2k # » k2 S i (75 R M T 00 4 5o
gkt g 4o~ Windows ¥ % STRB ¢ #7ié * ch3 B ik - DSDPlus 45
fe SDRSharp "t 7 ng % 27\ > B HE AT T F % - g LT o

4.1 FRFH

PRETRYFMETRLRTRG  BF LB R d A kP Tk
FHERT Ao I TR THE T MRS T 2 RF e AT A

I * SDRF 4 jc &R R & E P b # 5y EFRIED DT 4o

Bl 29 ¥ 77 o

wil
)))) esb ;-=I=I;I;I;I;l;l;-; \
RTL-SDR \/\ EEREE RN,
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AT AR EPIE M  hR BRT E SgR g UL T o AT I
GNU Radio % i RTL-SDR dongle 2832U ¢ = ke ML A5 o £ 516 Fl

31 bl Rk AR W e (TSR @ B L 93] (0 W 30

PELERETLE2

RTL-SDR

Options
1D: recorde_txfile
Generate Options: WX GUI

Variable
10: samp_rate
Value: 2 045M

Sampie Rate: 2 O4sw
WX GUI FFT Sink
— Titte: FFT Plot
Low Pass Filter Sample Rate: 32k

¥ per Div: 10 a8
- . ¥ Dbws: 10 I
Ref Level (@8):0 Decimmation: €4 Baseband Freqg: O
Ref Scate (p2ph- 2 Gaen: 1 ¥ per Div: 10 9B
FEY Size: 1 024k Sumplie Sater2 50008 ¥ Olve: 10
3 Cumott Freq: 12 Sk Ref Level (dB): 0
RTL-SDR Source ASuTha——"— Transition Weath: 12 Sk Ref Scale (p2p): 2
Sample Rate (sps): 2 0450 S s < Ha e FET Size: 1 024k
Freq Set Vamame: None ot d =z
Cho: Frequency (Hz): 151.5M Beta- & 76 Refresh Rate: 15
Cho: Freq. Corr. (ppem): 0 Average Alpha: 0

Cho: DC Offset Mode: Off F@». Throttie l—‘ Poni St Wi None
Cho: 1Q Balance Mode: Of Sample Rate 2 045w

ChO: Gain Mode: Manual
Cho: RF Gain (dB): 10
Cho: IF Gain (dB): 20
Cho: B8 Gain (dB): 20

Fae Sonk
2 .m ccormng204Sa_ 2 ben
Unbufferea OfF

Append fite: Overwrite

RI31 ~ &g g
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EcHh % L AL4cB 3233 5

e SDRPlay recording2048k 2 1.bin ( RID %L 5 90074 )
e SDRPlay recording2048k 2.bin ( RID 5.5 = 36109 )

Properties: File Source

General | Advanced | Documentation

1D |:I:|ln|:ks_ﬁle_snurce o] |
Eile [fhome/labtlozf.ﬁ..FSDRPlay_recordin92048k_2_1.binlI ]l - |
output Type | Complex 2 |
Repeat lYES - |
Add begin tag |F’f‘|"|tPN|T_N"——|

| OK || cancel | Apply

B32 ~ FfékAn - F SDRPlay_recording2048k 2 1.bin(90074)

Properties: File Source

General | Advanced | Documentation |

] | blocks_File_source_ 0 |
Eile |-,’home,flab402,’A /SDRPlay_recording2048k_2.bin |D
Output Type | Complex =
Repeat | Yes = |
Add begin tag |I:H‘I"ItPl'-'"i'|'_l‘lll-—|

| OK || Cancel || Apply |

B33 ~ i kA & F- SDRPlay_recording2048k_2.bin(36109)



AFTERT - BGUIRIART 45250 FROEERTR LI

2P o GoR] 34 47T o AR P T € LR 35 Fm -

Gekt RID InfFo B

MER(F) MEA(H) smes |

Run the program

File Mame |
Run | Stop |

RID Data

B34~ GUI RS /4 &

Yo®l 35 w4 2 =0T 0 A F % RID PELE fF 01 K 4 WAL 36109 1 &
90074 - ZBHEBAZN p BB BRE DA > T 7 L LE- - Bl
B o blhe B 5 hRAp I R PE 0 RIS AR il S SLAS Lp -
BER Swm- nE D, o] 35 L d 2R o
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H#HE(F) REA(H) SOEE.

36109
20074

Run the program

File Name rid.txt

Run | Stop ‘

RID Data

—

[2021-12-16 14:21:57].
FEERIEEA, RID = 36109
[2621-12-16 14:21:57].
BEErEG, RID = 90074

Tab Width: 8 « Ln2, Col6 it INS

F135 + 5~ RID 7 #

411 %- %%

HiEF - % 0 RATY A PR 151.6 MHz 09 S HE 5 s 12.5 kHz2
W F L % 2.048 MHz B~ 4E & £ Jc DMR 3UELiE (7 AJE - 4o 36 ~ 37 0 A
AR v i5 R DMR AL X ¥ 42 = B il TR o TEERA RID AR
T H eEiEg L g S 36109 ™2 32 90074 ; -~ i+ 4 W] 5 8DOD ~ 15FDA o #-
Foe— BT 5B R8T o Source ID HAEHARTRID 3 - 0 BF &R
VRIB TR & E B AR o
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ne Offset: [ 0.0

xlate Offset: | 50.0

xlate Bw: | 125k

£ werbose coansole logging
BB-1 B8-2 Xlate-1 *late-2 AFSK Dibits Aaudio

MTrace Options
. FFT Plot L] Peak Hald
E R Average
-0 i lawg Alpha: o067
—=a. —_—
Persistence
e e 2 ha: 0.0985
= -70 TP Y PRPC SR, o e
= _ao Trace A store
lg -30 Trace B Store
“a00 laxis Options
cano =T + .=
-1z0 Ref Lewel: « -
-130 Autoscale
150.6 150.8 151 151.2 152 152.2 15z.4 152.6
svap

Cutput idle silence
Frequency: | 151.6mM
Auto tune: 0.0

(=18 T1=H

| HOW 1D Unk nown {OocFe) 1
PaAUC: [ Unknowen (0} ALGID:  [(protorcla AP
—
I Source: 1 I KD [oxTI00 1
Destination: | n:

OxdboaeToIelOGEG6-443D

TGID: Mo 1l
Tat T e, 1= -0

BI136 ~ 7o 1.5 % Bl

Fine offset: [ oo

xlate Offset: | s0.0
Xlate Bw: | 12 5k

5 verbose consale logging
BB-1 BB-2 >lake-1 Hlate-2 AFSK Dribits Audio

T e Oprtions
o FFT Plot = Peak Hold
3 Average
a0 - w\wmwmw.l\wrﬁ'ﬁmmn ) | i
= i " i —_—
et Ermguency 2 scaas ke p——
-&0 FFT: -49.0531 ist Al ha: o.1057
& -To
= | e - '8 - Trace A Store
E L. | e X L 3 it == Trace B | Store
e B H e 2 r . | L=< mxis Options
“110 i g i — | B Div: = )=
it ; WP g, | e e
I o AN N . Auroscale
T s ) 10
Frequency DkHz) Stop
Cutput le silence
Frequency: | 151.6m
Auto bune: 0.0
Audio mul: | oo
DuUID: (=) rFID: Unknown {0x 7} |
A | Undcmonwn (0} ALCIDE [ Unknown {0x51) |
I Source: 3 I KiD: T DD 1
Destination: | R OxFaaS1d697 1cd SSa G682
TGID: OxXIE 1
inal Freq: 151 &M

W37 F% 1.2%F2
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4129 %= %%

AL B S R T 4t DMR3UEL > 4 G f2 4 RID FAL > &
DR EHTREEACE R > 4o 38 £ £ 9T o b4t ER kB 0 RID =
36109 ~ % & R ek i - RID=90074 - # ¥ A k5 4254 & Fo ¥ 8- GUL 425
BE{HEMEL R B 38 2 dird 3RS R IR AHEER 0 P S
&

ETIN

1517962 MHzo %47 § #-] 38 % T & ‘= BB & . RID F4 % » ¥ rid.txt
v B i GULAES F P {ATF A -

Spectrum: tuned to 151,796200 Mhz

#EFE(F) EREA(H) sS2EEEE..
Run the program

File Name rid.txt

Run | Stop |
RID Data

[2021-12-16 14:21:57]1J
EFRESaY=E1E, RID = 36109
[2021-12-16 14:21:57].
EESMIEE, RID = 90074

Power(dt)

save

151.75 151.76 151.77 151.78 151,79 151.8 151.81 151.82 151.83 151.84
Frequency

View Search Terminal He

!!C Ox0 WACN Ox-1 SYSID Ox-1 0.000000/0.000000 tsbks @

TAb width: 8 -

/

20074

Frequency 151.796200(0)

F38- 252245

4.2 R 5% 3 f—Linux Ubuntu(® 5 1)

B30 28425 Biksl L {25 el S AT T T4 G315 6
GNU Radio 7 151.8MHz 1% 7 % 6445 & » %ﬁ d GNU Radio p & 4 % File Sink
AR REFBE S P EE - FH S 4 2127 > Linux Ubuntu B35 i
i 7 e e 4 1R ¢
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421 33 TEERE

AFT7 @ % RTL-SDR #4cil3h > A#gd b € f LFmAM % > & d
#g & 151.7962 MHz » B~k & 2.048 MHz » 4FSK (22 #-3% 1F 5 2T f3 3 e dkce
BlA0 41 5874 » MY 27 6857 w4 > =f=3 RID %48 - RE %
HAEIDSLABE DT - B LR idixt e F A 1% GUIARS H T e 7 at W
et o AR P ATREOR o
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Spectrue: tuned to D51 70 HEx

D ' ' . ' ' T v

FRF(F] ERAEH) AL
Run the program

File Mame rid. e

Run SECp

: R Tie
'|III M.II oy

ARSI S

AID = 36184
2-16 14:27:33]
P SAEE, RID - 36189
[2621-12-16 14:27:33]
RE DG, ADD = 36189
z33].

S,

WACH 8x-1 SYSID 8x-1 8.888888,8.888888 tsbks @

Fraguancy 151.796288(8)

Spectrum: tuned to 151,736200 Hhz

IEZE(F)  EREA(H)  slEEEL.
Run the prosgram

File Name rid.txt

Run | Stop |

RID Data

[2021-12-16 14:21:57]1J
PRESHUEEHE. RID 36109
[2821-12-16 14-21:57]
[E%Em@ﬁﬁ. RID = 90074 l

Pauer{dE)

-0 | B

—100

151,75 151,76 151,77 151.78 151.79 151.8 151,81 151,82 151.83 151.84
Frequency

C Ox0 WACN @x-1 SYSID @x-1 0.000000/0.000000 tsbks ©

Frequency 151.796200(8)

B4l - # 7 % % —Ubuntu rx.py(f%3g 4% 90074)
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i

¢ f24e % = AFSK ¢ % fi BE o 3\

= /=0

4ol 42 ~ 43 7 0 ez b oA

)
N
5
3

T REEE R R RCGUR DN 4 T e T b BRI R 4

fw g ik Bk H R A R UL BN -

EREA(H) 53EEE..
Run the prosram
File Name \rid.txt

Run ‘ Stop

RID Data

PRESRYEHE, = 36109
[2021-12-16
PRESAYERE .
[2021-12-16
PRESHIEHE,

(R

Tab width: 8 ~ Ln 1, Col1

Frequency 151.796200(0)

(LV)ock (WH)list (B)list (gluit

% i B (5E 4 36109)

Constellation [ —
Run the program
File Name txt

Run | stop
RID Data

EESMIEEE, RID = 20074
[2021-12-16 14:24:52].
EESEIERE, RID = 20074
[2021-12-16 14:24:52].
BESMIERE, RID = 20074

eSS, RID = 90074

@x-1 ©0.000000/0.000000

Tab width: 8 ~

Frequency 151.796200(0)

F43 ~ & 7 FI(5F 4 90074)
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4@ 44 ~ 45 #7577 > = t & p% B](Eve Diagram) > ¥ - BEFEF A T1 E 5 T
JE2E]

ZOERDOE AT UERAFDFWEA T A A TR AL
o APT UEERE DR T K] KA AFSK B e o d BlAe kg B EE

W 7 AFSK i BLe PR B Y A2 S R0t o RBEAE R ARE 0 B UBLAE TR
ARE RN RARR o R LA o

Gnuplot

Datascope

IRBA(H) S
Run the program
FileName |rid.txt

Run ‘ stop |
RID Data
RID
20:

R,
7

T
INAC ©x0 WACN ©x-1 SYSID 0x-1 0.000000/0.000000 tsbks ©

Tab width: 8 ~

Plain Text ~ Ln1,col1

Frequency 151.790000(0)

Datascope

FEZE(F) HEA(H) SuEEE.

Run the program
File Name rid.txt
Run Stop

RID Data

EERARRME, RID = 20074
[2022-81-87 20:46:06].
BESHRE.
01-07
BE SIS

AERARRE,

e \ Termin Hel

labao2@laba0oz: ~/workarea-gnuradio/op25/.

INac exe WACN ©x-1 SYSID @x-1 ©.000000/0.000000

Plain Text ~ Tab Width: 8 ~ Ln1, Col1 - INS

Frequency 151.790000(0)

)t

B45 ~ P BI(3E 4% 90074)
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4.2.2 f33 F v 5 (Real Time)

5B 7 repy 4275 0 T IR 46 2 {2 2 iR L Fle B
MERLEE o A PE R Y S HE K 151.668 MHz (i BE o Bl b 5 Y
Fh G fRA SN RID K & 5 6 Br ] S 429 o d 307 LA RIS
éa%%%’afﬂﬁa%A*i B AR RfRNEL . 2T 4
K TR AAETAY c SEFHRFRSL FEXFSBFERE L
éﬂ%%%%ﬁ%—‘Zéﬂ%&@*3ﬂ%4%’ui4%ﬁﬁiiﬁﬁ°%
W R T AT R FE SR EF R R BAE LS bR
#5515 8 GNU Radio & 174+l - BB 270tk > 3 R F 2z p T3

WP PRSI RE A EFRET LEN L F T RES -

Bt

D

Gnuplot

Google HH$ 'labdoe@hbﬁoz = root@lab402: /homeflab - | rootiabso: fomellab... =

Spestrun: tured to 164, SFH00 Ho

SYSID

% v R

<08 [ - lorigias

-0 1 L 1 1 Frequency 151.6680e8(8)

4 op2s 1r-0p25 repeater
RN =

Q‘b L:n-E »

Home

i85 H-deod « = F- &&

e

Desktop
osansck v (10 (v @ @ g &-E- =S M. TE Pe
v &T = v ) @ @‘ )
! ] S a A J \—’r
g c D E_§ §_C o - PR
c\x trol Channel st Ofset NAC Modusalion TL-IDTuu File Whitefst ‘Blackist Cerier F
M 15183700 0 0 Lopsk n (8] it
1 1 66800 0 0 fskd | I
™ -
Trash
O —1 o) ©
o | trunkyj2 z: efi -

B146 ~ # 74 5 — Ubuntu rx.py
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4o 47 5 trunkyj2tsv ¢ 2 BB R 0 B TS A REAER
T BN o B A8 T FE B A ¢ 4 F 151,668 MHz 5 A i
A B FETEEL o

e Control Channel List : # ~#f &2k %> 242K & 5 151.668 MHz -

e  Modulation : =42 % % > ;ViE 4FSK o

g-0-E-d09@ X2k- 3& Q% =B P e M

beratinson: =|[10 -/ @ @a A-E-FSE S | ®-%o0 [ »
Al * | &= I = [Sysname ||| =
B c | D E | F [F H [ J e
Control Channel List Offset NAC Modulation TGID Tags Flle Whitellst Blacklist Center Fraquency
P25 SYSTEM 15183700 0 D gapsk I s
Tainan 15166800 0 D tska i

|"-JOLI’-h.I..u‘\I
L

)
IS Em a0 - 1
# | trunkyi2 | Py
THE®1/1 | [ 93 (am) w | F| | o e - + | 100%

®47 ~ trunkyj2.tsv

Spectrus: Leod to 151 SFESL00 Mo
D -

v T L | e —— T . 3 ol
—20 ~
= A |
= : L = :
— a
- X ¥ !
T e W ~r-’~<.,~f”-—"fj B e P e R SR,
et - - . "
-ga } —
-l A A L

i51 1575 i52 152.%
Froejpeasy

®48 ~ RF 3t 5L

190 . 455, —111.247
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BEAAR P IEA Y FURA AR RID B R LA 49 Y 0 S L L

VL@ RO T 0 T AFSK ek BB F RS A L R

Gnuplot

Comtellation

= v v p
" .
+ = =
§ s
s 2 |
ol - et + i
Tes x e 3
T il
S e e
.
o -
.+
- = z
= » .
“'"_ %
—o.s L v = = e — . |
=5 -t p;v =
o=
I =
Rl -t
= b = = 3= =

—1.TISTE, —1 1SS !

4.3 R %3 H—Windows($ & =)

B S0 i =i @i L4 d R, BB ERULE S GNU
Radio 4 151.8 MHz ¥ % % #{47 % » £ GNURadio P 2 - File Sink % »

WELMF T B > 58+ Windows TR 5 chi 4818 (7 g 4o 14 AT o
"y
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431 f2 EEAE

4o 510 hF 5 o VHF e B g Bp » @ % 15179 MHz &9 o 5~ %

#7 34 % (Narrow Band Frequency Modulation, NFM) ~ 48 % 12.5 KHz ~ 2~ & 2.048

MHz ~ % % (baud rate)9.6 K b/s ~ # = & (symbol rate) 4.8 K s/s

T 5 Bjragdice

AR FF R ARBERCA I S KRR RN ER

% B AR FM 2 82 58 % f2fic = eh FSK 23 & o

=m0 g

@NFM OAM OLSB QUSB -

OWRM ODSB OCW ORAW
[ Shift 0:
Filer | Blackman-Hamis4 <
Bandwidth Onder
12,5002 60z |
A Squelch CW Shift =
58[= 1,000 =
Step Size
Snap to Grid [ (125 kHz ~

CorrectIQ [
Swepl1&Q [

IF Noise Reduction =

Baseband Nowe Blanker ~
Demodulator Noise Blanker
Recording *

¥ Zoom FFT*

[ Ensble IF

(] Ensble MPX

] Ensble Audio

] Enable Filter

151.790.000 »

BS1~ 'R H

=3 F 02 151.8 MHz % #4355 > 2 §_RTL-SDR 4T3 5LpF > 4f 5 h 4

-10 KHz -
IR 52 R ~ BT B G L AT I HUEL o
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Fe i * 151.79 MHz 1% & 45 g g 5 ¢ S HE K

» 4o 52 #F o T U




m SDR#v1.0.0.1700 - RTL-SDR (USB) - O

3 E-X) f 151.790.000 »m LS

@FM OAM QLB QUSB &

OWRM ODSB OCW (RAW

[ st B
Filter Blackman-Hamis 4 v \.JV AM '*VJW.,-J\-A*L»—» e
Bandwidth Onder 5 2
12,500 = 600 2
M Squelch CW Shift
584 1,000 »
Step Size
Snap o Grid [ 125 kHz 7
CorrectIQ []

Swapl &Q O
» Audio

» AGC

p FFT Display

» Audio Noise Reduction *

152 ~ 35 4% < B]—SDRSharp

SDRSharp £ c 3 55 {4 1% i DSDPlus & 7 f££5 » &< B 53 » ¥ ! 'JF]‘ IRy
i 353 2 (Talk Group, TG) ~ # R T X &% 5L RID & 24 R enFofl > ¥ 3 2

L ST AT o 4o 53§ ¢ 3 f=¢ #757  DSDPlus f2 ) kenF g TG

=1 -~RID=36109 % » & P ifhids chim RT 5 > 3 @R T K% BB 5 36109
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Pri Target Tgogtahas Sowurce Srcahas

oS Prnase 1 gecoan g enabiea
X2-TDMA decodmg enabled
Provoice decodmg enabled
19:-49:-244 Group call; TG—1 RID—3=6 109 is
1909-JO0:-32 Group call; TG=1 RID—326 109 is
1949036 Group call; TG=—1 RID—36 109
1949 :-S0 E£rc Growp call; T=—71I RID=—236109 Sslog=—Ars
19:-S5S0:-01 Group call; TG=—1 RID—36 109 is
19:-SO0:-08 e Growup call; T—1I RID—261I09 Alog—AFES
19:-SO:-14 Ernc Growup cali; TG—I RID—=361I09 Aloc—AFrEsS
Ernc Group calfi; TG=—3I RID—36109 Alg—Ars
= radhio records saved; O ahases
Ervc Growup call; 7TG—2 Alflg=—ArS KeyilD—71 =
I group record saved; O ahases
Ernc Growup calil; 7T7G—1 KeyiTi—71
Ervc Growup cafi; Keyli—3
Erc Growup cafis
Ervwec Growp calis
Ervc Growup calis
e Growup calis
Erywc Growup cafi;
1O9:-SI:26 Enc Growup caliz

Ssvsnc-+P25p1 NAC:294
Moting encry¥ypted wvoice

Moting encr¥pt

Sync-+P25p1 HNA
Moting encrypted

BI53 - =t {245 Bl—DSDPlus

432 f32H R %A% (Real Time)

4o B] 54 #75+ » &= VHF ﬁ?ﬁﬁﬁiﬁlﬁp\ » 8 * 151.7075 MHz =¥ S HE &
# #7 24 % (Narrow Band Frequency Modulation, NFM) ~ # % 12.5 KHz ~ P& &
2.048 MHz ~ # 3 (baud rate) 9.6 K b/s ~ ## = F (sys rate) 4.8 K s/s % 7 £z 5L
S

WE W SEcis 0 2B 54 =4 f=ip * — SDRSharp 7 3% ¢ ¥ 12 é B e
ERHap Sy o R PR U RIERFRFRPN ARSOGRE R R - 58
SDRSharp #:4z3t 5. > DSDPlus #-{c | el 3L (7 f2 B /2 o B & 22T
= A DMR 3 5L wAn f228 > & ¥ 14 —)Fj: 7|5 1 slot ~ RID = 65535 ~ RID =

15006 -
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VI.UU.T/0U - RTL-5UR (USE) o H !

K- X DN | 151.707.500 ¢ ==
RIL-SDR (USE) Zeon
@R O&M QLB OUSB

OWR ODSB OCW ORAW -

0.

SrcAlias

Filter  Blackmen-Harris 4 i

Bﬂg Bandvitth Onder
DIR 12500 Lmofs MY Kl .
DHR Squelch CW Shift -
B}%E 58 2 1,000 & -70 L
Bﬂg Step Size
Bﬂg Snap to Grid [7] 12,5 ki v Reange
it R e e
slot (= Swapl &

DR slotl BS DATA DOC=2 TLC verl4Q Y
DIR slot2  BS VOICE e:l
DIR slotl BS DATA Dc=2 TLC o
DIR slot2  BSVC2  e:26r3
) radio records saved; 0 aliages P
Dl slotl BS DATA ERR2 DCC=2 TLC Lk
Bﬂg CACH ERR ] 1810122 gg %E%A e “[l)c[: 5 TIC [Windows DirectSoun IF Spectrum Audio Spectrum Offset

slot = = 0
Bﬂ% 1 1SIOt gg E%A 3 DeC=2 TLC =

slot = 2
DIR CACHERR  slot2 BSUCS e:2 ] Fier Avii
Bﬁ slotl - gg %gA ERR% gcg::z 1Le

slot e:fririr : ¥ s

DIR slotl BS DATA D0C=2 TLC PRREREFEY) AN
sync: -DUR » Audio Noise Reduction * R I

154 ~ U HLj% S Bl—Real Time
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4
s
¥
%‘7

5.1

Aty i * GNU Radio 75 i L&A RT L 5 > 40 F i DMR & 5% o
ifu%ﬁjﬁWﬂiw%%ﬁﬁ%@~ﬂﬂIdew¢$ﬁ§@@~ﬁ§psﬁ

A MEFEAEEBE S R KB F AR EIR TR ART LRS-
AREAR > NEHEEAFTIL D G OF o RIRBEH L AR TR E
ﬁ?ﬂﬁj é_ﬁ)’i B DMR},EI'O}; Eﬁ#‘}‘#“ ,fi kLo M E 3 !%m\'—' ﬂb I":J' o

AL EEHM TR EATE O ARFHF AP AL F RS R f
AREE - v hpREFTURFEIREN JRY AT o f FAFL AL
WER PR Rl s RERIAFEEL LR 52 hhn gz e

':"ﬁFFB%* °
5.2 Tk

AEF TR

b

AT AARTELFTTH R o L] B g8 )
;J[-;L ;,tamﬁ; , "g\ﬂ—\#ﬂfsg’\ﬁamﬁ/}%ll ),, ‘Nb xé’#mta’ %st_‘p,x \ 5 [3"
ﬁgﬂﬁéﬂ%ﬁ‘liﬁﬁﬁﬁﬁﬁ~WJ%?%’”£ﬁ“LM1 e i

iﬁﬁi%*iﬁﬂﬁoﬁpf%ﬂmﬁﬁm@?Hi@’i s T M G &

Ao hEAFT[28]Y F®RD 0 TEFERaREEAA T RAAE S TR

o
o
A

P e CPU I8 (7 AJE » 711 § & {dd e ® o 1L L E PR ags 4 o B

i# GNU Radio &7 H e T ART L TRAFTRBEEE T
AT AR R S AT TR E o H = Linux 7 #-His A e

57



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

340

DSDPlus. (2015). DSDPlus 1.101 released, [Online]. Available:
https://www.dsdplus.com/dsdplus-1-101-released/.

SDRSharp. SDRSharp, [Online]. Available: https://airspy.com/download.

B. R. Sanga, A. M. Villavicencio, V. S. Padilla, S. V. Alvia, and R. A. Ponguillo,
"Software Defined Radio Applications Using USB Receptors," Proceedings of the
World Congress on Engineering and Computer Science, WCECS, vol. 1, 2016.
RTL-SDR. (2018). VIDEO TUTORIAL: SETTING UP DMR DECODING WITH
SDR#, DSD+ AND AN RTL-SDR, [Online]. Available:
https://www.rtlsdr.com/video-tutorial-setting-dmr-decoding-sdr-dsd-rtl-sdr/.
ETSITR 102 398 V1.4.1, "Digital Mobile Radio (DMR) General System Design,"
2018.

D. Association, "Benefits and Features of DMR White Paper," 2016.

(March. 2019). DMR Radio performance characteristics and channel sharing with
other radio types, [Online]. Available: https://dmrassociation.org/.

D. C. Cox, "Universal digital portable radio communications," Proceedings of the
IEEE, vol. 75, no. 4, pp. 436-477, 1987.

ETSITS 102 361-1 V2.5.1, "Digital Mobile Radio (DMR) Systems; Part 1: DMR
Air Interface (AI) protocol," 2017.

ETSITS 102 361-4TS 102 361-2 V2.4.1, "Digital Mobile Radio (DMR) Systems;
Part 2: DMR voice and generic services and facilities," 2017.

ETSITS 102 361-3 V1.3.1, "Digital Mobile Radio (DMR) Systems; Part 3: DMR
data protocol " 2017.

ETSITS 102 361-4 V1.10.1, "Digital Mobile Radio (DMR) Systems; Part 4: DMR
trunking protocol," 2019.

J. Mitola, "The software radio architecture," IEEE Communications Magazine, vol.
33, no. 5, pp. 26-38, 1995.

GNU Radio. (2019). GNU Radio, [Online]. Available:
https://www.gnuradio.org/docs/.

D. Valerio, "Open source software-defined radio: A survey on gnuradio and its
applications," Forschungszentrum Telekommunikation Wien, Vienna, Technical
Report FTW-TR-2008-002, 2008.

R, " E I EARRT TR 2R TRERHCART AR 2 H 1 F
TR TE %2, pp. 1-59,2017.

K. Vachhani and R. A. Mallari, "Experimental study on wide band FM receiver
using GNURadio and RTL-SDR," 2015 International Conference on Advances in

58



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Computing, Communications and Informatics (ICACCI), 2015, pp. 1810-1814, doi:
10.1109/ICACCI1.2015.7275878.

R. Danymol, T. Ajitha and R. Gandhiraj, "Real-time communication system design
using RTL-SDR and Raspberry Pi," 2013 International Conference on Advanced
Computing and Communication Systems, 2013, pp. 1-5, doi:
10.1109/ICACCS.2013.6938691.

R. W. Stewart et al., "A low-cost desktop software defined radio design
environment using MATLAB, simulink, and the RTL-SDR," in IEEE
Communications Magazine, vol. 53, no. 9, pp. 64-71, September 2015, doi:
10.1109/MCOM.2015.7263347.

Chen, W. T., Chang, K. T., & Ko, C. P. (2016). Spectrum monitoring for wireless
TV and FM broadcast using software-defined radio. Multimedia Tools and
Applications, 75(16), 9819-9836.

H. Wang, Y. Song and X. Lin, "On the Implementation of Digital Intermediate
Frequency Transceiver for DMR System," 2009 5th International Conference on
Wireless Communications, Networking and Mobile Computing, 2009, pp. 1-4, doi:
10.1109/WICOM.2009.5304247.

W. Luo, J. Zeng, X. Su, L. Liu, and C. Zhang, "On the implementation of DMR
system based on SDR structure," in 2013 8th International Conference on
Communications and Networking in China (CHINACOM), 2013: IEEE, pp. 314-
317.

S. H. Lin, C. Chen, E. H. Wu, C. Chan and E. Jou, "A New e-Bus System Using
Two-Way Government Radio Networks," in IEEE Intelligent Transportation
Systems Magazine, vol. 8, no. 1, pp. 51-60, Spring 2016, doi:
10.1109/MITS.2015.2477657.

A. Nikitin, A. Manakov, [. Kushpil, A. Kostrominov and A. Osminin, "On the issue
of using digital radio communications of the DMR standard to control the train
traffic on Russian railways," 2020 IEEE East-West Design & Test Symposium
(EWDTS), 2020, pp. 1-6, doi: 10.1109/EWDTS50664.2020.9224707.

A. Atutxa, J. Astorga, M. Huarte, E. Jacob and J. Unzilla, "Enhancing Rescue
Operations With Virtualized Mobile Multimedia Services in Scarce Resource
Devices," in IEEE Access, vol. 8, pp. 216029-216042, 2020, doi:
10.1109/ACCESS.2020.3041394.

M. Abirami, V. Hariharan, M. B. Sruthi, R. Gandhiraj and K. P. Soman, "Exploiting
GNU radio and USRP: An economical test bed for real time communication
systems," 2013 Fourth International Conference on Computing, Communications
and Networking Technologies (ICCCNT), 2013, pp. 1-6, doi:

59



10.1109/ICCCNT.2013.6726630.
[27] B. Uengtrakul and D. Bunnjaweht, "A cost efficient software defined radio receiver

for demonstrating concepts in communication and signal processing using Python
and RTL-SDR," 2014 Fourth International Conference on Digital Information and
Communication Technology and its Applications (DICTAP), 2014, pp. 394-399,
doi: 10.1109/DICTAP.2014.6821718.

[28] MHZ,"MUHEMIEEART T TRFIRE R R I AFLA T, TER
G fRAR B AT, B AR F R S v, pp. 1-47, 2018.

60



