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1 Introduction

1.1 Genera

The Lumistar LS-3x Multi-Mode IF Processing
Engine is part of the Lumistar family of digital
processing boards used to build programmable
telemetry systems. As shown in Figure 1-5 on
page 18, the LS-3x consists of an analog front
end and a 10 million gate FPGA based digital
processing engine. The LS-3x can be firmware
configured to perform the functions of an IF*
receiver with multi-mode demodulator, a pre-
detection diversity combiner, a bit synchronizer,
and a multi-mode modulator for self-test and checkout. The analog front end performs
pre-conditioning of the 70 MHz IF input signal prior to acquisition. Signal conditioning
of the receiver and bit synchronizer outputs are also performed in the analog front end.
The digital processing engine is implemented in two large FPGAs and performs the
functions of IF reception, multi-mode demodulation, pre-detection combing, bit
synchronization, as well as the multi-mode test modulator. The al-digital design and
implementation assures a consistent product with high reliability and long-term stability.
The overall performance specification of the LS-3x is summarized in Table 1-1 on page
17.

Like the Chameleon, the LS-3x can take on multiple functional personalities via different
firmware loads. The respective functional capabilities within a persondity are
individually enabled or disabled via a firmware license created at the factory at the time
of order. The addition of new functions and capabilities after the product is delivered is a
simple matter of updating the firmware license files installed on the target machine where
the LS-3x card is installed. Currently, there are three functional personalities defined for
the LS-3x. They are respectively d&a gnated as, FM FM, PSK FM and PSK PSK. Fhis

In addition to multiple functional personalities implemented via firmware license, the LS
3x hardware also has two different flavors. Each hardware variant is functionally
identical to the other, but the manner in which the cards I/O signals are made available to
the user are different. Both hardware variants are described in more detaill in the
following paragraphs. When the LS-3x is ordered, the customer must specify which
hardware variant is required.

! Typically 70 MHz, although other IF frequencies are possible. Contact the factory for more information.

U3SXXXXX1 Lumistar, Inc. Page 11
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1.2 Lumistar LS-3x-V (Vertical Signal Interface)

The LS-3x-V isshown in Figure 1-1 below. In this variant, the primary IF signals are not
brought out on the cards front panel, but instead are made available via vertically
mounted SMB connectors on the left edge of the card. This variant of the LS-3x allows
the system designer to keep al of the critical baseband and IF signals of the card within
the chassis. This makes for cleaner and less cluttered cabling when interconnecting the
L S-3x with other cards in the system.

iy

6P 0008

Figure1-1 LS-3x-V with Vertical Signal Interface
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1.3 Lumistar LS-3x-F (Faceplate Signal | nterface)
The LS-3x-F is shown in Figure 1-2 below. In this variant, the primary IF signals are
brought out on the cards faceplate and are made available via horizontally mounted SMB
connectors on the left edge of the card. This variant of the LS-3x allows the system
designer to connect all of the critical baseband and IF signals of the card to other cardsin
the same chassis, or cards in other chassis, via the facepl ate.

FIXILNX®
VIRTEX2S
XC5VSX50T ™
FFG1136FNU0801

DD1487615A

1
i
i .
Hl
i o
I 2
i 8
| 5 s
2 =
£
s o
£

. LOSXSASOX

G -XILHIN

1080ANS9EL 1944

SXNITIXZR

3 ik

Figure 1-2 L S-3x-F with Faceplate Signal Interface
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1.4 Lumistar LS-3x-ITB (Interface Transition Board)

The optional LS-3x-ITB, Interface Transition Board allows the system designer to have
access to many of the signals (TTL, RS-422, LVTTL, baseband and IF) coming from and
going to the LS-3x. The LS-3x-ITB plugs into the very high density (VHDCI-68)
connector on the right card edge of the LS-3x as shown in Figure 1-3 below. The ITB
provides both SMB and ribbon cable connectors and is primarily intended to be used in
concert with the LS-3x-CTB chassis transition board described in paragraph 1.5 on page
15.

Cable Shielding Boot/
Routing Direction J Interface Transition Board

Virtex 5
1136-ball FPGA

Virtex 5

1136-ball FPGA

Lower board edge stablizer

Figure 1-3 LS-3x-ITB Optional Interface Transition Board
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15 Lumistar LS-3x-CTB (Chassis Transition Board)

The optional LS-3x-CTB chassis transition board, when used in concert with the LS-3x-
ITB (see paragraph 1.4 on page 14), alows the system designer to bring the large number
of signals associated with the LS-3x to a single chassis mounted connector panel. Three
variants of the LS-3x-CTB are available and are summarized in the table below left. The
CTB gives the system designer the flexibility to configure a system with the appropriate
number of BNC and/or Twinax connectors, while at the same time minimizing the
typical, “rats nest” of interconnecting cables.

Part Number | BNC | Twinax
LS-3x-CTB-BB 8 -
LS3x-CTB-BT | 4 4
LS3x-CTB-TT - 8

raVlVaVralal’aV 'aV al/aWal aVala)
OIOIRIOIOIIOIDIIOIDIIDICIDIO,

Figure1-4 LS-3x-CTB Chassis Transition Board

1.6 Manual Format and Conventions
This manual contains the following sections:

Chapter 1 provides a brief product overview and technical specifications
Chapter 2 provides software installation setup instructions

Chapter 3 provides hardware installation and configuration instructions
Chapter 4 providesinitial setup and checkout instructions

Chapter 5 provides additiona setup instructions when using Lumistar
downconverter boards

Throughout this document, several document flags will be utilized to emphasis warnings
or other important data. These flags come in three different formats: Warnings, Cautions,
and Information. Examples of these flags appear below.

U3BXXXXX1 Lumistar, Inc. Page 15
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Warning:

(Details of critical information which prevents loss of functionality)

Caution:

Details of operational or functional cautionary advisories

Information:

(Details of emphasised operational information)

U35XXXXX1
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Table1-1 LS-3x Performance Specification

Category:

Specifications:

Details:

Mechanical

Envelope Dimensions— Main Board

8.36" (L) x 3.875" (W) x 0.62" (H)

Envelopeincluding ITB

10.275" (L) x 3.875" (W) x 0.62" (H)

Form Factor > Half-length PCI ; Custom
Weight ~ 80z.
Electrical
Individual power requirements +3.3VDC @ 2.78 A
+5VDC @ 1.68A
+12VDC @ 167mA
-12VDC @ 56mA
Total Power ~ 20.25 Watts
Performance/Limits
IF Input Stage Input Levels +10/-60dBm
Input Frequency Range 50-90 MHz (other options available)
I mpedance 50 Ohms
|npUt Piag TBD
Noise Figure TBD
Tuner Resolution 1Hz
Frequency Accuracy 3ppm (Internal Reference)
Demodulation Types PCM FM, OQPSK, QPSK, BPSK, SOQPSK
AQPSK, UQPSK
Rates supported 30kbps-25Mbps  Tier O (typical)
100kbps—30Mbps Tier 1 (typical)
Viterbi Decoding | Rates Supported Yo, U3, ¥a
Baseband Outs | Maximum Voltage 3.86Vp-p
Output Filtering 35MHz Low-pass
Output impedance 50 ohms

Modulator Out

Output Frequency Range

50-90MHz (other options available)

I mpedance 50 Ohms
Output Levels 0to-80dBm
Baseband In (Future) (Future)
Connectors

10MHz Reference I nput/Output

MMCX Jack (J7)

IF Signal Input SMB Jack, Ch. 1 (J34), Ch. 2 (J5)
Baseband Outputs SMB Jack, Ch. 1 (J3), Ch. 2 (J2)
Modulator Output SMB Jack (J1)

Baseband Input SMB Jack (J6)

HD26 Female Clock and data signals, IRIG Input (J8)

Environmental

Temperature, Operational

0°to 70° C (Commercial)

Temperature, Storage

20°t0 70° C

Humidity, non-condensing

<40° C 0-90%, >40° C 0-75%

U35XXXXX1
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Figure 1-5 LS-3x Block Diagram
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2 Firmware and Software | nstallation

The software/firmware installation for the LS-3x is simple and consists of two steps. Two
CD-ROM disks are provided with each LS-3x card when it is shipped. The first CD
contains the install shield wizard program that installs the LRR system software onto the
hard disk drive where the LS-3x card is physically instaled. The second CD contains the
unique firmware license files that enable the various LS-3x features and functionality
purchased by the user. Both the LRR system software and the firmware license files must
be installed onto the machine where the LS-3x card is physically installed. If the LS-3x
card is moved to a new machine, the firmware license files must also be moved to the
new machine and installed.

21 Step One-Ingtallingthe LRR System Software

Place the LRR system software CD into the CD-ROM drive of the computer where the
LS-3x card is installed. From the file browser, navigate to the CD and run the LRR
system software install shield wizard. The file name for the install wizard will be
Setup_LS35 [Version Number]. Depending on the operating system version, one may
see a security warning dialog box like the one shown below. Click “Run” to start the
install.

Open File - Security Warning g 5_1

The publisher could not be venfied. Are you sure you want to
run this software?

—rr Mame:  Setup_Ls35 1 44.exe
! Publisher: Unknown Publisher
Type: Application

Fram: C\Documents and SettingsiuserliDeskiop

Bun i Cancel ¢

IV Blways ask before opening this file

publisher: You should only iun software from publishers you toust.

@ Thiz file does not have a valid digital signature that wenfies its
How can | decide what software bo n’?

U3SXXXXX1 Lumistar, Inc. Page 19
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When the LRR system installer starts running, the user will see a splash screen like the
one shown below. Click on the “Next” button to proceed with the installation.

‘Welcome to the InstallShield Wizard for LRR
System

The InatallS hield® 'wizard will in HILHHSytmn h yoL
computer. To continue, click Next

| Eﬁ Lumistar Setup

J 1 untitled - Paint

#/start| (@ (2} | C)FL5-35 Screen Shots 7« BMAYEE 2am

U3SXXXXX1 Lumistar, Inc. Page 20
January /2009



LS-3x Product User's Manual

The LRR system installer will create a “Lumistar” subdirectory on the “C” drive of the
computer and will proceed to install the software in that location. The user may
optionally choose to install the LRR system in some other location on the hard drive and
my do so by changing the path by clicking on the “Browse” button and navigating to an

adternate location.

Lumistar Setup . '_

Choose Destination Location

Select folder where Setup will inztall files.

Setup will install LRR Systern in the following folder.

Tainstall to thiz folder, click Mext. To install to a different folder, chick Browse and select
aniother folder.

Diestination Falder
’7C:\Lumist{al\LHH Syztem Browse.. |
[mtailshisld

< Back Cancel |

After the destination folder for the LRR system install is established, click on the “Next”

button to proceed with the installation.

Lumistar Setup id F x|

Select Program Folder
Please select a program folder.

Setup will 3dd program icons ta the Program Falder listed below. You may type & neww folder
name, or select one from the existing folders ist. Click Mest bo continue.

PBrogram Folders:

Ezishing Folders:

Acer Gridvista
Administrative Tools
Games

Hrnanitor

Intel Audio Studia
lpzwitch WS _FTP Home
Logitech

Lurmiztar L‘

[mstailEhisld

< Back I Hext > I Cancel |

U35XXXXX1 Lumistar, Inc.
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The installation will add an icon for the LRR program in the program folder listed in the

setup screen as shown above. After this step, press the “Next” button to continue with the
installation.

Question i x|

] The %C Redist needs ko be installed For this app b work, or this PC musk have the W 2005 installed,
H_-‘/ This tan mess up vour Development System iF wouinstall this ¥C Redist package

Dic ywou wank ko install the WC Redist package?

As part of the LRR system installation, the install wizard next will install components of
Microsoft’s Visual C 2005 redistribution pack. Note that the default condition for this
step is “NO.” This is because the instalation of this component is destructive to any
previoudly installed versions of Visua C that might already be on the system. On a
“virgin” system, simply click on the “Yes’ button and proceed with the installation.

e CAAWINDOWS system3 2 cmd.exe

CosWINDOUS systemd2 2udrey —inf C:WINDOWSwsystem32%uwindrurb.inf dinstall
here are currently 2 connected devices using WinDriver.

Please disconnect or uninstall all connected devices from the Device Manager
fand press Retwy.

To reload WinDriver. press Cancel and reboot.

Please press 'R’ to retry or 'C' to cancel...

After the Visual C 2005 component installation, the user may occasionally see a DOS
window put up on the screen like the one shown above. This dialog box may be ignored
by enter “C” on the keyboard, after which it will disappear.

U3SXXXXX1 Lumistar, Inc. Page 22
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Thefinal step in the installation is the re-booting of the computer as shown in the dialog
box below.

Lumisktar Setup . i I

InstallShield Wizard Complete

The InstallShield ‘wizard has successfully installed LRR
System. Before you can uze the program, pou must regkart pour
computer,

& Nes | want to restart my compuber now.

™ Mo, | will restart my computer later.

Remove any disks from their drives, and then click Finish to
complete setup.

< Hachk I Firizh I [Cancel

U3SXXXXX1 Lumistar, Inc. Page 23
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2.2 Step Two—Installing the Firmware License Files

The second step in the installation involves copying the firmware license file(s) from the
second CD and placing them in a specific directory on the hard drive of the machine
where the LS-3x card is installed. The firmware license file(s), whose names correspond
to the three firmware “personalities’ described in 1.1 on page 11 need to be copied from
the second CD and placed into the “LS35_Bin” directory as shown in the figure below.
Depending on the configuration that was purchased, the user my have one, two, or three
filesto copy. The actual path of the required directory is:

C:\Lumistar\LRR System\System\Har dwareConfiguration\Ls35_Bin.

File: Edit Wiew Favorites Tools  Help

B C:\LumistarLRR System',System’HardwareConfigurationiLs35_Bin

=10 x|

| 0

@Back - I\_‘)I ¥ ?

- ) Search h'_: Folders

i 2 X 9|

Address Il:| CiLumistariLRR System) SystemiHar dwareConfigurationiLs35_Ein

:]Go

Folders

b4 Mame =

Sizel Trvpe:

= ) LRR. System
& [C7) Builds
# 33 Documentation
|5) DriverTools
[ (53 System
I ErLoas
El I3 HardwareConfigur ation

H I3 Pek_FM
& I3 Pok_PsK
153 w129 FPGA Code
I3 Options
& (3 User
[ UserTools
H () L5110
B ) Ls2sB_z32
& I La2sPz
H ) L5908 232
|3 542
B () Ls70v1Sim
() Ls70v2sim
() Qbs
] LJ Program Files
[C3) RECYCLER
22 System Yolume Infarmation
|2 TempEI4

=] IC)FM_FM

CPsk_FM
[CDPsk_P3k
%129 FPGA Code
PCMFM_PCMPM_00080013.L....
P3K_PCMPM_00080013.Lumitcs
PSK_PSE_00080013, Lumitcs

A4l

File Folder
File: Folder
File: Folder
File Folder
12,220 KE  LUMIMCS File
12,220 KB LUMIMCS File
12,220 KB LUMIMCS File

| 3

After the installation is complete, double click on LS35 icon in the desktop to start the

program.

U35XXXXX1

Lumistar, Inc.

Page 24
January /2009




LS-3x Product User's Manual

2.3 Step Three—Installing the Device Driver Fileinto Microsoft Windows

The third and final step in the installation takes place AFTER the hardware has been
installed as described in paragraph 3 on page 30. When the computer boots up for the
first time after the hardware has been installed, the operating system will detect the
presences of new hardware and will begin the process of loading the device driver for the
new hardware. The Found New Hardware Wizard will default to the condition where it
wants to connect to the Microsoft Windows Update site on the internet to find the device
driver for the new hardware. As shown below, click the No, not this time radio button
and then click Next.

Found Mew Hardware Wizard

Welcome to the Found New
Hardware Wizard
Windaws will search for current and updated software by

looking on your computer, on the hardware ingtallation CD, oron
the "Windows Update ‘\web site [with your permizzion).

Fiead our privacy policy

Can’Windows connect to Windows Update to search for
zoftware?

(O Yes. this time only
() es, now and every lime | connect a device
(&) Mo nat this time

Click Mext to continue,

Memt ¥ ][ Caticel
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Next the hardware wizard will want to find the device driver from one of the drives on
the local machine where the hardware isinstaled. In our case, we want to load the device
driver from alocation on the computer’s hard drive. To do this, click on the Install from
alist or specific location radio button and then click Next as shown below.

Found Mew Hardware Wizard

Thiz wizard helps you install software for:

Ls35

.r:':l If your hardware came with an installation CD
582 or floppy disk. insert it now.

YWhat da you want the wizard to da?

(3 Install the software auamatically (Fecommended)
23 Install from a list or specific lozation [Advanced)

Click Mext to continue,

¢ Back " Memt ¥ ][ Caticel
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The hardware wizard will next want to search for the best driver for the new hardware.
Select the Search for the best driver in these locations radio button. Check the box next
to Includethislocation in the sear ch and navigate to the

directory: C;\Lumistar\LRR System\Driver Tools by clicking the Browse button. Click
the Next button to proceed.

Found New Hardware Wizard
Please choose your search and installation options. .;

(%) Search for the best driver in these locations.

Llze the check boxes below to limit or expand the default search, which includes local
paths and removable media. The best diiver found will be installed.

[ 5earch removable media (floppy. CO-ROM. ]

Include this location in the search:
E-HLumistar\LFiF! SysteriDriverTools _v“'

(73 Don't zearch: | will choose the driver to install,

Choose this option to select the device diver from a izt Windows does not guarantee that
the driver you choose will be the best match for your hardvare.

< Back ][ Mext » ][ Caticel

U3SXXXXX1 Lumistar, Inc. Page 27
January /2009



LS-3x Product User's Manual

Windows then tries to install the driver but at this point does not know whereit is. To set
the location of the driver, click the OK button.

LN
Please wait while the wizard installs the software... .

Insert Disk

@ Ls35

fs Please inzert the Compact Disc labeled ‘Lurnistar
§ ’.\.@ Installation Disk. into your CO-ROM drive (E:] and then
click Ok,

‘Y'ou can alzo click 0K if you want files to be copied
from an altemate location, such as a floppy dizk or a
retork. server.

[ ¢4y snagitfsz Ml Found New Hardware. .

The Files Needed dialog box appears as shown below. Click on the Browse button and
navigate to the \Lumistar\LRR System\Driver Tools directory. Click the OK button to
proceed.

s The file windrers zpz’ an Lumistar Installation Disk is
& e

Cancel

Type the path where the file iz located, and then click
Ok,

Copy filez from:

| T LumistarsLRR SystertDriverTools vJ [ Browse... |
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Windows completes the installation of the device driver and concludes with the window
shown below. To complete the installation, click on the Finish button. Windows will then
inform you that the newly discovered hardware is ready to use.

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished installing the software for:

W L35

Click Firizh to cloze the wizard,
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3 Hardwarelnstallation

Chapter 3 provides installation and configuration information for the LS-3x Series Multi-
Mode IF Processing Engine PCl card. This chapter will familiarize the user with the
layout of the card, and provide information on the proper installation and interconnection
of the hardware.

3.1 Product Image
Figure 3-2 on page 32 contains photos of the front and rear of the LS-3x hardware.

3.2 Hardware Configuration

The LS-3x contains a single configuration switch to control the frequency reference
function. Switch SW1 (red oval) shown in Figure 3-2 enables the LS-3x to function using
an external frequency reference. Figure 3-3 on page 33 documents how to set the switch.

3.3 Interconnection

The LS-3x Series Multi-Mode IF Processing Engine PCI card is connected to the other
components of the telemetry system as shown in Figure 3-1 below. The “-V” variant of
the LS-3x allows the system designer to keep all of the critical baseband and IF signals of
the card within the chassis. This makes for cleaner and less cluttered cabling when
interconnecting the LS-3x with other cards in the system. The “—F" variant of the LS-3x
allows the system designer to connect all of the critical baseband and IF signals of the
card to other cards in the same chassis, or cards in other chassis, viathe faceplate.
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Antenna

RF Input 2 ————

Lumistar L IF Outbut
iear I Outpu
RF Input—— LS-25 L
Downconverter
IF Input 1 (J4) .
> Lumistar
Antenna LS-3x RCVR1 &2
. CLK & Data
IF Processing Outputs
IF Input 2 (J5) anine
Lumistar L 1¥ Outbut
RF Input———| 1.S-25 e ey
Downconverter
Antenna
Antenna
RF Input 1 ———— Linear IF Out 1 IF Input 1 (J4) .
. - Lumistar
Lumistar LS-3x RCVR 1 &2
LS-27 N o CLK & Data
IF Processing Outputs
Downconverter Linear IF Out 2 IF Input 2 (J5) -
. Engine

Figure 3-1 LS-3x Interconnection Block Diagram

The faceplate connector of the LS-3x is shown in detail in Figure 3-3 on page 33. Both
the “-V” and “—F" variants have the discrete 1/0O connector, J8 mounted on the faceplate.
A “pigtail” connector is supplied with the LS-3x that breaks out each of the signals on J8
into separate coax connections.

U35XXXXX1
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Figure 3-2 LS-3x Front & Rear Views

Access to many of the signals (TTL, RS-422, LVTTL, baseband and IF) coming from
and going to the LS-3x are provided by the very high density (VHDCI-68) connector,
J17, located on the right card edge of the LS-3x. The individual pin assignments of J17
are documented in Figure 3-4 on page 34.
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J8 Discrete 1/0 Connector Table:

SW1 Logic:
DOT = Internal Reference

No DOT = External Reference

10MHz Reference 1/0 (J7)

IF Modulator Output (J1)

Baseband Output 2 (J2)

Baseband Output 1 (J3)

IF Input 1 (J4)

IF Input 2 (J5)

Baseband Input (J6)

Discrete 1/0 (J8)

(See table)

Pin | Signal Name In/Out | Format Pin | Signal Name Pin | Signal Name In/out | Format
1 RCVR2 Data (+) out 422 10 | Ground 19 | RCVR2 Data (-) out 422
2 RCVR2 Q Clk out LVTTL 11 | Ground 20 [ RCVR2 Q Data out LVTTL
3 | RCVR2 Clk (+) out 422 12 | Ground 21 | RCVR2 Clk (-) out 422
4 | RCVR2 | Clk Out | LVITL 13 | Ground 22 | RCVR2 | Data ou | LVITL
5 RCVR1 Data (+) out 422 14 | Ground 23 | RCVR1 Data (-) out 422
6 RCVR1 Q Clk out LVTTL 15 | Ground 24 | RCVR1 Q Data out LVTTL
7 | RCVR1 Clk (+) out 422 16 | Ground 25 | RCVR1Clk (-) out 422
8 | RCVR1IClk out | LVITL 17 | Ground 26 | RCVR1 | Data ou | LvITL
9 | AMIRIG Time Input In Analog 18 | Ground

Figure 3-3 LS-3x-F Faceplate Connectors
U3SXXXXX1 Lumistar, Inc. Page 33
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Pin Sllbgor:tal Signal Name ot | Format Pin Sllbgor:tal Signal Name | Format
1 A Modulator I Clk in LVTTL 35 A Modulator | Data In LVTTL
2 A Modulator Q Clk In LVTTL 36 A Modulator Q Data In LVTTL
3 - Ground - - 37 A PA4 (Spare) In LVTTL
4 A PAS5 (Spare) In LVTTL 38 A PAG6 (Spare) In LVTTL
5 A PA7 (Spare) In LVTTL 39 - Ground - -

6 - Ground - - 40 - Ground - -

7 B RCVR1 | Clk Out LVTTL 41 B RCVR1 | Data out LVTTL
8 B RCVR1 Q Clk out LVTTL 42 B RCVR1 Q Data out LVTTL
9 - Ground - - 43 B RCVR2 | Clk out [ LvITL

10 B RCVR?2 | Data Out LVTTL 44 B RCVR2 Q Clk out LVTTL
11 - RCVR2 Q Data out LVTTL 45 - Ground - -
12 C Modulator | Clk + in DIFF 46 C Modulator I CIk - In DIFF
13 C Modulator | Data + in DIFF 47 C Modulator | Data - In DIFF
14 [¢] Modulator Q CIk + In DIFF 48 C Modulator Q CIK - In DIFF
15 C Modulator Q Data + In DIFF 49 C Modulator Q Data - In DIFF
16 - Ground - - 50 - Ground - -
17 D RCVR1 I Clk + out DIFF. 51 D RCVR1CIk - out DIFF
18 D RCVRI | Data + Out DIFF 52 D RCVR1 | Data - out DIFF
19 D RCVR1 Q CIk + Out DIFF 53 D RCVR1 Q CIk - out DIFF
20 D RCVR1 Q Data + Ou | DIFF 54 D RCVR1 Data - ow | DFF
21 - Ground - - 55 - Ground - -
22 E PEO+ (Spare n DIFF 56 E PEO- (Spare; In DIFF.
23 E PE1+ (Spare; in DIFF 57 E PE1- (Spare; in DIFF
24 E PE2+ (Spare] In DIFF 58 E PE2- (Spare] In DIFF
25 E PE3+ (Spare, in DIFF 59 E PE3- (Spare, in DIFF.
26 F RCVR2 | Clk + out DIFF 60 F RCVR2 | Clk - out DIFF
27 F RCVR?2 | Data + out DIFF 61 F RCVR2 | Data - out DIFF
28 F RCVR2 Q Clk + Out DIFF 62 F RCVR2 Q CIK - out DIFF
29 F RCVR2 Q Data + out DIFF 63 F RCVR2 Q Data - out DIFF
30 - Ground - - 64 - Ground - -
31 G PGO+ (Spare; injout | DIFF 65 G PGO- (Spare; Iniout | DIFF
32 G PG1+ (Spare; iniout | DIFF 66 G PG1- (Spare, inout | DIFF
33 G PG2+ (Spare; iniout_ | DIFF 67 G PG2- (Spare; inout | DIFF
34 G PG3+ (Spare infout | DIFF 68 G PG3- (Spare, noul | DIFF

Note:

The “DIFF” label indicates a differential signal interface. Signals are arranged in ports as shown and are configured in one of two electrical standard
standards: RS422 or LVDS (optional).

Figure3-4 LS-3x Very High Density Cable Interconnect (VHDCI-68) J17 Pin-out

The optional LS-3x-1TB, Interface Transition Board plugs into the very high density
(VHDCI-68) connector on the right card edge of the LS-3x as shown in Figure 1-3 on
page 14. The ITB provides both SMB and ribbon cable connections. The individua
signalson the ITB are detailed in Figure 3-5 on page 35.

U3SXXXXX1 Lumistar, Inc. Page 34
January /2009



LS-3x Product User's Manual

J1 (Mating Connector: 2x16 0.1' Socket - Center Keyed)

Pin | Signal Name Injout | Format
1 Modulator I Clock In LVTTL
2 | Ground - -

3 Modulator | Data In LVTTL
4 | Ground - -
5 Modulator Q Clock In LVTTL
6 | Ground - -
7 Modulator Q Data In LVTTL
8 | Ground - -
9 PA4 (Spare) In LVTTL

10 | Ground - -
11 | PAS5 (Spare) In LVTTL
12 | Ground - -
13 | PAG6 (Spare) In LVTTL
14 | Ground - -
15 | PA7 (Spare) In LVTTL
16 | Ground

J2 (Mating Connector: 2x16 0.1' Socket

- Center Keyed)

Pin | Signal Name Injout | Format
1 RCVR1 | Clock Out LVTTL
2 | Ground - -

3 RCVR1 | Data out LVTTL
4 | Ground - -
5 RCVR1 Q Clock out LVTTL
6 | Ground - -
7 RCVR1 Q Data out LVTTL
8 | Ground - -
9 RCVR2 | Clock out LVTTL

10 | Ground - -
11 | RCVR2 1 Data Out LVTTL
12 | Ground - -
13 | RCVR2 Q Clock out LVTTL
14 | Ground - -
15 | RCVR2 Q Data out LVTTL
16 | Ground

J3 (Mating Connector: 2x16 0.1' Socket

- Center Keyed)

Pin | Signal Name Infout | Format
1 | Modulator I Clock (+) In DIFF
2 | Ground - -
3 Modulator | Clock (-) In DIFF
4 | Ground - -
5 | Modulator | Data (+) In DIFF
6 | Ground - -
7 | Modulator | Data (-) In DIFF
8 | Ground - -
9 Modulator Q Clock (+) In DIFF
10 | Ground - -
11 | Modulator Q Clock (-) In DIFF
12 | Ground - -
13 | Modulator Q Data (+) In DIFF
14 | Ground - -
15 | Modulator Q Data (-) in DIFF
16 | Ground

J4 (Mating Connector: 2x16 0.1' Socket

- Center Keyed)

Pin | Signal Name Infout | Format
1 | RCVRLI Clock (+) ow | oFF
2 | Ground - -
3| RCVRLI Clock (3 ow | oFF
4 | Ground - -
5 | RCVRL Data () Gu | owr
6 | Ground - -
7 | RCVRLIData () ow | oFF
8 | Ground - -
9 | RCVRLQ Clock (+) ow | oFF
10 | Ground B B
11 | RCVR1Q Clock () G | oFF
12 | Ground - -
13 | RCVR1 Q Data (+) out DIFF
14 | Ground - -
15 | RCVRLQ Data (1) ow | orF
16 | Ground

Notes:

MMCX Jacks (Mating Connector: MMCX Plu

| Ground Test Point on Rear side

|

9)

J5 (Mating Connector: 2x16 0.1' Socket - Center Keyed)

Pin | Signal Name Infout | Format
1 PEO+ (Spare) In DIFF
2 | Ground -
3 PEO- (Spare) In DIFF
4 | Ground -
5 PE1+ (Spare) In DIFF
6 | Ground
7 PE1- (Spare) In DIFF
8 | Ground -
9 PE2+ (Spare) In DIFF
10 | Ground -
11 | PE2- (Spare) In DIFF
12 | Ground -
13 | PE3+ (Spare) In DIFF
14 | Ground
15 [ PE3- (Spare) In DIFF
16 | Ground

J6 (Mating Connector: 2x16 0.1' Socket - Center Keyed)

Pin | Signal Name Infout | Format
1 | RCVR2 I Clock (+) ow | oFF
2 | Ground
3| RCVR2 1 Clock (3 o | oFF
4 | Ground -
5 | RCVR2 I Data (+) ow | e
6 | Ground - -
7 | RCVR21Data () ow | ore
8 | Ground - -
9 | RCVR2 Q Clock (+) ow | oFF
10 | Ground -
11 | RCVR2 Q Clock (9) Gu | OFF
12 | Ground -
13_| RCVR2 Q Data (+) ow | oFF
14 | Ground - -
15 | RCVR2 Q Data (1) o | oFF
16 | Ground

J7 (Mating Connector: 2x16 0.1' Socket - Center Keyed)

Pin | Signal Name Infout | Format
1 PGO+ (Spare) inout | DIFF
2 | Ground - -
3 PGO- (Spare) Infout DIFF
4 | Ground - -
5 PG1+ (Spare) inout | DIFF
6 | Ground - -
7 PG1- (Spare) Infout | DIFF
8 | Ground -
9 PG2+ (Spare) Infout DIFF
10 | Ground - -
11 | PG2- (Spare) nout | DIFF
12 | Ground - -
13 | PG3+ (Spare) injout_|  DIFF
14 | Ground - -
15 | PG3- (Spare) Iniout | DIFF
16 | Ground

axx |

Configuration 1

Configuration 2

Signal Name n/out_| Format [ Signal Name In/out | Format
8 | Modulator I Clock In L1t | Modulator | Clock (+) In DIFF
9 | Modulator | Data In wTL_ [ Modulator I Data (+) In DIFF
10 [ Modulator Q Clock In L | Modulator Q Clock (+) In DIFF
11 | Modulator Q Data In w1t | Modulator Q Data (+) In DIFF
12 | RCVR11 Clock ou | it | RCVR1I Clock (+) out DIFF
13 | RCVR11 Data ou | L | RCVR1 | Data (+) out DIFF
14 | RCVR1 Q Clock ouw | wrt | RCVR1 Q Clock (+) out DIFF
15 | RCVR1 Q Data Out w1l | RCVR1 Q Data (+) out DIFF.
16_| RCVR21 Clock ow_| i | RCVR2 1 Clock (+) ow | oFF
17 | RCVR2 | Data Out w1TL | RCVR2 | Data (+) out DIFF
18 | RCVR2 Q Clock Out 1Tl | RCVR2 Q Clock (+) out DIFF.
19 | RCVR2 Q Data ouw | wr | RCVR2 Q Data (+) out DIFF

1.) The “DIFF” label indicates a differential signal interface.
(optional) at the LS3x main board.
2.) Signal assignments to the MMCX connectors can be user defined from either the “Configuration 1" or “Configuration 2" columns.

Signals are configured in one of two electrical standard standards: RS422 or LVDS

Figure3-5 LS-3x-ITB Optional Interface Transition Board Pin-outs
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4 LS-3x Control Software

This chapter deals with the initial setup and checkout of a newly delivered LS-3x Multi-
Mode IF Processing Engine card. At this point, the hardware should be instaled and
interconnected as described in Chapter 3 on page 30, and the software and firmware
should be installed as described in Chapter 2 on page 19. To verify the functionality of
the LS-3x, the user will configure the on-board test modulator and connect the IF
modulator output signal (connector J1) to one of the two IF inputs (connectors J4 and J5).
The user will configure the receiver to match the modulator setup and verify correct
functionality by employing one of the two BERTS? using a PRN? pattern and making sure
that no errors are counted. The remainder of this chapter deals with setting up this closed-
loop self-test scenario for the specific functional personalities ordered with the LS-3x.

The LS-3x is like the Chameleon in that it can take on multiple functional personalities
via different firmware loads. The respective functional capabilities within a personality
are individually enabled or disabled via a firmware license created at the factory at the
time of order. The addition of new functions and capabilities after the product is
delivered is a smple matter of updating the firmware license files installed on the target
machine where the LS-3x card is installed. Currently, there are three functiona
personalities defined for the LS-3x. They are respectively designated as, FM-FM, PXK-
FM, and PSK-PSK. The PSK-PSK functional personality is described in the following

paragraphs.

Start the setup process by double clicking the LS-3x icon on the desktop of the computer
where the hardware is installed. The resulting window is shown in Figure 4-1 below.
Select the functional personality that applies to your particular configuration by clicking
on the M ode command (red oval). The resulting window is shown in Error! Reference
source not found. on page Error! Bookmark not defined.. Next select the PSK-PSK
mode by clicking on appropriate radio button. Confirm the selection by clicking on the
OK button. The corresponding firmware will then be loaded and the LS-3x will be ready
for configuration and use. Be patient, as the firmware download can take severa seconds.

S Ls3x_App Ver 1.50  134:15:20:22.750277

MMission Wiew Toals

BERT PLL

Figure4-1 LS-3x Main Application Window

2 Bit Error Rate Test

3 Pseudo Random Noise
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41 Main Control Commands

System, Mission, Setup, Mode, View, Tools, About.

411 System Command

Options
Hardware Configuration

Force FPGA Load Mext Startup

Force FPGA Load Mow

4.1.1.1 Directory Sub-Tab

The directory tab shown in Figure 4-2 below allows the user to specify the location of
certain LRR files in directories chosen by the user. Currently the Event L og directory is
defined to contain al error logs produced by the application. Future version of the LRR
application may required additional file directories and their locations will aso be
defined here in the directory tab

System Options

Directory ]Operaﬁons ] Litility ] Unigue Card Settings ]

Figure4-2 System Options- Directory Sub-Tab
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4.1.1.2 Operations Sub-Tab
The operations tab shown in
Figure 4-3 allows the user to
setup and configure the
individual peculiarities of how
the LRR application works.
This includes those things that
occur automatically upon the
Startup of the LRR
application, as well as the
Operation and Shutdown of
the application. The following
paragraphs  describe  this

System Options
Diractary  Operstions ]thil'rty ] Unique Card Settings ]

automation in more detail.

Cancel

Figure 4-3 System Options- Operations Sub-Tab

4.1.1.2.1 Program Operation

The operations section shown in Figure 4-3 allows the user to setup and configure the
individual peculiarities of how the LRR application works. The operational configuration
for LRR includes the following features:

Disable PC Speaker — By selecting this option, audio warnings generated by the
application will be disabled. The default state of this parameter is off (unchecked).
Hardcopy as BMP — Check this box and all hardcopies made by the application
will be saved as Windows BMP files in the hardcopy directory selected in the
directory options. Otherwise, the hardcopies will be saved as JPG files. The
default state of this parameter is off (unchecked).

4.1.1.2.2 Program Startup

Below the operations area shown in Figure 4-3, are the startup controls for the LRR
application. The startup configuration for the LRR application includes the following
features:

Display Last Hw Setup — By selecting this option, if there were hardware setup
or other screens open when the application was shut down, then they will
automatically reopen when the application is restarted. The default state of this
parameter is off (unchecked).

Load Last Mission — If this option is selected, then the last valid mission |oaded
when LRR was shut down will automatically load when LRR is started up again.
The default state of this parameter is off (unchecked).

U35XXXXX1
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4.1.1.2.3 Program Shutdown

Below the Startup area shown in Figure 4-3, are the Shutdown controls for the LRR
application. The shutdown configuration for the LRR application includes the following
feature:

e Always Save Setup w/o Prompt — By selecting this option, when the LRR
application terminates, the state of all hardware settings, including firmware
mode, will be automatically saved without prompting the user. The default state
of this parameter is off (unchecked).

4.1.1.3 Utility Sub-Tab
The Utility Tab, shown in Figure 4-4 below, allows the user to customize the color
schemes used for al of the windows and displays used in the LRR application.

By using the Colors controls, the user may change the LRR color scheme to just about
anything. There are a few default settings that can be used. Select the default colors
button of interest (currently Browns, Blues, etc) and click the Set Default Color s button
and the respective pre selected color scheme will occur. Otherwise, click on the Change
Color s button and the menu of various color items shown in Figure 4-5 will be displayed

Display Colors

System Options

Directary i Opetations Uity !Unique Card Settings !

Change Colors

Set Default Colors

Cancel

Figure 4-4 System Options- Utility Sub-Tab Figure 4-5 Display Colors Setup

Need new image for figure 4-5
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4.1.1.4 Unique Card Settings Sub-Tab

System Options

Directory | Operations | Utiity  Unitue Card Settings ]

Cancel

Figure 4-6 System Options- Unique Card Settings Sub-Tab

4.1.14.1 FFT Controls

4.1.1.4.2 Bitsync Lock Status

4.1.1.4.3 Receiver/Downconverter Swap
4.1.1.4.4 Receiver/Downconverter Logic
4.1.1.45 Downconverter | F Factor

4.1.1.5 Hardware Configuration

The Hardware Configuration command invokes the setup | options
window shown in Figure 4-7 and allows the user to configure
the RF downconverter and other ancillary hardware used in Force FPGA Load Mest Startup
conjunction with the LS-3x card in multiple card systems. | ruce Fraa Load ow

Hardware Configuration I

Currently, the LRR software supports the Version 2 Lumistar
LS-25-D Multi-band RF Downconverter and the LS-25 Multi-band FM Receiver (both
PCI and ISA form factors). Future version of LRR will aso support the LS-27 Dual
Channel Tri-Band Downconverter. In systems with multiple LS-3x cards installed, the
interconnection and switching of the many baseband and IF signals can become quite
complex. To mitigate these issues, the Lumistar LS-69 System Ancillary Device was
developed and is also supported by the LRR application.
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The primary LS-3x hardware configuration setup window shown below in Figure 4-7 has
three main areas of interest. The Cards Detected area in the upper right displays the total
number of LS-3x and related cards detected by the application. The Cards
Enables/Simulations area in the upper left alows the user to individually enable the
downconverter and other ancillary cards used in conjunction with the LS-3x. The LRR
application can also simulate the behavior of downconverter and ancillary cards not
physically installed in the system. The LS-35 Card System Assignments area at the
bottom of the display allows the user to associate, or, “pair up” individual downconverter
cards with the LS-3x cards that they will interface to.

Har dware Configuration

Cards Detected

Set Defaults

DHCYT DHCYT LS-69 SAK
#1 w2 Assigned

Ls25v2 Cord 1 MM L525v2 Card 2 |
LE25%2 Card_ 3 | LE25W2 Card 4 |

Figure4-7 LS-3x Hardware Configuration Primary Setup

Thefirst step in the LS-3x hardware configuration setup involves the definition of exactly
what type of downconverter and other ancillary cards are installed in the system. The user
determines what type of downconverter card(s) are being used in the system by selecting
the appropriate Enable check box in the Cards Enables/Smulations area. Currently, the

LRR software supports the Version 2 Lumistar LS-25-D

H H Mum L5-25Y2 Cards to Simulate
Multi-band RF Downconverter and the LS-25 Multi-band kil by

FM Recelvel’ (bOth PCI and ISA fOI’m faCtOI’S) The user Mum L3-63 Cards ko Simulate

may aso opt to simulate this hardware in lieu of real
hardware by selecting the appropriate Sim check box. In association with this simulation,
the user must indicate the number of cardsto be simulated.

4.1.1.6 Force FPGA Load Commands
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4.1.2 Mission Command

4.1.3 Setup Command

4.1.4 Mode Command

Like the Chameleon, the LS-3x can take
on multiple functional personalities via
different firmware loads. The desired
functional personality is selected by the
user via the Mode Command. The
resulting window is shown right in
Figure 4-8. The respective functional
capabilities within a personadity are
individually enabled or disabled via a
firmware license created at the factory at
the time of order. The addition of new
functions and capabilities after the
product is delivered is a ssmple matter of
updating the firmware license files
installed on the target machine where the
LS-3x card is installed. Currently, there
are three functional personalities defined
for the LS3x. They are respectively
designated as, FM-FM, PSK-FM, and
PSK-PSK. In the example figure shown
right, all three functional personalities are
installed on the system. If any of the

Card Mode Selection

Card 1
Current Mode PSH-PSK
Desired Mode
PSK-PSK (+
FM-FM
PSK-FM

Cancel

Figure 4-8 Firmware M ode Selection Window

functional personalities are not installed in a users system, then they will be grayed out in
the mode selection window. For additional information about each functional personality,
see paragraphs 5.1, 5.2, and 5.3 in the appendix of this document beginning on page 85.
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415 View, Tools, & About Commands
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4.2 ThelLS-25Downconverter Tab (DCVTn)

Each LS-3x card installed in a system may be configured with one or two multi-mode
demodulators (receivers). To support each demodulator, a 70 MHz signal produced by a
downconverter is required. Several Lumistar downconverter boards are supported with
the LS-3x. This paragraph deals with the LS-25. For more information on other Lumistar
RF board level products supported by the LS-3x LRR software, see paragraph 4.1.1.5 on
page 40.The LRR software alows the user to “pair” a Lumistar LS-25 downconverter
with each demodulator. The Version 2 Lumistar LS-25-D Multi-band RF Downconverter
and the LS-25 Multi-band FM Receiver are concurrently supported.

The anatomy of the downconverter tab (red square) can be seen in Figure 4-9 below. The
pairing of the downconverter and the associated demodulator is indicated via the tabs
number (i.e. DCVTL1 is associated with RCVR1). The downconverter tab has two main
sections; the Status display, and the Configuration display. The status display shows the
state of the downconverter using numerical and colored indicators. The configuration
display is where the user enters the requisite parameters necessary to set up the
downconverter for correct tuning of the RF input signal.

*L53x Card 1 (PSK-PSK} 134:15:25:18.566206
File  Wiew

RCVR1 BERT1 | DCYT2 | RCWR2Z | BERTZ2 COMBI MOD | BEBOUT

Figure4-9 The Downconverter Tab (L S-25) With Optional Controls

4.2.1 Downconverter Status Display

The status display shown below in Figure 4-10 presents the state of the downconverter
using numerical and colored indicators. The downconverter status section includes a
horizontal bar graph indicator and numerical display for Signal Strength (in dBm), and
numerical displays for Delta RSSI, AM Index/Depth (%), and AM Frequency.
Depending on the state of the downconverter parameters (see paragraph 4.2.3 below), the
latter status parameters may or may not be shown in the display. Regardless, the signal
strength bar graph will always be shown.
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Figure 4-10 Downconverter Status Display

4.2.2 Downconverter Configuration Display

The downconverter configuration display is shown in Figure 4-11 below. The
configuration display presents numerical data on the downconverter parameters entered
by the user. Depending on the state of the AM Controls (see paragraph 4.2.3.4 below), a
dlider control may also be present for adjustment of the AM Output Level. The
downconverter parameters are described in the paragraphs below.

Figure 4-11 Downconverter Configuration Display

4.2.3 Downconverter Setup Parameters (L S-25)

The setup parameters for the LS-25 downconverter/receiver are
shown right. To invoke this menu, place the mouse cursor within

L5252 Card 1

Tuner Frequency (MHz)

the downconverter setup area and right click. The resulting menu IF Anti-alias Bandwidth (MHz) >
allows the user to enter the requisite parameters necessary to set Mttt ont ot y
up the downconverter for correct conversion of the input signa e X

to 70 MHz. It should be noted that not all of these parameters

RS5SI ) AGC Controls 3

need to be entered by the user, as many of them have
standardized default values, or are set up automatically by the programs automation
features. If the user is uncertain or unfamiliar with some of the parameter, it is best to
leave them at their default values. The following paragraphs describe in more detail each
of the downconverter setup parameters.

4.2.3.1 Tuner Frequency

One of the setup parameters that the user must enter is the Tuner Frequency (MHZ2z).
The Version 2 Lumistar LS-25-D Multi-band RF Downconverter and the LS-25 Multi-
band FM Receiver concurrently support up to three of the following five possible
frequency bands.

2185.5 - 2485.5 MHz (NATO E-Band)
2200.5 - 2399.5 MHz (S-Band)
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1710.5 - 1849.5 MHz (Upper L-Band)
1435.5 - 1539.5 MHz (Lower L-Band)
215.5 - 319.5 MHz (P-Band)

To select areceive frequency, click on the Tuner Frequency (MHz) menu item. Enter the
frequency in the resulting pop-up dialog box and then click OK. The updated frequency
will be displayed in the configuration display area shown in Figure 4-11 on page 45. Note
that the supported tuner resolution is 50 KHz, and that entered values will be rounded off
the nearest 50 KHz value in the display. Frequency values outside of the ranges specified
above will result in an error message with no change in frequency (the default frequency
i$2200.00 MHz).

4.2.3.2 |F Anti-Alias Bandwidth

The Version 2 Lumistar LS-25-D Multi-band RF Downconverter and the LS- | vo.zs
25 Multi-band FM Receiver are factory configured to support up to twelve e
(12) separate IF anti-alias bandwidths. Standard bandwidths include: 500kHz, 2.00
1MHz, 1.5MHz, 25MHz, 3.5MHz, 4MHz, 6MHz, 8MHz, 10MHz, 12MHz, f';'gu

16MHz, and 20MHz. At the factory the selected 2nd IF bandwidth values are 20,00
programmed into a configuration PROM and are used by the LS-3x i

application to populate frequency values in the pop-up list box (example shown right). In
the example shown right, the unit is factory configured with IF anti-alias bandwidths of
0.25, 0.50, 1.0, 2.0, 5.0, 10.0, 20.0, and 40 MHz. The actual IF anti-alias bandwidths the
individual user will see when setting the IF anti-alias bandwidth are likely to be different
than those show here. Once selected, the IF anti-alias bandwidth will be displayed in the
configuration display area shown in Figure 4-11 on page 45.

4.2.3.3 Output Gain Controls

The LS-25 Output Gain Control has two sub-modes. Auto, and Manual as [T, s
shown right. When the “Manual” sub-mode is selected, an additional slider Manual

control will appear on the configuration display as shown right in Figure 4-9 on page 44.
The AM Output Level dider control allows the user to manually alter the output voltage
level of the AM output on the LS-25. Note that no additional feedback is provided in the
configuration display as the dlider is adjusted. The actual voltage levels of the AM signal
will need to be measured via some form of externa instrumentation (volt meter,
oscilloscope, etc) as the dlider is adjusted. Also note that the AM output level is not
associated with any LS-3x functionality, but is included in the setup GUI for those users
that intend to use the LS-25 in conjunction with an external antenna controller.

4234 AM Controls

The LS-25 AM Controls have two sub-modes: AM L ow Pass Filter PRy
(Hz), and View AM Data as shown right. When the View AM Data | EEEEEES

sub-mode is selected, two additional data displays will appear on the status display shown
in Figure 4-10 on page 45. The AM Index Depth% is the amplitude modulation index
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detected in the post-processing of the AM demodulation. The AM Freq is the
instantaneous frequency value of the AM demodulated signal (Hz). Note that the AM
controls described here are not associated with any LS-3x functionality, but are included
in the setup GUI for those users that intend to use the LS-25 in conjunction with an
external antenna controller.

The AM Low Pass Filter (Hz) sub-mode allows the user to select one of four S
low-pass filters on the AM output including; 50, 500, 5000, or 50,000 Hz. 400000

&00000
w B00000

4235 RSSI/AGC Controls

The LS-25 RSSI/AGC Control has five sub-modes. AGC #GC Time Constant (msecs) v
Time Constant, Delta RSSI Mode, Set Delta RSSI Point, o e o
Linear Out/AGC Freeze Enabled, and Force Fresh RF kv Sl

Compr on Read| ng as g,lown ri ght Linear Out/AGC Freeze Enabled

Farce Fresh RF Compression Reading

v 1.0 42.35.1 AGC Time Constant
10.000 The AGC Time Constant sub-mode allows the user to select one of four
e, possible AGC time constants including; 1, 10, 100, and 1000 ms. The
selected time constant is displayed in the configuration display area shown in

Figure 4-11 on page 45.

4.2.35.2 DeltaRSSI Mode & Set Delta RSSI Point

The Delta RSS Mode and Set Delta RSS Point sub-modes are used in concert with each
other. The Set Delta RSSI Point sub-mode initiates the acquisition of the instantaneous
RF input power (dB) or signa strength level at the input to the LS-25. This snapshot
captures and establishes an absolute input power reference level that is subsequently
compared continuously with the instantaneous RF input power level. The difference or
delta between the reference and instantaneous levelsis displayed in two ways as shown in
Figure 4-10 on page 45. The numerical value of the delta is shown as indicated next to
the dRssi label in the display. The reference level is also represented by a vertical red line
shown in the signal strength bar graph.

4.2.3.5.3 Linear Out Enabled

Whenever the pre-detection diversity combiner is employed (see paragraph 4.7 on page
79), it is necessary to connect the Linear 70 MHz IF outputs to the combiner as shown in
Figure 3-1 on page 31. The Version 2 Lumistar LS-25-D Multi-band RF Downconverter
and the LS-25 Multi-band FM Receiver both have Limited as well as Linear IF outputs,
but in order for the Linear IF output of function, it must first be enabled by invoking the
Linear Out Enable command. Note, the “AGC Freeze” needs to be removed from the
label of this command in the GUI.

4.2.3.5.4 ForceFresh RF Compression Reading
This mode needs to be removed from the GUI.
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4.3 ThePSK Receiver Tab (RCRVnN)

Each LS-3x card installed in a system may be configured with one or two multi-mode
demodulators (receivers). The number of receivers (1 or 2) is determined at the time of
purchase via the firmware license configuration. As with most LS-3x features, changes or
additions to the firmware license configuration may be made at any time after purchase
by simply installing a new license file obtained from the factory”. In this way, new or
additional features can be added to the LS-3x without changing the base hardware.

The anatomy of the receiver tab (red square) can be seen in Figure 4-12 below. The
receiver tab has two main sections; the Status display, and the Configuration display.
The status display shows the state of the receiver and bit synchronizer using numerical
and colored indicators. The configuration display is where the user enters the requisite
parameters necessary to set up the receiver for correct demodulation of the input signal.

*1.53x Card 1 {PSK-PSK) DEFAULT 103:08:01:00.560178 | *1.53x Card 1 {PSK-PSK) DEFAULT 103:08:01:25607713 |

File  Wiew Factory

Figure4-12 The Receiver Tab (Primary & Secondary) - PSK-PSK Mode

The receiver configuration display employs two additional tabs denoted Primary and
Secondary. These two tabs are shown in Figure 4-12 above (yellow ovas) and are
described in more detail in subsequent paragraphs. The configuration display alows the
user to set up the receiver, bit synchronizer, Viterbi decoder, and Stream Routing
functions of the demodul ator.

4.3.1 PSK Receiver Status

The status display shown below in Figure 4-13 presents the state of the receiver and bit
synchronizer using numerical and colored indicators. The receiver status section includes
acolored Carrier Lock indicator and numerical displays for Carrier Frequency, Signal
Power, and Carrier Power. The color green indicates that the state of the carrier

* Contact the factory or your Lumistar sales representative for more information.
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acquisition is in lock, while the color yellow indicates an unlocked or below threshold
state. When in lock, the carrier frequency is displayed in MHz, while the signal and
carrier power levels are indicated in dBm.

Figure 4-13 PSK Receiver Status Display

The bit sync status section includes a colored Locks State indicator and numerical
displays for signal Ep/No, Symbol Rate, and Bit Rate. The color green indicates that the
bit syncs phase lock loop is in lock, while the color yellow indicates an unlocked state.
The signa Ey/Ng is estimated based upon the carrier power and soft-decision information
in the bit sync. The symbol and bit rates are displayed in counts/second and are usually
the same with the exception of quadrature modulation schemes.

4.3.2 PSK Receiver Primary Sub-Tab

The receiver configuration display is located directly below the status display as shown in
Figure 4-12 on page 48. The configuration display has two tabs denoted Primary and
Secondary. The primary tab is shown in Figure 4-14 below and allows the user to set up
the receiver, bit synchronizer and Viterbi decoder functions of the demodulator. Each of
these functions are described in more detail in the following paragraphs.

Restart Acquisition

Figure4-14 PSK Receiver Primary Sub-Tab
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4.3.2.1 PSK Recever Parameters

The setup parameters for the receiver are shown right. To invoke Input Source >
this menu, place the mouse cursor within the receiver setup area N T '
and right click. The resulting menu allows the user to enter the | o st ,
requisite parameters necessary to set up the receiver for correct Carrier AcqRange
demodulation of the input signal. It should be noted that not all of Sniholfaio

these parameters need to be entered by the user, as many of them Carrier IF Fiter BW (MHz)
have standardized default values. If the user is uncertain or i

unfamiliar with some of the parameter, it is best to leave them at Seme R o e

their default values. The following paragraphs describe in more detail each of the receiver
setup parameters.

4.3.2.1.1 Input Source

Each demodulator in the LS-3x can receive an input from one of three ——;
possible sources as shown right. The I nput Sour ce command allows the user Ch2
to specify one of these three inputs, or to essentialy deactivate the e

demodulator by selecting the OFF command. The demodulator may be =
connected to input channels 1 or 2 (CH1, CH2), or the pre-detection IF combiner
(COMB). These connections can be seen in the FPGA block diagram for the PSK-PSK
firmware personality shown in Figure 5-1 on page 85 of the Appendix.

4.3.2.1.2 Demodulation Mode

Each multi-mode demodulator in the LS-3x can support a variety of —
modulation formats. The list of specific formats is determined at the time QPsK

of purchase via the firmware license file. The complete list of formatsis | ==

shown right. The Demodulation Mode command allows the user to SOOPSK_TG

specify which demodulation format to use. As new modulation formats :ggggi—gj

are added via firmware update, they will also appear in the list shown Mlki-h CPH

right.

4.3.2.1.3 Carrier Frequency

The Carrier Frequency command alows the user to change the default 70 MHz
frequency vaue for the incoming carrier signal. For example, one might do this to
compensate for a know frequency offset in the input signal that is not caused by Doppler
(i.e. the frequency offset is fixed and not changing). In normal operation, the user should
not change the carrier frequency from the default of 70 MHz.

4.3.2.1.4 Carrier Acquisition Mode
Before any data may be recovered from the input signal, the carrier component of the
signal must first be acquired and phase-locked to. The LS-3x demodulator has two modes

® |f the Pre-D combiner was not enabled in the firmware license file, then only CH1, CH2 and OFF will be
available in the GUI.

U3SXXXXX1 Lumistar, Inc. Page 50
January /2009




LS-3x Product User's Manual

of carrier acquisition; UNAIDED, and FFT. In the unaided mode, a conventional digital
phase lock loop is employed to acquire the carrier. This mode works well for Ep/Ng
values greater than or equal to 3.0 dB. For signa environments with very heavy Doppler,
the FFT carrier acquisition mode can be used. In this mode, a Fast Fourier Transform is
performed on the input signal and the carrier location is isolated from the resulting
spectrum. It should be noted that the FFT mode is processor intensive and could
adversely affect the operation of the host CPU & operating system if multiple LS-3x
cards are installed in the same chassis and al have FFT mode turned on. In general,
heavy Doppler is not very common in terrestrial flight test telemetry scenarios with the
possible exception of certain missile tests. Unless heavy levels of Doppler are anticipated,
the FFT mode should be avoided.

4.3.2.1.5 Carrier Acquisition Range

In the carrier acquisition phase lock loop mentioned in the previous paragraph, the
Carrier Acquisition Range parameter (in Hz) defines the limit of how far the loop may
be pulled relative to the center frequency of the loop as the loop tracks the carrier. For
example, if the user were to set the range for 100 KHz, then the loop would not track
beyond plus-or-minus 50 KHz around the carrier. The default value for the carrier
acquisition range is 100 KHz. Setting this parameter too narrow relative to the data rate
could frustrate the demodulators ability to track the carrier in the presence of Doppler.
Setting the range too wide could make it possible for the acquisition loop to lock onto a
signal other then the intended carrier. For additional information on Doppler frequency
shifts, see paragraph 5.4 on page 88 of the Appendix.

4.3.2.1.6 Carrier Acquisition Loop Bandwidth

The carrier tracking loop bandwidth (not to be confused with the carrier acquisition range
discussed previously) is the parameter that controls the gain of the carrier acquisition
phase lock loop. This parameter also effects how quickly the loop can react as well as
how it is affected by noise and the rate of the Doppler. The Carrier Acquisition Loop
Bandwidth is entered as a percentage of the bit rate and is defaulted to 1%.

4.3.2.1.7 Carrier Tracking Loop Bandwidth

The carrier recovery functionality in the LS-3x operates in two phases; acquisition and
tracking. After the carrier has been acquired, as described previoudly, the LS-3x enters
the tracking phase. The tracking phase employs the same conventional digital phase lock
loop used to acquire the carrier, but the loop bandwidth need not be the same. In fact, the
carrier recovery functionality allows the acquisition and tracking loops to have different
bandwidths, with different loop behaviors (i.e. how quickly the loop can react as well as
how it is affected by noise and the rate of the Doppler). For example, the user may wish
to set the acquisition loop bandwidth wider than the tracking loop bandwidth. The
Carrier Tracking Loop Bandwidth is entered as a percentage of the bit rate and is
defaulted to 1%.
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4.3.2.1.8 Carrier |F Filter Bandwidth

After the analog 70 MHz input signal has been digitized, the resulting digital IF isfiltered
in the front-end of the demodulator via a bank of FIR®%CIC’ bandpass filters (the CIC
filters being used for low data rates). The bandwidths of these front-end filters are
determined automatically based upon parameters such as modulation type, datarate, code
format, FEC® utilization, etc.). The Carrier |F Filter Bandwidth command allows the
user to override or change the filter bandwidth set by the software. The user enters the IF
bandwidth value in MHz. Although the IF filter bandwidth may be changed by the user, it
should be noted that the default value is redly the optimum and any changes should be
made with great care.

4.3.21.9 Carrier Threshold Level

The color of the carrier lock indicator shown in Figure 4-13 on page 49 is determined in
part by the value entered by the user for the Carrier Threshold Level. If the carrier level
measured by the demodulator is below the threshold level, the carrier lock indicator will
never show Green, even if the carrier acquisition phase lock loop has locked onto the
carrier. The default value for the carrier threshold is set by the software to -65 dBm.
When the carrier level is above the threshold, and the carrier acquisition phase lock loop
has not locked onto the carrier, then the color of the carrier lock indicator will be Y ellow.
In other words, the carrier lock indicator will be Green only when the carrier acquisition
phase lock loop has locked onto the carrier, and the carrier signal level is above the
threshold.

4.3.2.1.10Carrier Loop Discriminator

For noisy signa environments with E,/Ng values less than or equal to 3.0 dB, the Carrier
Loop Discriminator check box should be enabled to aid in carrier acquisition and
tracking. When this mode is enabled, the loop hardware performs a kind of abbreviated
“quasi-FFT” function that gathers spectral information used to aid carrier acquisition and
tracking. As this function is performed by the hardware, there is no additional CPU
utilization as there is with the FFT carrier acquisition mode (see paragraph 4.3.2.1.4 on
page 50). The default setting for the carrier loop discriminator is ON.

4.3.2.1.11 Carrier PM Modulation Index

When the user selects the PM demodulation mode (see paragraph 4.3.2.1.2 on page 50),
the Carrier PM Modulation Index command becomes active and allows the user to
specify the amount of carrier phase deviation to be expected by the demodulator. The
user may enter a value up to ©/2 radians (1.5708). When the PM demodulation mode is
NOT selected, then the carrier PM modulation index command will still be visible in the
menu of commands, but it will be grayed out and unavailable.

® FIR — Finite Impul se Response.

" CIC — Cascaded I ntegrator-Comb.

8 FEC — Forward Error Correction.

U3SXXXXX1 Lumistar, Inc. Page 52
January /2009




LS-3x Product User's Manual

4.3.2.1.12 Restart Acquisition Button

The carrier acquisition process may be restarted at any time by the user by clicking the
Restart Acquisition Button. This action restarts the carrier acquisition phase lock loop
from its initia condition. One should do this whenever any of the receiver parameters
being discussed in these pages are changed. In fact, is should be noted that ssimply
changing any of the receiver parameters may not have an immediate effect on the state of
the carrier acquisition. The acquisition loop may be stuck in a certain state for example.
The restart returns the loop to its original state where a new set of initial conditions
(resulting from a parameter change) can take effect. The user may also wish to restart the
carrier acquisition process whenever there is a change in the signa coming into the
receiver. A change in input power lever or the appearance of a nearby interferer for
example, could be cause to restart carrier acquisition.

4.3.2.2 Bit Sync Parameters

The setup parameters for the bit synchronizer are shown in Figure 4-15 below (red
rectangle). To invoke this menu, place the mouse cursor within the bit sync setup area
and right click. The resulting menu (shown below right) allows the user to enter the
requisite parameters necessary to set up the bit sync for the extraction of clock and data
from the demodulated signal. The following paragraphs describe in more detail each of
the bit synchronizer setup parameters.

Bit R.ake

Eit Svnc Acg LEWY

Bit Swnc Trk LB

PCM Input Code »
PCM Qutput Code »

1

Yiterbi R.ate Mode k
Witerbi Swmbol Order  #

Figure 4-15 Bit Sync Parameters

43.2.2.1 Bit Rate’

The LS-3x supports bit rates from 10 bps to 40 Mbps in the current hardware
implementation. The user enters the rate in bps via the Bit Rate command. Note, for
guadrature modulation schemes such as QPSK and its variants, the bit rate entered must
be twice that of the symbol rate (exception: SOQPXK).

® The maximum bit rate s set in the license file at the time of purchase and may be different than the rate
stated here.
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4.3.2.2.2 Bit Sync Acquisition L oop Bandwidth

The function of the bit synchronizer is the extraction of clock and data from the
demodulated baseband signal. To accomplish this, the LS-3x employs a conventiona
digital phase lock loop to acquire the clock from the baseband, in much the same way as
the carrier is acquired and tracked prior to demodulation. The clock acquisition loop
bandwidth is the parameter that controls the gain of the clock acquisition phase lock loop.
This parameter aso effects how quickly the loop can react as well as how it is affected by
noise. The Bit Sync Acquisition Loop Bandwidth is entered as a percentage of the bit
rate and is defaulted to 1%.

4.3.2.2.3 Bit Sync Tracking Loop Bandwidth

Just as with the carrier recovery functionality in the LS-3x, the clock acquisition function
of the bit synchronizer operates in two phases; acquisition and tracking. After the clock
has been acquired, the bit sync enters the tracking phase. The tracking phase employs the
same conventional digital phase lock loop used to acquire the clock, but the loop
bandwidth need not be the same. In fact, the clock recovery functionality allows the
acquisition and tracking loops to have different bandwidths, with different loop behaviors
(i.e. how quickly the loop can react as well as how it is affected by noise). For example,
the user may wish to set the acquisition loop bandwidth wider than the tracking loop
bandwidth. The Bit Sync Tracking Loop Bandwidth is entered as a percentage of the
bit rate and is defaulted to 1%.

4.3.2.2.4 PCM Input Code

The bit synchronizer in the LS-3x supports a wide variety of input code ==
types including; NRZ, RZ, Split phase, Miller, and Randomized codes. The NRZM
PCM Input Code command invokes the complete list shown right. ey
BICM

o 4.3.2.25 PCM Output Code e
HRZM The bit synchronizer in the LS-3x aso has a code converter DBIGH
iy function that the user may configure to produce an output data | o3
BIOM stream with a different code format than the input. The PCM -
ik Output code invokes the complete list shown |eft. DM

RMRZ-15

4.3.2.3 Viterbi Parameters

The setup parameters for the Viterbi decoder functionality are shown in Figure 4-16
below (red rectangle). To invoke this menu, place the mouse cursor within the Viterbi
setup area and right click. The resulting menu (shown below right) allows the user to
enter the requisite parameters necessary to set up the Viterbi decoder for the detection
and correction of random errors in the demodulated data. The following paragraphs
describe in more detail each of the Viterbi decoder setup parameters.
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Bit R.ake

Eit Svnc Acg LEWY

Bit: Sync Trk LEW!

PCM Input Code b
PCM Qutput Code »

Witerbi R.ate Mode »
Witerbi Symbol Crder  #

Figure 4-16 Viterbi Decoder Parameters

4.3.2.3.1 Decoder Enable Checkbox

To enable the error detection/correction features of the bit
synchronizer the user must check the Decoder Enable
checkbox. This turns on the Viterbi decoder function and
changes the bit sync status display dlightly as shown right.
The Viterbi Lock indicator turns green when the decoder has locked onto the code
sequence. As the decoder detects and corrects errors, the performance of the decoder is
displayed as an error percentage for both symbols and bits. In order to successfully use
the Viterbi decoder, the original bit stream at the sending end must first be Convolutional
Encoded prior to transmission. See paragraph 5.5 on page 89 of the Appendix for more
information about this topic.

4.3.2.3.2 Viterbi Rate Mode

The Viterbi decoder in the bit synchronizer supports three code T
rates including; rate 1/2, rate 1/3, and rate 3/4. To select the desired RATE_ONE_THIRD
code rate, invoke the Viterbi Rate Mode command and select the el R S
desired rate from the menu as shown right. In general, the code rate is a measure of the
efficiency of the code. A rate 1/2 code for example produces two output bits for every
one input bit. A rate 1/3 code produces three output bits for every one input bit, while a
rate 3/4 code produces four output bits for every three input bits.

4.3.2.3.3 Viterbi Symbol Order

The convolutional encoder, like the example encoder shown in Figure 5-4 e
on page 90, produces pairs of code symbols in a sequential manner. To G2G1_ORDER
decode the symbols correctly, the Viterbi decoder must match the
temporal order of the symbols it receives. The user selects this order by invoking the
Viterbi Symbol Order command. Two symbol orders are available; G1 followed by G2,
and the reverse, G2 followed by G1.
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43234 Invert G/ G2
The user may also independently invert the logic sense of the G1 symbols, the G2
symbols, or both by checking the Invert G1 and Invert G2 checkboxes.

4.3.3 PSK Recelver Secondary Sub-Tab

The receiver secondary sub-tab allows the user to configure the stream routing of the data
after demodulation. Because the LS-3x supports quadrature modulation schemes as well
as Viterbi decoding error control, the post demodulation signal routing is by necessity
somewhat complex. A simplified block diagram of the various signal paths is shown in
Figure 4-17 below.

Invert Invert
Output Output

I/Q-CH I/Q-CH 1/Q-CH
1, > Bit Syne * Interleave > Viterbi > > PCM * Interleave 1Q,,
’ or Decoder Interleave Encoder or
Swap Swap Q
out
0 —| QcH Q-CH o-cH
Bit Syne Viterbi PCM

Decoder Encoder

Figure 4-17 Post Demodulation Stream Routing

The receiver secondary sub-tab is shown in Figure 4-18 below. To ——
invoke the command menu, place the mouse cursor within the Recombine Location
secondary tab and right click. The resulting menu shown right allows e moptogaon

Inwvert Locatian

the user to configure the stream control functions. The following Output Clock Palarity

- v v v v

paragraphs describe in more detail each of the functions.
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Prifmary 'S'ec:nndary_- .

Figure 4-18 PSK Receiver Secondary Sub-Tab

4.3.3.1 Stream Control
There are two stream control modes; Stream 1 Only, and Stream 1 = Stream 2. Both
are displayed schematically in Figure 4-19 on page 58.

The Stream 1 Only mode is used when the | and Q data streams have been multiplexed
together into a single stream. An example of this arrangement is the modulation format
SOQPXK. In ordinary QPK, the | and Q data streams are separate and would be
supported by the Stream 1 = Stream 2 mode.

4.3.3.2 RecombineLocation

When the stream control mode is set to Stream 1 = Sream 2, as =
shown in the lower half of Figure 4-19 on page 58, then the POST_BITSYHC
Recombine Location command has meaning and alows the | & Q e

data streams to be recombined (interleaved) in a number of locations GRS
(shown right). The user may opt to combine the | & Q streams after the bit sync
(POST_BITSYNC), after the Viterbi decoder (POST_VITERBI), after the PCM encoder
(POST_PCM_CODING), or not at al (OFF).
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Stream 1 Only

Invert Invert
Output Output
y v
1/Q-CH 1/Q-CH 1/Q-CH
1Q,, Bit Sync Interleave Viterbi d PCM Interleave 1Q,,
or Decoder Encoder or
Swap Swap
Stream 1 = Stream 2
Invert Invert
Output Output
1/Q-CH 1/Q-CH 1/Q-CH
k Bit Syne " Interleave » Viterbi » » PCM * Interleave !
or Decoder Interleave Encoder or
Swap Swap ———0Q
out
Q Q-CH Q-CH Q-CH
" Bit Sync Viterbi PCM
Decoder Encoder

Figure 4-19 Stream Control Configurations

4.3.3.3 Stream Swap L ocation

When the stream control mode is set to Stream 1 = Stream 2, as
shown in the lower half of Figure 4-19, then the Stream Swap

L ocation command has meaning and allowsthe | & Q data streams

OFF
FOST_BITSYNC
POST_PCM_CODING

to be swapped or exchanged in several locations (shown right). The user may opt to swap
the | & Q streams after the bit sync (POST_BITSYNC), after the PCM encoder

(POST_PCM_CODING), or not at al (OFF).

4.3.3.4 Invert Location

Thelnvert Location command allowsthe | & Q datastreamsto be
inverted logically in severa locations (shown right). The user may
opt to invert the | & Q streams after the bit sync (POST_BITSYNC),

OFF
POST_BITSYNC
POST_PCM_CODING
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after the PCM encoder (POST_PCM_CODING), or not at all (OFF).

4.3.3.5 Output Clock Polarity

The user has control of the timing relationships between the output data
(I & Q) and output clocks (I & Q) by invoking the Output Clock
Polarity command. The user may opt to align the start of each data bit
with either the Rising edge, or the Falling edge of the clock.

4.3.3.6 Output Invert Enable

RISING_EDGE
FALLING_EDGE

The user may opt to logically invert the logic sense of the final data outputs (Post PCM
Encoder) by invoking the Output Invert Enable checkbox. Thiswill invert both the | &

Q data outputs.
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44 TheFM Receiver Tab (RCRVN)

Each LS-3x card installed in a system may be configured with one or two multi-symbol
FM demodulators (receivers). The number™® of receivers (1 or 2) is determined at the
time of purchase via the firmware license configuration. As with most LS-3x features,
changes or additions to the firmware license configuration may be made at any time after
purchase by simply installing a new license file obtained from the factory™. In this way,
new or additional features can be added to the LS-3x without changing the base
hardware.

The anatomy of the FM receiver tab in FM-FM mode (red square) can be seen in Figure
4-20 below. The FM receiver tab has two main sections; the Status display, and the
Configuration display. The status display shows the state of the receiver and bit
synchronizer using numerical and colored indicators. The configuration display is where
the user enters the requisite parameters necessary to set up the receiver for correct
demodulation of theinput signal.

*1.53x Card 1 {FM-FM) DEFAULT 110:09:46:05.070936 X *1.53x Card 1 {FM-FM) DEFAULT 110:09:46:21.067186

Restart Acquisition

Figure4-20 The Receiver Tab (Primary & Secondary) — FM-FM Mode

The FM receiver configuration display employs two additional tabs denoted Primary and
Secondary. These two tabs are shown in Figure 4-20 above (yellow ovas) and are
described in more detail in subsequent paragraphs. The configuration display alows the
user to set up the receiver, bit synchronizer, and data/clock output functions of the
demodulator.

19 The PSK-FM configuration has one FM demodulator. The FM-FM configuration can have one or two

FM demodulators.

! Contact the factory or your Lumistar sales representative for more information.
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44.1 FM Receiver Status

The status display shown below in Figure 4-21 presents the state of the FM receiver and
bit synchronizer using numerical and colored indicators. The FM receiver status section
includes a colored Carrier Lock indicator and numerical displays for Carrier
Frequency, Signal Power, Carrier Power and Peak Deviation. The color green
indicates that the state of the carrier acquisition is in lock, while the color yellow
indicates an unlocked or below threshold state. When in lock, the carrier frequency is
displayed in MHz, while the signal and carrier power levels are indicated in dBm. The
FM peak deviation is indicated as the numerical ratio of the measured frequency
deviation and the bit rate.

Figure4-21 FM Receiver Status Display

The bit sync status section includes a colored Locks State indicator and numerical
displays for signal Ep/No, Symbol Rate, and Bit Rate. The color green indicates that the
bit syncs phase lock loop is in lock, while the color yellow indicates an unlocked state.
The signa Ey/Ng is estimated based upon the carrier power and soft-decision information
in the bit sync. The symbol and bit rates are displayed in counts/second.

442 FM Receiver Primary Sub-Tab

The FM receiver configuration display is located directly below the status display as
shown in Figure 4-20 on page 60. The configuration display has two tabs denoted
Primary and Secondary. The primary tab is shown in Figure 4-22 below and alows the
user to set up the receiver and bit synchronizer functions of the demodulator. Each of
these functions are described in more detail in the following paragraphs.

() secorver

Restart Acquistion

Figure 4-22 FM Receiver Primary Sub-Tab
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4421 FM Receiver Parameters

The setup parameters for the FM receiver are shown right. To Inpuk Source N
invoke this menu, place the mouse cursor within the receiver Devistion Detect Mode ¥
setup area and right click. The resulting menu allows the user to il
enter the requisite parameters necessary to set up the FM receiver Cartler ficq Rangs

for correct demodulation of the input signa. It should be noted Carrier ficq LBW

that not all of these parameters need to be entered by the user, as E:::Z: ITF”‘F:E::’BW _

many of them have standardized default values. If the user is Carrier Thresh (dBm)

uncertain or unfamiliar with some of the parameter, it is best to
leave them at their default values. The following paragraphs describe in more detail each
of the receiver setup parameters.

44211 Input Source

Each FM demodulator in the LS-3x can receive an input from one of two =
possible sources as shown right. The Input Source command allows the user ch2

to specify one of the two inputs, or to essentially deactivate the demodul ator by i
selecting the OFF command. The FM demodulator may be connected to input channels 1
or 2 (CH1, CH2), or the demodulator may be shut off (OFF). These connections can be
seen in the FPGA block diagram for the FM-FM firmware personality shown in Figure
5-2 on page 86 of the Appendix.

4.4.2.1.2 Deviation Detect Mode

The FM demodulator in the LS-3x supports two different deviation =
detection modes; Auto and Manual. In the auto mode, the FM demodul ator MANLAL

will measure the frequency excursions of the “ONE” symbol and the

“ZERO” symbol and calculate the deviation between in the range of 0.3 to 0.4. In the
manual mode, the user enters the expected deviation and the demodul ator then begins the
deviation measurement based around this number. This in turn affects the symbol
detection function of the demodulator.

4.4.2.1.3 Carrier Frequency

The Carrier Frequency command alows the user to change the default 70 MHz
frequency vaue for the incoming carrier signal. For example, one might do this to
compensate for a know frequency offset in the input signal that is not caused by Doppler
(i.e. the frequency offset is fixed and not changing). In normal operation, the user should
not change the carrier frequency from the default of 70 MHz.

4.4.2.1.4 Manual Peak Deviation

When the FM demodulator is in the manua deviation detection mode (see paragraph
4.4.2.1.2 above), the user then must enter the expected frequency deviation by invoking
the Manual Peak Deviation command and entering the deviation value from the
resulting dialog box.
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4.4.2.1.5 Carrier Acquisition Range

In the carrier acquisition phase lock loop mentioned in the previous paragraph, the
Carrier Acquisition Range parameter (in Hz) defines the limit of how far the loop may
be pulled relative to the center frequency of the loop as the loop tracks the carrier. For
example, if the user were to set the range for 100 KHz, then the loop would not track
beyond plus-or-minus 50 KHz around the carrier. The default value for the carrier
acquisition range is 100 KHz. Setting this parameter too narrow relative to the data rate
could frustrate the demodulators ability to track the carrier in the presence of Doppler.
Setting the range too wide could make it possible for the acquisition loop to lock onto a
signal other then the intended carrier. For additional information on Doppler frequency
shifts, see paragraph 5.4 on page 88 of the Appendix.

4.4.2.1.6 Carrier Acquisition Loop Bandwidth

The carrier tracking loop bandwidth (not to be confused with the carrier acquisition range
discussed previoudly) is the parameter that controls the gain of the carrier acquisition
phase lock loop. This parameter also effects how quickly the loop can react as well as
how it is affected by noise and the rate of the Doppler. The Carrier Acquisition Loop
Bandwidth is entered as a percentage of the bit rate and is defaulted to 1%.

4.42.1.7 Carrier Tracking Loop Bandwidth

The carrier recovery functionality in the LS-3x operates in two phases; acquisition and
tracking. After the carrier has been acquired, as described previoudly, the LS-3x enters
the tracking phase. The tracking phase employs the same conventional digital phase lock
loop used to acquire the carrier, but the loop bandwidth need not be the same. In fact, the
carrier recovery functionality allows the acquisition and tracking loops to have different
bandwidths, with different loop behaviors (i.e. how quickly the loop can react as well as
how it is affected by noise and the rate of the Doppler). For example, the user may wish
to set the acquisition loop bandwidth wider than the tracking loop bandwidth. The
Carrier Tracking Loop Bandwidth is entered as a percentage of the bit rate and is
defaulted to 1%.

4.4.2.1.8 Carrier |F Filter Bandwidth

After the analog 70 MHz input signal has been digitized, the resulting digital IF isfiltered
in the front-end of the demodulator via a bank of FIR™?/CIC* bandpass filters (the CIC
filters being used for low data rates). The bandwidths of these front-end filters are
determined automatically based upon parameters such as modulation type, datarate, code
format, FEC™ utilization, etc.). The Carrier IF Filter Bandwidth command allows the
user to override or change the filter bandwidth set by the software. The user enters the IF
bandwidth value in MHz. Although the IF filter bandwidth may be changed by the user, it

2 FIR — Finite Impul se Response.

13 CIC - Cascaded Integrator-Comb.

¥ FEC — Forward Error Correction.
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should be noted that the default value is redly the optimum and any changes should be
made with great care.

4.4.21.9 Carrier Threshold Level

The color of the carrier lock indicator shown in Figure 4-21 on page 61 is determined in
part by the value entered by the user for the Carrier Threshold Level. If the carrier level
measured by the demodulator is below the threshold level, the carrier lock indicator will
never show Green, even if the carrier acquisition phase lock loop has locked onto the
carrier. The default value for the carrier threshold is set by the software to -65 dBm.
When the carrier level is above the threshold, and the carrier acquisition phase lock loop
has not locked onto the carrier, then the color of the carrier lock indicator will be Y ellow.
In other words, the carrier lock indicator will be Green only when the carrier acquisition
phase lock loop has locked onto the carrier, and the carrier signal level is above the
threshold.

4.4.2.1.10 Restart Acquisition Button

The carrier acquisition process may be restarted at any time by the user by clicking the
Restart Acquisition Button. This action restarts the carrier acquisition phase lock loop
from its initial condition. One should do this whenever any of the receiver parameters
being discussed in these pages are changed. In fact, is should be noted that simply
changing any of the receiver parameters may not have an immediate effect on the state of
the carrier acquisition. The acquisition loop may be stuck in a certain state for example.
The restart returns the loop to its original state where a new set of initial conditions
(resulting from a parameter change) can take effect. The user may also wish to restart the
carrier acquisition process whenever there is a change in the signa coming into the
receiver. A change in input power lever or the appearance of a nearby interferer for
example, could be cause to restart carrier acquisition.

4.4.2.2 Bit Sync Parameters

The setup parameters for the bit synchronizer are shown in Figure 4-23 below (red
rectangle). To invoke this menu, place the mouse cursor within the bit sync setup area
and right click. The resulting menu (shown below right) allows the user to enter the
requisite parameters necessary to set up the bit sync for the extraction of clock and data
from the demodulated signal. The following paragraphs describe in more detail each of
the bit synchronizer setup parameters.
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Bit R.ake

Bit Swnc Acg LEW

Bit Sync Trk LEW
PCM Input Code
PCM Qutput Code  #

Figure 4-23 Bit Sync Parameters

4.4.22.1 Bit Rate™
The current hardware implementation of the LS-3x supports bit rates from 10 bps to 40
Mbps. The user enters the rate in bps via the Bit Rate command.

4.4.2.2.2 Bit Sync Acquisition Loop Bandwidth

The function of the bit synchronizer is the extraction of clock and data from the
demodulated baseband signal. To accomplish this, the LS-3x employs a conventiona
digital phase lock loop to acquire the clock from the baseband, in much the same way as
the carrier is acquired and tracked prior to demodulation. The clock acquisition loop
bandwidth is the parameter that controls the gain of the clock acquisition phase lock loop.
This parameter aso effects how quickly the loop can react as well as how it is affected by
noise. The Bit Sync Acquisition Loop Bandwidth is entered as a percentage of the bit
rate and is defaulted to 1%.

4.4.2.2.3 Bit Sync Tracking L oop Bandwidth

Just as with the carrier recovery functionality in the LS-3x, the clock acquisition function
of the bit synchronizer operates in two phases; acquisition and tracking. After the clock
has been acquired, the bit sync enters the tracking phase. The tracking phase employs the
same conventional digital phase lock loop used to acquire the clock, but the loop
bandwidth need not be the same. In fact, the clock recovery functionality allows the
acquisition and tracking loops to have different bandwidths, with different loop behaviors
(i.e. how quickly the loop can react as well as how it is affected by noise). For example,
the user may wish to set the acquisition loop bandwidth wider than the tracking loop
bandwidth. The Bit Sync Tracking Loop Bandwidth is entered as a percentage of the
bit rate and is defaulted to 1%.

15 The maximum bit rate is set in the license file at the time of purchase and may be different than the rate
stated here.
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4.4.2.2.4 PCM Input Code

The bit synchronizer in the LS-3x supports a wide variety of input code =
types including; NRZ, RZ, Split phase, Miller, and Randomized codes. The NRZM

PCM Input Code command invokes the complete list shown right. i
BIOM

MRZL 4.4.2.2.5 PCM OUtpUt COde E;OS
HRZM The bit synchronizer in the LS-3x aso has a code converter DEIOM

i function that the user may configure to produce an output data | o3

BIOM stream with a different code format than the input. The PCM BMS
Gl Output code invokes the complete list shown I eft. DMM2

RMRZ-15

443 FM Receiver Secondary Sub-Tab

The FM receiver secondary sub-tab allows the user to configure the clock & data output
characteristics of the demodulator. The receiver secondary sub-tab is shown in Figure
4-24 below. To invoke the command menu, place the mouse cursor within the secondary
tab and right click. The resulting menu shown right allows the user to configure the clock
& data output characteristics of the FM demodulator. The following paragraphs describe
in more detail each of the functions.

RISING_EDGE

FaLLING_EDGE

Figure 4-24 FM Receiver Secondary Sub-Tab

4.4.3.1 Output Clock Polarity

The user has control of the timing relationships between the output data™® and output
clock!” by invoking the Output Clock Polarity command. The user may opt to align the
start of each data bit with either the Rising edge, or the Falling edge of the clock.

4.4.3.2 Output Invert Enable

The user may opt to logicaly invert the logic sense of the final data outputs (Post PCM
Encoder) by invoking the Output Invert Enable checkbox. This will invert the | data
output(s) on RCVR1 & RCVR2 (FM-FM mode), or RCVR2 (PSK-FM mode).

16 RCVR2 | Data (PSK-FM mode), RCVR1 & RCVR2 | Data (FM-FM mode).
Y RCVR2 | Clock (PSK-FM mode), RCVR1 & RCVR2 | Clock (FM-FM mode).
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45 TheBit Error Rate Test Tab (BERTN)

*153x Card 1 (PSK-PSK) 134:15:33:40.209984
File  View

B it I
EEART SalGE

Figure4-25 TheBit Error Rate Test (BERT) Tab

45.1 Bit Sync Status Display

45.2 Bit Sync Configuration Display

Input Source 3
Clock Polarity 4
Pattern Select 4

Set User Pattern

RCYR1
OFF
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4.6 TheModulator Tab (MOD)

The LS-3x is equipped with a powerful multi-mode IF modulator rich with features and
capabilities. The IF modulator is ideal for test and checkout of the various demodulators
configured on the LS-3x as well as external demodulators. When used in concert with an
IF upconverter, the LS-3x may be used to test a wide variety of receivers employing
many of the most common modulation formats used in terrestrial and satellite telemetry
scenarios. The modulator functionality of the LS-3x also supports some forward error
correction coding schemes used in satellite telemetry applications. Perhaps the most
powerful feature of the modulator is the built-in noise generator. With the noise
generator, the user may add very precise levels of additive white Gaussian noise
(AWGN) to the signal. With this feature, the user can create a modulated signal with
virtually any signal-to-noise ratio desired. This capability is extremely useful in a variety
of testing scenarios including the BER performance of diversity combiners and receivers,
and the characterization of error detection and correction hardware.

*.63x Card 1 (PSK-FM) DEFAULT 113:09:48:01.772964

Figure4-26 The Modulator Tab (Primary & Secondary) — All Mode

The specific capabilities of the modulator are determined at the time of purchase via the
firmware license configuration. As with most LS-3x features, changes or additions to the
firmware license configuration may be made at any time after purchase by simply
installing a new license file obtained from the factory®®. In this way, new or additional
features can be added to the LS-3x without changing the base hardware. Unless specified
otherwise by the customer, ALL of the features and capabilities of the modulator are
enabled by default.

The anatomy of the modulator tab (red sguare) can be seen in Figure 4-12 above. The
appearance of the GUI is the same, irrespective of the firmware personality loaded into

'8 Contact the factory or your Lumistar sales representative for more information.
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the LS-3x. The modulator tab allows the user to enter the requisite parameters necessary
to set up the data and modulation formats needed for testing receivers and demodulators.
The modulator configuration GUI employs two tabs denoted Primary and Secondary.
These two tabs are shown in Figure 4-12 above (yellow ovals) and are described in more
detail in subsequent paragraphs.

4.6.1 Modulator Primary Sub-Tab
The modulator primary tab is shown in Figure 4-14 below. The GUI allows the user to set
up the primary modulator, subcarrier modulator, and PCM data source(s).

Figure4-27 Modulator Primary Sub-Tab

4.6.1.1 Modulator Parameters

The setup parameters for the modulator are e ; T N
shown right. To invoke this menu, place the el e
Arrier ASmpitude Aarrier Amplitude

mouse cursor within the modulator setup area ST
and right click. The resulting menu alows the Hochistion Type
user to enter the requisite parameters necessary to P
set up the modulator and data sources. It should LGt
be noted that the appearance of this menu is | === Sliolere
gritn%entb upct)l':: the mOdUI %I Orb] mOde and tytﬁe DIR PSE PM Modulation Indes IR PSE BM Madulation Index
y e uﬂ, an upon e Suticarrier 1 Input Saurce: r Subcarrier 1 Input Source 3
%I &tl On, Sjme Of the Commands Wl I I be d| mbl w Stacarrier 1 Modulation Type k Subcarrier 1 Modulation Type  #

Subcarrier 1 Rate Subcarrier 1 Rate

(grayed Out) and unava”able to the user. The subcatrier 1 Mod ndex Subcartier 1 Mod Index

Modulation Mode:
Modulation Type

I Data Source
Q) Daka Source
I ¢ Routing

v v | v
- v v |-

FHPeak Deviation Factor FI Peak Deviation Facbor

following paragraphs describe in more detail each of the modulator setup parameters.
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4.6.1.1.1 Input Source

The modulator in the LS-3x produces a 70 MHz IF output signal that is —4—
available on the boards face-plate at SMB connector J1 (see Figure 3-3 on Cambirer

page 33). Normally the IF output signa comes from the modulator.
However, a second option is available. The output of the pre-detection combiner (if
available) is also accessible at connector J1 by invoking the Input Sour ce command and
selecting Combiner. The default selection for the input source command is Direct and
connects the modulator output to connector J1.

4.6.1.1.2 Carrier Frequency

The Carrier Frequency command alows the user to change the default 70 MHz value of
the carrier signal. For example, one might do this to simulate a known frequency offset in
the output signal for testing purposes. In normal operation however, the user should not
change the carrier frequency from the default.

4.6.1.1.3 Carrier Amplitude

The output power level of the modulator may be adjusted by the user by invoking the
Carrier Amplitude command and entering the desired level in dBm. The output power
level may be set anywhere between 0 dBm and -80 dBm. The modulator parameter setup
GUI also has adlider control for the carrier amplitude.

46.1.1.4 Modulation Mode

The modulator in the LS-3x can support both direct carrier modulation e
(DIR_PSK) and subcarrier modulation (SUBCAR). The user specifies one or DIR_P3K

the other by invoking the M odulation Mode command. The default mode

is direct carrier modulation. Selection of certain modulation modes will affect some of
the commands available in the modulation parameters menu discussed in paragraph
4.6.1.1 above. The SUBCAR mode for example will enable all of the subcarrier
modulation parameters discussed in paragraph 4.6.1.1.14 on page 74. Note aso that the
SUBCAR mode will automatically set the modulation type (see below) to the PM mode.

4.6.1.1.5 Modulation Type

The modulator in the LS-3x can support a variety of formats. The ==
complete list of formats is shown right. The Modulation Type BPSK
command allows the user to specify which modulation format to use. e

OOPSK
As new modulation formats are added via firmware update, they will S0QPSK_MIL_STD
also appear in the list shown right. Selection of certain modulation B fiatin

ulki-b
formats will affect some of the commands available in the modulation r:ChEI_FI‘EPM

parameters menu discussed in paragraph 4.6.1.1 above. For example,
the PCM_FM mode will enable the FM Peak Deviation Factor command discussed in
paragraph 4.6.1.1.12 on page 74.
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46.1.1.6 | & Q Data Source

To support the plethora of quadrature modulation modes implemented in e
the LS-3x, two separate, independent PCM data sources are available. PCM_ENCODER?

Each PCM encoder in turn produces data derived from a number of
sources, both internal and external (see paragraph 4.6.1.2 on page 75). The default for the
guadrature scheme sets the I-Channel to PCM_ENCODER1, and the Q-Channel to
PCM_ENCODER2. For PCM/FM, BPSK, and SOQPSK, the I-Channel defaults to
PCM_ENCODER1, with the Q-Channel being irrelevant.

4.6.1.1.7 1 & Q Datarouting

The data routing functions in the LS-3x modulator determine how the |- T
and Q- data streams are sent to the modulation stage. By invoking the G FQUAL I

I Q Routing command, the user may opt to leave the routing unchanged R
(I_AND_Q), swap the I- and Q- streams (Q_EQUAL_I), or invert the logic polarity sense
of the I- and Q- streams (Q_EQUAL_NOT ).

4.6.1.1.8 Carrier Enable Checkbox

The user may turn on or off the carrier by checking/un-checking the Carrier Enable
checkbox. The default setting is enabled. When not checked, no signal will be present on
the modulator output (except for the noise floor of the modulator).

4.6.1.1.9 Modulation Enable Checkbox

The user may turn on or off the modulation of the carrier by checking/un-checking the
Modulation Enable checkbox. The default setting is enabled. When not checked, the
only signal present on the modulator output will be the carrier (unlessit is also disabled —
see previous paragraph).

4.6.1.1.10 Noise Enable Checkbox

To enable the addition of noise with the modulated signal, the user must select the Noise
Enable checkbox. When selected, noise with the C/Ny level specified in paragraph
4.3.2.1.4 is added to the signal. The effect of the added noise to the signal is most easily
seen visually by examining the signal’s spectrum. Figure 4-28 below shows an example
of a spectrum (SOQPSK) with a C/Ng noise level of 75 dB-Hz. The addition of noise can
also be seen in the I/Q constellation display of quadrature modulation schemes such as
those seen in Figure 4-29 on page 73. Again, the C/Ng noise level is 75 dB-Hz. Note the
spreading out of the four images in the quadrants. In genera, the “fuzzier” the
appearance, the more noise that is present.
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Figure 4-28 Examples of Spectra With /Without Noise Added (SOQPSK)

4.6.1.1.11C/Nog Leve

Perhaps the most powerful feature of the modulator is the built-in noise generator. With
the noise generator, the user may add very precise levels of additive white Gaussian noise
(AWGN) to the signal. With this feature, the user can create a modulated signal with
virtually any signal-to-noise ratio desired. The user sets the noise level by invoking the
C/No command and entering the desired noise in dB-Hz. Noise levels may range between

0 and 110 dB-Hz. The modulator parameter setup GUI also has a dider control for the
noise level.

LS3x Card 1 IQRCYR 1 ] L53x Card 1 IQRCYR 1

Figure 4-29 Examples of Constellation With /Without Noise Added (SOQPSK)
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4.6.1.1.12 FM Peak Deviation Factor

When the user selects the PCM_FM modulation type, the FM Peak
Deviation Factor command becomes enabled (not grey). The user
may enter the peak FM deviation of the carrier in the range from
0.3 to 0.4, with 0.35 being the default. FM deviation outside this
range is not supported by the modulator. The effect of differing
levels of FM deviation of the carrier is most easily seen by
examining the spectrum of the signal (see paragraph X on page Y).

4.6.1.1.13PSK PM Modulation Index

When the user selects the PM modulation type, the PSK PM | EESERERERETRnT |
Modulation Index command becomes active (not grey) and allows the user to specify

the amount of carrier phase deviation to be produced on the carrier. The user may enter a

value up to /2 radians (1.5708), with 0.5 being the default. The effect of differing the

PM modulation index is most easily seen by examining the I/Q constellation display of

the signal (see paragraph W on page Z).

4.6.1.1.14 Subcarrier Modulation Parameters

When the user selects the SUBCAR modulation mode the subcarrier
modulation parameters become active (not grey) as shown left (red
rectangle) and are ready for configuration. The following
paragraphs describe in more detaill each of the subcarrier
modulation setup parameters.

4.6.1.1.14.1 Subcarrier Input Source

To support the subcarrier modulation mode in the iz
LS-3X two separate, independent PCM data sources are available. Each PCM_ENCODER?

PCM encoder in turn produces data derived from a number of sources,
both internal and external (see paragraph 4.6.1.2 on page 75). The user may select from
PCM encoder 1 or 2.

4.6.1.1.14.2 Subcarrier Modulation Mode

The subcarrier modulation mode in the LS-3x supports two modulation types; ——
BPSK and QPSK. The user chooses one of these by invoking the Subcarrier QPsK

M odulation command and making the appropriate selection.

4.6.1.1.14.3 Subcarrier Rate

The user sets the frequency of the subcarrier in Hz by invoking the Subcarrier Rate
command and entering the desired frequency. Currently, subcarrier frequencies up to a
maximum of 1 MHz are allowed.
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4.6.1.1.14.4 Subcarrier Modulation Index

When the user selects the SUBCAR modulation mode, the Subcarrier Modulation Index
command becomes active and alows the user to specify the amount of phase deviation to
produce on the subcarrier. The user may enter avalue up to /2 radians (1.5708).

4.6.1.2 PCM Encoder Parameters

The modulation functions in the LS-3x employ two
separate, independent PCM data sources. One data
source is associated with the [-Channel, and the other
with the Q-Channel. Each PCM encoder in turn
produces data derived from a number of sources, both
internal and external. The setup parameters for each
PCM encoder are shown right. To invoke the
parameter menu, place the mouse cursor within the
encoder setup area (1 or 2) and right click. The
resulting menu allows the user to enter the requisite
parameters necessary to set up the data source. Both
data sources need to be setup by the user. Each of the data source parameters are
described in more detail in the following paragraphs.

46.1.2.1 Bit Rate

The test generator(s) in the modulator support bit rates from 10 bps to 10 Mbps in the
current hardware implementation. The user enters the rate in bps via the Bit Rate
command. Note, for quadrature modulation schemes such as QPSK and its variants, the
bit rate entered for both encoders must be twice that of the symbol rate (exception:
SOQPXK).Note: if the user selects the externa data input (see below), then the maximum
bit rate is that configured for the demodulators at the time of purchase (see paragraph X

on pageY).

4.6.1.2.2 Data Source

Each PCM encoder produces data derived from a number of sources, =
both internal and external. For the external source of data, the PCM1 PCM1_INPUT {(EXT)
externa input is associated with the 1-Channel, whereas the PCM2 E“Tz-ég:? (E=T)

external input is associated with the Q-Channel. See Figure 3-5 on T

page 35 for the connector names and pin numbers associated with the
externa modulator data inputs. Test generators 1 & 2 (TEST_GEN1, TEST _GEN2)
provide the internal source of data for the modulator and are also associated with the |- &
Q-Channels respectively. Each test generator has a maximum bit rate of 10 MBPS.
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4.6.1.2.3 Output Code

The modulator in the LS-3x supports a wide variety of output code types
including; NRZ, Split phase, Miller, Differential, and Randomized codes.
The Output Code command invokes the complete list shown right.

4.6.1.2.4 Test Data Type
Each internal test generator (TEST_GENI1, TEST _GEN2) produce a

ZER.C_OMNE
ALL_OME
ALL_FEROD
PH11

limited set of data types as shown in the menu left. The
four data patters include: alternating ones and zeros
(ZERO_ONE), dl ones and al zeros (ALL_ONE &
ALL_ZERO), and the PN pattern with length 2 (PN11).

4.6.2 Modulator Secondary Sub-Tab

The modulator secondary tab is shown in Figure 4-18 below. The
GUI alows the user to set up the two convolutional encoders,
routing and processing, and several miscellaneous
functions. To invoke the command menu, place the mouse cursor

symbol

MRZL
MRZM
MNRZS
BICL
BIOM
BIOS
Cirm
CMs
CEIOM
DEIOS
COMY_MRZM
RNRZ-15

M Oukput Cal
PCM FM Premod Filker B

Symbol Fouting r
Preprocessing 3

within the secondary tab and right click. The resulting menu shown right allows the user
to configure the encoders and ancillary functions. The following paragraphs describe in
more detail each of the functions.

| rovrt | BERT1 | Rovrz | BERT2 | com MOD | meour -

Figure4-30 Modulator Secondary Sub-Tab
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4.6.21 QPSK Conjugate
This mode basically inverts the Q signal and is used in cases of spectrum inversions.

4.6.2.2 Maximum Output Calibration

The output power level of the modulator may be calibrated by the user by invoking the
Max Output Cal command and entering the desired offset level in dBm. The output
power level of the modulator may be set anywhere between 0 dBm and -80 dBm. To
calibrate the output level, set the output level to 0 dBm and then measure the output level
with a power meter. Subtract the power meter reading from 0 dBm and enter this value as
the offset.

4.6.2.3 Symbol Routing

The user may opt to deinterleave the input of the PCM encoder(s) e
[either from the externa input or from the test generator] into separate |- DEINTERLEAVE

and Q- inputs by invoking the Symbol Routing command. Thisis an advanced command
intended for very specific scenarios and should not be used in general. The default for the
symbol routing command is NONE. This command is only used in concert with the
convolutional encoder, and allows the convolutional encoder to separately encode the I-
and Q- streams independently of each other.

4.6.2.4 Input Preprocessing

The user may opt to deinterleave the output of the PCM encoder(s) into —
separate |- and Q- outputs by invoking the Input Preprocessing DEINTERLEAVE

command. This is an advanced command intended for very specific
scenarios and should not be used in general. The default for the input preprocessing
command is NONE.

4.6.25 PCM Encoder Parameters

The modulation functions in the LS-3x employ two separate,
independent convolutional encoders. Each convolutional encoder
produces an FEC data stream (rate 1/2, K=7). To invoke a
parameter, select the desired checkbox. Both encoders need to be
setup by the user. Each of the FEC encoder parameters are
described in more detail in the following paragraphs.

4.6.2.5.1 Convolutional Encoding On Checkbox
To turn on the convolutional encoder, the user must select this
checkbox.

4.6.25.2 Swap G1 & G2 Checkbox

The convolutional encoder produces pairs of code symbols in a sequential manner. To
decode the symbols correctly, the Viterbi decoder at the receiving end must match the
temporal order of the symbols it receives. The user selects this order in the modulator by
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invoking the Swap G2 & G1 checkbox. When unchecked (the default condition) the G1
symbol is followed by the G2 symbol. When enabled the symbols are sent in reverse
order (G2 followed by G1).

4.6.2.5.3 Invert G2 Checkbox
The user may independently invert the logic sense of the G2 symbols by checking the
Invert G2 checkbox.

4.6.2.5.4 Invert Data Checkbox
The user may invert the logic sense of both the G1 and G2 symbols by checking the
Invert Data checkbox.

4.6.2.5.5 Falling Clock Edge Checkbox

The user has control of the timing relationships between the output data (I & Q) and
output clocks (I & Q) by invoking the Falling Clock Polarity command. When
unchecked, the start of each data bit will occur with the Rising edge of the clock. When
enabled, the start of each data bit will occur with the Falling edge of the clock.
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4.7 The Combiner Tab (COMB)

The LS-3x supports a two-channel pre-detection diversity combiner that is currently
available in the PK-PK, and PSK-FM modes of operation. The Pre-D functionality is
an optional feature of the LS-3x that is enabled at the time of purchase via the firmware
license configuration. As with most LS-3x features, changes or additions to the firmware
license configuration may be made at any time after purchase by simply installing a new
license file obtained from the factory™. In this way, new or additional features can be
added to the LS-3x without changing the base hardware.

In a telecommunications system, a diversity reception scheme refers to the method of
improving the reliability of message reception by utilizing two or more distinct
communication channels, each with differing characteristics. Diversity reception plays an
important role in mitigating signal fading and co-channel interference typically
encountered in telemetry systems. Diversity reception relies on the fact that individual
channels typicaly experience differing levels of fading and interference. Thus, multiple
versions of the same signal may be transmitted and/or received and subsequently
combined in the receiver. Often, the improvement in signal-to-noise ratio of the
combined channel can approach 3 dB (theoretical limit).

The Pre-D combiner in the LS-3x supports multiple combining modes including;
frequency diversity, polarization diversity, and by extension, spatial (or antenna)
diversity. In frequency diversity, the signal is transmitted on several different frequency
channels, each affected by differing levels of frequency-selective fading. In polarization
diversity, multiple versions of a signal are transmitted and received via an antenna with
multiple polarizations. With spatial diversity, the signal is transmitted over severa
different propagation paths®. Multiple receiving antennas are employed for each
propagation path, with each antenna seeing a different version of the same signal (with
differing levels of temporal signal fading).

Irrespective of the diversity mode, the two input signals of the combiner are processed as
shown in Figure 4-31 below. Each signal is dynamically phase and amplitude adjusted
based upon the S/N ratio® of the respective channel. The adjusted channels are then
added together in quadrature to from the combined output. The diagram in Figure 4-31 is
a highly simplified version of the actual combiner, with the all-important magical details
omitted.

19 Contact the factory or your Lumistar sales representative for more information.

% Asis the case with multi-path interference.

2 Signal-to-noise ratio.
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Figure 4-31 Pre-Detection Diversity Combiner Block Diagram

The anatomy of the combiner tab (red square) can be seen in Figure 4-32. The combiner
tab alows the user to enter the requisite parameters
necessary to set up the combiner. The combiner tab
has two main sections,; the Status display and the
Configuration interface. The status display presents
numerical data on the noise and signal-to-noise
ratio (SNR) for both channels. Numerical SNR data
is adso displayed in the main LS-3x window as
shown below (yellow sgquare).

% Ls3x_App Yer 1.35 344:11:32:04.273232

The configuration interface presents numerical data

on the combiner parameters entered by the USer. | Figyre4-32 The Pre-Detection
These parameters include; Combiner Mode, Noise

Estimation Mode, Signal Bandwidth, Time | D'Versity Combiner Tab
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Constant, Sgnal Bandwidth Ratio, and Center Frequency and Fixed Noise values for
both channels. Both the combiner status and configuration interface GUIs will be
discussed in more detail in the following paragraphs.

4.7.1 Pre-D StatusDisplay

The status display shown below in Figure 4-33 presents the state of the diversity
combiner. The Pre-D status section includes numerical displays for the measured noise
power in dBm, and the signal-to-noiseratio in dB for each input channel.

Figure 4-33 Pre-D Status Display

4.7.2 Pre-D Configuration Display

The Pre-D configuration display is shown in Figure 4-34 below. The configuration
display presents numerical data on the combiner parameters entered by the user. The
combiner parameters are described in the paragraphs below.

Figure 4-34 Pre-D Configuration Display

4.7.21 Pre-D Combiner Parameters

The setup parameters for the Pre-D combiner are shown right. To TS
invoke this menu, place the mouse cursor within the combiner Pre-D Combiner Mode
setup area and right click. The resulting menu allows the user to et
enter the requisite parameters necessary to set up the combiner. Signal BV Reatin Conistant
The following paragraphs describe in more detail each of the Center Freqh 1
combiner setup parameters. Center Freq Ch 2

Fixed Maoise Ch 1
4.7.2.1.1 Noise Estimation Mode Falioeatng

As described previously, the combiner in the LS-3x performs dynamic phase and
amplitude adjustments based upon the S/N ratio of the two input channels. Key to this

AUTO process is the accurate determination of the noise component of the input
FIXED signal. The combiner in the LS-3x has two random-noise estimation modes;

AUTO and FIXED. In the auto mode, the combiner employs a proprietary method of
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measuring the random-noise in the signal. In the fixed mode, the user my independently
measure the random-noise component of the signa via some external means and then
enter the value using the Fixed Noise Command described in paragraph 4.7.2.1.7 below.

4.7.2.1.2 Pre-D Combiner Mode

The Pre-D combiner in the LS-3x supports multiple combining modes [T, roarzation
including; Frequency and Polarization diversity. For Spatial or Antenna Frequency
diversity, choose the Polarization mode. The user may aso disable the al

combiner altogether by invoking the Off command. It should be noted that the particulars
of the actual combining algorithm used on the two signals does not change with combiner
mode. Rather, these combiner, “modes’ are needed in the automation of certain GUI
functions. For example, when the user selects the polarization mode, the software will
automatically set the tuner frequency of both of the associated downconverters to the
same frequency, irrespective to what they were originally set to. In this case, if the second
receiver (RCVR2) input was set to combiner, for example, then the tuner frequency set
for the second downconverter (DCVT2) would also automatically be set to the same
frequency for the first downconverter (DCVT1). This type of automation is intended to
help prevent what might be called, “cockpit error” on the part of the user. By contrast,
when the user selects the frequency combiner mode, no such downconverter tuning
automation takes place, as by definition, frequency diversity employs two different
frequencies.

4.7.2.1.3 Signal Bandwidth

As part of the combining process described earlier, the LS-3x measures the S/N ratio of
each input channel. Associated with this measurement are bandpass filtering networks
with their associated signal bandwidth. In normal operation, the software’s automation
sets the bandwidth of these filters automatically based upon parameters such as data rate,
modulation type, code format, etc. The advanced user can, however, override these
settings and enter a different bandwidth value in MHz by invoking the Signal
Bandwidth command. Changing the signal bandwidth value is not recommended
however.

4.7.2.1.4 Time Constant

The combiner in the LS-3x dynamically phase and amplitude adjusts each channel based
upon the S/N ratio of the respective channel. The adjusted channels are then added
together in quadrature to from the combined output. This process is dynamic and the
computation rate is controllable by the user via the Time Constant command. After
invoking the command, the user is prompted to enter the time constant value in seconds.
The default (minimum) value for this parameter is 0.001 seconds. This corresponds to a
processing rate of 1000 cal culation/adjustments per second. The maximum value for the
time constant parameter is 1 second.

U3SXXXXX1 Lumistar, Inc. Page 82
January /2009



LS-3x Product User's Manual

4.7.2.1.5 Signal Bandwidth Ratio Constant

As described in paragraph 4.7.2.1.3 on page 82, the LS-3x software automation sets the
bandwidth of the associated bandpass filtering networks automatically based upon
parameters such as data rate, modulation type, code format, etc. The Signal Bandwidth
Ratio Constant is part of this calculation, with the default value being set to 1.25.
Advanced users may opt to set this constant to some other value. When this constant is
changed, the signal bandwidth value displayed in Figure 4-34 on page 81 will
automatically update to a new value.

4.7.2.1.6 Center Frequency (Chl & Ch2)

The Center Freq Chl & Ch2 commands allow the user to change the default 70 MHz
frequency vaue for the incoming carrier signal. For example, one might do this to
compensate for a know frequency offset in the input signal that is not caused by Doppler
(i.e. the frequency offset is fixed and not changing). In normal operation, the user should
not change the carrier frequency from the default of 70 MHz.

4.7.2.1.7 Fixed Noise (Chl & Ch2)

Used in concert with the Noise Estimation mode command described in paragraph
4.7.2.1.1 on page 81, the Fixed Noise Chl & Ch2 commands alow the user to
independently measure the random noise component of each input signal and enter the
noise value in dBm/Hz. After the new noise values have been entered, the user must then
initiate a noise calibration cycle by clicking on the Calibrate Fixed Noise button
described in the next paragraph. In normal operation this is not recommended to change
the noise level, as the combiner’s ability to measure the noise-power-per-unit-bandwidth
(Np) isvery accurate.

4.7.2.1.8 Calibrate Fixed Noise Button
Pressing this button begins a calibration measurement of the noise floor for both input
channels.

4.7.2.1.9 Reset Button
Pressing this button resets the entire SNR measurement, phase rotation, amplitude
adjustment process.
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4.8 TheBaseband Output Tab (BBOUT)

#1534 Card 1 {PSK-PSK) 134:15:30:40.130966
File  View

Figure 4-35 The Baseband Output Tab (BBOUT)
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5 Appendix

5.1 PSK-PSK Mode

The PSK-PSK functiona personality offers two independent PSK multi-mode
demodulators and a pre-detection diversity combiner. A ssimplified FPGA block diagram
of thismode is shown in Figure 5-1 below.

Front el Eok anlﬁztlter
—IF N 1] — Band > — Multi-Mode > RxBERT
End A Dual
Mixer Demod : :
Viterbi
Diversity
J
Combiner L
Front e e Fofﬁs]:;lter
—IF I 2] : — Band » — Multi-Mode > RxBERT
L Mixer Demod B
= Viterbi
-
Multi-Mode " Data
rour Modulator N Generator
= Half
—BE 1N h_'unt — Band
End :
Mixer
Front =
BB 01— End < <
IRIG
MUX
Front )
BB 02— End

Figure 5-1 LS-3x PSK-PSK Mode Simplified FPGA Block Diagram (IF & Baseband Signals)
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52 FM-FM Mode

The FM-FM functiona personality offers two independent PCM/FM multi-symbol
demodulators. A simplified FPGA block diagram of this mode is shown in Figure 5-2

below.
Half PCM/FM Demod
—irma| EOOE »  Band » w/Multi-Symbol PCM L) RyBERT
End B Formatter
Mixer Detect
MUX
Half PCM/FM Demod
—Fmop| Front »  Band »| w/Multi-Symbol PCM 1 | RyBERT
End A Formatter
Mixer Detect
Y
Freal Multi-Mode Data
Modulator Generator
Front Built
—B8 IN- =a Band
End 2
Mixer
Front
BB O1 End -+
IRIG
MUX -
Front <
BB 02— <
< End

Figure 5-2 LS-3x FM-FM mode Simplified FPGA Block Diagram (IF & Baseband Signals)

U35XXXXX1

Lumistar, Inc.

Page 86
January /2009



LS-3x Product User's Manual

53 PSK-FM Mode
The PSK-FM functional personality offers one independent PSK multi-mode
demodulator, one independent multi-symbol FM demodulator, and a pre-detection
diversity combiner. A simplified FPGA block diagram of this mode is shown in Figure

5-3 below.
Front e LSk Fofrﬁ::ter
—IF IN 19 5 | Band > > Multi-Mode . —» RxBERT
End = Dual
Mixer Demod 3 %
Viterbi
Diversity
J I
Combiner g
Front Half PCM/FM Demod PeM
—IF N 2] Ml el Band > > w/Multi-Symbol [ > RxBERT
End : Formatter
Mixer Detect
. Multi-Mode - Data
R Modulator Generator
Front pk
—BB IN-p > Band
End 5
Mixer
Front F
«BB 01— tinid
IRIG
MUX
Front -
€BB 02— fa

Figure 5-3 LS-3x PSK-FM Mode Simplified FPGA Block Diagram (IF & Baseband Signals)
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5.4 Doppler Frequency Shift

The Doppler Effect (or Doppler Shift), named after Austrian physicist Christian Doppler
who proposed it in 1842, is the change in frequency and wavelength of a signal
emanating from a moving source as seen by a stationary observer. The received
frequency is increased (compared to the emitted frequency) during the approach, it is
identical at the instant of passing, and it is decreased during the recession. For flight test
telemetry applications, the formula below can be used to calculate the expected Doppler
shift of asignal emanating from a moving vehicle approaching the receiver.

U *
LG
583.2

Where Af is the Doppler shift in Hz, vk; is the velocity of the source in Knots, and f. is
the frequency of the carrier in MHz. For example, using the equation above for a 2300
MHz radio source approaching the observer at 600 Knots predicts a Doppler shift of 2.36
KHz.

This equation is only accurate to a first order approximation. It makes reasonable
predictions when the speed between the source and observer is slow relative to the speed
of the waves involved (speed of light) and the distance between the source and observer
islarge relative to the wavelength of the waves (tenths of a meter at S-Band).
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5.5 Error Detection & Correction Using Convolutional Codes and the Viterbi
Decoder

In telecommunications, forward error correction (FEC) is a method of error control
employed for data transmission, whereby the sender adds patterns of redundancy to the
data in order to improve the signal-to-noise ratio (SNR) of the message prior to
transmission. A convolutiona code is an example of an error correction code. The use of
an FEC code enables the receiver to detect and correct random errors (within certain
bound) without the need of retransmission by the sender.

The Viterbi Decoder is then used at the receiving end to decode the convolutional code.
The Viterbi agorithm was conceived by Dr. Andrew Viterbi in 1967 as an error-
correction scheme for noisy digital communication links. It has since become ubiquitous
in the telecommunications industry finding universal application in decoding
convolutional codes used in both CDMA and GSM digital cellular, dial-up modems,
satellite, deep-space communications, 802.11 wireless LANs, and now flight test
telemetry.

551 Convolutional Code Parameters
Convolutional codes are commonly specified by three parameters; (n,k,m) where:

n = number of output bits
k = number of input bits
m = number of memory stages.

The quantity k/n is called the code rate, and is a measure of the efficiency of the code. In
common practice, k and n parameters range from 1 to 8, with m ranging from 2 to 10.
The code rate may range from 1/8 to 7/8.

It is also common to specify a convolutional code in terms of the parameters; (n,k,L),
where the quantity L isreferred to as the constraint length of the code. The parameter L is
defined by the following relationship:

Constraint Length, L = ke(m-1)
A convolutional code (n,k,L) will have 2" possible code states.

The constraint length L represents the number of bits in the encoder memory that affect
the generation of the n output bits. The constraint length L is also referred to by the
capital letter K, which is often then confused with the lower case k, which represents the
number of input bits. In some academic literature, capital K is defined as the product of k
and m. Note: K and L may be called the same thing, but mathematically and numerically,
they are not the same.
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An example of a convolutional encoder is shown in Figure 5-4 below. The exampleis a
rate 1/2 encoder with a constraint length of K=7.

@ G2
A A A A A
2
$1
INPUT——» 1 2 3 4 5 6 OUTPUT
1
Y Y Y Y \J
@ G1
Notes: 1) For every input bit, two symbols are generated by completion of a cycle for S1: Position 1, Position 2.
2) The symbol @ represents a Modulo-2 Adder.
3) G1=1111001; G2=1011011
4) G1 is associated with the first symbol.

Figure5-4 Convolutional Encoder?, K=7, Rate 1/2

% From Figure 2-1, CCSDS 101.0-B-3 (Recommendations for Telemetry Channel Coding), May 1992.
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5.5.2 Ep/Ngand the Fundamentals of Bit Error Rate Testing (BERT)

The basic performance measure of any digital communication system, of which a
telemetry receiver is a part, is the probability that any transmitted bit will be received in
error. These bit errors when they occur can be introduced in many places aong the path
the signal flows through. Errors introduced into the transmission are often random in
nature and are strongly affected by system parameters such as signal level, noise level,
and timing jitter.

The BERT is an instrument that measures, or counts the bit errors that occur in a system.
To do this, the BERT generates a special digital test signal that is sent through the system
and the BERT counts the number of bit errors in the recovered signa and provides the
user with a Bit Error Rate, or BER. The BER measurement is one of the fundamental
parameters that characterize the overall performance of areceiving system.

Peattern Generator

Error Insertion
- Pattern Out

N-1

Pattern Control

The actua digital test signa generated by the BERT employs a Pseudorandom Noise
(PN) sequence to simulate traffic and to examine the communication system for pattern-
dependent tendencies or critical timing effects. An example of a PN generator is shown
above. Selecting the proper PN sequence that will be appropriate for the particular system
being tested isimportant. Some of the key properties of the selected PN sequence that are
of importance include: 1) the length of the PN Sequence. 2) The Linear Feedback Shift
Register configuration used to implement the PN generator (this defines the binary run
properties of the sequence). 3) Spectral line spacing of the sequence (which depends on
the bit rate of the sequence). Although there are many, two PN sequence patterns have
been standardized by the CCITT? for testing digital communication systems. They are
based on 15-stage and 23-stage Linear Feedback Shift Register configurations.

Errors introduced into the transmission and reception of a digital signal are often random
in nature and are strongly affected by system parameters such as signa level, noise level
and noise bandwidth, timing jitter, and data rate. The BER is actually a probability and is
related to another system parameter - E/No (pronounced ebbno). Ey/Ng is the ratio of the
energy-per-bit and the noise-power-per-unit-bandwidth of the digital transmission. The
Ep/No as a quantity is a theoretical convenience rather than the direct output of a test

B CCITT Rec. 0151, Yellow Book, Vol. 4 Fascicle IV.4 Recommendation 0.151.
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measurement device. The parameters that do in effect define the Ex/Nop, and that can be
directly measured by the user are the received carrier power (C), and the received noise
power (N). These measured parameters, in addition to the noise bandwidth (W) of the
system component being tested and the data rate (Rp) of the signal define the system
Ew/No in the following rel ationship:

E, ( C j W
N, INAR
With the system Ey/No defined in terms of measurable quantities, the BER probability can

be determined mathematically. For example, the BER probability of a digital signd
employing bipolar signaling expressed in terms of Ep/N has the following relationship:

0

Where Ey, is the average energy of a modulated bit, and Ny is the noise power spectral
density (noise in 1-Hz bandwidth). The value Q(X) is called the Gaussian Integral
Function and is usualy calculated numericaly. Note, the quantity “X” will vary
mathematically for each type of modulation and signal encoding used in the system.
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