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Preface

The guideencompasses many modularized pieces of information which are scattered
throughout Internet discussion boards, Motorola Inc. radio service manuals, service bulletins, technical
briefs and personal technical notes assembled over the last six yeiarmdint to serve as a technical
outline and basis of understanding, to be used by rdudibbyists, system planners and others who have
Fy AYGSNBad Ay S| Ny Awahd ASTRO@GEIadiaatioonll2 | Ly OdQa ! { ¢

In this third edition of theGuide to ASTRCDigital Radiosimprovements have been made to
better organize the content and improve the formatting of key sections.

Addtional sections have been addady Of dzZRAy 3 |y | ROl yOSR &Kl O]l Ay 3é
listing & buying guide for ASTR@quipment and a brief introduction to system infrastructure including
the Motorola Inc. Quantar station.

TheGuide to ASTRODigital Radiodulfills a need for accurate and current information relating
to this tier of communications equipment. It is appat by the repetitive questions posted on certain
Internet discussion forums and limited information posted in eBayl dzOG A2y a GKSNBQa I R
the information inthis guide, which otherwise may not be known.

The purpose of th&uide to ASTRODigital Radiods to educate and enlighteradio-hobbyists
andcombine all available knowledge into one portable document.

Corrections and contributions to the guide are always welcome. You may submit your
correspondence tghaun@p25.caia email. All correspondence will be treated as confidential unless
stated otherwise.

Guide to ASTROx Digital Radios


mailto:shaun@p25.ca

History
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Figure 1.1Screenshot ofhost firmware code referencing 1992 development.

Mot

LG A4 08fASOSR a padN® the ASTRODiCAESabewall&léased i ¢ w h
199%. When it was introduced, it was marketed to the WMilitary and federal government as a
replacement and upgrade over existing SecuretNetLINRE R dzO (i & &

The ASTRO Digital Sabevascapable otransmitting digital voice at 9.6Kbps using the C4FM
modulation scheme, in addition to transmitting regular analog FM sigmadsCVSD SecureMet

ASTR@,a2 02 NRf Il LyO®Qa TANER(OG RectaSint Bxcited2ine®S LI | (T2

Prediction (VELP) codecA variant of the Code Exciter Linear Prediction (CELP) codec féstlyp

codec implementation inthe ASTRO NI RA2 LJX F GF2NY o6l a i noyYoLAX

coding(6.9Kbps).

In 19950r thereaboutsthe Association of Public SafeCommunications Officials (APCO)
devised a plan called AP®@@ject25, which outlines the standards for digital public safety radio
communications systems.

5AAAGE T+ 2 A MY¥SInprévédI/NitiBarid ¥x@itattdd (IMBE codec was chosen as
the APCE25 standard after tests were carried out to determine the most effectiveliivate codec.t
was determined the 4.4Kbps codec with 2.8Kbps of error correction c¢didbps) was bestuited for
APQO Project25.
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Figure 1.2Speech quality vschannel conditioninmarsatk | & F2 NI f f & dcBderiagamst & argty bf CEL® mased codecs to
RSGSNIN¥AYS (GKS &LISSOK ljdzZr f A& dzy RSNJ @I NA2dza OKI yy St @&xyeRielilley & ¢
to high Bit Error Rateg¢Source: DVSI)

Guide to ASTROx Digital Radios

¢t KS

)



3.5

2.57 \
2 NN\ T
N

ﬁ

1.5
1 . . ; . : .
Clean 1% 1% 3% 3% 5% 5%
J0mph  Smph 60mph 5mph  60mph 30mph
==|MBE Yocoder =m=ySELP ==S5TC ==CELP

Figure 1.3 Voice coder vs. channel condition evaluati®he evaluation of four 7.2 kbps speech coders by the Telecommunications Industry
Association (TIA) for the purpose of selecting a speech coder for the APie@ Psd\North American land mobile radio communication system
LINE RdZOSR G(KS 0205 NBadzZ ad 5dzNAy3d (KA&E S@FtdzGAazys OKS La. 9n z2¢C

Motorola Inc. engineers worked with DVSI to implement the IMB&dec into the ASTRO
radio platformLy mMdpdc > GKS FANRG OSNEA2ya 2F K2ald TFANNGI N
YIRS I @LAfFofS f2y3a gA0GK azi2 NP (APAOEQ@italC ! { | LJ2 NI
operation).

Upgrading an ASTRO Digital Saber ASTRO Digital Speotrfor ACPO Proje€t5 compliancy
wasasi A YLX S a4 2NRSNAyYy3d GKS dzZLJRFGS FNRY az2i2NBEl Ly
firmware builds, and reconfiguring the codeplug to enable Q806/G806. New Radio Service Software
(RSpwas also required.

Another industry name for the APCO Projacp L a . 9 uCo@#dr Silintekface (CAI)

Later in 1996, Motorola Inc. released a new portable radize XTS 3000. The XTS 30@0is
almost electronically identical to the ASTRO Digitak8g, with the exception that it has a four line
display, and has separate vocod¥oice-coder/decoder) and controller PC boards, whereas the ASTRO
Digital Saber and ASTRO Digital Speetrshare a common vocoW¢codercortroller) board. Model
specificdetails are discussed later in this guide.

The secondjeneration ASTR&productsdebuted in2002. They are referred to as ASTRD25
radios. These include thdT 1500¢, PR 150@, XTS 1500, XTS 2500/2500RBXTS 4000, XTS 5000,
SSE 5000, XTL 1500/1500R8 XTL 2500/2500R8and XTL 5000 models. ASTRO®25series radios
offer a duaicore CPU, expanded flash memory and full ARE&BPCE5 simultaneous support. More
specific details are discussed later in this guide.
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Model-specific DiscussiarASTRO Legaceites

ASTRO Digital Saber

R SIENIASNI Ay (KS »@dMIRBAS2 aglisdz NRK S  1L{yeOmhO
K &1 : I LIWNRBEAYL GSt& modo

Figue2la2 i 2Nt I Ly O®Qa (Mofletlh)h SAIAGEE {F 6 SN

The ASTRO Digi®aber comes in four differentband LJt A G A ® ¢ KS -¥4NHz)) Y¢  a LI
GKS ' 1 C NIy3a& Tt dawél 0ALIGAKIS o nlnGp WNd yaIST - Gy R GKB Ayin o
split (806870 MHZz). These bargplits may be slightly extended through Ra8irvice Software (RSS)
and Customer Programming Software (CPS) hacks which are not covered in this editioGuwtithe
ASTR®@ Digital RadiosC2 NJ ! | C | YI G SdzNJ NI RA 2 2 LIS-MKHzRis/ = GKS | 1 (
desired The bandsplit is identified in the fourth character of the model number. Example:
HO4UCHI9PW7AN. (ASTRO Digital Saber, Model HBBD#HZ).

There are three different casgtyles. Model | (no keypad or display), model Il (display and six
greensoft-keybuttons) and model Il (display, six gresoft-keybuttons and a full 12igit numerical
keypadModel | and Il ASTRO Digital Sahdrst 82 02YS Ay Iy dwé NHzZZISRAT SR
on these versions is much thicker and the radio may be vacutiniss R F2 NJ &4dz0 YSNBAOAt A G
approved for intrinsic environments. In both scenarios, the radios MUST be pressuriaekhified
technician forcompliance and proper operation.
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There are two versions of the ASTRO Digital Sabégrsions manfactured prior to November
19961 which contain a 512K vocon board and models manufacturedigogember 1996, which
containalyS3a @202y 02 NR® 2KIFIiQa (KS RAFTFSNBYOSK

512K vocons utilize three flash RQMsvo 256K flash ROMs (512K) for storage of the host
firmware, and one 256K flash ROM for storage of the DSP firmware.

1-meg vocons utilize a 1MB flash ROM to store the host firmware and one 256K ROM to store
the DSP firmware.
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Figure 2.2ASTRO Digital Sae@2 02y 02 NRa & tYKR3) 2020026y @8 Ki2KeRali 28 ém € A d | upoeonyareOSNEA 2y &
identical in appearance and layout, however a different connector is present and some components are missing. Note the disfidguésh
flashfha 6! wHnpo Ay LK2{G2 a! £d

| 26 R2 @2dz 1y29 6KAOK @OSNEAZ2Y 60202y &airl Su @&2d
FdzOGA2y 2NJ I GlrofS 2F adSK | &nBadkdistihctidneg btigkér2 y @ { 2 Y
onthe back 6 dzii & 2 dz Ol y Qiiis inditatt. Sotne rildiv$ a¥e pahilt (thore on this later)
or perhaps someone has swapped a 512K vocon in place of the origived Yocon. The serial number
can help one determine the vocon size, if the radio is original or a setamd surplus unifrom a
federal government or police auction. Here is an example of a Motorola Inc. serial number which could
represent an ASTRO Digital Satier
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310AXA0399

The serial number can be broken down into €gmmponents which identify the year and week
of the original production. You may ignore tB&0A(first four digts) of the serial number. Diditve (X)
of the example serial numbédentifies the year of manufacture.

In year 2000, Motoroldnc. started their alphabet cabelaNJ FNB Y a! §¢ @ {3 | NI RA 2
representing the build year, indicates a manufacture year o899 | SNB Q& tobeooNB | | R2 6 Y
familiar with this schemg(The alphabet keeps going up as each year passes. G=2007)

U=1995 Y=1999
V=1996 Z=2000
W=1997 A=2001
X=1998 B=2002

Motorola Inc.discontinued the ASTRO Digital Saber December 2002. The sixth digit in the
exampleserial numbel(A) indicates a twewveek manufacturing periodA) would indicate a radio
manufacturedn the first two weeks oI y dzI NE @veekby-NdBlkD@akdown:

A=1/2 B=3/4 C=5/6 D=7/8 E=9/10 F=11/12 G=13/14
H=15/16 =17/18 J=19/20 K=21/22 L=23/24 M=25/26 N=27/28
0=29/30 P=31/32 Q=33/34 R=35/36 S=37/38 T=39/40 U=41/42
V=43/44 W=45/46 X=47/48 Y=49/50 Z=51/52

Thisserial number breakdown also applies to the ASTRO Digital Spexif& 3000 and all
ASTRO26-family radios.

But itgets even more confusingny ASTRO Digital Saber ASTRO Digital Speotr¢éhat
visited the Motorola Inc. Seice Depot after November@b6 received a dmeg vocon upgrade at no
charge, as partofthefladtld G S NB LI ANJ aSNBAOSP 2 KeK .SOFdzaS AidQa
firmware during each visit to the depot. Before thisis expl&iR Ay F dzNIi geSsHytB SG I At = A {
explan the host firmware sizéimitation of the 512K vocon.

In 1999, Motoroldnc.released the final versions of host firmware which could fit into the
limited flash ROM space present on the 512K vocon. Since newfeadioes, bugfixes and audio
enhancemets required adlitional memory space which gessitated more memory than current
boards could offer, the-ineg vocon was created. (Radio firmware is discussed later in this guide.)

The last releases df1BB« 512K host firmware are:

R05.60.04 DSP x06.05.0ASTRO Digital Saber)
R09.60.@ / DSP x06.05.0/ASTRO Digital Spectra)

In 2000, Motorola Inc. released the first builds of RO7.xx.xx host firmware for the ASTRO Digital
Sabew and XTS 3000 and R11.xx.xx host firmware for the ASTR{tdD Spectra . This firmware
requires the iImeg vocon.
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l'Yy20KSNJ YSOGK2R 2F 200FAYAYy 3 AyFfenae GA2Yy | 62 dz
version/revisionencryption module firmware, encryption algorithmsand-split, serial number, vocon
size and FLASHpdeatures is to put it irservice mode This is accomplished bpwering on the radio,
YR LINBaaAy3a GKS aodé odzitiz2zy 2y GKS aARS 2F GKS N
completing the SELF TEST sequefide radio will beep once and sh&RVICBnN the display. It will
slowly (or quickly, depending host firmware version) scroll through this critical information. You may
repeat the process several times if the information goes by too fast.

The final, and most logical way to determine an ASTRO3 A (i | # vodon siz& NI2 &
disassemble the radidisassembly instructions are outlined in the ASTRO DigitahBBhsic Service
Manual. 68P81076C05) Compare your findings with the photograpfigure 2.20f this guide.

Despite being out gbroduction, the ASTRO Digital Sabés still a favourite among radio
hobbyists and publisafety officials for its robust design and solid RF performance.
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XTS 3001

wStSIFaAaSR Ay wmMddc I (KA &-safids portab@adid. M3 tompatible O ® Q &
with nearly all Jedseries audio accessories, including speakis, hirose adapters, kdgading cables,
3.5mm threaded earphone adapters and other surveillance accessories. (Desirable at the time because
of the MTS 200@ populaiity)

Figure3.1la 2 (i 2 NB f | L yi (Modelall) with {peakemio. n

The XTS 30@0comes in identical bandplits as the ASTRO Digital Saber

Unlike the ASTRO Digital Sahdhe XTS 3000does not have a vocon board. tead, there are
four PC boarde/hich make up the radio. They afehe Voice coder/decoder (vocoder), the controller,
the RF board and the optional encryption module.
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Figure 3.2A photo illustration of various PC boards found inside of the Motorola Ir&&.300&. The NTN9121A encryption module
Ad 2F GKS ySg !/ a 0OSNEAZY wno®EE TANNSI NB ontiey) Sobid, wHich ig anlyfoind S G KS |
in the ASTRO Digital Sakheand ASTRO Digital Speetraroducts. Much confusion surrounds this issue on various Internet discussion forums.

Acommon technical blunder which is often perpetuated on various Internet discussion boards is
GKFG GKS - ¢{ onnn Kra | a@202y éodwishiyfiolbdy atX¥& YI RS 4
3000« vocort nosuch itemexists.

There are two different controlled 2  NR @SNEA2yayY ¢&LJS a!é¢ |yR GeL
boards have a different flex connector, which often fails during the disassembly/maintenance process,
because of a weak mechanical design.

Another redundant question that gets raised from tisteetime is how large an XTS 3000
Go202y¢é Aax Ay GSN¥a 2F YSY2NER aA1Sd ! ushAvkA & LI2AY
1M of flash ROM memoryongh O2 Yy i NPt £ SNJ 62 NR (2 &ad2NB K2ad FAN
about a 512K XTS 30002 Y i NBf ft SNJ 02 NRZ K2gS@OSNJ GKSNBEQa y2 ad:
Service Manual (6881083G8)to a 512K corrf f SNIXP ! RRA (i A Rghlaf12KXIS DS NB K| &

2FFSNBR FT2NJ &l f Su,ihyhe last devienyeadst NREé 2 NJ S. | &
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TYPE B TYPEA
Figure 3.3A photo illustration of the two different flex connectors used on Motorola Inc. XTSGe@@roller boards. This connector

interfacestheuse6 f SOGNRYAOa 061y20ax odzid2ya yR a¢6AG0KSa0 G2 GKS NIRA2® ¢ &L
rare and found only in eargroduction radios with older controller boardslotS G KS oNARGGE S RS&aA3IYy 2F GKS (e LS

susceptible to damage during the removal process.

As Motorola Inc. customers begin replacing aging XTS@0@@h newer ASTROZSamily
portables, XTS 300® are available in mass quity on eBayt. One way to increase the value and
performance(New speaker, microphone, switches and knaifsjour XTS 3000is topurchase a new
housing assembly on eBftgm highly recommended seller panter88is prices are typically Zb per
cent ofwhat Motorola Inc. charges for the identical part. These replacement housings are Motorola Inc.
original parts. Hundreds of hobbyists have had solid transactions with this person.

Other topics relating to buying and selling ASkR@d ASTRO25radio equipnent online are
covered later in this guide.
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XTS 3500

The Motorola Inc. XTS 3500 was introduced as a bastard cousin to the XTS 3000. It was a
supposed steppingtone to the XTS 5000. The purpose was to increase the CPU speed and provide Type
lencryptionsupport 2 NJ | & € St ad GKFGQa gKIG GKS NHzY2dzNJ 61 & @

Figure 4.1A photo illustration of a Motorola Inc. XTS 3500 portable radio. It is identical in appearance to the XTS 3000, ex@eptifplas
keypad and a different model number sticker abthe speakergrill.

Make no mistake about it: This radio is just as feared and avoided as the Motorola Inc. Saber
Sit another bastard radio. (Basically a MTS 2000 in a Sabej case.

The Motorola Inc. XTS 3500 does not officially support trunking, yet Hrerplenty of them
floating around with trunking ptions installed. The radioses its own firmware independent of other
ASTRO firmware plaF 2 NYa @ ¢ KS NI RA 2 R2 S aryaQery indp@ran feaiudzLILI2 NI N.
which is discussed later in the guide.

¢tKS o2Gli2Y tAyS Aasz &8Sa GKS -¢{ opnn SEA&GAZI Y
headache and inferior audio with no featur&ncryption modules for this portable are also quite rare
on the used market.
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ASTRO Digital Specua

The ASTROigital Spectra was releasedh approximately 1995. It shares the same vocon
design as the ASTRO Digital Sab&owever the boards are not compatible with each other.

ASTRO Digital Spectrasmanufactured prior to November 1996 included 512K of flash ROM
YSY2NE F2NJ GKS K2ad FANXYglI NBO Oketolution tylMdlase NBE 2 T
ROMand the vocon swaputs after a depot visit also apply to the ASTRO Digital Speddaase see
the ASTRO Digital Safzesutline if you skipped down tthis page.

e Yo
o -~

Figure5.1 A photo illustration of a Motorola Inc. ASTRO Digital Spredtraa W7 dashmount configuration. Pictured is the 50W version.

The ASTRO Digital Spemtnsras manufactured in seven baisglits. They are:

136-162 MHz
146-174MHz

403437 MHz (R1)
438470 MHz (R 15W only
450482 MHz (R3)
482-512 MHz (R4)
806-870 MHz

O X o

Cw

The bandsplit information is indicated in the model numbas the fourth character.
Information about the configuration of the radio is alswlicated as the first characteD) indicates a
dashmount radio, T) indicates a trunk/remote mount radio ant) (ndicates the radio is configured to
operate in a console (dispatch) configuratidimere are also rareM) (motorcycle) configuration ARD
Digital Spectras in circulation. The main differences are a different plastic face which does not expose a
microphone connector and a lepower (15W) PAViany are438470 MHz split radios.
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Figure5.2 A photo illstration of a model number tag on threar of a Motorola Inc. ASTRO Digital SpectiEhere are several useful pieces of
information displayed in the tag, including the model number, serial number, manufacture code (FLAGHymst firmware flash ROM size
(1M) and indication of a 2.5 KHzrraw-band RF board.

The ASTRO Digital Spemtiiaas been through many different revisions of command boards. The
command boards what interfaces the vocon to the control head, PA and RF boards. It is the nerve
centre of theradioL ¥ & 2 dzQNB dshdrdl ASTRO Digitah SpéeFay & 2 dzQf fomgSSR (2 085
acquainted with the commanidoard, as there are several modifications that must be performed to
ensure stable operation.

In 2003, Motoroldnc.discovered their new Universal Cryptography Module (UCAd)dntiming
issue with the ASTRO Digital Speetraihe fault caused the module to intermittently faihen key
loading, receiving anver-the-air re-key communication (OTAR) or when the radio is first powered on.
2 KSy GKS FILAfd2NBE 200dzNBEXI 4ClFAf ndpkmné 2N GCFAf nawm
discussed in detail iISBRN1364

The fix is simple, but not for the faint of heart. It ifves complete disassembly of thedia and
removal of thecommand boardand access to the RF board on the underside of the radiader the
shield A SMDework station is required or asteady hand and a <30W iron with a fine tip will suffice.

Figure5.3 ASTRO Digital Speotraommand boardNote areas 1, 2 and 3. These areas require special attention as per SRN1364.
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