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The (Vice)President's Corner

Anather Daytn Hamvention has come and gone, and vnee again TAPR
wils prescent in force. We hod lots of talfic ot the booth, and Tots of interest
inhath our old and vur new products. The TAPR Digital Forum on Friday
was well attended, and ar the TAPR/MVTEMA Packet*BASIH on Friday
evening ncarly 100 ancndecs heard Commander Chas Richard, W4HEZ,
give a tremendous presentation aboul his stint as captain of Naval Rescacch
Submaring NR-1 snid how he used amateur radio technology 1o bring the
Internet o the crew of this unique cralt.

Changes at TAPR
Tl talk a little Tater about some of the exciting new products TAPR has
in the warks, but lirst [ have some organizational news.

Gireg Tones, WDAIVD, has decided (o resizn as President of TAPRE.
elfeciive May 18, 2000, Grer has been President since 1992, and was a
Board member and officer long before thar.  His positive influenes on
TAPR has heen immense. TAPR has been forlunate in having tremendaus
leaderstip vver the vears, and Greg’s hand work and dedication have been
the driving force behind TAPR through the "00s. T°s simply impossible o

Look for TAPR at these Upcoming Events

Sapt 22, 2000 Annual Board of Directors Mesting, Orlands, FL.

Sept. 22-24, 2000 ARRL & TAPR Digital Communication Conferance
Orlande, Flerlda

Sapt. 13, 2000 Annual Membership Mesting; Orlandg, Florlda

Farcket Status Boplater
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President's Comnar, continuad... : : . Tntire contents Copyripht £ 2000 Tueson Amatcur Packet Radio
overstate how muoch we owe him. GTI:H 15 ﬁmﬁhmg up Lorp. Unless niherwise indicat=il, explicil permission is granied 1o repro-
his Ph.I} disscriation. and is also gelting married this | |dues any ueterisls sppearing herein fr non.commercial Amateur pibli-

. ' s canions puosided thal credel is gaiven Lo beth the author arl TAPR, alonp
summer. He's understandably decided that he needs to | | Lyt phome weisher (9403830000, Olher neprdction it

shift his attention from TAPR to concentrate on his real | | prohibited without weitten pennissien lrem TAPR.
]1 t-¢ t-ﬂ-l' 1] 'll'i'h] ll:. G!‘Gg J'IﬂE @T’:cd tr_" relmaln an []'IE- EUELFI:.I.. {-_I'p:.nf.;:n: upn-_g.;:.:ﬂ are 1hipse of the qouchors and nics rmﬁgri[_lll thase
and we're all looking forward to his continuing suppaort. | | of TAPR. ihe Roard of Direciors, Officers, or the Ediior. Acceprance of
; : advestising doss nog canslilole epglorsement, by TAPR, of the producis
We normally elect TAPR s officers at the Annual | | sdvenissd. APRS is regisiered 1o Bob Bruninga, WH2AFR
Board Meceting, held cach fall in conjunction with the | | MI©-F s aimdemark of Bob Bruninga, WE4AFR
Digital Communicatons Conference (ses elsewhere in Piolmader- Semlatddnes chingesic TAPR.E 0 Box 311 1, Degon,

EER . -1 & 4 TX. TR25A0 1L, Packer Males Megivier (155N 11052-3626, LISPS 003-
this issue for more GEMI]:':I' Rather than elect an interim 414} is puhlishel guansrly by 1he Tucson Anleur Fackst Radio Corpo-

President now, the Board has decided to use the next few ratisne, 1418 Ridpsorest, Dentom, TX 76205, Membenship in Tucson
months o ﬂ_nﬂ[}'zc aur Dp._:;a[i_m]g and decide omoa Arnabeur Packel Badin, including 2 subscrigition o Packer Yeies Regioer,

SeEr ; 3 T A e in S204ET prer wear b Tl LS. sl possessiones, ol which 312000 ix allocaled
distribution of the L rasks that Gr'”g Jugaled. o Macked Blghrs Sepidder. Monbersher i 320000 60 Cansda aed Mexico,
As Vige President 1Ml be acting as TAPR s intcrim and 52300 clsewhere, pavabds in LS, funds. Membership and Fooke

) i ; Sunus Megraler cannot b separaced. Periodical id &1 Dencea,
Jeader until this fall. Our Board members will all be | fx oo conet B SpIriiid. FERogicl postiges gald al et

chipping in to ensurc we continue services to our | | PSR Editor:
members. In particular, Stave Bible, NTHPR. will be Bob Hansen, M2GDE
working with me o develop a plan for the Board to Tnicrner parifapr.org

redesign TAPR's processes to berter distribute the | | Advertising

, . . Conitact the TAPR affice.
workload. Sreve will also be taking on the overall project -]-M.':;'I",,?}Lmllrn_. =

management function for our kits and projects.  The President o

L ; pan
TAFR office will continue to operate as normal; thephone | | Vies President  John Ackermann, NSUR
number, aldress, and office hours will remain the same. Secretary Bob Hensen, NZGDE
Treasurer Jim Meely, WASLHS
TAFR Buosrd of Ticectars:
Volunteers Needed . _ . R e Teiemi. Sinienek
Although many 1Iu_n_g:a are UNCrtaln, one thing s t: John Ackermann, NSUR 2001 nBur@tapr.org
now maore than ever, TAPR nesds your support. _‘»‘»'I: e Barry McLarnon, YVE3JF 2001 veljfi@tapr.org
looking Tor folks who want to get involved with the Doug McKinney KCIRL 2001 kedrl@tapr.org
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'_‘-"l_':;?IJJ'I'[GCn”g:.W'? d IE.I'_'I".-'E. Loy hear .|il'l211:|| _}"_'”' T]I? i_.-l-l-;l.;l.i.'l.hll'ﬂ Stave Dimse, K4HG 2002 kihg@tapr.nrg
jobs range from deunting (anyone merssied in being Greg Jones, WDSIVD 2003 wdSivd@tapr.org
TAPR s wehmaster?) to more bite-sized. John Kastaer, WaDDD 2003 widdd@tapr.org
L Y Mel Whittan, KOPFX 2003 kDpfx@tapr.or
Please contact me (nBur@tapr.org) it you're interested » = Piagingrorg
involuntecring, And, the oller of the webmasicr spot l:-l_'l't Date is sxpiration of term on Board of Directora.
a __iIIIECI.'_‘ - W T i-l:,'l':'lk'il'lg for someons with the "::E-C'Irl, The Tucson .-‘;II'l:':':t_I.IrP:'rCl:fl R.il:!'.'::-l:_.l\.ll'F‘n..erI'E::l'.l i.-.u1||1||.-prl.:.'|.l.~\.|.'|l.'-_'|-
dedication, and time to make 2 huge contribution to the | | Ui rescarchand development corparaliua |Sectiim U1 of the LS.

i cand= L Contnlations ars deductible to ihs exlent allowed by LS. Ls
Las, TATK s chancaed im0 the Seae of Anzoaa for the popase ol
desigening ard developang pew sysiems fur digital rcle coommnication
Project Mews in the Amateur Badie Servace, and for disseminating inflmnation reguired
z 4 ; during, znd shned from. such reszarch
We're about to ship an exciting new kit - the T-233, i
which is an APRS-capahle weather station controller tha

organization by managing www lapr.org,

Arikele submission deadlines e wpconting Issues:

} o TR ; Saptember 15, 2000
uses the Dallas Semiconductor " 1-Wire” network, This m‘:&e%w D:E;;“h:1 E FIIJEIH
projeet, developed by Will Beuls, NOXGA and Russ Spring 2001 March 15, 2001
Chadwick KBOTV] was a prize winner-in Circuit Cellar Summer 2001 Juna 15, 2001

magazing's recent design contest. and was leatured on the
cover of the May 2000 issue of that magazine.

T.i'lli T-238 15 a ,;1”3]:-5![‘.!31'(1 kj_[ thia "I:I':TI-‘.I'L.:"‘. 1".'I[]1 EU?E!;IL”S:EE:?E?&:::I in meveavang infoomation and aricles fuc
various weather sensors available Trom Dallas | 4o e i yvou have o ide foe an aticle you would like 1o 5=z, oo
Semiconductor and outputs weather data o an LED |} vou or sonscone vou know, is diing simething that weuld interest digital
display or to a compuler. More interesting, 11 has 2 serial ::fr;_llr"rl-:":tfﬂfi-lest D:_'rfi'-:f'_-" the edilie a0 that Four work 2an be shirsd
ouiput that "speaks” APRS and can .bu plugged directly """“'11- r:r;::r::T::fTr anticles is plain ASCI] jexi; the preferred
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attached -- the T-238, a TNC, and a radio are the only
ems needed,

The T-238 should he shipping by the time you read this,
dt & price of $134.00 (3120.60 for TAPR members).
Check the TAFR web sitc for further updates. Moaore
information on the T-238 can be found at
www.bealsS. com/wx/ and
www.tapr.org/laprhim F2 38 hml.

Not quite a5 close at hand, but definitely on the way, is
NTHPR's BusyTrak rowr interface.  This is another
PIC-based project, butit’s perhaps the mast advanced ane
we've seen wet, Steve has programmed a beefy PIC 1o
provide all the functions of 4 computer-io-rotor interface
that can comrol azimuth and elevation rotors as well as
wne the radio.  Steve will he presenting & paper and
demonstrating the EasyTrak ut September’s DCC and the
Annual AMSAT meeting in October,

In another cxample of the synergy between TAPR
activities, the Sproul Brothers have already shown how
WinAPRS can control the EasyTrak 1 aim antennas at
an APRS object. You'll be able to click on a station in
WinAPRS and have the antennas track it as it moves,
Think whout tracking a balloon launch with high-gain
yagis... the GI'S on the balloon transmits current position
data via APRS, and WinAPRS uses that w feed the
BasyTrak, which keeps the anlenna trained on the
balloon.  That sure beats manually aiming a hand-held
yagi for a few hours!

It HamVenton is any evidence, TAPR s current
products continue to be popular.  The various GPS
interfuce boards, TNC aceessorics. and publications all
sald well. And, as more evidence of APRS's popularity,
GFS antennas just about flew ofT the whlc.

The FHSS Radic Project

Perhaps the most frequently heard question
around the TAPR boath at HamVention (apart
from "How're you going to haul TIHAT
home?) was "What's the sistus of the Spread
apectrum Radio praject?” Although I wish |
could tell you that we're just about ready 1w
ship, unfortunately that’s not the case. The bad
news Is thal one of the component
manufaciurers discontnued virwally all of the
chips, including some "nothing-else-does-this”
ICs, on one of the two boards in the radio, That
required a massive redesign and cosl us months
ol prisgess,

The good news is that the redesign is now
complete and the new prototyvpe boards are
getting ready for lesting and debugging.
Thanks o TAPR s agreement with The Dandin
Group, we have the engineering talentand ather
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resources available to.push the project ahead, and the team
15 optimistic that the worst is over. Thope that by the next
PSR, we'll be able to report significant progress.

Thanking Another Jones

Greg isn't the only Jones responsible for TAPR s
suceess over the Tast few years. 1'd like to take o minute
now to thank TAPR’s unsung hervine, Dorothy Jones,
KASDWR, Dorothy runs the TAPR office and spends
two exhavsting weekends (and lots of preparation time
before the events) each year making sure that we're ready
for business at HamVention and the DOC. She is the
telephone voice of TAPR, and she works harder hehind
the scenes than we have any right to expeet. On behalf
of the Board, T want to give her a big TIHANK YOU for
all her dedication, and especially her good humor as she
patiently deals with fricndly callers, grumpy callers,
uncooperative suppliers, and -- most difficull of sl --
TAFR Board members, TAPR members appreciate her
as well, as judged by the spontuncous applause she
received when her name was mentioned at the 99
HamVention TAPR Digital Forum. Dorothy, we love
yom! -- T3, John NETTR

An Enclosure for the TAPR PIC-E

Steven ible, NTHFR
cmaill w¥hpridtaprorg

The TAPR PIC-E was designed (o fit inside the Radio
Shack project case with 9 volt hallery compartment (RS
270-2133. Tn is available at Radio Shack stores and it is
not 2 special order item. The enclosure measures 3 5/8°
X3 M4 x| 18" and cost US55.39 (1999 Camlog). It
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cormes with 8 9-volt battery clip. (The PIC-E can operaic
[rom o 9-volt battcry)

The enclosure has three mounting holes that the FIC-E
Mt inte. You will need to cut the sides of the enclosure
tar allow the RJ-45 and DB-9 connectors (o protrude. T
used a sharp X-acto knife. Take heed and do not cul
yoursell, make certain to cut away from your body!

Template

I've sketched a template and converted it 1o PDF
format. |Available online at
www.tapr.org’~nThpe/pic-efenclindex_himl] When you
print it out it may not be to scale. [ put a 17 scale on the
template, Use a ruler to check that the template did not
expand or shrink. I'll attempt to draft a more accurate
templiate and post it.

Wrap the template around the enclosure. Use the feel
on the bottom half of the enclosure for relerence. Then
mark the cut out holes. If the template is not Lo scale, you
can place your PIC-E in the bottom of the case amd mark
where the BI-43 and DB-9 connectors meet the case. You
can slarl culling the case here and [requently check your
work by fes) Aing the PIC-TE in the case. When you
finish the bottom case cut out, start on the top using the
same proccodure,

Battery Power

You can power the PIC-E from a @-volt battery. Solder
the 9-volt battery ¢lip that comes with the project box o
B1 onthe PIC-E. Pay attention 1o polarity, red is 7+ and
black iz "-". Better yer, solder in place a polanyed
2-conductor plug and jack so you can remove the PIC-E
from the case if needed.

Switches

TLis ep Lo you o decide how you want the switches and
L.EDs to proteede from the case. The evaluaton PIC-E
came with mini-slide switches. The production PIC-E
comes with mini-toggle switches. The togale switches
will stick oul of the case. All you have to do is cut two
slots in the end of the case. IF you want o replace the
mini-slide switches with mini-togele switches, you con
order them frem Jameco (PN 106067}

LEDs

You can mount the LEDs at a 90 degree angle and cut
holes in the end of the case. Another possiblity 1519 solder
the LEDs such that they extend up through the wop of the
case. The benefiLol this methed is that you can easily see
the LEDs and Tuhel their functions.

| am always investigating new and better ways o
enciosc TAPR projects. 11 vou have an idea, or comment,
please share them with the PIC 516G group or email me al
n7hprétapr.ore.
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The Role of Amateur Radio in the New
Century

Drale M. Hatfield (WOIF(Y)
Chief, Office on Engineering and Technology
Federal Communications Commission

FAs Prepared for Delivery at AMRALD s 25tk Anniversary
Dinner, Fulls Church, VA, June 17, 20607

Thank you very much lor the nice introduction.

Lam very pleased o be able to speak to you thisevening
on the topic of the role of amateor radio n the new
century. I am very plessed o be here for a number of
[CAS0nS,

First. 1 am very pleased because it 15 hoth vour 25th
anniversary and your first anniversary dinner held in the
new century. That seems like a particularly good Lime to
reflect on the fulure of the amateor radio service and T am
flattered that vou have asked me to do ao.

Second, [ am very pleased becanse T have especially
fond thoughts about the service becaonse of the prvotal role
that armaleur radio d and individual smateur operators -
harns - played in my own career. A5 T will explainin more
delail in a moment, I would not be in my current position
if it hadl nit been (or the help of some hams back when T
wils g leenaper about 50 years apo.

Third, T regard it as g particular honor 10 be asked 10
pldress an amaleur radio growp that emphasizes
experimentation and the more echnical aspects of
amateur radio. Agun, as T will indicale in more detail in
# [ew minutes, T believe that experimentation and
contributions to the stale of the art in the racho Geld are a
major part of the justification for mainiaining speclrem
allecations for the service in the lace of increased
demands by commercial and other interesis.

I would like to divide the remainder of my remarks into
five parta.

First, [ will briefly == very bricfly — talk about my
personal involvement in amaicur radio, Second, T wall
Lrietly describe the role of the Offce on Engineening and
Technology at the Federal Communications Commission
50 that you will have a better idea of the basis for my
remarks. Third, speaking from that perspective, Iwill talk
about the growing scarcily - and hence economic value
-- of the radic spectrum and how that arowing scarcity
will incvitably put pressure on amateur allocations.

Fourth, 1 will talk abowt the important role that the
amateur radio service has played in the past and -- going
to the basic topic [ have been asked to address - what the
amateur service can do w in the future o justfy its
spectrum allocations on both a national and international
hasis.
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Fiflh, and finally, 1 will talk sbout a proceeding we
recently launched at the Commission @ a proceeding
dealing with Software Defined Radios, Before I continue,
Ineed to add the standard disclaimer that my remarks here
this evening represent my own views and they may not
necessarly reflect the views of the Commission, any
individual Commissioner, or any ather staff member.

Background in Amateur Radlo
My own involvement in amateor radio began in my
early teens, when my father booght me a used

Hallicrahers 5-38B shortwave receiver. He and his

brother - my uncle -- had tinkered with crystal seis when
they were Kids and he somchow sensed thal T might find
radio interesling as well. [ connected that receiver 1o picce
of antznna wire hung out of my bedroom window and
so0n I heard a ham radio operator in Moroceo calling CQ)
in the 20 meter amateur band, From that moment T was
hooked on radic communications.

Twa local hams whe lived near me — this was in
Diayton, Ohio in the early 1950z -- helped me et my first
license (WNANGG) and helped me buoild my first
transinitler. These two hams were electrical engingers that
were employed al Wright-Patterson Airforce Base near
Dayton, Tt was their interest that led me inle electncal
engineeTing @5 4 vocation and ultimately w2 job at the
government's old Central Radio Propagation Laboratory
in Boulder, Colorado. | wan't bore you with the deails,
but that first, cotry-level job eventually Ted me o the
position Lhold today. Accordingly, Twill forever beinthe
debt of those twa hams who so unsellishly supported my
passion for radio.

Role of the Office of Engineering and
Technology

As mest of you may know, the FCC is organized into
Burcaus and Offices, Generally speaking, the bureaus —
the Common Carrier Burcau, the Wireless
Telecommunications Burcau, the Mass Media Bureau,
the Cable Services Bursau, and the Tnternational Bureau
-- have the "ling” or operating responsibility in lerms of
the Commission’s regulation of particular segments of the
telecommunications industry. For example, the Wirelesy
Telecommunications Bureaw — under the excellent
leadership ol my colleague, Tom Sugrue - has Lhe
responsibility for the Amateur Radio Service. The offices
-- such as the Office of the General Counsel and the Cifice
of Plans and Policy -~ provide support and advice to the
operating burcaus and to the five member Comimission
iself.

Reflecting that rough division, the office that [ now
head, the Office of Enginesring and Technology,
provides technical advice (o other bureaus and offices and

to the Chairman and other Commissioners. [n addition,
however, our allice has the responsibility Tor
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administering specific parts of the Commission’s rules,
namely, Parls 2, 5, 15, and 18. Part 2 of the rules contains
the Table of Frequency Allocations, That is, while the
individual hureaus have primary responsibility for
geveleping and recommending specific service rules, we,
in OET, have the responsibility for general allocation
matters. We also issue experimental licenses under Part 5
of the Commission’s mules, In addition, we administer
Fart 13 of the Commizsion’s rules dealing with
unlicensed devices as well as Part 18, which deals with
certain industrial, scientific and medical eguipment.
Finally, we are responsible for the Commission’s
equipment authorization program. Much of that work i3
dome at our laboratory facilities in Laure], Marvland.

Growing Demand for Spectrum

The management of the radio spectrum resvurce is an
cxtremely important part of telecommunicalions policy
and regulation. As vou all know so well, rudio spectrum
is an increasingly scarce natural resource. We simply do
not have envuygh spectrum to give everyone all they want.
This increasing demand is being propelled by a host of
developments:

the growing shift of our cconomy towards the service
sector, the increasing mobility of our workforce, the
convenience and increased cfficicncy produced by
mobilefporiable communications the increasing
performance anil falling cost of wircless devices the
inerzasing requirements for public safety and for nalional
defense systems, and the dramatically growing interestin
accessing he Inlernct on & wircless basis. Hence, the
allocanon of spectrum for particular wses and the
development of specific technical and service rules
soverming thosc allocations is a crocial determinant of
telecommunications industry structure and perfurmance.
Even more importantly, it is critical w the performance
ol our public imstitutions that arc devored to cerlain
scientific pursuits, such as radio astronomy, to the safely
of life and property, and to the national detense.

As the office at the Commission that bas primary
responsibility for spectrum allocalion matlers, we, in
OFET, are in a particularly good spot to judae -- first hand
— the increasing demand for spectrum. Our ofliee s
gencrally the first place people stop when they are seeking
ncw spectrunt. Hardly a week po2s by without someone
stopping in my office or fling a penton asking that
spectrurn be allocated [or some new service or that
additional spectrum be allocated o an existing service.
While increased efficiency in the uwse ol spectrum --
through the use of digital compression technigues, mors
efficient modulation and greater frequency reuse, for
example -- can offset some of this increased demand,
increased scarcily is a very real concern. This scarcily 15
exemplified by increasingly contentious de=bates over
spectrum sharing arrangements and by the amounts bid
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im auctions for radio Hocnses, The 333 hillion bid in the
recent Third Generation Cellular suctions in the United
Kingdom provides very clear evidence of the increasing
value of spectrum.

Chur Chairman -- FCC Chatrman, Tl Kennard -- has
recenily called amention to the polential for a "spectium
drought”, especially in the valuable range below about 3
GHz. Under the leadership of the Chairman, and with
salid support of Commissioner Susan Ness -- who has
always been intenscly inlerested i spectoum 1ssucs, we
have pul forth a number of proposals and endertaken a
number of initiatives thal woeuld allew more uses and
exers of this national and intermational resowrce, One of
thess initiatives relates 1o Sofware Defined Radios — a
topic which I will return 1o briefly near the end of my
remarks. The point that T want lo emphasize here,
however, is that, in thinking about the role of Amaleur
Radia in the new contury, we must think about it in the
pomtextal increasing pressure on the underlying spectrum
TESDEITE. E

Future of the Amateur Service

Turning now o the Mulure, it seems to me hal o given
the increased pressurs on the underlying resource from
commercial and other non-commercial vses — the key
issue [or the amatour service i8 maintaining access Lo 2n
adeguate amount of spectrum. Let me make 11 absolutely
clear that, in raising the spectrum issue, T oam not
suggesting that there is any immediate threat (o exisling
amateur allocations. 1 am simply pointing out the reality
of the situation. The rapidly growing demand for
spectrum coupled with the inereased visibility of 1ts
ceonomic value dug to auctions makes 1L almosLimeviable
that amateurs will be under a certain amount of pressure
1o justily their “free” use ol this procious resource.

In the past, the amateur service has jusiilied its
spectrum allocations by, among other ways, (1] engaging
in experimentation that has advanced the radio
state-of-the-art, (2} providing cmeérgency
communications in times of patural or man-made
disasters, (3) providing trained radic operators in imes of
national emergencies, (4) cocouraging international
cooperalion and goodwill by allowing direct
communications between and among people on an
international basis and (3) as in my case, providing an
important educational outlet for people interested in the
mare technical aspects of radio communications. While
the relative importance of some of these wiys has
abviou bl.} |_'-'i1ar|56'2| hocase L:.j"mﬂ_rki_':[-_,‘l]:'l{:t. ech !'Il.:llﬂgil.‘.lll
and other develapments, they remain valid today, The
important thing is that they actually be carried out. Or. Lo
wse 2 bit of slang, itscoms wo me that it will he even more
important for &l segments of the amatcur comemunity o

“walk the walk" not just "talk the alk
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Another potentially importanl area deals with how
efficicntly onc uses the spectrum. We could probably
discuss ar some length the proper measure of spactrum
efficicncy but for our purpuses here this evening it might
b simply the number of simultanesus conversations that
can be accommadaled in a given amount of spectrum in
a particular geographic arca. In the commersial sectors,
where urpanizations pay for their use ol the spectrum,
there s 2 significant economic incenbive 1o use the
resource efficiently 0 to spread costs over as many users
as possible while maintaining good quality service. That
is, there is a strong incentive to develop and adopt more
spectrally efficient technology. Forexample, by adopting
various digital techniques, commercial mobile radio
service providers (2.2, cellufar and PCS) have been able
1 dramazically ingreose their capacity compared to the
original anatog technology. Similarly, when the broadcast
industry has completed s ransition to digital television,
we will be akle to reclaim a substantial amount of
spectrum for other uses.

| recagnize that, in the past. hams have also adopled
more spectrally efficient lechnologies 0 for cxample, by
migrating from double-sideband amplitude modulation Lo
single-sideband modulation and, more recently, by
shifting to more efficient modulation for tlext 6 TTY O
modes. [ would wroe you to continue shilling lowards
mare speetrally ellcient communications lechnigques 4
especially digital =chnigues, Such a shift has a number
ol hencfits;

First of all. it demonstrates to policymakers and
regulators that you are good stewards of the publicgs
alrwaves even without direcl economic ingentives.
Second, by using what you have efficiently. it strengthens
vour case when vou necd 1o ask for additional specirum.
Third, by allowing more users Lo access the avimnlable
allocations simultancously, 10 improves the amaleur
expericnce and ultimately incresses the attractiveness of
the service W new and ald users alike. Fourth, it provides
the opportunity or "headroom” for increases in data rates
I muore closely match those available on wircline
networks and. in the future, on commercial wireless
networks well. Fifth, as the cest ool the
elecommunications world makes the teansition to digilal
techniques @i and there are very 2w exceptions (o that
trend @ the amateur service will look antiguated 1f 1115 not
making progress in that dircction as well. 3o lecking 1o
thes Tuture of the armateur radie service in the pew cenlury.
[ would uree you to continue your traditional role in
public service hy being prepared for and providing
conimunications in times of emergencics, conducting
experiments, prividing training in radie communicatons,
anil encouraging international comity. But T wauld also
urge you to focus particular atienbion -- for the reasons |
just mentionzd - on experimentation with digital
| techniques that s capeble of squessing more "Dils per

[8 ]
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second per Herlz of bandwidth" out of the increasingly
valuahle ratho spectrum resource.

Software Defined Radios

1 am rapadly running out of tme but before T close T
would like to alk about one additional topic that, as it wms
out, may help enable some of the expenmentation with
digital techniques that T just advocated, The topic, as 1
mentioncd at the outset of my remarks, is Software Defined
Radios, Software defined radios — or software radios or
software programmable radios as they are sometimes called
-- can be described as radios that are implemented in digital
signal processors with functions defined in software, In other
words the signals arc generated in - or convered to -- the
digital format and the necessary processing — for example,
modutation snd demedulation — is done in software on &
common platform.

From what [ kave been told, such radios conld have & host
of advantagcs:

Omne, they would allow a commuon radio to accommaodate
a host of different standards and thereby help alleviat some
of the problems that we have had with the creaton of
different standands i the wireless feld,

Twa, they would facilitate interoperahility among
diffcrent types of radio systems, when for example, a larges
number of different emergency groups amve al the sceng of
a major disaster.

Thres, they would allew g manufacturer to develop
dhifTerent rahios et on scommon hardware platform. Inother
words, rather than manufacture and camy in inventory
several different radios, the manufacturer could achieve
sconomics of scale in the production of a common hasdware
platform, but wait until the product is about to be shipped
before loading the software to create aspecific type of device.

Four. they would allow the end user o update his or her
radio simply by petting a software update - just like an end
user wels updated software for a Personal Compter today.
In fact, one could even envision @ situation where ene could
oot software updates nght off of the Intemnet or over-the-air,

Five, it i€ possible that a manufacturer could sell a
bare-bones hardware platform te which third panty providers
or end uscrs -- including hams — could supply software to
create custom radio systems. Cemainly we have seen similar
developments in the computer fizld and in other sectors of
the elecommunications industry.

Six, it is cven possible o imagine a radio that could adapt
its characteristics to fit the interference environment anid wser
needs on a more-or-less real ome basis. For example, the
radio could maximize its usc of bandwidth in arcas where
the spectrum is not congestad while conserving bandwidth
or going W more robust modulation in arcas where
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interference is heavy, andlor propagation conditions are
particularly  difficult,

Indeed, if we can solve some of he difficult regulatory
issues invelved, it is cven possible w envision Software
Defined Radios as & mcans of faciliting 2 new cra of
amateur expenimenlation, One intriguing possibility is that
it could enable hams without skills andfor interest in
hardware construction to build and experiment with new
systems by writing new code. It might also allow the rapid
sharing of new modulution lechmgues and receiver designs
through electronic publication of the implementing software.
This could stimulate a whale new gencration of amateur
mnovation that not only includes the muore specirally cfficient
syslems I mentioned carlier, but also radios that could adape
Lo their environment as well.

Tn many ways, Software Defined Radios represent a final
merger of the radio communications and compuier ficlds.
Viewed from that perspective, this technological
development even has the potential of attracting hack to the
bbby some of the people who have shifted their interest 10
compuler technology. Beeauss of this potential o advance
the service in fundamental ways, 1 would urge amateur
groups Lo participate actively in our proceeding.

Concluding Thoughts

Let me conclude by saying that 1 believe that the future
of the amatcur scrvice is a bright one. It is one where
technological advances such as Software Defined Radins
can enable the ham community to continge its proud
tradition of inrovation while demonstraling its
commitnient to the efficient use of the spectrum resource.
Certainly your organization @ AMRAD Qs in a particular
good position to encotrage the experimentation thal will
lzad to such innovations and [ strongly commend you for
your leadership efforts in that direction in the past.

Thank vou very much.

TAPR Board of Directors
Online Meeting Minutes - Quarter 1, 2000

[The TAPR Boand of Directors holds g continuous meet-
g on @ private muailing s Thiv iy a summary of the
divcussions in that forum. ]

TAPR Secretary
Duc to the lack of meeting minutes from the last several
Board meeiings, a motion was made o remove Steve
Stroh as Secretary of TAPR. The motion was seconded
and passcd. Almost simullaneous 1o the voling, Sleve
submitted his formal resignation. Bob Hansen was elected
as the new Secrctary.
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Member Communications
In order 1o improve communications with TAPR
members, (he Board decided o create the “rprorg”
mailing hisl. This list can be used to discuss issues
concerming |he oreanization end as an open forum
between the members and the Board. Tt was also decided
to post the bylaws on the web site.

Group Deals
Some discussion was held on how o initiate and
manage aroup purchases of cquipment (specifically
spread-apectrum rudios).

Every group deal donc has been a one of a kind rype
thing. TAPR lound itself at the right place a1 the right
time. The deals we have pone looking for typically
haven’'t worked oul. No one is suthorized w "deal’ on
these sorts of things besides the Board and ollicers,

The TAPR Board decided not to pursee 3 group
purchase on spread-spectrum equipment begausc 1)
there’s nu concenses on which product to go afer, 2)
lzast two manulacturers approached in the past have been
relucliant to deal with TAPR, causing = lot of cffort to be
wasted, and 3) we're not convineed, on the basis of past
mstory, sufficient numbers of orders could be generated
to make the elfort worthwhile, We're still prepared o
consider something if a good deal (e.z.. discontinued
praduct) can be identificd,

-Submitted July 27, 2000, Boly Hansen, Secretary,

TAPR Board of Directors
Meeting Minutes 518/00
Dayton, OH

Meeting called 1o order at 19:25.

Board Members Presen:
Greg Jones, WDSIVI, President
John Ackermann, MEUR, Vice President
Mel Whitten, KOPFX
John Kaster, W9DDD
Bob Hansen, N2GDE
Steve Bible, NTHPR
Barry McLarmon, VEIIF
Doug McKinney, KC3RL
Steve Dimse, K4HG

Mot Present:

Jim Meely. WASLHS, Treasurer
Crests:

Steve Stroh, NEGMNI

Phil Eam, KA2Q

Tom McDermott, N3EG
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Reports

Presidaent

Greg Joncs officlally submitted his resignation ae
FPresident of TAPR. A mution was made 1o officially
thank Greg for his service as President; the motion was
seconded and carried (one absiention),

Juhn Ackermann will act as inlerim president until &

new one is elected at the annual Board meeting at the
DO,

Secretary
Recent on-line Board discussions were revicwed.

Treasurer

The report concerning the lnancial status ol the
urganivalion was posted online prior o the mecting. The
reporl wik aeeepted.

Project Reports

The following project reports were coveredl:
HamITUD .

This is a project staned by Steve Bragg which provides
a i TR with serollable LCD display. No Board uction
required al this point,
T238

This is a mini weather station using Dallas
semiconducior |-wire sensors. 11 appeared in the May
20000 1z5ue of Cireunt Cellar magazine. A new discussion
list (waxsig) was created o support the kit
Rotlor Controller

Prototy pes in progress, This kit s not just for satellites,
e can be wsed for applications such as balloon racking.
55 Radio

This project had suffered a sethack when all the major

componcnts (except one) had been discontinued by the
manufaciurer.

Kits and Publications
Maost of the waork on the new CDs is complele; most ol
the remaining waork is for the P8R CDa.

The TCIIP book is still in progress.
MNew Business

Downlink Receiver Project

Fhil Karm presented an idea for a salefhie downlink
receiver projecl. A molion was made to support Phil on
this projecl and the motion was approved.

Meeting was adjourncd ar 20:43,
-3ubmitted July 27, 2000, Bob Hansen, Secretary.
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Correlation for Direct Sequence Spread Spectrum-The design of a
simple data extraction circuit, using serial acquisition in conjunction
with a Delay-Lock tracking loop.

Panagiotis Gavalas.

Correspondence: Panagions Gavilas, e-moil: ik fani. e
A .pdf file of this paper can be rewrieved ae: higedtwireless netPannaDS 55

Keywords: Dircet Sequence Spread Spectrum, Correlation, Acquisition, el Lock Loop, De- |
spreading.

Introduction

spread Spectrum systems have becoms very Clrendy toys' in the areas of radio
engineers and cnthusiasts. Not only they provide privacy to the user, as an cxtend the
ingenious channel encoding techniques involved make such systems very challenging
for communications cngincers and radio enthusiasts. Direct Seguence syslems are the
most preferred as they are the easiest to play with.

Sadly, among the articles and texthooks written on Spreud Spectrum there are not
many examplas provided to the amalzur radio enthusiasts, The concepts behind 55
applicatiens tend Lo be rather difficall (o grasp and thus put the radie cnthusiast in a
very diffecull position in terms of understanding and designing of such @ svstem.

As an extend, some already available examples demand the use of complicated
circuitry and expensive TCs, Thus, amaleur radio enthusiasts are put in the rsk of
lngsing valuable time and money in cose of failere or possible damage of cxponsive
components due 1o the wdiosvaerasics of such [Cs, Thus dan casy and cheap solution is
MECEESsary.

This article is written in order to explain the concept of correlation in the simplest
possible way to the amateur radio enthusiast and thus provide a simple solution
comecerning the heart of the system, e the circuil thal performs the de-spreading. It
coulil be used as reference or a manwal and the circunt deseribed has the potential o be
adjusted 1o any Direcl Sequence 55 system wsed for digilal data transmation.

Demodulation and de-spreading for D& 55 systems

At this carly stage, the best way 1o understand correlation strictly speaking in terms of
D5 is to visualise the DS S5 signal as @ dignal dala stream with two ypes of
madulation imposed onto it At the trapsmitting side the following two actions are
neleasary.

e  Spreading modulztion. which “spreads’ the digital signal. Toas used for
channel coding purposes.

»  RF muxlulation, which is the conventional part of modulaion wsed for
[FeLn ST L.
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Consequently at the receiving side of the syslem the cxact opposite actions will have
t¢ be taken, in order to recover the i,

* RF demodulation, which ‘cleans up’ the spread signal from the radio
frequency uscd for Iransmition. What is left afier this action is the digital
data stream “carrying' the spreading code onto i,

*  Demodulation of the spreading code. This is by far the trickiest part of the
task and it 15 the ultimate recovery stage of the receiving system, It gives
back the spread or *hidden’ data stream for the neat stages of digital signal
Processing.

This article is solely concerned with the second staze of demodulation deseribed
ghove for DS 55 systems. It is assumed that o spreading code evele is used lor easch
data hil.

Thus 15 exactly where the concept of correlation jumps in, The receiver must Eensrale
a replica of the exact sume code used a1 the ransmitter and modulo-2 add it iwhich is
an equivalent mathematical operation 1w the X0OR lowic operation) with the received
code signal. At this stage the received code signal s the code itsell, either inverted or
nol corresponding 1o data bits "7 or 0 being received respectively. This is shown
below, in Figure 1. [1]

M

Locely genmated Spreadiog Code —\E;._Hﬁ— |
T

| |_| |—-| |—| Dl T,

Beaeed code fignal

A 4 R [

Lecally pemersied Spreadng Cods

=
R st

Recizved code agna

Figure 1 - Diata De-Spreading in DS S5

Correlation versus time offset eflects

A defimition for correlation in DS 55 should be given initially: “Correlation is the
fundamental process for DS S5 systems and is the action of measuring the similarity
of the locally generated code, with the received code signal.” The aim of this action as
explaimed abave is the completion of the digital data recovery.

In the previous paragraph it was assumed that the locally generated code and the

received code signal were perfectly time-aligned. This casc slightly departs from whal
the engineer will face in realicy.
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Due 1o uncerlainiies i the distance between the iransmitier and the receiver. which
may vary depending on how far the user may wanl 1o ransmit or how far can the
sVSICm transmil, propagation delays are caused. In addition o this, relatve clock
instabilitics between the transmitter and the recciver spreading code generators will
result into phase differences hetween the locally gonerated code and the received code
signal. Mote that it is assumed thal the receiver and the transmicer spreading code
gencrators are not synchronised with exchather,

Thus, it is almost a certainty that when the signal will be received the Tocally
generated code and Lhe recetvesl code signal will not be in perfect tme alignment,
This is illustrated below in Figure 2. At # random time instant the locally renerated
code and the received code signal are modulo-2 added, i.c. XORed. Data cannotl he
recoversd, as the two correlated signals are not time alizned.

Lozaly gemeceted Spreadng Code.

= = S g
2 T3 o e e Diatakit camithe extracted.

Remzved code sqnal

Figure 2 - Despreading without the locally generated code being time alipned
with the received ende signal.

Mathermaically, considering the locally generated code as o time varying function §r)
and the received code signal ax git), correlation 15 defined with the integral below:

y(=[ fga

Consider the case were a data bit 07 was transmitted. This effectively means that a
non-inveried code cycle was received. The receiver will now have to time align the
received code with the lecally generated code. Thus mathematically the received code
sigmal can now be re-expressed as a time shifted version of the spreading code.
Therelore: gfti=(fi-t). and the correlation integral can be cxpressed as:

w()=[" fQ)f(t—r)d

wiiers T e ime shift
This is the auto-correlation integral. Due 1o the properties of a well behaved maximal

length code like the one that was used for the circoit described later, the correlation
integral gives the triangle function as presented below in Figurs 3.
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Figure 3 - The autocorrelation function of a maximal length code

The generation of this resulting triangle can be visualised by imagining the received
code signal sliding past the locally generated eode in search for perfect tiine
alignment. In terms of mathemartics the intezral simply symbolises the area generated
under the product of the teceived code signal and the Tocally generaied code as one
slides past the other. Due w the propertivs of maximal length codes any prodluct out of
the region where the (wo correlated signals are one chip apart will be negligible
comparcd with the products within the time region of one chip separation, Maximum
oulput aceurs for Zero time shift, Le. for 1=0, or otherwise perfect time alignment,

The use of maximal length codes s strongly recommended as their cormrelation
niegral produces a single triangle making de-spreading an easicr task.

If & data bit *I" was transmitted (hen the case is quite similar except fur the fact that
the correlation (rangle would appear with “pointing” downwards. [ 1]

Avquisition

This section deals with the ideas and considerations of how 1o bring the locally
zencrated code and Lhe received code signal into perfect time-alipnment. This process
15 known as acquisition,

The device designed to perform acquisition must be able w produce o voltage output
proportional to the similarity between the two correlated signals, This voltage then,
will have to be compared with a threshold, set to statistically decide whether the (wo
signals are perfectly time aligned or not. I1 they are not perfectly time alizned, the
acquisition circuit mest then decide to perform a systematic scarch through the time
and phase uncertainty region between the two signals and thus find the exact lime
instant when the two signals are perfectly time aligned,

Acquisition can be performed serially or in parallel. The cheapest solution is provided
by a scrial search, which is the technigue wsed for the circuit that will be deseribed
later. 1]
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The frequency uncertainty problem

Suppose thal perfect tme-alignment, between the locally generated code pnd the
received cade signal has been accomplished. One could suy’ it is obvious that data
could be extracted from that point. This is not the real case.

Due to minimal, but not negligible relative frequency offscts between the receiver's
clock and the transmitter’s clock the received code signal will arrive al a slight
different frequency compared Lo the locally generated code. As a consequence, when
synchromsation has been achieved the two signals will iry to drift aparl from cach
other resulting loss of synchronisation. Again, it is assumed that the receivers and the
transmitter’s code generators are nol synchronised with respect 1o each other.

This is another problem that the designer must overcome. 1t is of majur importance to
maintain syachronisation, The idea is to force the receiver's code clock o run at the
sume frequency as the received code signal. This is achicved by means of leedback
loops and the process is called tracking.

Tracking is wsed in conjunction with acquisition must be initiaed right afer
synchronisation has becn achieved. [ 1]

Tracking methods

The two metheds used are the delay lock loop and the tau dither loop. The delay lock
loop s presemted in Figure 4 below. The received code signal is split into three
different channels and is mixed with three replicas of the spreading cods. Two of the
replicas have the same time offset with respect 1o the third, One is advanced by a
fraction of onc chip time duration amd the other is retarded by the same fraction of one
chip time duration.

Drata
Drernoduetation '"'_"'.‘3%;1
%EEE#EE] Ontnme code
Signal_' L dibzohis
W ahie
Ealy
Code
PH Cads F
Cremerator WLED & i
Lata
Code
| Ahsrhse
W ahie

Figure 4 - The Delay Lock loop for DS spread spectrum signals

These two rephicas are wsed for the delay lock loop whereas the third is wsed at a
separale channel to perform acguisition. Thus the names “carly” and ‘lae”. with
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respect (o the “on-time’ cide. Due o the fact that hoth of the codes have the same
time offset with respect o the on-lime channel, when perfect lime alignment is
achicved at the on-time channel, their mixing stage oulputs are made equal with the
aid of absolute valuc circuits independent of whether & data Bil *1" or 07 was
recovered. Thus solely the degree of matching is converted 1o DO levels.

As the received code signal and the locally generated code tend to drif apart from
each other, the absolute value autputs will differ, Their dilTerence is used 10 steer the
vollage control erysial oscillator (VCXO) that drives the code generator. Thus the
Iocally gencrated code can be forced to catch up in frequency with the received code
signal. Consequently perfoct time alignment belween the locally gencrated code and
the received code signal is maintained and data can he continuously extracted.

The tau dither loop docs not provide the engineer with the same Nexibility in terms of
sleering 4s the delay lock loop and will not be examined. I1]
The de-spreading circuit’s block diagram

This circuit was designed for 2 DS S8 system with » digital data stream gt 9600 khps.
A maximal length code of 233 chips was usal.

The received code signal is split into three channels. one performing scrial shiding
acquisition and data extraction, while the other 1wo arc used For the delay lock loop as
presenied in Figure 3.

In am carlicr part of this report the de-spreading concept was explained with the aid of
XOR gates for simplicity, Double bulonced mixers substitule the XOR aates for this
application. The double balanced mixers are configured in such a way to give autput
voltage amphitudes corresponding to the dearee of maiching berween the received
code signal and the locally peneraled code.

It is recommended that, the two code replicas used for tracking, should be separated
by @ half chip with respect w the on-time code. This will be explained in the neoxt
paragraph. For this particular application the codes were stored in an EPROM
(Erasable Programmahle Read Only Memory).

Initially the VCX0 is switched to a certain inpul uning veltage and hence the logally
generated code 15 clocked at a smaller frequency compared to the clock Mrequency of
the transmitter, This cffectively provides scrial sliding acguisition. Thus the locally
generaied code will “see” the received code signal slide past i, a1 a relatively higher
frequency. Thus, a scan through the total time amd phase uncertainty region is
achicved until the two signals are perfectly time aligned.

At the acquisition channel, two ouiputs were taken from the DBM. Onc is used for

data cxtraction whereas the other is vsed o indicate, whether synchronisation has
been achieved or not and thus wrn the delay lock foop on.
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Figure 5 — De-spreading circuit block diagram

Both of the outpuls of the DBM are low pass filicred to get rid of the unwanted noise
delivered Lo the de-spreading circuil together with the received code signal after the
RF demadulation stage. The second owiput afier low pass fillering is smplified in
arder 1o provide larger voltage levels corresponding to the degres of mutching. Here,
the aim is to provide a de indication corresponding to how well the two signals are
tme aligned with respeet o each other,

The output of the DBM wsed to provide an indication whether synchronisation has
been achicved or not, gives its highest possible output voliage value when the locally
generated code is perfectly tme sligned with the received code signal being the code
inverted corresponding 1o data bit *1° ransmined. The lowest possible voltage value
is output when the locally pencrated code is synchronised with the reccived code
signal being the code non-inverted corresponding o datas bits ‘0" transmitied.
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Consequently twa different voltage levels correspond to the seme degree of matching
between the Jocally generated code and the received code signal. The cirouit has to be
able to identily both of these cases as the same in order w provide an indication
whether synchronisation has been achieved or not, indzpendent of the bit that was
initially transmived. Thus an absolute value circuit is used, and for both of the cases
described above the same voltage levels were output. corresponding ta the same
degree of matching, independent of the transmitted bit,

This veltage level is then compared with a threshold valtage in order o provide an
indication whether synchronisation has been achisved or not. At the time instant
where synchronisation was achicved the threshold was exceeded and the output of the
cumparator switched to is maximum, The output of the comparator is then converted
o logic levels and hence when synchronisation is achieved the wining voltage of the
VRO, is switched from the one that was providing the frequency offsct resulting to
sliding acquisition, to the owipul of the delay lock loop. The VOXO is tuned to run at
the same frequency of the transmiliers code generator frequency when no error signal
15 delivered frond the delay lock loop, By this switching operation the delay lock
leop’s operation is initiated.

The exact same Lactics are used at the other two channels, the early and latc channel,
i terms of muxing the two signals and the conversion of the degree of matching to
voltage levels. Thus low pass filtering, amplification end absolne value circuits are
used [or the reasons explained above,

To maintzin synchronisation the cutputs of the absolute value circeils are summed i@
a chfference amplificr and their difference generates an ermor veltage with the aid of an
intcgrator to steer the VCXO. forcing ot 1o caich up with the received code's
frequency. The integrator’s outpul is proportional (o the integral of the outpur of the
ditference amplifier. resulling frequency changes to the VCXO proportional to the
rate the two signals are drifting apart from cach other. Thus continuous data extraction
i% achieved. [ 1]

Hall chip separation of the early and late with respect to the on time code

This part presents a simple cxplanation why a half chip separation should be preferred
for the Iate and carly spreading codes with respeet o the on time code, Mote that here
the XOR de-spreading concept is employed again. Figure 6.

Suppose that the received code signal and the locafly  penerated code are
synchronised. At this certamn (ime instant due (o the half chip separation, the ootpots
of the XOE gates at the carly and late channel are exactly the same, I they are both
integrated, then the outputs of the integrators will be voltage levels proportionat (o the
arcas under the outputs of the XOR gates. (i.c. the imegral of the XOR outputs.)

Supposing that at this time mstant the locally generated code 15 drven by the YOXO

at a higher frequency compared to the frequency of the received code. The outpuls of
the XOR gatcs will differ as presented in Figure 6,
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Figure 6 — The effect of a half chip separation between the early and late codes
with respeet Lo the on time code as the two signals drill apart from each other.

As a result the integrators will deliver different voltages at their ourputs, as the area
under the outputs of the XOR gates is dilTerent:

But it 15 the rate of change between the oulpuls of the integraters, which causes the
VCXO to catch up with the received cude signal's frequency. The smaller the time
distance between the early and late codes with respect to the on-time code the larger
the rate of change at the outpul of the difference amplificr. [1]
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Detailed analysis of the de-spreading circuit

MC1496 active DEMs werce used. An slternative version of the product detector (refer
to MO 1496 datasheet) circuit was used, snd is presented in Figure 7. Both of the on-
time channel DBM outputs were used (UL). The 47k02 pol's wiper must be centered
 climinate the presence of the spreading code on top of the daty stream, when (he
two signals are synchronised. At pin 6, when the locally gencrated code was
synchromised with the received code non-inverted the outpul was at 6.4V, Tor
synchronisation with the received code being inverted the owtpul was at 9.8V, Pin 12
was the complement of pin 6.

Both of the outputs where then Jow pass [lered by first order RO Aliers, The oLt
from pin 6 was then scaled by a 2.2V zener dinde down from 4.2V up to 7.0V for
synchronisation achieved between the locally generated code and a non-inverted or
tnverted received code respectively. Affer Tow pass fltcring an amplifier was used
(U4 with one input referred 1o ground and the second to 4 voltage divider giving not
only the ability to amplify the signal but also w set a 3V mid-line between the
manimum and minimum outputs which wers from 2V up to 8V. This trick gave the
ability 1o the full wave rectifier (US&UG, ie. the absolute value circuit) 1o output
vollages corresponding solely 1o the degree of maiching between the two signals.
Thus the output of the reclifier was made independent, whether a data bits *0° or 17
where de-spread. The oulput of the rectifier was from 5V o 8V,

After low pass filtering again the rectified signal was compared with a fixed threshold
voltage at approximately 6.5V halfway between 3V and 8V (U7). Due W the nature of
the code used for this system the degree of matching is always minimal for every shift
pasition excepl for the region were the correlation tnangle is generated. This is mainly
the reasun why a well-behaved maximal length code should be wsed. Thus the voelmge
amplitude at the output of the reciifier was always very small (shout 5.1V} and the
largest possible (about 8V) was rapidly output when the twa signals where perfectly
time aligned. Thus a threshold decision ar 6.5V was a pood one. The output of the
comparator (U7 was from |5V o 83V, indicating synchromisation at 8.5V,

This output was then scaled down from 1.5V to 4.6V by a regulator, which is
effectively a resistor connected with a 3.9V zener dinde 1o ground. These voltage
levels were then converted to logic with Schoiit ingger inveriers twice, The first
Schinitt ingger inverter (U17) gave a high owtpul whils the circuit was frying o
acguire the signal and 3 low output when synchronisation was achieved, The other
schmill ingger nverter (L9 gave the opposite vollage levels under the same
conditiens.

Fin 12 cutput of the DEM was wsed [or data extraction. Afier low pass filiering again
the sulpel was compared with a fixed voltage scrac 8.1V, right at the middle between
the minimum and masimem output voltages, The output of the comparator {US) was
scaled down and regulated a5 above, converted to logic using a Schmitt trigger
inverter (1118 and Tow pass Giltered,

This inverter's (U 18) output, was ctfectively the data when the locally peperated code
wias synchronised with the received code. The output of the secand inverter (1719)

described above was then input to an AND sate (LUU21) together with the data. By this
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action t]?c data was passed (o the audio side of the system only when syrchronisation
was grhicved.

For this particular application a 9.8304MITx crystal was used al theVCXO, The
trequency of the VOXO was divided by two using a D-type flip-Mlop. By slowly
adjusting the (nmmer capacitor, the output of the Mip-Aop was tuned at 4.9152 MHz,
which was the transmitter’s code generator frequency, for SV input tuning voliage, A

AV voltags corresponds o oo emor veltage defivered 1o the VOXO by the delay lock
loop. Ses Graph 1.

<9153

4. 91325 -

49152 e

4.91513 =

YOCXO Frequency (GHz)

49151 /,/'

481505 - . e atr e _
o 1 2 a 4 5 & 7 8 g

Tuning YVoltage (V)

Graph 1 - The ¥CXO frequency vs, the tuning voltage (after the /2 stage)

The YCXO was initially given a slight frequency offset providing the sliding of the
received code against the receiver’s locally genersied code, This was achicved by
pulling the wning voltage of the VX down 1o 2.4% by using the first invemer's
output (U7} to turn the transistor on, This [requency offset, of about 50Hz, provided
the ability w the circuit o shde g complete eyele of the reccived code against the
Tocally generated code st approximately 4 sceonds. Thus the maximuem ome, 1o run a
complete scan throwgh the total nme uncertainty region time, perfectly time align the
two signals and thus extmet the data was about 4 scconds.

When synchronisation was achicved, the inverter’s cutput was marned down to 0V and
thus the transistor switched off. Hence the VEXO tuning voltage was then fed by the
delay lock loop. This is eftectively how the circuit switched from zcquisition to
tracking made.
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The seme DEMs amplifiers and rectifiers were used for the carly and late channels,
Both of the vutputs of the full wave reetifiers of the late and carly channel arc passed
into a difference amplifier (IT16) and an integrator (T A the difference amplificr
a IME2 variable resistor in serigs wilth a 33ELY resisior was wsed in order o vary the
amplifier’s pain. Consequently, the rate of change of the ermor voltape was made
variable. Thus the VCXO was torced to catch up with the received code signal’s
trequency at a faster rate and stability of the defay lock loop was improved.

This could be used as an example. Any crystal could be used and the frequency offset
can be easily adjusted by playing with the trimmer capacitor. Filtering may also
change depending on the application. | 1]

Results and recommendations

The circuit was able to re-construct the data, Exhaustive tests where carmied owt with
the circuit’s carly late and on time channels constructed on printed circuit board while
the YCXO and the ceds generator were 511l on breadboards. Initially the circuit did
manage to lock and extract the duta even with 60d4Bs of attenuation. In order to tost
the circuit’s ability to recover data under the worst signal conditions the attenuation
was set to exceed G0dB and the LNB was set not Tacing the transmitter. The circuit
did not manage to cxtract data under those conditions.

In reality, for a DS spread spectrum system that is o be tested in environmental
conditions, this would turn cut to be & problem thal must be overcome.

In terms of circuitry the first and ebvious thing 1o do is 1o wse improved low pass
filtering at the outpuls of the DBEMs. A filter with a sharper 2dB frequency s required.
Thus it would be wiser to use an active low pass filter of a higher order. Active lTow
pass filters use op-amps and thes the designer should take the frequency response of
the op-amp itself into account, As a solution a “Sallen and Key' second order low pass
[ler is shown below with 8 3B frequency of around 4.650kHz (Comesponding to
9. 7khps). It is assumed that the 3dB Irequency is in the frequency range of the op-
amp. Higher order filters can be used, providing sharper 3dB frequencies bul a second
order filler should be enough. The capacitor’s and resistor values should be selected
depending on the application.

(M|
11
G2 t==|
=T
£ 15
T e {RIR2+R3ICIC2
Eiz BZ= b5k, B3a15, ClaC3=470pd

Figure 8 - Proposed “Sallen & Key® second order active low pass filter
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As w second priosity, & smaller sequisition time must be provided, The acquisilion
time of the circult presented in Fipure 7 was about 4 scconds. This isa problem when
the user is irying to align the recciver with the transmitler Tor ling of sighl Iransmition.
Thus rapid scquisition is essential. In order (o achisve this, 3 larger freguency oftsel
should be provided, But first it must be ensured that the lrequency offset is within the
delay lock Toap's cupture range. For the circuit configuration presented in Tigure 7,
the SUHz Irequency offser was the maximum within the loop's capture range and it
wits worked oul using 4 trial and error approach.

By substituting the 22pT capacitor between the £70kE2 resistor and the 9.8304MHz
erystal, with a larzer capacitor the VOXO's frequency deviation for a range of luning
vollages from OV o 10V will be farger. Tor the 22pF capacitor the freyuency
deviation was about 1750 Tt was fousd tha for o 33pF capaciior the deviation was
223 e and Tor 4 S6pF capacilor 260Hz. For every capacitor used it was ensured that
a wmng voltage of 3V corresponded e about 4.9152MHe (L the transmiller code
generator s frequency). This was sceomplished by adjusting the 5.5-65pF iimmer
CHpRLCILor. 2

In order w keep the desired frequency offset within the loop's capture range, the time
constant of the 1k resistor amd 22pF capacior RO circuit, connected from the
collector of the (ransistor w ground, must be mails smaller, By reducing the lime
eastant of the RC circuit the VOXO will switch from is scquisition mode @ irac kingz
made faster. Thus by trial and error again the right resisior and capacitor values can
be worked out and consequently the acquisition tirme can be minimised.

With the current circuit conliguration, when the transminied signal is cor upted, or lost
for a short time period, the circuin will switch hack 1o acquisition mode from tracking
mndy until the data is de-spread again. Extra circuitry could be added in onler 1o keep
the circuit on tracking mode for a short e period. before switching back to
acquisition made when the signal is lost. Thus if the lost signal app=ars again within
this ime period the circuit will not have w try and de-spread the data again. Such an
wea will involve complicated circuitry and it may not he necessary if the acquisition
time was made quite small (Le. a fraction of a second). When the signal is Tosl, the
circwil may swilch back to acquisition made, bt when the signal appears @1 the
receiver again the acquisition time will be quite small and data will be extracted again
riapnclly. [ 1]
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Comments: Another “must read” boak,
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ARRL and TAPR 1t Annual

Digital Communications Conference

September 2224, 2000 + Orlando, Florida

Information

Muk your calendar and start making plans to atrend ihe vear's premice
cvent in digital communications: The 19th Annual ARRL and TAPR
Digital Commumnications Conference will by held September 22-24,
2000, i Crrlando, Flonda - just mostes Teomethe Oelande Lncrnstional
Alrpori.

The ARRL and TAPR Digital Communications Conference 80
international forum for orzdio emalewrs o digial  comoooicaiions,

nerworking, and refaled technologies o meet, publish their work, and

prosent new ideas and techniques for discussion, Presenters and
altendees will Lave the oppomnity o ¢xchange ideas and leam aboul
recent hardware and software advances, theones, experimental mesulis,
and practical applications. The Digital Communications Conlersnce
grort just for the digital expert, bul also for digitally oriented amatcurs
all levels of expericnce.

5
.
1

[
0

A Conference for the Beninner as well

The conference is not just for the digital experl. As b years past an
entire scssion strand  with begimning, intermediate, and  advanced
presentations on selected topics in digital communications will be
offered. Some of the lopics will include:  APKS,  Satelite

Commumnications, TCP/IP, Digital Radio, Spread Spectrum wnd other |

infroductory topics. Come to the confercnce and hear these lupics
prosented by the experns!

Symposia, Seminars, and

Three symposiw/serinars will be held which allow these with
additional time and interest to make the most of the Conference. For
those who may Dave infercst in just ong SYmposium or scmindr,
registration for the conference 15 not required (o attend these activities.

This ullows eaximum flexibility for those wio may want to participate

during the Digital Communicalions Conference, but do nol have an |

endire wickend fo devote Lo the event.

The Fourth APRS Mational Svmposium will be held on Friday and will
he moderated by Steve Dimse, K4IIG (the developer of jav AIRS). It
will likely include many APRS software authors, such as Dol Bruninga,
WE4ADE (the father of APRS), Keith Sproul, WU2Z, Mak Sproul,
EB2CI (the developers of MacAPRE amd WinARS),
Hildebrand, KH2Z (the developer of APRSPLUS), Mike Musick,
MOORE (developer of PocketAPRS), and other sationalby-knownAPRS
leaders. Join this geoup for the afternoon and cveming for in-depth
discussions and presentztions on the current and future status of AIRS.
Uhis is & unique opportunily W gain insight into this fasl-growing digial
aspecl of amateur operations (hat combines compulers, packet radio,
and P35 (Global Positioning Systen)

hitp:/hwerw tapr.org/dce

Go-Hosts

The 2000 ARREL and TAPE Dirul
Comrnmucations Conference local co-

huosts will be the Lake Momroe
Amarcur Hadio Socicty
(hrepeivrarwr.as] net/Imaers(), Ciramoe
| County  ARLEPACES,  Sepunols
Cougty  ARERRACES,  and  the
| Orlandn Amatcur  Radio Club

(hitpzffwww oarc.ore).

International Go-Hosts

PRUG (PMacker Radin User Group of
Japan} will be the Intemational co-host
fior & third yoar nmning. PRUG wall be
hosting &n informal social Friday
cveming  before  heir seminar  and

Brent |

SYMOSIUT 15 heeld. WVisit
bBillp/aww prd g orjp far more
infonmnation abour PRI

T ]
Anyone interesied i dizical

communications 1= mviled 10 submit a
paper for publication m the Conforence
Proceedings.  DPrescntation st the
Conference i3 not requred  for
publication. Papers are dus by August
Tih, 2000, gnd should be sulimited o

Maty Weinberg, ARRL
225 Muin Street
Mewinpglon, CT (6111

or via lhe Tntecnet to
lweinhergimarrl.org
Information o paper  submission

cicdelines are available on-line at

hrrpifwww. taproorg/dee




Banguet

On Saturday might the DCC Banguet will be held. A guest speaker will
talkc after the banguet and a price drawing will top the evening. The
SUncaEy morning seminar will be focused on PIC development, desipn,
end programming, This fve-and-s-halt Lour seminar will focus on the
things you need to know new in order to understand and bepin Lo
participate in PIC developmcnt,

Hotel

Conferenes presentations, mectngs, and seninars will be leld at the
Orlande Airport Marrioll. Special 1200 room rates are $8%single and
389/ deuble per night. When ieking reservations with the hotel, be sure
to indicate you are attending the ARRL and TAPR DO in order 1o mot
the disconnt, It s highly recommended that you ook VOLIT [Q0I prior
te amiving. A block of 50 reoms is reserved until September 1, 2000,
After the 50 rooms are beoked, ooms will only be available in nearby
hotels, so he sure fo book your rooms carly! The hotsl provides
tansportation to and from the Ordande Intemarional Afrporl. Please

contact the hotel o armange specific ransportation needs,
Orlandoe Airport Marriott {conference hotel)

T4 Angmsta Drive

Crlando, FI 32822

Phone 407-851-9000, Fax 407-857-6211
(hup:imarrionhotels.com™MCOAR/)

What you can expect in 2000!

A full day of papers and hreakouts for the beginner W the advanzed
Thige senuuars/ sy posiums

The fifth annual Smdent Paper session.

A bangnet with Special Guest Speaker.

o Informal get-logethers throughont the weokend.

TAPE Membership Mestinge

» Anevent at which the most important new developments inamateyr |

digital communicetions are apnonnced,
o Dioilal ‘movers and shakers' from all ever the world iz attendance.

Conclusion

There are fzw activities where your participation can be so much Tun
ind impertant! What a greal way to shere and renew your enthusiasm
for digilal amateur radio! A get-together with collcaguss and bringing
eacky ollier up o dale o vour latest wark — zll thiz, and more, for an
urforgettable weekend of amateur rudio and digital communicarions.
We hope 1o see vou at the ARRL and TAPR Digital Communications
Conference on September 22-24, 20001

Full wnformation on the conference and hotel information can be
oblaimed by contacting:
Tucson Amateur Fackel Radiv
Phone: (9400 38530006,
Fax: (U40) SH0-2544
Emzil: taprigtapr.org
Weh: httpfiwww.tapr.org

Registration Form

Contact the TAPR office by Phone 940-
383-0000, Fax 940-366-2324. or [nlernsar
http:/fwww taprorg and aps@fiaprong to
register or forabiitonul informnation.
Comflerence Rewistration ineleles:
Conference 'rocesdings, Seasions,
Meetings, and Lunch on Zaturdzy.
= Fre-Registration {belfore Sapt Tsr)
S523.00
* Registration (atter Sopt 17 o0 atdoor
SES.M
* salurday Evening DHnner (Limired Space)
[Mmner with Guest Spenker
Irize Drawing

S0.00
Hympusia/Seminars
= dih Annoal APRS Maiorl Symposium
Fridiy, 1pm - 7pm. 2500

= Sunday Scminar
PIC De=ign, Development,
und Programming,

Rencday, SMam -2 pm. . 520000
TOTAL
MameiCall:

Secet Addness:

Cinw/StaiTip:

Couminy:

Fhone Mumber:

Email:

Charge my credit card (eircle onc):
Visa Masterienl

ATl

Expiration Lana:

Signature on cand:

Mutll compléted  regisration fonmo wit
check ue

TalPH

AMET-209 E Tanque Verde lEd #3378
Tureson, AL 85749-9399

Or check httpdSwwow fuproreidec for an
ant-lime regisimiten fusm,
N remstrution packer will be meiled e
Seplember gpon recsipt of  repisication
formuand payment.
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