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RTSP(real-time streaming protocol)ol] 7&38} & A7 T2 EF RTP(real-time protocol) 2E# /i AF8-35}e]
TFa o] ut]o] Mg Aofelal 7t FA 84 he] Hlo[E] HFS BATITE A E FeolJEE dt=9 9
oo Fug x93l Juti= ZeE o g 7w Qi) ALSA(Advanced Linux Sound Architecture)S ARE-E=
A2 Egtolw e dt=dgo] ZUS FEEtal ofd R 0T AF e} tAE 25 o] Weks 9jste] JNEE T
Q& 22 Dol u el Aulo} ZetolglEo|N FRElo] RTSPS} RTPE o} 43 Hlole] i8¢ ARaT, JHlri=
BN B WA ATGE ALeae] B 225 Delol AU, FUALE 3 UEPIAE SEe]
w2l o2 ke Al2gle] 84S ASshe A8S T3t

719 = : FATEAIZ, RTSP, ALSA, U T = 8t=g] o]

Abstract

Increasing occurrence of natural disasters lead to changes in our lifestyle in various ways. This paper presents a
simultaneous audio broadcasting system based on an embedded platform that can be used in disaster warning
applications, The system consist of a server that streams audio signals to different clients connected within a
network, The actual media delivery is implemented using real-time protocol (RTP) stream concept encapsulated
into real-time streaming protocol (RTSP) to control media transmission and ensure transmission of data between
each component, We develop embedded platforms, with attached hardware audio codec, as streaming server
and clients, Device driver using Advanced Linux Sound Architecture (ALSA) is developed to operate the hardware
codecs and convert analog audio signals to digital signals and vice versa, Open source libraries are implemented in
the server and clients to support data exchange using RTSP and RTP, Transmission loss and delay were solved in
the embedded environment using #-law. Experiments are performed in unicast and multicast streaming to validate
the practicality of the developed system.
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HP. RTSP(Realtime Streaming Protocol S AR3H= Zolths-
101, ZE 2" AH]|20] HITP & AR 75 QAN RTSPE= &4
QT2 WEellM T gk AR A, AT 2 W] tlo] 2E 7
A Aofdt 7 Sl

B =RollAE slegle] 2T FE|l ADAUL442 71 714
LMXGS 7RE Hv= HEg 7pdslole). el g 2EoA
Qe FUS Aofslr] e ASA (Advanced Linux Sound
Athitecture)E - ARE8Ee]  tutolx =etolulE ZikslScHill
2EZY AHE 9 A0 1IVESSS 2EFY AHE o]83)e]
Taslgon, FEl|dlEE FEMPEG w|to] Zio]olE
AREBESITE. It = S oA e 4 Q)= A, AR,
AR 55 2tete] A (udaw) 1202 549 T
o[BS FUES}t HEP|AE AgPHoR AEste] B

A=l o] 83k ASsk

2. LHICI= SI=R0] S3HZE

21iMX6S7[Et SI=SI0] EHE
iMX6 AJ2]ZR= NXP Afell] Al2sh= ARM o}7]ElA 7]qke]

H 1 iIMX6S7 |2t SIEL|0] S420]| Chet AR
Table 1, Hardware Specifications of the i, MX6S-based Hardware

Platform
Parts Specifications
cPU 800MHz (up t(? 1GHz/
Commercial)
(256MBx16=4Gb)
i External DDR3 x2 S12MB * 2EA=1GB
Memory NAND Flash x1 (512Mx8=4Gb)=512MB
EEPROM x1 64K(8192x8)
LAN8720 x1ch 10/100 Base-T
Ethernet
KSZ9031 x1ch 1000 Base-T
External Device Interface
RS-232 x12ch
32x12 (Extend)
RS-232 x1ch External Device Interface
Serial UART x1ch Monitoring (Debug port)
SPI x4ch Expander SPI to I/O Control
12C xdch Internal Device Serial
Interface
125 x1ch/ 12C xich Digital Audio & Control
. Interface
Audio
Sigma DSP Input x 8 Ports 12S Input (Sigma DSP B,D)
AT Output x 6 Ports 125 Output
P (Sigma DSP B,D)

eIt n3-14L

E ERoAE iMX6Sdo Single core CPUZS AME3FS
22 &5 00MHz(Industia) 2 1GHzZ(Commercial)7FA] A
7Fssltt, Bk CPUE 253} 3151710l Al 7 2 28] Sl
HaL 7RES &= 3 = 3ol Aok 22 ©loll® 4GB NAND
Flash, 4Gbit DDR3 SDRAM, CPUE]E 7HA]8)= Watchdog Timer
Reset (IMP1832), Temperature Sensor (Tmpl00), Power Regulator,
2] Resetsr Yl AFESh= Reset S/W, Real Time Clock© 2 12C
A|oJal= RIC 55 A58},

A IMX Alg]=e] AlE-E AFsAt, A 2 Alo] A= AP
Zgto]] Z-g-Ho] ARREAL git. 2 Arell] ZEkEh i MX6S7H
stesl|o] SehEo] AR AR 3 13 2t

22ADAU 1442 2r|2 FH|

ADAUI442E SigmaDSP7dk 3f=9o] 9T]e Fdelw] 28
bit Alsxlz], deo] PN BAS flgh 7Ish W, 1AL
Sigmastudio®}e] $3HJ7} B2 EAS 7HA[AL ot ADAU1442
of 25 HH o ZNEEHE o] &3ty sP/2C XEZE 53
FHoR Alofeh= WY BE AdAS EEPROMOY| Adste]
225 0] FEfsk= 1 7 A= U A Qe

E =olie ADAUI42E FAI0 2 @1 29)%], TiAE
229]%], Level Detect IC, ADC, DACE A%, Qtje =9
(ADAUI442)9] Y& <4 70, &8 7N, GPO 127)7} Qleh,
12C Alo] A0 R o]FoJA] St} 28 12 Sgmasudios 3
ADAU1442 474l X E o} el A| 2] & Uehdich

211, ADAUIA42 0B ZHZ AN
Fig. 1. Data Routing for ADAU1442
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Fig. 2. Software architecture of ALSA

2.3 ALSA 7|4t ADAU1442 C|HI0|A E210[H
ALSAE ARZE 7HE8- 73] Eefo|v & 2111’6}71 ot gl
7de] 74 Qvolrt ALSA ZRAES] BRE TR SR
AREE 7hE BF=gJolE s o R skl Al=E] e o THe]
AR AXE HAA Fefsh= Aot} Jack Audio Connection Kit
11} 22 F 7o) g2 ZYYYTEL AISAS AMREHe] whe
dolEIAN R 11 o] U] 8 AR 4] 28-S S QM

g}, ALSAS] AT ES]o] 2= 117 20} At

ALSA EgfolHoll= 5 7HA] B2} vt shus ALSAY] fip
APOIEIA taball = cvs® Al TS ERlo|al & sPh= 2.6
WA 0|9 glxz Ad Egloft}, F 7RIS BT F7Isksl]
2J3) ALsA =2to|H] Ezf7} alsakemeld} alsa-diverzh= 7 719
e EfE BE dsadiverols 2l Ad Ex| oA
ALSA Ezto|E Hutdatr] 98k W ot 79 228 2.4 A
4 A9 715, Al A ApL 2 o}F] i oAU HIAESS
F7teetolwzt EjtEo] it} asadiver E|e] =eho]wzt
SuEH A 26 EZRE ofFste] A Ao AdmHISS
olalgde}.

ADAUI442E 252 S ARE3l7] $Iske] ALSA 7|4k
tlatelx EetolH7h Q2 it UWhA 0 2 AR} 2] B
W ARSAE A BEo] A, gl 7Rk slEdols
ARSI EHES A8 A& A rgslaL Socel] A E
X 3§ F2E 7RIt of7lole AR 7hsd XE, 3 F,
Mo Re 7|18 2718k 371 98 Fo) Z3hE 5 3l

ADAU1442 2+ 749 12C BAI0 2 i MXGS 7|4k Lﬂ 4
o] itk PCIB= USB |9 2] 12C A h=sl|o] 2ol
AR ot thA] Az Egol= 7 2C M2 Al HE ] ofd
AL A=) Sl=Al, ol AP ARSI e FAE
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Fig. 3. Input and Output Signal Diagram
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Ho|E| 13 T2 EF (UDP)S 7[uke 2 g}, HEW|to] A&
93] B3] A1 ThE A TR EZQ] SCIP 2 DOCPL A=
FRARE AR gt

RIPE [EIF 33 239 orjo/m|t]e Mg 2 aFdlA
ZfkIct, RIPE H.323 2 RISP9} 72He thE Za2 ey 3
ARS-EICE, RTP B2 gH289] 2 &2 RTPO}RICPE A <J3ict,

= FEu]t]o] dlo[e] ol AMEEH, RICPE F7180=2
Ao A E 5 Qos miyl M5 el vl AR Eck

3.2 RTSP(Realime Streaming Protocol)

AARE 2E2H TREF RISPS AEY vte] AuE
Aofetr] Sfsl AEERIHE 2 B4l AlHloA] AME3I=S
AAE YIESIA Alo] ZREZot}, o] ZREZL = ¥QIE
2k m|tie] Mg Ak Alofele ©] ARELE Wt
A o] Feto|AEE AHolr] Feto]dE (F3 HItlQ) B
Fo|AEo A AR 2EeY == ntjele] AARE AofE
AA 3171 213l A, 715 B GAIFAIF 22 VCR ZBH o] s
28 3} (Ho| 2 58,

2E 2|7 vlo]e] A 2] 252 RTSPe] 2h¢jo] ofutt, th <]
RTSP A= n]tjo] 2EE A4S 98] RTICP(Realtime Control
Protocol)2} $HA| AARE A ZREZRIP)S AMSSC 18y
U B GAlE 5 AE ZREZS FHs)

RISPE= RealNetworks, Netscape %! Columbia University 4] 1996
ol IETFe] AlZ A WA 2b0 2 7ikE|gl o o] 212 19981
IETF (Intemet Engineering Task Force) 2] Multiparty Multimedia Session
Control Working Group (MMUSIC WG)9l| ]3] 3528} 5|91 © % RFC
22602 ZFHE|9ICh

- DESCRIBE—

SETUP—— 5|

Client ) Server
| 4—————RTP audio——
lag————RTP video———

— PAUSE

TEARDOWN—

& 4, RTSP Handsheke THA|
Fig. 4. RTSP Handshake

RTSP 2.0& 2016 ol RISP 1.0 thAlske] RFC 782600
A=A RTSP 2,02 RTSP 1.0 7[9F0 2 3}AeH 715 v d 34
HAUZE o]2]2] 319 334dL §lck. 2B Auje} Selo|dE

17 A, 18 49} -2 Handshake7} 0101zt 1&of)A] Uehdl
Hle} o] RISP Handshake:= DESCRIBE, SETUP, PLAY, PAUSE,
183 TEARDOWNO &2 -5 wo] glt}.

DESCRIBE ©HA| el X ol A= 2 2]8h 4 Q= -8 HllofE o] 73 ©]
F3teo] glom o]l SHole 2EFY AR, = HEtdolH,
dvdo] Z3hert Folunt e ol Aol YA URL
2 Aof=l= nlr]o] 2Ege] UdEt), dnkAl A9 orie
HT| Q. Zz}o]) thaf] shte] mltjo] 2E-o] U] et SETUP
84S @Y nlrjo] 2E7S HFsoksks WS A8k RIP
S}RICP Ho[E1 & 218 4 Q= 24 X EE ¥ 38l Qirk PLAY
848 REn|to] 2E o] A= A 9742 ofz] 7] o] PLAY
24 B 288 2S5 QJr} PAUSEE UAH O Sh T
RE Htje] 2ERS $A A7|EE Ul PLAY 83 0 & thA|
A4 gt 2= Qlek, mhA]eko 2 TEARDOWN 8- AlAds 28 ah=
o] ARE- Hct,

3L A 75

B =gollae] /g 19 5o} At RISPE SAMSS
317 9late] Ao @Zaxs glo]Ba]E]dl LivesS5IGPLE
TFHstglor FEjolAEdME QE A 2ol z]Q] FIMPEG
Edlo|oE AME3ISI

request FFMPEG

Media Playe

Save as File

25 ALSA ATZEQ0] 7=
Fig. 5. Software architecture of ALSA
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oIt o] gro|nejef= 2~Ee-S $J3] RTP / RICP 2 RTSP
o} o N BFS A YshH H.264, H.265, MPEG, VP8 @ DV
S} -2 H|T]Q RIP H|o|Z= &2)3} MPEG, AACS} 22 QT
RTP #lo]2= 2% #e] & 4 gtk AMR, AC3 B! Vorbis, VIC
U mplayers} 22 & ezl AZEolo] os) Wrdos
AMEEICE, AT Ego] i Eolli= s RTSP A 3-8 Z2 73],
RTSP E2}0|1E B RTSP ZEA] A7} I3} B0 Qlr}, RTSP AH,
QA4 T 8kHz9 11 o] AZESo] Z991 G.711,G.722,
T2 G.7200] E013iet. il Mg W HEPI2E B
FUNEES A ¥eh WAV 22 ot]Q Il ~Eg|o]

7Fesith.
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FAElo] gk, 2ol elg] Felie lbaveodec® E0lglET],
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Fig. 6. Experimental environment
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(underrun)®} RTP Missed Packete]] that #A7} WA} Bufter
undemun Z& ¢ 7 %}il Eﬁ—t— Z2A2 b FAlek ]
ARgERE H3dl HolE7} ¢3]e Skt =1 £rg HolE7}
a5 2w ek e O]‘:]’. RTP Missed Packet=g2}o| A Eof|A]
2Ez HloE] T":—/‘a’ol t‘a“ﬂ% Zi% 9]‘3]??}‘4.

oj2fg HAES A2 (paw) o
daelEs A8t 7 WA Compﬁndiﬂg F/I%O
200 A5 ol EA HISIE ERIT) PR A 2E oM HE
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™ Tiss Seures ey
& 33 417TIS00 197,168, 1538 182,

Pratocs] Lesgtt Dnfs
2 e 15 OFTIONS FLug /192, 16818

T 25.4100L50M 192.168.150.2 s, l!ﬂ 133.8 TP 68 BISA-S050] (MK Segel A
8 33 4LETMOM 193,168,133, 7 192.168.150.8 R 218 Reply: KTS8/1.0 200 DX

# 29, ALEIEIONC 192,188 1338 192.168.133.2 e B4 99214954 [WCK] Seqedd 4
18 23, 40932100 193168, 1508 192.168.133.2 L g -H’

11 25, 41950000 133160, 1301 192.168.150.8 RTIR S0P

12 15, 420445000 192,180, 130, 6 193, 168.130.2 s

10 23, A2UTMSN 152,100,133, 192.168.130.8 Lud

B4 23, 420040006 197. 168, 1306 192.168.130.2 AT

B 23, 420004000 152, 1068, 153, 7 192.168.130.8 ™ T0 [TOF seguent of & reasse

b6 13, 42IM1N 153, 168, 153, 1 152, 1848.1 LLd 1514 Sender Repart  Source ce

17 3542672090 197 168 1336 192.168. 1 6 3714354 (MK | m
M CHTP -1y

22 ST g, -'H'Q‘ 168,030

234 Reply; RTSP/1.8 289 DX
NSO PLAY riapa/ /192, 06.133.5

B B 3.1 192, 168, PTsg -5,
15 35 4ATRSOM 152, 168,153, lﬂl PlatrynanicRTP - Type 56, S'
26 15_45TIOERNC 190,188, 153 6 1821681532 TP B8 S0 14354 [ACK| Sequasd
21 35 452TS30M 152,168,153, 192, 168.150.6 REP 1458 PTsOyRamLCRTP Type 96, S0
2T 35 4THO000 153,168,155, 192.188.153.4 AP 1514 FlsbynanichTF Type 36, &
23 33 ATHRNIOM 192168, 1508 102,168,153, 2 T B8 595014354 [AOK| Seaedbd

wFrass 18: TN Byles on wire (I160 bits), D1 Bybed caplered (T348 bits) o Lnterface 0
wEtharrat 11, Sre: knrln- ATIEIN (WML O] DAR: rediR9:2T: 100D (1nsed19:27: 10001

(1841 {3 WOT the factory defsult)
sana ress (umicaat]
wiource! Poa TidRIB (00181 der47iai L)
Asdress: PrPartne 4TiERc18 (800 8LrTed? dd LK)
a bitr Globslly wiowe sdiress {fachery detauli]

u = Protocel Lengt! Enfo
18 6. bessaToes (H ] 1884 Seiree port: M Bes
17 8. 178570000 e 14 Source part: 1232 P
18 6. 152260000 ENIP 1454 Scarce part: 1232 Des
19 6. 204110004 ENIF 1454 Seurce port: FI2 Des
10 6.374111000 (o 1434 Scurce part: FiXd oes

I1 &. 209571000
2 6255651000

ENIF 1434 Source Wl't: 1 bes

3 6.27HT31000 Enip 1854 Seurce part: 33X Des
T4 6.20733000 192, 14.130.2 inip 1634 Source part: 237 B
I3 6. 30471000 192.168.133.2 ENIP 1434 Source part: 1212 Des
I 619305000 150.148.153.2 Entp 1454 Spurce part: 112 Des
17 6.235704000 193.168.133.2 (T 1434 Source part: 1313 Des
I 6 0MAN 152,188, 180.2 Pt 2 Mestarship Repart / Le
1 6. 35003000 152.168.153.2 ENIP 1454 Spurce port: 32 Des
B0 6. IEA0SIO00 192.164.153.2 NI 1454 Seurce part: 33X Des
1 IOTHN 1531681303 (L 183 Seurce part; 1113 Das
12 6358697000 192.168.133.2 ENIP 1434 Source part: 1212 Des
33 S 414571000 190.168.153.2 Entp 1454 Spurce part: 112 Bes

-Frame 20: 1454 Bytes on wire (11632 kits), 1454 bytes captered (11632 Bits) sn interface o
, Dec4T I 100, DSt DPwhecest _33:79:36 (00:00:3e0: X0 PR 1)

ar 1.
T Source: PrPartne 4 CT
Bddress: PoPurune 47:42:18 [80:01: Je- 47 42:18]

(b)
J37 2r|R AER|Y W (@) RUIHAE (b) ZEFHAE
Fig. 7. Audio streaming method: (a)Unicast (b)Multicast

Last message repeated 3 times

[alsa @ Oxic7be70] ALSA buffer xrun.A speed=1.01x
Last message repeated 4 times

[alsa @ Ox1c7be70] ALSA buffer xrun.A speed=1.01x
Last message repeated 3 times

[alsa @ 6x1c7be70] ALSA buffer xrun.A speed=1.01x
Last message repeated 3 times

[alsa @ 6x1c7be70] ALSA buffer xrun.A speed= 1x
Last message repeated 3 times

falsa @ Oxic7be70] ALSA buffer xrun.A speed=  1x
Last message repeated 3 times

[alsa @ 6xic7be76] ALSA buffer xrun.A speed= 1x
Last message repeated 4 times

'[alsa @ Ox1c7be70] ALSA buffer xrun.A speed= 1x
Last message repeated 3 times

[alsa @ exic7be7e] ALSA buffer xrun.A speed= 1x
Last message repeated 3 times

[alsa @ Oxic7be70] ALSA buffer xrun.A speed=  1x
Last message repeated 3 times

[alsa @ oxic7be7e] ALSA buffer xrun.A speed= 1x
Last messace repeated 2 times

Lrtsp @ Ox1c431c0] max delay reached. need to consume

[rtsp @ 6x1ca31ce] RTP: missed 1 packets eackat
[rtsp @ ex1c431c0] max delay
[ tsp @ 6x1c431co] RTP: missed 1 packets

reached. need to consume packet

[ tsp @ Ox1ca31c97 qvp.

[rtsp @ oxuux:o] max delay r ached need to consume packet
<ots

a8 & E1|0|E1 St 220]

Fig. 8. Transmission data loss and delay

A eAHE &Y 7 ek, o] EdF SNR S7h= 55 SNR| thigh
4= AT}, 1214,16bit J ol thek F

2] ] ook Up Table2 1 109} 2},

Al WAV 3l 8lal 7 WS 288l RISP
2ERoR HFslar ZEho|AEdAN WS uf ALSA buffer
xrun(underrun)®#} RTP Missed Packetol] thdh ZA47} e 251982
gelstact. F WAes A8s Avk= a9 113 2o A
2 FEpoldlES] &% Apo|o} Hloly & digt A
s dstoict

MEDtet7|STBER | 1P 117.17.199. %% | Accessed 2018/10/11 10:08(KST)



http://dx.doi.org/10.5391/JKIIS.2018,28.4.362

High-resolution
PCM encoding
(12, 14, 16 bits)

8-bit Inverse i
Table p-Law Table delfogil;
Lookup encoding Lookup s

Sender || Receiver

Code
Value
0

J80 7 HA R DS

Fig. 9. p-law compression

7BOX-1D84: ~
extraslibs='-1d1 -lpthressI TX DC (1)

2 nd*
libavutil  SSI Settings End
55. 67.100 / 55. 67.100
libavcodec 57.100.104 / 57.100.104
Ubavformat  57. 75.160 / 57. 75.160
libavdevice  57. 7.100 / 57. 7.100
libavfilter 6. 95.100 / 6. 95.100
ibswscale 4. 7.101 / 4. 7.101
libswresample 2. 8.100 / 2. 8.100
Ubpostproc  54. 6.160 / 54. 6.100
uessed Channel Layout for Input Stream #0.0 : stereo
'rtsp://192.168.153.2:8554/rainStrean’ :

: Session streamed by "TestStreamer by Raim”

: raimStream

.12, start: 0.000000, bitrate: N/A

to: pcm_mulaw, 44100 Hz, stereo, s16, 705 kb/s

#0:0 (pcm_mulaw (native) -> pcm_si6le (native))
[q] to stop, [?] for help 5
it #0, alsa, to 'default’:

ta:

: Session streamed by "TestStreamer by Raim"

: raimStrean
encoder : Lavfs:
Strean #09:0: Audio: pem,
Metadata:

44100 Hz, stereo, s16, 1411 kb/s

10, 7 EAS 0l8et 2O AE2|Y

Fig. 10. Audio streaming using #-law compression
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