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Open Source

Studio to Transmitter Link (OSSTL)

Jason Ellison

hile the Fi rodio stotlon’s programming is o wide

range of gudio from tolk rodio to modem pop

music. The studio sends the audio to wo remote

locations for ransmission The two AM stotion’s

mono oudio were sent 10 g trunsmitter sik miles away and the

FM station's stereo oudio was sent to a transmitier 15 mikes
aweary. This was cocomplished using multiple microwave links in
the 950MHz frequency range. These systems that are used to
transmit the oudio from the: studio 1o the octual transmitter site
are refered to as Studio to Tronsmitter Links, or STL's for short.
The studio was abowt o change lecations and they wene

reconsidering the way they transponed oudio from he studio -
to the ransmitter sites. The cument system of using microwave -

STL links hod some drowbocks. The microwove links required

annual licensing fees for the S00MHz frequencies used by -
the systemn. The porticulor microwowe bosed STL thot the -

station used wers older Morti STL-10's. Due to the age of the

equipment in use, oudio quallty was slightly less than that of -

somea of the compsetition. This is o mojor concem for radio
stations becouse sound quallty can have a huge Impact on
retaining kstenership, The egquipment also could not do some
of the more modem tosks such os encoding the the sound
into digital formats for instance, streaming 1o web listaners or
archiving for future listeners.

Initial Discussion

| wos approoched aobout the possible use of open source
softwore ond commodity hardwore 0 reploce the curment
proprietary microwove based STL system. Knowing that
moving oudio from one location 1o another wos completely
in the realm of modem computers, | felt this would be on
interasting project that on the surfoce seemed very doable. |
hod been playing with low power FM tronsmitters for o while
and hed previously considered the need for a low cost and

A local nonprofit radio station owns a studio that provides feeds for two AM radio
stations and one FM radio station. The content provided for the two AM station's is
mostly syndicated talk radio with a very little music content.

flexible solutlon. Once you were in the realm af commodity
hordwaore ond open source softwore, afthough not trivial,
adding functionolity becomes a much eosier task when
compared to proprietary solutions.

Project requirements

The first step wos to solidify the project requirements and
get them down on paper After o few initial discussions we
were able to get the praject requirements cleardy defingd, The
requirements wene as follows:

Mave CD quality (or better) audio across an lpwd network
Maintoin o constant system Iotency of less thon 2
seconds (from audio input to oudio output).

Deliver the audio stream reliabhy

Provide digitol versions of the oudio streams for intemet
raaclic.

Transmit the audio using no more than 1.5Mbps (T1)

Research
| scoured the web ond newsgroups looking for projects thot
may occomplish the defined goals. | tound o small amount
of discussion and even fewer projects. All of the projects
that | did find seemed to now be defunct One such project
s flow-stl hosted of sourceforgenet and previously used by
Prometheus Rodio. | manoged to get into contact with Andy
Gunn of Promethews Rodio. Unfortunately he informed me that
the softwors was no longer in use and that they were cumanthy
using o propretary softwore pockoge. | also was unable to
obtoin o copy of the software they previously used. So It
looked like | would not hove the benefit of sesing how pravious
projects attemipted this sort of thing.

For the next two months | spent my doys ond nights ot
my desk testing vorious softwone progroms. Eoch softwars
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pockage In vorous  configurations.
Listenling to the audio for changes
In latency. moking sure thot the end
result sounded as good os the input
Verfying bondwidth  utilization.  The
whole process very quickly became
repetitive. | automated o few of the testing
procedures, but it remained o very labor
intensive process.

This system hod to work over low
bandwidth connections. To simulate the
expected nework conditions, | setup two
Cisco 1720 routers with T1 WICS in o
bock 1o bock configurotion. Thats fancy

speak for soying | used o crossover
cable to test the oudio wansfers across
a T1 network, This allowed me to adjust
network banchwidith and lotency. These
were configured ot vorious times with
005 to simulote even lower bondwidth
condifions, packet loss and nebwork
congestion (Figure 1).

Hardware

The first thing we choose were Audio
cords. We needed something of
professional quality For the studio we
choose the M Audio Delta 44. This cord

Figure 1. 0SSTL Flowchart
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OSSTL 6

hos four 1/4° TRS bolonced onolog
inputs. For the tronsmitter side we went
with the M Audio Audiophile 192 which
offered two 1/4" TRS balonced analog
outputs. These cords are very high quality,
offering frequency responses from 20Hz
to 20kHz @ 48kHz. These devices also
have very litthe crosstalk, which means |
should ba able to use a Stereo stream o
sand two mono audio streams to the AM
tranamitter site. More over these cords
seem to be foirly well supportad on open
source operating systems elther by the
operating system itself or through o third

| External hosted
icecast server

SEkbps mpd

53



©@ mms

party. At the time of the project FreeBSD
stable wos version 6.1 which did not
support these cords. | was able o get

support by using 4Fmont's proprsiory -

0SS drivers.

(since  beginning  this
Audio soundeords vio the open source
Emw24 and Enwy24HT sound  drivers)
Mest ware the computers. | was allocated
three computers to build the systerm. The
rmachines wers whittbox OEM machines

that | assambiled to keep cost down We -

used basic but reliable components. In the
Listing 1. Compile-Tirra Configuration Options

icecast-7.3.1

m.
FreeB50 oppears to support the M- -

and, the specs | choose weare o lithe ovarkill

But | wantad to be on the sofe sida,

Studio side (hostname: alpha)

CPU: AMD  Athlon 64 Processor
3500+ (21GHz)

RAM: 1GB of RAM.

In production use, top shows 498MB of
memory usoge and the cpu between
B0 - 60% idla.

Tronsmitter side (hostnome:  brovo
and charla)

ne custem corfbguraticn

1 pma=1,9

o custom conflguraticn

rwolame-0.3.

na custom configuration

dacrkice-0. 18

. foonfiqura withouot=alaa without={ack ==withaut=Taas =with-1ame

=-=prafix=/usr/lecal --with-twalame-prefix=/osrfloecal

wlo-0.8."

Soonfiguee —-emable-css --epable-twolame --disable-alsa --disable-ffmpag
-~disanla=-1]1bmpag? dizable-wxwldgers --dizable-skins2 % =g ah i E-

lLivedateon -with-livedotcom-braasfusrSlocal fsecfliva

charlie Shereo
192,168 252.10 Fid

EXAMPLE NETWORK

Figure 2. OSSTL Example Metwork
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CPU: AMD  Sempron  Processor
2800+ (1.6GHz)

RAM: 512ZME of RAM,

In production use, op shows MEMB of
memory usoge and the cpu 99% |dla.

Software

For this project | spent countless hours
researching many softwaore applications.
You could really get lost evoluating all of
them | kept to the projects that haod been
around for o while aond hod been well
rmaimoined. This was ofter all going W
be used in a live radio stotion. | needed
software thot hod been in the field for o
whille.

| settled on Darklce for reading the
analog data from  the soundcard Inputs
Darklce is highly configurable and very
stable. It ollows for reoding from oss
interfoces which Is exactly whot | neaded.
For output, | do o few things..

To get the oudio o the transmitter
sites | use o birate of 320Kbps, This
bitrate was chosen 0 ovold possible
compression ortifocts in the audio
stream. This s becouse some of the
programming that the station plays has
dlrecdy been compressed. The satellite
fead for instonce s already digitized at
256kbps using an MP2 codec. satallita
feeds are fairly common these doys
Dwring testing | found that when | ployed
previously encoded files with o loptop
through the system, | would get folry
savers orifocts unless | used o bitrate
that was equal to or above the bitrate of
what the original content wos digitized at.
The oudio bound for the ransmitiar sites
is encoded and written to a file which is
actually o fifio.

Mow that the audic is being fed into
o local fifo | needed to get it out to the
transmitter sitas This one ok o while 1o
figure out.. | choose to go with IveCoster
which uses the livedMedia library from
five555. | found o IweCoster binany
availoble from live555.com, It is free o
use but does not come with the source.
The Liveledia library is the some librany
that VLC uses to read aond wiltie RTSP
RTP and SDP formots. lveCoster con
be used w0 send MPEG oudlo data in
RTR/UDP packets. It has the copability
to send in either Unicost or Multicast
This application is rock salid. It does not
transcode the oudio dota so it very fast
also.



 Listing 2a. Sarup Serpts

Juseflacalfete/ro.dfdarkice-az

#!/pinsak

§ dackice #nd livecazter

¢ PROVIDE: darkice-a

# REQUIRE: DAEMON c&x icecastd

. feto/re.subr
name="darkloa-a*

stop ocmd="darkice stop™
start cnd="dazkics start"

[ pidfile=frar frun f Sname

BFS=320
D3E=dap2

dlﬂ:iul-_lta:tu i
echo —& "\natarting: Snama"
Juaeflacal /bin/darkice -v E %
-¢ fose/flecal fetc/dle/50SP/ SBPS fdarkice cfg &
ocho §! > spldille

darkice_stopi)i
echo -8 "\nsCopping: Sname®
kill "cat Spidfile”
m ~f Spidtile

darklos restars ()
darkice_stop:
darkice atare;

£C_usagedd |
echoe "Usage: %0 [start|stop]"

Load_re_confly Sname

run ec_command "21"

&

| fuseslocal/eccirc.didarkice-n:

#I/binish

¥ darkice and Iivecastar

£ EROVIDE: dartice-b

¥ REROUTRE: DAENON oss lfcecazel

| « fatesSre.subp

| fame="darckica—H™

. vtop_ced=-"darkice_stop™
stary_omd="darkice sract®
pidiile=/vas fsun/Iname

BPE=321
DED=cap3

| dackice starti}{
| echo -e "wastarting: Snams®

OSSTL ‘

fuszflecal fbinfdarkice =w 5 4
-¢ fusrflocalfecc/dlc/SD5PF5BRS /darkice. ofg &
scha $! » Spidfile

darkice_stopi] |
echo -5 "Lnstopping: Sname™
kL1l ‘cat Gpidiile”
¥ 2 o» fdevinull
m = Spidfile

darkice restart ()]
darkies stop;
darkice_stact;
|
To_usage i) |
echo "lMage: 30 [starc|stap)®

loed re condly Sname
mun_rc command "§1T

Juse/flesal fetefre Af 1 vecaaker-a;

¢ /hinsah

£ livecsscer

¥ FROVIDE: livecastar-a

+ EEQUIRE: DAEMON aszp dzrkice=-a

- fetefre. subr

nama="1 lvasistas=a™
stop_cmd="livecaster stap™
atprt_snd="livecaster start®
pldfile=fvar/ run/ fnane

BES=320
GEP=dapi

livecastes start ()|
#ilivecasrer
sigep 1
ol "atieting: Sname”
fustflocal/fbinsle
-d Jjuscilocaldetc/dle/SDER/ERPES 3
-8 fusr/lecalfetc/dlc/$06F/ 5675/ atrenn. fifo &
scha 3! > Spidfile

livecaster stopl) i
scho “stopping: Sname®
kil “cat Spldille’ 2 > fdevinull
m ~f &pldiile
Livecaster restart (il
livecaster step
slesp 1
livecastes astart

EE_waage ()|

www.bscimag.org
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Listing 2b. Startup Scripts & Various Run-Time ConSiguration Files

echo "Usage: 50 [acarc|acap)®

Load_rec_conlly §name

run rc command *51°

fuse/ local feted o, df livecastar-hb:

¢ /bln sk

# livecester

# PROVIDE: livecastor=b

# REQUIRE: DAEMON oz darkice-b
| - Fetefee.sube

name="1Lvecaster-b*

stop_omd="Livecaster_stop®

Start_cnd="livecaster skart"
| pidile=/varfrun/sname

BPS=320
DEP=depl

1 ivecaster atask(j
sloag |
"

| echs "atarkbing: Sname

FUsE/lacal fhin/la 3

echa 3! > Jpidiile

| livecaster stopi] !

che "atopplng: Snane™

. -F Spidfile

livecaster_restart()
’_L'.'n:ca.:tm_:ut.r_p
aleap 1

Livezaster 2rart

rc_usage ()
echo “Usage: 50 (start|scop]"

load_rc_confiy Sname

run_re_command "§1°

brave and chaclie

| faseflocal fetofre. d/020-v1e _ aks

#!/B8in/ah

f ric

echa =n ™80 : *

-4 fuar/lacalfetefdle/ SDEES5ERSS
-3 Suscflocalfetc/dlc/SD3F/SBPS / stream ifo &

kill “cat Spidiile” ¥ » fdev/nuell

starti(] -

acho "Start®

oasemix vmixl-sre Froductiom

opsmlx envyed.rate 44100

ossmix anvyid.ratelock on ;

FugrsSlocal /bin/vic --daemon %

==na=videa §

--pudie --acut ©EE --acub-rate 44100 =-depdew Jdov/
dep

==no=-pps~buggy ==rcEk=peisrity ==loop %

=idp=caching 1003 4

adp: /A fusrdlocal Aeecdl Evecaster/320bpa

sCopdh
[ ] '.S-L\'.I[.'p"
killall vlec
slenp 1

LEET AR
#che "missing paranater™

acho "Okage: S0 |[=tarkstopl™

casa "E1l" in
start)
abarkt “EET
i
Brop)

sSCLop ¢

Confijuration files:

Ffuscflocal fevcfdlc/dsp3/f 320/ /darkice clg:

|generall

duracion = 0 ¥ duration of encedisg, in seconds. 0
means: forever

buffecSecs = | A alze of intecnal slip buffer, inm
Eeconds

Teconr@ct = yoe § recasnest bo the serverim) if
disconneoted

realbinms e

[inpue]

device = fdev/dapd ¢ (35 DIP ssundcard device for Ehe
audie ingut

samplafate = 44100 § sample rate in Hz, cry 110265,
22050 ar 44100

bitsPardample = L6 # bits per sample. Try 14

channel = 2 # channela. 1 = mone, Z = stareo
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