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Abstract

This report documents the results of work required to migrate the DIINS (Dual Inertial
Integrated Navigation System) software from its former platform, consisting of a unix-
based Sparc host system and Motorola 68030 VME target system under a Telesoft Ada83
compiler and run-time executive, to a new Green Hills Ada95 NT development
environment and two new run-time platforms: a PowerPC604 VME target system running
VxWorks 5.4, and a generic personal computer running Windows NT 4.0. The migration
is not entirely complete, though both new run-time platforms are running satisfactorily to a
great extent. This document records the status of the migration, presents some results of
the systems in real-time laboratory trials, and identifies issues that need to be explored
more fully if the migrated DIINS systems are to be deployed in operational environments.

Résumé

Ce rapport fait état des résultats des travaux nécessaires a la migration du logiciel DIINS
(Dual Inertial Integrated Navigation System) de son ancienne plate-forme, ¢’est-a-dire un
systéme hote Sparc tournant sous Unix et un systéme cible Motorola 68030 VME doté
d’un compilateur et d’un programme d’exécution run-time Ada83 de Telesoft, a un nouvel
environnement de développement Ada95 NT de Green Hills et deux nouvelles plates-
formes run-time, soit un systéme cible PowerPC604 VME tournant sous VxWorks 5.4 et
un micro-ordinateur générique tournant sous Windows NT 4.0. La migration n’est pas
encore terminée, mais les deux nouvelles plates-formes run-time fonctionnent en général
assez bien. Le présent document consigne I’état de la migration, présente certains résultats
produits par les systémes pendant les essais en temps réel en laboratoire et dresse la liste
des questions qu’il faudra étudier plus 2 fond si la migration des systémes DIINS est
déployée en milieu opérationnel.
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Executive summary

This report documents the results of work required to migrate the DIINS (Dual Inertial
Integrated Navigation System) software from its former platform, consisting of a unix-
based Sparc host system and Motorola 68030 VME target system under a Telesoft Ada83
compiler and run-time executive, to a new Green Hills Ada95 NT development
environment and two new run-time platforms: a PowerPC604 VME target system running
VxWorks 5.4, and a generic personal computer running Windows NT 4.0. The migration
is not entirely complete, though both new run-time platforms are running satisfactorily to a
great extent.

Originally DIINS had been targeted for the Halifax Class ships of the Canadian Navy, as a
subsystem of their new electronic chart systems known as SHINNADS (Shipboard
Integrated Navigation and Display). More recently, it has become evident that DIINS may
be used in other applications including those of foreign navies. Thus a decision was taken
to migrate the software to more readily available and supportable hardware, including
general purpose PC’s. This document summarizes the efforts that have been conducted in
that regard. It is intended primarily to be used as a reference for future development of
DIINS or its adaptation to different classes of ships.

First a brief background of the DIINS project and the initial migration contract results are
presented and followed by an outline of the new system configuration and administration.
Instructions for running DIINS on the new PC and VME platforms and procedures for
rebuilding the source are also summarized. An outline of some recent debugging and
migration work is followed by a list of remaining migration issues identified but not yet
fully resolved and which need to be explored further if the migrated DIINS systems are to
be deployed in operational environments. Finally, some real-time lab trial results of the
new platforms are presented to show that the systems are both running fairly well and
executing the core DIINS input/output and Kalman filtering algorithms correctly.

Bird, J.S., 2001. “Migration of DIINS to PowerPC/VxWorks and Intel/Win32,”
DREO TM 2001-046, Defence Research Establishment Ottawa.
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Sommaire

Ce rapport fait état des résultats des travaux nécessaires a la migration du logiciel DIINS
(Dual Inertial Integrated Navigation System) de son ancienne plate-forme, ¢’est-a-dire un
systéme hote Sparc tournant sous Unix et un systéme cible Motorola 68030 VME doté
d’un compilateur et d’un programme d’exécution run-time Ada83 de Telesoft, 2 un nouvel
environnement de développement Ada95 NT de Green Hills et deux nouvelles plates-
formes run-time, soit un systéme cible PowerPC604 VME tournant sous VxWorks 5.4 et
un micro-ordinateur générique tournant sous Windows NT 4.0. La migration n’est pas
encore terminée, mais les deux nouvelles plates-formes run-time fonctionnent en général
assez bien.

Au début, le DIINS avait été prévu pour les navires de classe Halifax de la Marine
canadienne, a titre de sous-systéme de leur nouveau systéme électronique de visualisation
des cartes marines SHINNADS (Shipboard Integrated Navigation and Display).
Derniérement, il est devenu évident que le DIINS peut étre utilisé dans d’autres
applications, notamment celles des forces de la marine étrangéres. Par conséquent, nous
avons décidé d’installer le logiciel sur un appareil plus courant et dont le soutien est plus
facile a assurer, notamment le PC 4 usages multiples. Ce document résume les travaux que
nous avons réalisés dans cette optique. Nous espérons qu’il servira de document de
référence pour tout projet ultérieur de développement du DIINS et tout projet visant 2
I’adapter a d’autres classes de navires.

Le document contient d’abord une bréve mise en contexte du projet du DIINS et les
résultats du premier contrat de migration. Vient ensuite un apergu de la nouvelle
configuration et des nouvelles méthodes d’administration du systéme. Le document fournit
ensuite des instructions permettant d’exécuter le DIINS sur les nouvelles plates-formes PC
et VME, et donne la procédure a suivre pour reconstruire la source. Le document présente
ensuite des données générales sur des travaux de débogage et de migration réalisés
récemment, suivies d’une liste des problémes de migration qui ont été répertoriés mais qui
ne sont pas encore enticrement réglés. Ces problémes devront étre examinés plus
attentivement si on décide de déployer les systémes DIINS en milieu opérationnel. Enfin,
on présente les résultats de certains tests en laboratoire réalisés en temps réel sur les
nouvelles plates-formes pour démontrer que les deux systémes fonctionnent assez bien et
qu’ils exécutent correctement les algorithmes centraux d’entrée et de sortie du DIINS et les
algorithmes de filtrage Kalman.

Bird, J.S., 2001. Migration du DIINS a PowerPC/VxWorks et a Intel/Win32, DREO TM
2001-046, Centre de Recherches pour la Défense, Ottawa.
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1. DIINS Migration Background

1.1 Introduction

This report documents the work that was required to migrate the DIINS (Dual Inertial
Integrated Navigation System) software from its former platform, consisting of a unix-
based Sparc host system and Motorola 68030 VME target system under a Telesoft Ada83
compiler and run time executive, to two new run-time platforms:

- aPowerPC604 VME target system running VxWorks 5.4; and
- a generic personal computer running Windows NT 4.0.

For both platforms, the host development system is a Windows NT 4.0 PC running the
Green Hills Ada95 AdaMulti development environment, with both a native compiler for
the Windows run-time platform and a PowerPC cross complier for the VME PowerPC
runtime platform.

The migration is not entirely complete, though both new run-time platforms are running
satisfactorily to a great extent. This document records the status of the migration, presents
some results of the systems in real-time laboratory trials, and identifies issues that need to
be explored more fully if the migrated DIINS systems are to be deployed in operational
environments.

1.2 Structure of this Document

First a brief background of the DIINS project and the initial migration contract results are
presented in the remainder of Section 1.

An outline of system configuration and administration is in Section 2.

Instructions for running DIINS on the new PC and VME platforms are included in Section
3. This document does not explain the details of the DIINS configuration files
(simsetup.cfg) or Kalman filter parameter files. It is assumed the reader is familiar with
those.

Procedures for rebuilding the source is at Section 4. Source code version reconciliation is
briefly discussed in Section 5. Section 6 summarizes the debugging and migration work
by DREQO after the initial migration contract was complete. During this phase, a number
of issues were identified, but have not yet been fully resolved. These are summarized in
Section 7. Section 8 reviews some real-time lab trial results of the new platforms.
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1.3 DIINS Background

The following text is taken from [1] and describes the overall DIINS system.

“The Defence Research Establishment Ottawa has been developing a highly fault-tolerant,
integrated navigation system for the Canadian Navy’s dual-INS equipped ships for a
number of years. The system, called DIINS (Dual Inertial Integrated Navigation System),
has undergone extensive sea trials and is now being prepared for fitting on the vessels.
Externally, DIINS provides best estimates of ownship navigation data for an ECDIS
(Electronic Chart and Display Information System) on the bridge, and for the ship's
command and control system. Internally DIINS implements multiple, cooperating Kalman
filters to enable the application of sensitive Failure Detection, Isolation and
Reconfiguration (FDIR) techniques and to provide high system reliability and navigation
accuracy. The sensors being integrated include two inertial navigation systems (INS's),
GPS (PPS, SPS and/or differential), speed log, and Loran-C. The application of multiple
parallel filters and precise statistical error tests to redundant inertial navigation systems has
been very limited until the most recent generations of microprocessors. Such a system is
significant in that the design has been optimized for automatic failure detection and
reconfiguration and to provide navigation information in decreasing but known accuracy
as sensors fail; thus the operator can always be confident that the best remaining sensors
are being used to navigate. Such a complex and comprehensive integrated navigation
system is quite unique among the world's navies.”

Further references on the design, implementation, and results of the original DIINS system
include [2] through [8].

1.4 |Initial DIINS Migration

Late in fiscal year 99/00, DREO obtained year-end contract funds to complete the DINS
Advanced Development Model and to begin the “Evolved DIINS.” With these funds, two
contracts were initiated with Prior Data Sciences (now called “xwave solutions™) to
commence the migration. These contracts were:

W7714-9-0291 “DIINS Migration and Enhancements”

W7714-9-0322 “DIINS Input-Output Redesign”
The total value of these two contracts was approximately $140,000. With these funds
Prior Data Sciences procured the new hardware and software environments, which
included:

Two Motorola PowerPC604 VME Single Board Computers ($17,000);

WindRiver Tomado VxWorks run-time operating system for PowerPC
($37,500);
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Two licences for Green Hills Ada95 (each with native win32 and PPC cross
compilers) ($43,000).

The remaining contract funds were for labour. In addition to these resources, DREO
provided the following:

Two personal computers for software development — a desktop machine called
“SNOW?” and a notebook called “NTNAVNOTE1”;

Two new VME serial /O cards from SBS GreenSpring and associated third party
VxWorks driver software from Compware Systems; and

The original DIINS ADM software Version 3.3 written for the Telesoft Ada83
system on the old 68030 processor and Force serial /O VME cards, hosted on
the unix-based Sparc systems.

Prior made the initial modifications to previous version of the DIINS source code software
that was developed under the old development environment in order to compile it under
the new Green Hills Ada95 compiler. Fortunately, due to the substantial universality of
Ada, relatively minor modifications were required for the non-hardware specific routines,
including all the navigation, Kalman filtering and failure detection routines.

More substantial modifications were required for the input-output subsystem. These were
essentially entirely re-written since the old serial /O card from Force Computer system
was no longer available. New /O functionality had to be created for both platforms, and
since the /O of the VME system and the PC system is significantly different, the resulting
DIINS I/O routines are quite different as well. This has resulted in two slightly different
versions of the DIINS source code and will be explained in more detail later.

Because of the tight time constraints of the contracts, the work was extremely rushed, but
still was very successful. In relatively short order, the source code was recompiled for
both new platforms, new device driver I/O routines were written and the VxWorks
environment for the VME PowerPC system was constructed and made functional. At the
time of contract delivery, both platforms were able to read data from the navigation
sensors (through their new I/O facilities), process the data through the DIINS internal
Kalman filters exactly as the former ADM system did, and provide the results to the
navigation electronic chart system. However it was evident that there were numerous
issues that needed attention in order to bring the systems to acceptable levels of
functionality. However, since the contract funds had been exhausted and new funding was
not imminent, DREO carried on the migration and has succeeded in bringing the new
systems to a reasonable level of functionality.




2. The New DIINS Platforms — Configuration and
Adminstration

2.1 The Intel/Win32 Platform

The native Ada compiler purchased with the Green Hills Ada95 compiler allowed the
build of the DIINS source code to run under Windows NT4.0 on a standard PC. In order
for this computer to read the sensor serial data, a multi-port serial port expansion card was
required. The following table details the specific PC used for this configuration:

Table 1. Configuration of PC used for Intel/win32 DIINS

FEATURE DETAIL
Computer Type Generic Desktop PC
Host name “snow”

IP Address 131.136.36.20
Workgroup “DIINS”

Development Account “diins”

DREO Asset No. 21984

Processor Pentium Ill 450 Mhz
RAM 128 MB

Hard Disk 8GB

0O.S. Windows NT 4.0, SP6a

Multiport Serial Card

Rocketport PCI 8 (Model 95760-7), with RS232/422 Surge Interface Box (Model
970507) providing 8 additional DB25 male serial ports (Com3-Com10)

A photograph of this equipment is shown in Figure 1, and close-up of the RS-232/422
interface for the RocketPort 8 port serial port expansion card is shown in Figure 2.
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Figure 1. The PC-based DIINS system

Figure 2. The RocketPort Serial Interface box for the PC version of DIINS
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2.2 The PowerPC/VxWorks Platform.

There are two components to this platform: the host development PC and the run-time
VME target computer.

The host development PC is a notebook computer called “ntnavnotel”. A notebook was
chosen to provide more flexibility for the deployment, debugging and data logging
requirements of the VME target system. The host system holds the source code and the
cross compiler which creates the downloadable code for the target VME computer. At
present the compiled code is transferred to the target system at run-time via an Ethernet
connection. In addition the VxWorks operating system is loaded from the notebook via the
Ethernet link when the VME system is powered up. In the future, both VxWorks and the
DIINS run-time code will be held in the flash ROM on the VME card. The configuration

of the PC used as the host development system is:

Table 2. Configuration of Notebook used as host for VME PowerPC/VxWorks System

FEATURE
Computer Type Eurocom Notebook PC, Model 2100C
Host name “ntnavnote1”
IP Address 131.136.36.21
Workgroup “DIINS”
Development Account “diins”
DREO Asset No. 21696
Processor Celeron 400 Mhz
RAM 128 MB
Hard Disk 6GB
0.S. Windows NT 4.0, SP6a

A photograph of this computer is shown in Figure 3.
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Figure 3. The VME-based DIINS system and host development notebook PC

The second component of this platform is the VME target system. This is also shown in
the photograph in Figure 3, and the details of the cards used in this chassis are as follows:

Table 3. Configuration of VME PowerPC/VxWorks Target System

FEATURE DETAIL
Processor Board Motorola MVME2604-4341 (with MVME712 A/B Transition module)
Host name “harpo”
IP Address 131.136.36.22
Processor PowerPC604, 333MHz
RAM 64 MB
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Flash ROM 9 MB (1MB socketed and 8MB soldered)
Transition Module MVME712A/B with AUI Ethernet, SCSI and serial console port connections.

Serial Card SBS GreenSpring four slot 8U VME Carrier card (model VIPC616), loaded with four IP-
MP-Serial IndustryPacks, each with 2 high-speed EIA-232/422/485 serial ports (for a
total of 8 ports). Front pane! ribbon connectors and cables attach to eight DB25 male
connectors (ports 1-8)

2.2.1 Configuring a new MVME2604 Board with VxWorks boot
kernel

The VME processor boards must be configured to work with the VxWorks operating
system and the host development PC. See Annex A for an outline of what was done for
the board used in the DREO laboratory. More details are found in the product
documentation, references [9], [10], [11], and [12]. The procedures in the Annex need
only be done once for each new card or after a network configuration change. The results
are stored in non-volatile RAM on the processor card. Note that these procedures are
intended to simply flash the processor board ROM with a VxWorks boot kernel, which
will load the rest of VxWorks from the host PC at power-up over the Ethernet connection,
and which in turn will allow the download and execution of the DIINS program over the
Ethernet connection. Procedures to flash the ROM with the full bootable VxWorks/DIINS
executable have not yet been tested.

Whenever the VME system reboots, it requires a valid FTP server running on the PC that
will accept a connection from a user name “diins” with password “diins99ppc”. The
program that is currently set up on the notebook PC that provides this service is called
WFTP32 and automatically loads at start up (or can be started with a desktop shortcut). It
will then let the VME download the rest of the VxWorks operating system (residing at a
specified filename) over the Ethernet connection via ftp. The run-time VxWorks image can
be re-built if necessary by using Tornado and opening, editing and rebuilding the
corresponding workspace (presently D:\DIINS\DIINS.WSP).

After the VxWorks run-time image has loaded on the board, communication with it is
provided through the Tornado target server facilities. Annex B outlines the procedures

used to configure the Tornado target server for the VME board. The DIINS executables
are loaded through this Tornado facility.

2.2.2 Configuring the SBS GreenSpring Serial I/0 Board

All ports were set to RS-232 from the default RS-422. See Section 3.2.1 for an outline of
what was done for the board used in the DREO laboratory.
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2.3 Network Administration

All of the computers in this report have been networked together to enable easy file access
and sharing. All machines are equipped with AUI or 10baseT ports and an 8 port 10baseT
hub is used to connect them together. The machines all have 131.136.36.xx addresses and
are all in the “DIINS” workgroup under Microsoft Windows networking. The following
table summarizes the IP addresses used. Note that all the Windows PC’s have these
addresses entered into the “hosts” file (at \wInNT\ SYSTEM32\DRIVERS\ETC\HOSTS) since DNS
(Domain Name Services) are not available on this network.

Table 4. IP Addresses used in the “DIINS” Workgroup

COMPUTER IP ADDRESS
“snow” (main desktop PC, Asset 21984) 131.136.36.20
“ntnavnote1” (notebook PC, Asset 21696) 131.136.36.21
“harpo” (first MVME2604 PowerPC ca?d) 131.136.36.22
“groucho” (second MVME2604 PowerPC card) 131.136.36.23
“sleet” (supporting PC, Asset 20918) 131.136.36.24
“hail” (supporting PC, Asset 19488) 131.136.36.25
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3. Running DIINS

This section outlines the procedures needed to run DIINS as it currently stands on both the
PC and the VME platforms. Note that this document may refer to the PC version as the
Intel or win32 version interchangeably. Equivalently, it may refer to the VME version as
the VxWorks, PowerPC or PPC version.

3.1 DIINS Execution - PC Version

The PC version is simpler to run so it is described first.

3.1.1 Connecting the sensors to the PC
The PC COM port numbers for each sensor are defined in the SIMSETUP.CFG file used

for each DIINS run. By default this file (located in d:\diins\cfg\realtime\win32) has the
sensor-port configuration shown in Table 5.

Table 5. Default Com port sensor connections — PC version

PC COM PORT ROCKETPORT SENSOR
PORT NO.
1 - (Spare)
2 - (Spare)
3 1 GPS1
4 2 GPS2
5 3 Output to Display
6 4 HCI Control Interface
7 5 Loran
8 6 (Spare)
9 7 INS1
10 8 INS2
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The physical locations of ports 3-10 are on the RS-232/422 interface box attached to the
RocketPort multiport serial card. This card and interface box has both RS-232 and RS-422
capabilities selected by a switch on each port. At present they are all selected as RS-232.
Some of the sensors in the lab have RS-422 output. These are run through RS-422 to RS-
232 converters and connected to the Rocketport interface. In the end-use system it will be
more practical to connect the RS-422 sensors directly to the interface box and select the
RS-422 switch position. This has not yet been tested. The pinout of the DB25 RocketPort
interface connections when in RS-422 node is given in [16] and repeated in Table 6.

Table 6. Pinout of DB25 Connector of RocketPort Interface in RS-422 mode

PIN SIGNAL
7 Signal Ground
15 RXD+
17 RXD-
19 TXD+
25 TXD-

3.1.2 Program Execution - PC

To run DIINS, there is only one step needed. Simply run the DIINS executable from a
windows command prompt. The default location of this executable is:

D:\diins\mainwin32\diins.exe

Note. Experiments with running DIINS as a high priority or real-time task have been
conducted. This may be necessary if the PC may be performing other tasks at the same
time as running DIINS. This can be done with the Windows NT priority options in the
“start” command from a command prompt:

start /high d:\diins\Mainwin32\diins.exe

start /realtime d:\diins\Mainwin32\diins.exe

There are shortcut icons on the Windows desktop that accomplish this.

DIINS will prompt for the location of the configuration file name. The user may simply hit
Enter to accept the default or may type a new path and file name.
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To stop and restart DIINS execution, simply hit “ctr1-c” and restart as above.

3.1.3 Data Logging — PC Version

Data logging on the PC, while functional, is not intuitive to set up. This is a consequence
of the various DIINS configurations over the years and different sea trial requirements.
However the following procedure will work:

Do not use the HCI to set up a logging run, but rather use a simsetup.cfg file that is similar
to the one shown here in Table 7. The important parameters are in bold, namely BIG_FILE
LOCAL_DISK in line 2, and the lines at the bottom of the file that specify that all the filter
data should go in files in the D:\DIINS\RESULTS directory. Not that the data will all go
to one big file named D:\DIINS\RESULTS\Styyyy_ddd-hhmm.DAT (unfortunately the
path is hard-coded and is not related to the names of the files at the end of the simsetup.cfg
file).

Some of the data extraction tools that were used on the old Sparc system have been ported
to the PC to extract the data from this file, notably “extract_data”,
“extract_pure_sensor_data”, “bin2ascii” and “ascii2bin”. Annex F demonstrates the use of
these programs. The port of the sensor extraction utilities was complicated by the big
endian / little endian issue (different internal byte storage order for numeric variables in
Intel vs. Motorola processors). See the file “Standard.h” in D:\DiinsUtils\Extract_data for
details.

Table 7. Sample simsetup.cfg file for PC data logging (7 filters)

REALTIME

BIG_FILE LOCAL_DISK

SPERRY_MK29_INSl INSTALLED 1.28 9 BAUD_9600 BITS_8 PARITY_NONE STOP_l HANDSHAKE NONE RS_232
0.00 0.00 0.0 METRES

SPERRY_MK49_INS1 UNINSTALLED 1.28 0

LITTON_LTN90_INS1UNINSTALLED 1.00 0

SIM_SD_INS1 UNINSTALLED 1.00 0

SIM_GIM_INS1 UNINSTALLED 1.00 0

SPERRY_MK29_INS2 INSTALLED 1.28 10 BAUD_9600 BITS_8 PARITY_NONE STOP_1 HANDSHAKE_NONE RS_232
0.0 0.00 0.0 METRES

SPERRY_MK49_INS2 UNINSTALLED 1.28 0

LITTON_LTN90_INS2UNINSTALLED 1.00 0

SIM_SD_INS2 UNINSTALLED 1.00 0

SIM_GIM_INS2 UNINSTALLED 1.00 0

ASHTECH_XII_GPS UNINSTALLED 1.00 0

TRIMBLE_TANS_PY_TIPY_GPS1 UNINSTALLED 1.00 o}

NMEA_GPS1 INSTALLED 1.00 3 BAUD_4800 BITS_8 PARITY_NONE STOP_1 HANDSHAKE_NONE RS_232
USEMYCLOCK PPS 0.0 0.0 0.0 METRES

UOFC_DGPS1 UNINSTALLED 1.00 0

SIM_GPS1 UNINSTALLED 1.00 0

TRIMBLE_TANS_PY_TIPY_GPS2 UNINSTALLED 1.00 0

NMEA_GPS2 INSTALLED 1.00 4 BAUD_4800 BITS_8 PARITY_NONE STOP_1 HANDSHAKE_NONE RS_232
DontUseMyClock DGPS 0.0 0.0 0.0 METRES

UOFC_DGPS2 UNINSTALLED 1.00 0

12
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TRIMBLE_VECTOR_GPS
SIM_GPS2 UNINSTALLED
INTERNAV_LC360_LORAN
RS_232 0.0
SIM_LORAN UNINSTALLED
SIM_SPEED_LOG UNINSTALLED
PREFILTER_TASK 1.28 ]
FDI_TASK 1.28 0
ASF_TASK 300.00 ]
OSL_TASK 0.00 5
HCI_TASK 0.00 6
7
200000.00
:\diins\cfg\realtime\sl2.cfg
:\diins\cfg\realtime\slnln2.cfg
:\diins\cfg\realtime\s2nln2.cfg
:\diins\cfg\realtime\slnl.cfg
:\diins\cfg\realtime\s2nl.cfg
:\diins\cfg\realtime\sln2.cfg
:\diins\cfg\realtime\s2n2.cfg
:\diins\cfg\realtime\slog.dat
:\diins\cfg\realtime\slograte.dat
:\diins\cfg\realtime\finimeas.dat
temp_a.bin temp_v.bin temp_p.bin
temp_a.bin temp_v.bin temp_p.bin
temp_a.bin temp_v.bin temp_p.bin
temp_a.bin temp_v.bin temp_p.bin
temp_a.bin temp_v.bin temp_p.bin
temp_a.bin temp_v.bin temp_p.bin
temp_a.bin temp_v.bin temp_p.bin
temp_a.bin temp_v.bin temp_p.bin
temp_a.bin temp_v.bin temp_p.bin
temp_a.bin temp_v.bin temp_p.bin
temp.bin
.bin
.bin
.bin
.bin
.bin
.bin
.bin
.bin
.bin
.stn
.stn
.bin
:\diins\cfg\realtime\fopval.
:\diins\cfg\realtime\fopval.
:\diins\cfg\realtime\fopval.
:\diins\cfg\realtime\fopval.
:\diins\cfg\realtime\fopval.
:\diins\cfg\realtime\fopval.dat
:\diins\cfg\realtime\fopval.dat
d:\diins\results\Disp_LT2001_1.bRes
d:\diins\results\Disp_ LT2001_2.bRes
d:\diins\results\Disp LT2001_3.DbRes
d:\diins\results\Disp_LT2001_4.bRes
d:\diins\results\Disp LT2001_5.bRes
d:\diins\results\Disp LT2001_6.bRes
d:\diins\results\Disp LT2001_7.bRes
d:\diins\results\Setup LT2001 l1l.cfg
d:\diins\results\Setup LT2001 2.cfg
d:\diins\results\Setup_ LT2001 3.cfg
d:\diins\results\Setup LT2001 4.cfg
d:\diins\results\Setup LT2001_5.cfg
d:\diins\results\Setup_ LT2001 6.cfg
d:\diins\results\Setup LT2001 7.cfg
d:\diins\results\FDI-LT2001.1log

1.00
INSTALLED
0.0

20000000

temp.bin
temp.bin

dat
dat
dat
dat
dat

UNINSTALLED 1.

00 0
0
1.00 7

0.0 METRES

10.00 0
1.00 0

d:\diins\results\State_LT2001_1.bRes
d:\diins\results\State_LT2001_2.bRes
d:\diins\results\State _LT2001_3.bRes
d:\diins\results\State_LT2001 4.DbRes
d:\diins\results\State_LT2001_5.bRes
d:\diins\results\State_LT2001_6.bRes
d:\diins\results\State_LT2001_7.bRes

BAUD_2400 BITS_8 PARITY_NONE STOP_l HANDSHAKE_NONE

BAUD_19200 BITS_8 PARITY_NONE STOP_1 HANDSHAKE NONE RS_232
BAUD_9600 BITS_8 PARITY_NONE STOP_1 HANDSHAKE_NONE RS_232

d:\diins\results\Res_LT2001_1.bRes
d:\diins\results\Res_LT2001_2.bRes
d:\diins\results\Res_LT2001 3.DbRes
d:\diins\results\Res_LT2001_4.bRes
d:\diins\results\Res_LT2001_5.bRes
d:\diins\results\Res_LT2001 6.bRes
d:\diing\results\Res_LT2001_7.bRes
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To conduct a run with no data logging, use a setup file similar to the following as shown in
Table 8. Note that line 2 now has NONE specified for data logging and that the filenames
at the bottom have all been replaced by the special string “NUL”.

REALTIME

Table 8. Sample simsetup.cfg file for no data logging (7 filters)

BIG _FILE NONE
SPERRY_MK29_1INS1 INSTALLED .28
HANDSHAKE_NONE RS_232 0.00 0.00 0.
SPERRY_MK49_1INS1 UNINSTALLED .28
LITTON_LTN90_INS1 UNINSTALLED .00
SIM_SD_INS1 UNINSTALLED 1.00
SIM_GIM_INS1 UNINSTALLED 1.00
SPERRY_MK29_INS2 INSTALLED .28
HANDSHAKE_NONE RS_232 0.0 0.00 0.
SPERRY_MKA49_INS2 UNINSTALLED .28
LITTON_LTNS90_INS2 UNINSTALLED .00
SIM_SD_INS2 UNINSTALLED 1.00
SIM_GIM_INS2 UNINSTALLED 1.00
ASHTECH_XII_GPS UNINSTALLED 1.00
TRIMBLE_TANS_PY_ TIPY_GPS1 UNINSTALLED
NMEA_GPS1 INSTALLED 1.00
RS_232 USEMYCLOCK PPS 0.0 0.0 0
UOFC_DGPS1 UNINSTALLED 1.00
SIM_GPS1 UNINSTALLED 1.00
TRIMBLE_TANS_PY_ TIPY GPS2 UNINSTALLED
NMEA_GPS2 INSTALLED 1.00
RS_232 DontUseMyClock DGPS 0.0 0.
UOFC_DGPS2 UNINSTALLED 1.00
TRIMBLE_VECTOR_GPS UNINSTALLED .00
SIM_GPS2 UNINSTALLED 1.00
INTERNAV_LC360_LORAN INSTALLED .00
HANDSHAKE_NONE RS_232 0.0 0.0 0
SIM_LORAN UNINSTALLED 10.00
SIM_SPEED_LOG UNINSTALLED 1.00
PREFILTER_TASK 1.28 0
FDI_TASK 1.28 0
ASF_TASK 300.00 0
OSL_TASK 0.00 5
HCI_TASK 0.00 6

7
200000.00

d:\diins\cfg\realtime\sl2.cfg
d:\diins\cfg\realtime\slnln2.cfg
d:\diins\cfg\realtime\s2nln2.cfg
d:\diins\cfg\realtime\slnl.cfg
d:\diins\cfg\realtime\s2nl.cfg
d:\diins\cfg\realtime\sln2.cfg
d:\diins\cfg\realtime\s2n2.cfg
d:\diins\cfg\realtime\slog.dat
d:\diins\cfg\realtime\slograte.dat
d:\diins\cfg\realtime\finimeas.dat

temp_a.bin
temp_a.bin
temp_a.bin
temp_a.bin
temp_a.bin

temp_v.bin
temp_v.bin
temp_v.bin
temp_v.bin
temp_v.bin

temp_p.bin
temp_p.bin
temp_p.bin
temp_p.bin
temp_p.bin

9 BAUD_9600 BITS_8 PARITY_NONE STOP_1l
METRES

0

0

10 BAUD_9600 BITS_8 PARITY_NONE STOP_1
METRES

0

0

0
1.00 0
BAUD_4800 BITS_8 PARITY_NONE STOP_l1 HANDSHAKE NONE
METRES

1.00 0
BAUD_4800 BITS_8 PARITY_ NONE STOP_l1 HANDSHAKE_NONE
0.0 METRES

0

7 BAUD_2400 BITS_8 PARITY_NONE STOP_1
METRES ’

BAUD_19200 BITS_8 PARITY_NONE STOP_1 HANDSHAKE_NONE RS_232
BAUD_9600 BITS_8 PARITY_NONE STOP_1 HANDSHAKE_NONE RS_232

14
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temp_a.bin temp_v.bin temp_p.bin
temp_a.bin temp_v.bin temp_p.bin
temp_a.bin temp_v.bin temp_p.bin
temp_a.bin temp_v.bin temp_p.bin
temp_a.bin temp_v.bin temp_p.bin
temp.bin

temp.bin

temp.bin

temp.bin

temp.bin

temp.bin

temp.bin

temp.bin

temp.bin

temp.bin

temp.stn temp.bin

temp.stn temp.bin

temp.bin
:\diins\cfg\realtime\fopval.dat
:\diins\cfg\realtime\fopval.dat
:\diins\cfg\realtime\fopval.dat
:\diins\cfg\realtime\fopval.dat
:\diins\cfg\realtime\fopval.dat
:\diins\cfg\realtime\fopval.dat
:\diins\cfg\realtime\fopval.dat

Q00000

SREREERE
SEREREE

SEREEERREERREEE

3.2 DIINS Execution — VME Version

3.2.1 Connecting the sensors to the VME
The port numbers for each sensor are defined in the SIMSETUP.CFG file used for each

DIINS run. By default this file (located in d:\diins\cfg\realtime\PPC) has the following
sensor-port configuration shown in Table 9.
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Table 9. Default port sensor connections — VME version

SERIAL PORT

SENSOR

rad

8'

INS1

INS2

GPS1

GPS2

Output to Display
HCI Control Interface
LORAN

(Spare)

* Ports 7 and 8 are non-functional at this time. See [15, p.8] for details

The physical locations of ports 1-8 on the SBS GreenSpring card are incorporated in four
50-pin connectors on the front of the card. Ribbon cables were constructed with 50 pin
connectors on one end and dual DB25 male connectors on the other to allow connections

to standard RS-232 cables (see Figure 3). The physical locations of each port on the card
are as in Figure 4.

-

Port 4

Port 3

[ Port8 Port7 |

SES

[

Port 2

Port 1

[ Porte Port5 |

Figure 4. Locations of serial ports on SBS GreenSpring serial card front panel
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The SBS GreenSpring serial card has both RS-232 and RS-422 capabilities, but changing
from one to the other requires the removal the IndustryPack modules from the board and
the removal of terminating resistors from the packs. Table 10 (from [14, page 2])
summarizes the two configurations. At present all ports on the card used in the lab are
configured as RS-232. Some of the sensors in the lab have RS 422 output. These are run
through RS-422 to RS-232 converters and then connected to the DB25 connectors attached
to the serial card interface. In the end-use system it will be more practical to connect the

- RS-422 sensors directly to the card and select the RS-422 configuration on the
corresponding IndustryPack ports. This has not yet been tested. The pinouts of the DB25
GreenSpring interface connections when in RS-422 mode are given in [14, p. 52] and

y repeated in Table 11.

Table 10. SBS GreenSpring IndustryPack Resistor packs for RS232 or R5-422

operation
SERIAL MODE RESISTORS INSTALLED RESISTORS
REMOVED
RS-232 RP1 and RP2 RP3, RP4, and RP5
RS-422 RP3, RP4, and RP5 RP1 and RP2

Table 11. Pinout of DB25 Connector of SBS GreenSpring VME Interface

in RS-422 mode
PIN SIGNAL
7 Signa! Ground
16 RXD+
3 RXD-
1 TXD+
14 TXD-

3.2.2 Program Execution - VME

At present, the DIINS executable is downloaded from the host development PC via the
Tornado development environment.

- First, ensure the VME card and the host development notebook PC are
connected via Ethernet.
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Ensure that the WFTP32 ftp server is running on the host PC

Power on (or reset) the VME system

Start Tornado on the host PC (there is a desktop icon).

In Tornado select “Tools|Target Server[Harpo”

In the dropdown box, select “HarpoServer @ntnavnotel”

Click on the “~>1i” icon to start a new target shell
In the target shell window, at the -> prompt, type
< d:\diins\diins_setup_and_run.scr

(This script file mounts the required NFS shares, downloads the DIINS
executable code from the PC to VME memory and runs it.)

DIINS runs as usual, prompting for a configuration file name in the console window.
Of particular note in the above script file, there is a command as follows:
nfsMount("ntnavnotel”, "D:\DIINS", "D:\\DIINS")

This is important because in the DIINS source code and configuration files, there are
several references to files in the “D:\DIINS” directories. This command mounts the
D:\DIINS directory on ntnavnotel (which has been shared by the NFS sharing utility
“DiskShare”) as a logical drive “D:\DIINS”. In previous version of the DIINS code, the
logical share was called NFS_DIINS. This was renamed to D:\DIINS to improve
compatibility with the PC version of DIINS (which has direct access to its D:\DIINS
directories). ‘

To stop and restart program execution, the following procedure has been found to be the
quickest and most reliable:

- Hit the reset (“RST”) button on the processor card

- Wait 10-20 seconds for VxWorks to reboot

- Type something (anything) in the Tornado shell window
- Wait for the console window to re-open

- Then reload and restart DIINS by typing in the above command again in the Tornado
shell (or using the shell’s command line recall functions: <ESC> “k” “k”).
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3.2.3 Data Logging — VME Version

Data logging is not yet functional on the VME. It should be possible to use the NFS mounted
D:\DIINS drive and log the data to the NFS disk as a LOCAL_DISK, but although it logs the
first few seconds correctly, it soon detects a Device Error exception and terminates logging.
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4. Compiling the DIINS Source Code

The procedure for compiling the DIINS source code is the same for either platform, there
being only small differences in the build files. The compiler is called AdaMulti 1.8.9.b
from Green Hills software and has been installed on both the desktop PC “snow” to
compile primarily the native Intel/win32 version of DIINS, and on the notebook
“ntnavnotel” to compile primarily the cross platform version to download and run on the
PowerPC VME card under VxWorks. There are no limitations preventing a native compile
on the notebook or a cross compile on the desktop, in fact both have been done. Full
details on running the AdaMulti program are found in [17].

4.1 Compiling Natively to run on the PC

There is shortcut on the desktop PC called “DIINS_Win AdaMulti”. Executing this will
start the Green Hills AdaMulti compiler in the D:\DIINS\MAINWIN32 directory, which
holds all the object and executable files for the native win32 version of DIINS. This
shortcut has been customized to tell AdaMulti to begin with the “default.bld” file found in
that directory.

Once AdaMulti has started, it will load the specified default.bld file. This file references
three other files that hold the names of all the DIINS source code files. These files are

D:\diins\partl_win32.bld
D:\diins\part2_win32.bld
D:\diins\part3_win32.bld

To recompile DIINS, simply select “Build | Build All” from the AdaMulti Menu.

4.2 Cross-compiling to run on the MVME-2604 under
VxWorks

There is shortcut on the notebook PC called “DIINS_PPC AdaMulti”. Starting this will
start the Green Hills AdaMulti compiler in the D:\DIINS\MAINPPC directory, which
holds all the files for the PowerPC/VxWorks cross-compiled version of DIINS. This
shortcut has been customized to tell AdaMulti to begin with the “default.bld” file found in
that directory.

Once AdaMulti has started, it will load the specified default.bld file. This file references
three other files that hold the names of all the DIINS source code files. These files are

D:\diins\partl_ppc.bld
D:\diins\part2_ppc.bld
D:\diins\part3_ppc.bld

To recompile DIINS, simply select “Build | Build All” from the AdaMulti Menu.
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4.3 Variations in the Build files of the two versions

There are some difference in the two versions of the build files, due to the differences in
the Intel PC/win32 and the PowerPC/VxWorks version. When the systems were first
delivered from Prior Data after the initial migration, there were many differences mainly
because different software team developers were working on each migration separately.
The author took significant effort to reconcile the various versions of the source files and
build files and to reduce the difference in the two versions to a minimum. Table 12
through Table 15 below show the contents of the different versions of the build files and

highlight the differences.

Any files that are different either have a “win32” or “PPC” in their filenames, or they are
in ..\win32\.. or ..\PPC\.. subdirectories.

In future development, care should be taken to try to keep the two versions as similar as
possible. This will allow a common framework for both the PC and VME versions.

Table 12. Contents of default.bid files

INTEL/WIN32 VERSION VME PPC/VXWORKS VERSION COMMENTS
\DIINS\MAINWIN32\DEFAULT.BLD \DIINS\MAINPPC\DEFAULT.BLD
#!build #tbuild
default: default: Most of these are
program program minor differences
:check=nobounds :language=c created

:check=noassignbound
:check=nonilderef
:check=noswitch
:check=nozerodivide
:check=nousevariable
:check=novariant
:check=nowatchpoint
:check=noreturn
:dependency=nodepend
:memcheck=none
:target=win32

: language=ada
:optimize=nostandard
:optimize=nomemory
:optimize=noalgorithmic
:optimize=nosmall
:optimize=novector
:optimize=noinline
:optimize=noloop
:optimize=noexpression
:minoroptimize=nopeep
:minoroptimize=nocse
:minoroptimize=noconstprop
:minoroptimize=nounroll
:minoroptimize=nominmax
:minoroptimize=nopipeline
:minoroptimize=nostrcpy
:minoroptimize=notailrecursion
:minoroptimize=nounroll8
:minoroptimize=nounrollbig
:minoroptimize=noautoregister
:minoroptimize=nooverload
:check=nobounds
:check=noassignbound
:check=nonilderef
:check=noswitch
:check=nozerodivide
:check=nousevariable
:check=novariant
:check=nowatchpoint

automatically by
the AdaMulti
environment when
different targets
are selected. The
main differences
of note are the
target OS and
processor (in bold)
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:temp_dir=D:\TMP

soutputname=diins.exe
rada_main_program=taskmaster
sadalibdirs=epath=d:\green\win32_ada
bindings

:check=noreturn
:dependency=nodepend
:target_ os=vxworks
:processor=ppc
:ppc_cputype=ppcé04
rada_listing=always
rada_list_format=continuous
:debuglevel=multi

:temp_dir=D:\TMP

soutputname=TaskMaster
:ada_main_program=TaskMaster
:remote=tornserv HarpoServeréntnavnotel

D:\Green\win3Zada.lib

D: \GREEN\vx_adabindings\ghs_vx_types.ads

library Ada Platform specific
D:\GREEN\vx_adabindings\vx_io.ads components
Ada required by the
D:\GREEN\vx_adabindings\vx_sigevent.ads compiler
Ada
D:\GREEN\vx_adabindings\vx_time.ads
Ada
D:\diins\partl win32.bld D:\diins\partl ppc.bld . §
subproject subproject Subproject files
D:\diins\part2 win32.bld D:\diins\part2 ppc.bld (See next 3 tables)
subproject subproject
D:\diins\part3 win32.bld D:\diins\part3_ ppc.bld
subproject subproject

22

DREO T™ 2001-046




1574

9¥0-100C WL OZdd

ueTpud
B1g / uetpudg ST3IITI -S>

epe UOTSIBAUOD\SHILITILA\SUTTP\ :Q
epy

epe S8TITTTINSTTI\SITLLITIIN\SUTTP\ :d
epy

ods soTATITINATTI\SATIITIINA\SUTTIP\ :d
epy

epR OTITIUSTOS\SHILITILNA\SUTIP\ :d
epy

ods - 0TITIUSTOS\SHAILITILN\SUTTIP\ :d
epy

epe’ BUTIIS\SAILITILA\SUTTP\ :d
epy

ods " BUTIIS\SAILITILA\SUTTIP\ : d
epv

epe - OIWeaIlSATeuTd\ STILITILA\SUTTP\ :d
epy

ods - oITwe213sATeUTE\SETLITILN\SUTIP\ : A
epy

ods ' 0IpIRPURISATRUTE\SHILITILNA\SUTIP\ :d
epy

epe - OIPpIepURIS\SHAILITIIN\SUTTP\:d
epy

ods - 0IPXepPueIS\SHALLITILA\SUTIP\ :d
epy

ods *yjeW pIepueiS\SIILITILA\SUTIP\:d
epvy

wpe'Ddd PIRPURIS\SIATLITIIO\SUTTIP\:Q
epy

ods *pIepPURIS\SATILITILA\SUTTIP\ :d
epy

epeR - I011d WO3SAS\SHILITILA\SUTTP\:d
epy

ods 10117 WoISAS\SAILITIIA\SUTTP\:d
T3Tnu=Taaa1bngap:
309 foadqns

:3ne3ep

PIINgi#

epe - UOTSIBAUOD\STILITILN\SUTIP\ :d
epy

epe-SOTITTITINSTTA\SATLITILO\SUTTIP\ :d
epy

ods soTaTTTINDTTIA\SHILITILA\SUTTIP\ :d
epy

epe DT TIUSTOS\SHILITILA\SUTTP\ :d
epy

2ds - 0TITAUSTOS\SHILITIIN\SUTTP\: A
epy

epe-HuTIIS\SATILITILA\SUTIP\:d
epy

ods * BuTI3S\SHILITILA\SUTTP\:d
epy

epe - 0Iweax3SATeuTd\STILITILLA\SUTTP\ :d
epy

ods - oIwea1315AzeuTg\SIILITILA\SUTIP\ :d
epvy

ods * 0IpaepPURISATRUTE\SEILITILA\SUTIP\ :d
epy

epe-QIpIepuRlS\SAILITILA\SUTIP\ :d
epy

ods - OIPIRPURIS\SHILITILA\SUTIP\:d
epv

ods *yaeW pIepPURIS\SIILITILN\SUTIP\:Q
epyv

®pR° ZEUTM PIRPURIS\SHILITIIA\STFFP\
epy

ods ' paepuels\SAILITILA\SUTTP\ :d
epy

epe - 10118 walsAS\SHILITILA\SUTTP\ :d
epy

ods - 10117 WA3SAS\SHILITILA\SUTTIP\:d
13 Tnu=TaasTbngep:
309 foxdqns

:3Tnezep

PIINdi#

S1INIWWNOD

a1d-0dd” TLIVd\SNIIA\

NOISHIA SHHOMXA/Odd JNA

a1d - ZENIM TINVA\SNIIA\

NOISHIA ZENIM/TILNI

seji4 piing | 1HVd jo sjuejuog ‘gl ajqel




9%0-100C L O33d 74
epy epy
epe - TydajebHedord\ AYVEEIT\SUTIP\ :d epe- Tugslebedord\ AYVULEII\SUTIP\ :d
epy epy
epe- I TNHXK ANXKWTYd\ XYVEEIT\SUTIp\ :d epR I TONXKN AOXHWTYJ\ AATHGIT\SUTIP\ :d
epy epy
epe " TYJOL J\ ANVHEIT\SUTIP\ :Q epe-’ TYJOL J\AYVHLIT\SUTIP\ :d
epy epy
Bpe 20300\ AYNEIT\SUTTP\ :d epe " 1030ed9d\ AUVHEIT\SUTIP\:d
epy epy
epe X doyleiebedoad \ AYVIdIT\SUTIP\ :d epe XKW dayrajebedord\ AAVUgIT\SUTTP\ :d
epyY epy
epe - 103097930359 L23eb6edoId \ AUVHEIT\SUT TP\ :d epe - 103094930159 231ebedoad \ XUVHEIT\SUT TP\ :q
epy epy
epe - AzexqTIueuTe\ AYVIEIT\SuUTIp\ :d epe - AxexqTuenTed \ AYVHEIT\SUT TP\ :d
epy epy
ods * AxexqTTuel TR\ XYVIEIT\SUTIP\ :d ods - AzeaqTIuew e\ AUVHEIT\SUTIP\ :d
epy epy
epe - uoT310939@eInT TrIparenbs TYD\ AUVEEIT\SUTIP\ :d epe *U0T30938@eaInT TedpaIenbs TUD\ AUVHEIT\SUT TP\ :d
epy epv
epe - 3091I0DARN\ AYILEIT\SUTIP\ :d epe -’ 103II0DABN\ AUVIgIT\SUTIP\ :d
epy epy
ods * 3091I0DABN\ AUVHEIT\SUT TP\ : d ods * 309II0DARN AUVEEIT\SUT TP\ : A
epy epy
epe - AIeIqTIOTI2P0odD\ AYVIEIT\SUTIP\ :d epe - A1exqTI0TI9P0oaD\ AUVHEIT\SUTIP\:d
epy epyY
epe " SUOTIOOIIODULIVISAIT\ AYVHEII\SUTIP\ :d BPR " SUOTIDIDIIOJWIVISADT\ AYVHLIT\SUTTP\ :d
epy epy
epe " WOOoYPH\ AYVIEIT\SUTIP\ :a BPE KOO W\ AYYHLEIT\SUTTIP\ :d
%4 epvy
epe - ubTSSY\AYVHEIT\SUTIP\ : d epe - ubTSSY\AYVUEIT\SUTIP\ :d
SUOT3OUNI XDOTD aIemMpIey epy epy
swtjlTesy JudILIITA --> ®P®°Ddd SOFIFIFINOWFL\IWILTVIN\STILI'TIIN\SUFIP\ :a ®pR°ZEUTM SOTIFTFINOWIL\INIL TV \SIILITIIN\SUTFP\ :d
epy epy
ods - soT3TTTANSWIL\INILIVAY\STILITILN\SUTIP\ :d ods saTATTTINBUTI\INILIVAY\SHILITILA\SUTTP\ : A
epvy epy
epe U0 TSUIXTATRIqTTYICH\ AYVHEIT\SUTIp\ :d Bpe " UOTSUSIXIATRIGTTYICW\ AUVHEIT\SUTIp\ :d
epy epv
ods " uoTSUL3IXTATRIqTTYICN\ AAVIGIT\SUTTP\ :d ods " U0 TSULIXFAIRIqTIUIRK\ AAVILGIT\SUTTP\ :d
epy epy
epe- 3 [NHXHesIeds " SaTITTTINYIBN\AYVHEIT\SUTIP\ : epe " 3 [NWXR9sIeds " s T3TTTINYICH\ AYVHEIT\SUTTP\ :d
epv epy
epe-saI3ITTIINUIRH\ AYTHIIT\SUTIP\ : A epe-saTTTTINYICH\ AYVELEIT\SUTIP\ :d
epy epy
ods *S9TITITINYIRW\ AAVAGIT\SUT TP\ :d 0ds " s9T3TTTINUIBN\ AUTHLIT\SUTIP\ :Q
epy epy




4

9%0-100C L O3¥d

epy
epe- sa1enbs3ses T\ XAYVNEIT\SUTIP\ :d
epy
epe*
AUTXFUILION®INAWO) " ATRITTIDATOSICSUT T\ AYVIEIT\SUT TP\ : d
epy
epe " umNp
uopxoxddyaindwo) * ATeIqIII9ATOSIRSUTT\ AYVIEIT\SUTTP\ :d
epy
ep
e duooag TS ToyD * ATReIqTIAIBATOSIRRUT T\ XUVIEIT\SUTTIP\ :d
epy
epe-I9ATOSYDed - ATeIqT1ISATOSIRSUT T\ AYVIEIT\SUTTP\ :d
epy
epe - ATeIqITI9ATOSIRSUTT\ AUVIGIT\SUTIP\ :d
epy
ods * A1eIqTTISATOSILSUT T\ AYVIAIT\SUTIP\ : A
epy
epe - I1030ed” AN\ AYVHEIT\SUTTP\ :d
epy
epe *23epdN\ AYVIEIT\SUTIP\ : d

epy
epe - sax1enbglsea T\ AYVHaIT\SUTIP\ :d
epy
epe-
AUTXWULION®INAWOD * ATRIqTIISATOSIRSUTI\ AYVHEIT\SUTIP\ :d
epy
epe " unNp
uopxoxddyaindwo) * AxeIqTTISATOSIRSUTT\ AUV IT\SUTTIP\:d
epy
ep
e dwodaqTYSOToYD *ATRIQTTISATOSIRUTT\ AUVILIT\SUTTP\ :d
epvy
epe - I9ATOSHORd " ATRIQTIISATOSIRSUTT\ AUVTIEIT\SUTTIP\ : d
epvy
epe - AIeIqTIISATOSIRSUTT\ AYVYEIT\SUTTP\ :d
epy
ods - AI1eIqTIIDATOSIRSUT T\ AYVHEIT\SUT TP\ :d
epy
epe-1030ed” AN\AYVIEIT\SUTTP\:d
epy
epe - 23epdn\ AYVHEIT\SUTIP\ :d




9+0-100C WL OZud 9¢
pied butadsussin IOATIA I[RFTIOSINII SYIOMXA\DIJI\'TVINIAS\ANILTVIN\IOA\SUTTP\ :d
SHS 103 SIDATIP epy
(axemduo)) ods *eowvyIo3UI ™
A3zed PITUL -3 | I0AFIq TRTIOSANAI SYTOMKA\DII\ TVINES \IWITTVIN\IOA\ STTIP\ :a
epy epY
epe * SUOT3ITSOJURIOT\ AUVILTT\SUT TP\ :d epe - SUOTITSOJUeIOT\AYVHEIT\SUTIpP\ :d
9113 DD ITnejep epY epy
JUdI8IITA - 2ds *0dd BFFUOIWIS \NALSAS\SUTTP\ :d ods *ZeuTM STFUOIWES\WALSXS\STTIP\ A
epy epy
ods - TeqOTHSLIN\RALSAS\SUTTP\ :d ods * TeqOTDSLON\WALSAS\SUTTP\ :d
epy epy
ods - sodAJWTS \WILSAS \SUTTP\ :d ods - SadATWTS \WILSAS\SUT TP\ :d
epy epy
epe - elequoOTIRISURIOT\WALSAS\SUT TP\ :d epe-elequoTlelSueIOT\RALSAS\SUTIp\ :d
epy epy
ods * ST0SUISMRH\WILSAS\SUTTP\ :d ods * SI0SUISMRY \WHLSAS\SUTTP\ :d
epy epy
ods - xeb6oTel1ed\ L IC\SUT TP\ : d ods - zabboTe3ea\ L IA\SUT TP\ :d
epy epyY
epe* eledloaTToO\LIa\SUTTP\ :d epe eled@lioaTTod\L1a\suTIp\ :d
epY epy
epe - 1abeue XOqTTeN XALY\AWILIVAY\WIISAS\SUTIP\ :d epe " I9beue” XOqTTeN XLV \ZWILIVAY\WALSAS\SUTTP\:d
epy epy
ods - zebeur XOqTTeW XALV\IAWILIVII\WALSAS\SUTTP\:Q ods * z9beue XOq T TR XALV\ZWILIVII\NILSAS\SUTTIP\ :d
epy epy
ods ysereledAe1ds T\ WILIVII\IAQ\SUT TP\ :d ods -yserejeqAe1ds TA\WILTVAI\LAA\SUTIP\ :Q
epy epy
ods - Ae1dsS TA\INILIVIN\LAQ\SUTIP\ : d ods " AeTdS T\ FWILIVAY\IAA\SUT TP\ : A
epy epy

ods " qn3s-ue Tepy\FWILIVAI\IAA\SUT TP\ :d
T3 Tnw=9aaTbngep:
308 loxdgns

:31nezsp

PTINGi#

ods "qnas-ueTepY\EWILIVII\LAA\SUTTIP\ :d
TITnw=Ta@aaTbngep:
309 foxdqns

13Inegep

PIINgi4

SININWNOD

a1€g-ddd ZIHVA\SNIIA\

NOISHIA SMHOMXA/Odd WA

q19° ZENIM ZLYVI\SNIIC\

NOISHIA ZENIM/TALNI

$9jid piing ¢LHVd J0 Siudjuoy “y| ajqeL




x4

9¥0-100C W.L O3dd

PUYSUOTITUTI®A Ad™ SNYIS TAWTIL\TVIYES \HNILIVIA\LOA\SUTTP\:d

PUYSUOTITUTIOA Ad SNYLOTAQWTXL\TVIHAS\TWILTVAN\IOA\SUTTR\ :d

epy epy
epe - I9ATIA IS0 OISI\EWILIVIN\VARN\SUT TP\ :d epeI9ATIA IS0 OISI\AWILIVIY\VIKRN\SUTTP\ :d
epy epvy
ods* 19ATIQ 1SS0 OISI\HWILIVIY\VAWN\SUTTP\:d ods ' I9ATIA IS0 OISI\IWILTVIY\VARN\SUT TP\ :d
epv epvy
epe - 19b6boTe1ed\ L IA\SUTIP\ :d epe - 19bboTelep\ L IA\SUTTIP\ :d
epy epy
epe - s3TnsayIndin0\NALSAS\SUTIP\ :d epe - s3TnsayInding\KALSAS\SUTIp\:d
epy epy
ods - s3TnsaYINdINO\WALSAS\SUTIP\ :d ods 53 TNsaY3INdINO\NILSAS\SUTTIP\ :d
epy epy
epe - Axeaqridnieghbe 19 TqeUA \WILSAS \SUTTP\ :d epe * AxeaqT1dniasbe 149 [qRUI \WELSAS\SUTTP\ :d
epy epvy
epe-8bfesn NdD\ENILIVAN\SETLITILA\SUTTP\ :d epe-obesnN NdO\AWILIVIN\SEILITIIN\SUTTIP\ :d
epy epy
ods - By IQI\WILSAS\SUTTIP\ : d ods * BYd~ IAA\WALSAS\SUTIP\:d
epvy epv
ods - OﬂhwﬁwwmﬂwCOUEwuw\nw \NALSAS\SUt ._”U/ 1 ods - Uﬁhmﬁwcmﬁmﬁonuﬁmumhm \WILSAS \ mﬁ..n..nmu/ Hal
epy epy
©pe* DTIDUSHXIPUIWDISAS\WALSAS\SUT TP\ : A epe  DTIBUSHXSPUIWSISAS \HILSAS\SUTTP\ :d
epy epy
ods - 193IngguUelsuIaId \WALSAS\SUTTP\ :d ods - 1933ngguelsuraxd \NILSAS\sutTTp\:d
epy epy
epe - 193 INgd\RALSAS\SUTIP\:d epe- 12330dd \NALSAS\SUTTP\ :d
epy epy
ods - 19330dd\WILSAS\SUTTP\ :d ods * 1933ngg \WALSAS\SUTIP\ :d
epy epy
epe*HTIJUODUOTIRTIMITS \RILSAS\SUTIP\ :d epe-6TJUODUOTIeTUITS \WHELSAS\SUTIP\:d
epy epy
epe-sajeyeledal TAIM\NILSAS\SUTTp\:d epe- so3eyreled@I TIM\RILSAS\SUTTP\ :d
epy epy
epe* BTJUODWISSITIM\NILSAS\SUTTP\:Q epe- HTIUODWTSSITIM\NILSAS\SUTTP\ :d
epy epy
epe - sajeyeledpedd \WALSAS\SUTTP\ :d epe- soleydeledpead\NELSAS\SUTTP\ :d
epy epy
epe* HTFUODWTIS \WILSAS\SUTTP\: d epe - BTFUOSUTS\KILSAS\SUTTP\ :d
epy epy
ods - TTRISUI\RILSAS\SUTTP\:d ods - TTe3ISUI\RALSAS\SUTIP\:Q
epy epy
STTed> 239 lﬁl.uﬂOﬂuﬂﬂﬂwoﬂlﬁHhHabmm’ndﬁmﬂwfthhﬂtﬂﬂfhbﬂanﬁﬂﬂv,uQ ﬂvn.nﬂOﬂUﬂﬂﬂNoQIUHMHaNmnﬂkfutHxHﬁfthhndﬂﬂfhbnawﬂﬂﬂﬁ—nQ
‘(®3Tam/peai)o/I epv epy
SO 3JuUlaILIITA > ods *SUOTITUFFOQ OISI\Ddd\TYIHIS\ANILTIVIN\IOA\SUFFP\ :d ods *SUOTITUTFOA OISI\ZETFM\TVINAS\INILIVIY\IDA\SUFIP\
epy
epR°PORFISIUI ™




9+0-100C W1 094d 82
epy epy

ods * I9ATIAQ IDH OISI\IVINAS\IWILIVII\LOA\SUTIP\:Q ods - I9ATIQ IDH OISI\IVINIS\IWILIVII\LDA\SUTIP\:Qd
epy epy

epe IBATIQ 09€DT OISI\IVIHIS\TWILIYIU\LOA\SUTTP\:Q epe  I9ATIQ 09£D0T OISINIVINIS\TWILIYIU\LOA\SUTTP\ :d
epy epvy

ods - I8ATIA 09€DT OISI\IVINAS\AWILIVAY\LOA\SUTTP\:Q ods * I8ATIAT09€DT OISI\IVIHUIS \ENILIVAI\LOA\SUTTIP\ :d
ueTtpud 973311 epy epy

/ uetpud B1g BPR*ZTIPATIA 6ZMN OISI\IDdI\'TVIHNIAS\IWILTVIU\IOA\SUTIP\ BPR° Z IOATIA 6ZMW OISI\ZEUFM\'IVINHS\ANIZTVEY\IOA\SUTIP\
epy epvy

ods g7 IBATIAAT 62N OISIVIVINIS\AWILIVAI\IOA\SUTIP\:d ods * ZTIBATIA 6ZMW OISINIVIUAS\AWILIVAY\LDQ\SUTTP\ :d
uetpud 873311 epy epy

/ uetpuz Otg BPR°T IOATIA 6ZMW OISI\DIJI\TVINAS\AWILITVAU\ILOA\SUTTIP\:Q BPR° T IOATIA 6ZMW OISI\ZEUFM\'IVINIS\IWILTVIN\IOA\STTIP\:d
epy epy

ods " TTIBATIAA 62ZMW OISI\VIVINAS\AWILIVIY\LOA\SUTTIP\:ad ods 17 I9ATIQT 6ZMW OISINIVINIS\IWILIVAY\LOA\SUTTIP\ :Q
epy epy

epe- z IBATIA VAWN OISI\IYIYIS\TINILIVIN\LOQ\SUTTP\:d epe -z I9ATaA VAWN OISIVIVINIS\IAWILIVIY\IOA\SUTTpP\:d
epvy epy

ods-zTI9ATIQ VAWN OISI\IVINIS\AWILIVIY\ILOA\SUTTIP\:d ods T I9ATIQ YAKN OISI\IVIYIAS\AWILIVHI\LOA\SUTTP\ :d
epy epy

epe’ T IBATIQ YEWN OISI\IVIYIS\IHILIVIY\LOQ\SUTIP\:d epe* T ISATIC YIWN OISI\IYINIS\TIWILIVIN\LOQ\SUTIP\:d
epy epy

ods " 17 I9ATIC YAKWN OISI\IVI¥IS\HWILIVIN\LOA\SUTIP\:d ods* T I9ATIQ VIAWN OISI\TYIYIS\IWILIVII\LOQ\SUTIP\ :a
epy epy

epe° gz x93d epe- gz 193d

WOIgd 03Ny AdIL Ad SNYIOTQWIIL\TYIHIS\IWILIVIY\IOA\SUTTIP\:d | WOXd 03NY AdIL~ Ad SNVIS TqQWTIL\TVYIYIS\HWILIVAI\LDA\SUTTP\:d
epy epy

epe- 1 axe3d epe- 1~ xa3d

WoIgd 03Ny AdIL Ad SNV.LE TQWTIL\TYINIS \HRILIVAY\LOA\SUTIP\:d | WOoXd™ 03Ny AdIJ Ad SNVISTQUTIL\TVIYIS\FTWILIVIV\LOA\SUTIP\:d
epy epy

epe gz a8 eperz 18

ATIA AJIL Ad SNYIRTQWTIL OISI\IVIYIS\FWILIVAU\LIA\SUTTP\:d | ATIA AdIL Ad SNVISTOWTIL OISI\TVINES\IWILIVIY\LOQ\SUTTIP\:d
epy epv

ods-z a9 ods*z" a8

ATIQ AdIL Ad SNYIS TQWTILL OISTI\TYIYAS \AWILIVIY\LIA\SUTTIP\:d | ATIA AdIL Ad SNVISTQUWTIL OISI\TVIYEAS\EWILTVIY\LOA\SUTIP\:Qd
epvy epy

epe - thw epe* Hihm

ATIQ AJIL Ad SNYISTQWTIL OISI\TYIYUAS \HWILIYIY\LIA\SUTTP\:d | ATIQ AdIL Ad SNYISTQWTIL OISTI\TVIVIS\EWILIVII\LDA\SUTIDP\:d
epy epyY

ods* 1" ae ods 1" a8

ATIQ AJIL Ad SNYISTQWTIL OISI\IVINAS \FWILIVIY\IDA\SUTTIP\ A | ATIQ AJdIL Ad™ SNVISTQUWTIL OISI\TVINAS\AWRILIVII\LDA\SUTIP\:d
epy epy

epe-sjTneysqg

PUYSUOTITUTI®A Ad SNYILD TQUTIL\TVINIS \ENILIVIE\LOA\SUTTIP\ :d
epy

odssj3inejadq

epe-sjatneiaq

PUYSUOTITUTI®A Ad SNVLSTOWTII\TYIHIS\EWILIVII\LOJ\SUTTIP\:d
epY

ods:saTnejad




6¢

9¥0-100C WL OFdd

uetpug 213311
/ ueipud bt1d€

>

Betz

2Ty /ZETSY 203
yoayo Axexodwal
pue xatpuey O/I
Tetass JuaId33TP
03 ST1Ted -

wpR*

PIOOSYMRYMIOFSURIL T 6ZAN\Idd\'IVINIS \AWILTVAY\IOQ\BUFIP\ :d
epy

ods *

PIOOOYMRYWIOFSURIL T 6ZMW\Ddd\ TVIVNIS \ANILTVRI\IOI\ STTFP\ :d
epy

Mﬁm.vuoommBmMEMOMmCMuBINIAMZZ/A<HMmm/MEH&qdmm/BUD/mCﬂMU/"D
epy

UQw.UHOQ&&SMMEMOMmQMHEINI<m22/q@Hmmm/mEHBJQMM/BUQ/mﬁﬂﬂU/"Q
epy

m@m.Uhoowm3mm5h0umﬁﬁn&lﬁidmzz/QGHmmw/mzHBdﬁmm/BUQ/mﬁﬂﬁv/"Q
epy

ods - pIoosymeyuwIozsSuRIL T VAKRN\TYIYIS \ANILIVHI\IDA\SUTIP\ :d
epy

epe - pIod

QYMRYWIOFSURIL 7~ AdIL ©TqQUIIL\TVIHIS\FWILIYIY\LOA\SUTTP\ :d
epy

ods -paod

SUMEYWIOISURIL ™ 2~ AdIL @ TQWTAL\TYIHIS\HWILIVIU\LDA\SUTTIP\ :d
epy

epe pIod

oYMENULIOISURIL T AdIL O TAQWTIL\TYIYIS\AWILIVIY\LOA\SUTTP\:d
epy

ods ‘pxod

oymeyuIojsuelL T A4IL o TQWIIL\TYIYAS\HWILTYIE\LIA\SUTIP\:d
epy

epe - }SeLele@yH\ IDH\SUTIp\::d
epy

ods *)serele@dH\IDH\SUTTP\:d
epy

epe - e3e@H\IDH\SUTTP\:d
epy

ods *e3R@YH\IDH\SUTTIP\:d
epy

epe  VIRN\INILIYIE\VIARN\SUTTp\ : d
epy

ods * VHRN\ W ILTYIY\VERN\SUTTP\ : d
epy

wpR*5I8

IPURHIANIIOIUI TTVFOIOYION\Ddd \ TYINIES \ ENILTVAI\ IO\ STFFP\ :d
epy

ods

- sz TpueHIdNII23UI T TVIOIDYIOW\TY THIS \HRILIVII\LOA\SUT TP\ : d
epy

epe-I9ATIQ IDH OISI\TVI¥IS\EWILIVEI\LOJ\SUTID\:d

wpw°pI

OOPYMRYWIOFSURIAL T 6ZMN\ZETFMA\'TVINAS \ENILTVIH\IOTA\ SUFFP\ :d
epy

ods *px

OOPYMRNWIOFSURIL T 6ZMW\ZEUFMA\ TYINIS \ANILTVAE\IDA\STFTP\ :d
epvy

epe - PIOOSYMBRYULIOFSURIL 2 VARN\TVINIS \ENILIVII\LOA\SUTTP\:a
epy

ods * PIOODUMEMULIOFSURLL ™ ¢ VARN\TVINIS \ERILIVII\LOA\SUTTIP\:Q
epY

epe  PIODSYMRWULIOFSURIL T~ VAWN\TVINIS\TWILTVII\IOA\SUTTP\:d
epyY

ods * PIOORYMRPHWIOISURIL ™ T  VAKRN\TYIUHS \HRILIVII\LOA\SUTTP\ :d
epvY

epe-pIod

SYMEYWIOFSURLL ¢ AdIL @ TqUTIL\IVIHIS \THILIVAEY\LDA\SUTTP\ :d
epy

ods - paod

SUMBYULIOFSURILL ¢~ AdIL S TOWTAL\TYI¥ES \EWILIVAU\LOA\SUTTIP\*d
epy

epe - pIod

SYMRULIOFSURIL T~ AdIL O TAWIAL\TVIYIS\TWILIVIN\IOA\SUTTP\ :d
epy

ods *pa0d

oymeuLIOoISURIL T AdIL @ TQUTIL\TYIYIS\INILIVIY\LDA\SUTTP\ :d
epy

epe - 3ysereledyH\ IDH\SUTTP\:d
epy

ods ryqselele@dH\IDH\SUTTIP\:d
epy

epe - ele@YH\IDH\SUTTP\:d
epy

ods " e3e@YH\IDH\SUTIP\:a
epv

epe - YANN\IWILIVIN\VARIN\SUTTP\ :d
epy

ods * YIWNN\HRILTVIY \ VIANASUT TP\ : A
epvy

vpR°8IOTP

ueH3dNIIO3UI T TVFOIOYION\ ZEUTM\ TVINAS \ENILTVIU\IOA\ SUTFP\ :d
epy

ods

* s19 TpURHAANIISIUI T TYFOISYION\ TYTHIS \EWILTVAI\LOA\SUTTP\ : A
epyY

epe-I9ATIQ IDH OISI\IVIYAS \ANILIVIE\LOA\SUTIP\:d




9¥0-100C L O5dd

0e

epe- STSATRUYIS] [TA\IAI\SUTTP\ :d
epy
epe-ainylejijossniejsaosussabueyd\ I1qI\SUTTIP\:d
epy
epe UOTIRTOSIDINTTRIIOSUSSIJOS\IdI\SUTTIP\ :d
epy
epe - sSN1e]SIOSUSSHOaYD\IAJ\SsuTIp\:d
epy
epe - UOTIRTOSISINT TRJIOSUSSPIRH\ IQI\SUTTP\ :d
epy
epe - 3105I0SuUas\IQI\SUTIP\:d
epy
epe - IJI\IqI\SUuTTp\:d
epy
epe- SY\JISV\SuTIp\:d
epy
epe ysel dSVY\JSY\SUTTp\:d
epy
epe- STeD0T ASV\JASY\SUTTIP\:a
I93seun{sej=urexboxd ureur epe:
epvy
epe - I193SeSel\NWILSAS\SUTTp\ :d
epy
ods * 79T TOI3UODBTIUOOWSISAS IDOH\IDH\SUTIP\ A
epy
0ds - SIOSUSSPOILTIURISUT\'TYIHIS \HHILIVAN\LDA\SUT TP\ :d
epy
epe - I0SULSOTIBUSD\ TYIHIS \HHILIVIY\LDA\SUTTP\ : d
epy
ods " 270SUSS O TIDUSH\ TV IUES \ANT LIVAY\LOA\SUTTP\ : d
epy
epe-suoT3dungo T3 109dsI0sUaS \TVIHES \ERILIVIN\LOQ\SUT TP\ : d
epy
ods ' suoT3oung2 13 1oedsI0osuss \ TV ITHAS \ANILIVAY\LDA\SUT TP\ : d
epy
BPER ° PIOOIYMRYULIOFSURIL URIOT\TYIYIAS\ INILIVAY\LOA\SUT TP\ :d
epy
ods s paroosymeyuLIOI SURI ], URIOT\TYINAS \ENILIVII\IOA\SUTTIP\:d
epy
vpe*
PICOSYMRYWIOFBURIYL & 6ZHW\III\ TYIHAS \ENILTVAI\IDA\ SUTIP\ : A
epy
ods
PIOOSYMRNWIOFSURIL ¢ 6ZHN\Idd\'TVIHES \ ENILTVAN\ LOd\ STFFP\ :d
epy

epe - STSATRUYID3TTI\IQJ\SUTIP\:d
epy
epe* NH.DH._”M...muwowm5umum.u0mcwmwmﬂmg0/ Ia4a\ SutT ._”U/ Hai
epy
PPR-UOTIRTOSISINTIRIIOSUDSIIOS\IALN sut ..nmu/ d
epy
BpE - SNIBISIOSUSSHI9YD\IAI\SUT TP\ :d
epy
epr-uUoTlIrRTOS HWHﬁHﬁGmHOmamUHmm/ IaJa\ sut ._”U/ Hel
epy
epe - 3I10SI0SUdS\IQA\SUT TP\ :d
epyY
epe- IqA\IQd\SuITp\:d
epy
epe-ISV\JISY\SUTTP\ :d
epy
epe-ysel dSVY\JISV\SUTTIp\:d
epYy
epe-sSTed0T JASV\JISVY\SUTIp\:d
I93seun{sej=urexboxd uteu epe:
epy
epe - I9]SeH{SRL\NILSAS\SUTTP\:d
epy
ods - 18 T1013U0DBTIUODWSISAST IDH\IDH\SUT TP\ :d
epy
ods - s10SUagPaleTIURISUI \'IVIYAS \AWILIVAY\IDQ\SUT TP\ : d
epvy
BpR - I0SUSSOTIUSD \TVIYAS \FWILIVAN\LOA\SUTTP\ :d
epvy
ods " 20SUSGO TIBUSD\TYIHIAS \HNILIVIA\LIA\SUT TP\ : d
epYy
epe - SUOTIDUNADTF 108dsI0SUdS \ TY TYAS \FHILIVIE\LOA\SUT TP\ : d
epy
ods * suOT3IDUNIDTI TOSASIOSUSS \ TV THHAS \AHILIVAY\ LDOA\SUT TP\ : d
epy
epe -’ PIODSYMRYWIOFSURLL URIOT\TYIYIS \FHILIVIY\LDA\SUTTP\ :d
epvy
0ds  pIOOSIYMRHULIOFSURIL URIOT\TYIHIS \AWILIVII\LOA\SUTIp\ :d
1194
wpwpI
ODPYMRYWLIOFSURIL & 6ZMN\ZEUTM\TVINAS \ANILTVIY\IOA\ SUFFP\ :d
epy
ods -px
OOPYMRNWIOFSURIL Z 6ZMW\ZEUTM\'TVINIS \INILTVAY\ IO\ SUTTP\ :q
epy




1€

9+0-1007 WL OFdd

epy

ods *e3eqdniasWTS\IDH\SUTTP\ :d
epy

epe - 19pooag\ IDH\SUTIP\:d
epy

ods - 18poddQ\ IDH\SUTTP\ : A
epy

epe-yselreleqAeTds TA\ERILIVEE\LIAA\SUT TP\ A
epy

epe-qnas-AeTds TA\BAILIVAI\IAA\SUT TP\ :
epy

epe - I9podud” VAKRN\IDH\SUTTP\ :d
epvy

ods - xepooud” VAWN\ IDH\SUTTP\:d
epy

epe 6TFUoDSASIDH\IDH\SUT TP\ :d
epy

ods - 5TFuU0DSASTIOH\IDH\SUTTIP\:d
epy

epe-1dd 2 SdOoP T OFON\SAN\TWILIVAN\IDA\SUTTP\ :d
epy

epe 100 T~ SdO WIS\SAN\TWILIVAN\LOA\SUTTP\:d
epy

epe -’ 100 Ueiol WIS\SAN\IWILIVAU\LOA\SUTIP\:d
epy

epe - 100 90T WIS\SAN\ANILIVAY\LOA\SUTTP\:a
epvy

epe - 100 ZSNI WTIS\SAN\ZWNILIYAY\LIA\SUTTP\ :d
epy

epe’ 100 TSNI WIS\SAN\THILTVIH\LDA\SUTIp\:d
epy

epe- 103"z Sd9 WIS\SAN\ARILIVIY\IOA\SUTIP\ :d
epy

epe - L0d” T SdOP DFON\SAN\ZWILIVAI\LIA\SUTTP\ :d
epvy

epe - IJHI0JSI]TTAPUTI\IQA\SUTTP\ :d
epy

epe- I4SI04SI8TTAPUTA\IQI\SUTTP\ :d
epy

epe - AejdsTtgaojrosuasisead AI\IQJI\SUTIP\:d
e’pvy

epe - Ae1ds 1104103 1143506 I\ IAI\SUTTIP\ :d
epy

epeR ° [QJWOII3IN6TIU0DY\ IAI\SUTTP\ :d
epvY

epy

ods -e3eadniasSwIS\IDH\SUTIP\:d
epy

epe - I9p0dad\ IDH\SUTTIP\ :d
epy

ods * 28p0oda\ IDH\SUT TP\ :d
epvy

epe-ysereleqAeTds TA\FHILIVEY\LAA\SUT TP\ :d
epy

epe - qnis-AeTds TA\TNILIVIE\LAC\SUT TP\ :d
epvy

epe - I9podud” YANN\IDH\SUTIP\:d
epy

ods - 28podud” VAWN\IDH\SUTIP\ :d
epy

epe - BTFU0DSASIDH\IDH\SUTTP\ :d
epy

ods - BTIUODSASIDH\IDH\SUTTP\ :d
epy

epe - 10d” 2 SdOP DFON\SAN\FWILIVIE\LOA\SUTTP\ :d
epy

epe- 104" T~ SdD WIS\SAN\FRILIVII\LOA\SUTTP\ :d
epv

epe* 1D0 uexoT WTIS\SAN\FRHILIVIN\LDA\SUTTP\ :d
epy

epe - 1L0d 90T WIS\SAN\THILIVIU\LOA\SUTIP\:d
epvy

epe - 100" ZSNI WTS\SAN\HWILIVII\LOA\SUTTP\ :d
epy

epe- LDJ TSNI WTS\SAN\ERILIVIY\LOA\SUTTIP\:d
epyY

epe - 100" ¢ $d9 WIS\SAN\ENILTVII\LOA\SUTTP\ :d
epy

epe-10d T Sd9P 0FOoN\SAN\FTWILIVIU\LOA\SUTTIP\:d
epy

epe’ TJHIOASIDITTIPUTI\IQI\SUTTIP\ :d
epy

epe- I4SI0JISIBITTIPUTINIAI\SUTTIP\ :d
epy

epe - AetdsTgrogrosuasisad dI\IQI\suTTp\:d
epy

epe-Ae1dsTQI04193TTA359€ AI\IAJ\SUTTP\:Q
epy

epe -’ IgquordernbTyuodeoy\ Idd\SuTTp\:d
epy




90-100C INLL OFdd P4
epy epy

epe -’ I8 10I3U0DBTFUODWSISAS IDH\IDH\SUTIP\ :d epe - 1211013u0D6TIU0DWS3SASTIOH\ IDOH\SUTIP\ :d
epy epy

epe* IDHANI®S\IDH\SUTTIP\:d epe- IDHANISS\IDH\SUTTIP\:a
epy epy

ods - TOHANISS \ IDH\SUTTIP\ :d ods ' TOHAN3I®S\ IOH\SUT TP\ :d
epy epy

epe-e31e@l TUIIS]} TTISITIM\IDH\SUT TP\ :d epe-elegiTuUIILl TTI23 TIM\IDH\SUT TP\ :d
epy epv

epe-ejegl TUIIL] ] TIPRSN \WILSAS\SUTIP\ :d epe B3Rl TUIIL] T TAPRRU\WALSAS\SUTIP\ :d
epy epy

epe-ejeqdniagswTS\IDH\SUTIP\ :d

epe-eleqdniaswutS\IDH\SUTTP\ :d




€e

9¥0-100C IW.L O3dd

g3xed Ut
sedusaeiiTd ON

epe- Z3TUIIa]l TTA\YALIIAINQ\SUTTP\:d

epy
epe’ TATUIIDITTA\YALIISINANSUTIP\ : d
epy
epe- 03 TUIIS] TTI\YALTIAINA\SUTIP\ :q
epy
epe "’ XK 0SNONUTIUODUIOI\YILTIAINN\SUTTP\ : A
epy
epe * XWSO TWeUAQUITOI\ YL TIJINN\SUTIP\ :d
epy
epe - dsAoIeN SdOI3TUI\YILITAINN\SUTIP\ :d
epy
epe  XWSOTWeUAQI TUI\YALITAINA\SUT TP\ :d
epy
epe " XW 0SnonutiuodITuI\YIdLIIAINA\SUTTIP\ :d
epy
epe 3TUISeSH\dILITIINA\SUTIP\ :d
epy
epe - sauTINOYUOTIR[3II0DSA\YALIIJINN\SUTTIP\ :d
epv
epe -’ XpesIedssesil TUI\YALIIAINA\SUTIP\ :d
epvy
ods *BUTTTOPON SAD\YALTTIAINN\SUTIP\ :d
epvy
epe’3TUI3STISITUN\YELTIIINQ\SUT TP\ :
epy
epe - AT0wsRe1ed0 T TV \YALTISINA\SUTTP\ :d
epy

epe- 193 TTF2Id\ YL IIAINO\SUTTP\ :d
STONUTJUOD=3RWI0F ST epe:
sAem7e=6uTlsIT epe:
3o foxdqns

:3Tneysp

PIINGi#

epe- 73 1Ul1931Td\ daLTIJINN\SUTTP\:d

epy

epe* T3TUIIB}TTIA\NALIIIINN\SUTTIP\ :d
epy

epe’ 03 TUIIS3 TTA\YILTIJINN\SUTTIP\ :d
epy

epe " XKW~ 0SNonuTIUOQWIOI \YALTIIINN\SUTTIP\ :d
epy

epe * XSO TWReUAQUIOI\ AL ITIJINN\SUTTIP\ : d
epyY

epe qsSAoIeW SdDITUINYILITIINN\SUTTP\:d
epy

PR XWSO TWeuAQ] TUI\YILIIAINA\SUT TP\ :d
epyY

epe -’ XK 0SnNonuUTIuODI TUI\YILIIJINA\SUTTP\:d
epy

epe-ITUISRIN\YALIIAINA\SUTTP\ :d
epy

epeR - SOUTINOYUOTIRT2IT003C\ YT LTIJINQA\SUTTP\ :d
epy

epe - xposiedssesNl TUI\HIALTISINN\SUTIP\ :d
epy

ods - BUTTTOPOW SAD\YALTIAINA\SUTTP\:d
epy

epe - 3TUIISTISITUN\YILTIAINA\SUTTP\ :d
epy

epe * ATOWSRa3e 0 T TY\YILTIAINQ\SUTTP\ :d
epy

epe- 193 TTFOXIJ\YELTIAINN\SUTTP\ :d
SNONUTIUOD=3BWIOI 3ASTT epe:
sAemTe=Butisti epe:
joelfoadquns

$3Tneysp

PIINGi &

S1INIWWOD

a714g - 0dd” €L¥VA\SNIIA\

NOISHIA SXYHOMXA/Odd FNA

a1d- ZeENIM €LYVd\SNIIA\

NOISHIA ZENIMWIALNI

seji4 piing £1HVd Jo spusjuoy 51 ajqel




9%0-100C WL OFdd 149
epy epy

epe-sesW 33V ¢SNI™ ITSNI\YILIIAINN\SUTIP\:Qd epe-sesl 33V ¢SNI™ TSNI\YIALIIJINN\SUTIP\:d
epY epy

epe " SeSK QL URIOT SNI\YALIIIINN\SUTITIP\:d epe - ses| QL uexo] SNI\YILTIJINN\SUTTIP\:d
epy epy

epe-sedl D07 SNI\NILIIJINA\SUTIP\:d epe’sesy H0T SNI\YALIIJINN\SUTTIP\:d
epy epy

epe- " sea T9A SdOD SNI\YALIIJINN\SUTTP\:d epe-seay ToA Sd9 SNI\YALIIJINA\SUTIP\:d
©epy epy

epe -’ seal sod” SdO SNI\YILIIJINAN\SUTIP\:Q epe - sed SO0d” SdD” SNI\VIALIIAINA\SUTTP\:d
epy epy

epe- sSee [eA ¢SNI~ TSNI\YELTIJINA\SUTIP\:d epe-see [9A ¢SNI TSNI\¥ALIIJINN\SUTTP\:d
epy epy

epe -’ SI0SUBSPUONDSSSa001doad \YALIIJINN\SUTTP\ :d epe - S105USSPU0IaSSsa00IdoId \¥ALTIAINN\SUTTP\ : d
epy epy

epe  SNIATRWTIdSS900IdoId \MALTIIIINN\SUTTIP\ :d epe - SNIAIeWT1dss9001daxd \ YL TIAINN\SUTTP\ :d
epy epy

epe - S93ewTlsEIsSOdARN\YILIIAINN\SUTTP\ :d epe’sa]euT]sSTISegARN\ AL TIAINA\SUITP\ : d
epy epy

epe-snjelsdwregA] TO0OTOA™ 6 ZIW\YIALIIJINQA\SUT TP\ :d epe -’ snielsduegAl TO0OTaA 6 ZMN\YILIIAINA\SUTIP\ :d
epy epvy

epe - BUTT9POW SdDO\UALIIAINQ\SUTTP\:Ad epe - BUTTT9PON SAO\YILTIAINA\SUTTP\ :d
epy epy

epe - eleqlruIdlXdYl IMXK O3ISNIPY\YIALIIJINA\SUTTP\ :(d epe - e3e@TeuILlXdyl] TMXH 03SNIPpY\YILIIAINN\SUTIP\:d
. BpY 'PY

epe -’ XTJTeUI3UI SNIATAAV\YALIIIINN\SUTIP\ :Q epe - XTJTRUISIUT SNIATAAY\HALITJINN\SUTTP\ :d
epy epv

epR - S3USWOINSBONSULIS] [ TI\YALTIIINA\SUTTP\ :d epe " S]USURINSEONSYLIS] T TA\YILTIJINA\SUT TP\ :d
epy epy

epe - 9poN SdH9H6URYD\YALTIIINN\SUTTIP\ :d epe - 9poN” SdHabURYD\¥ALTIJINA\SUTTIP\ :d
epy epy

epe - urIOTMaNB TIUOIDY\ YALTIJINA\SUTTIP\ :d epe - uRIOTMaNB TFUCDIY\ AL IIIINN\SUTTP\ : A
epy epy

epe - eljePead \YALTIAINN\SUTTP\ :d epe-ejedpedy \HALTIJINN\SUTIP\ :d
epy epvy

epe - IeA” qLueI0T93NAWOD\ ¥ILTIAINA\SUTIP\ : d epe’ 1eA” LUeIoTa3ndwod \YILTIAINA\SUTTIP\ :d
epvy epy

epe 3 TUI3ISaLpaIenbs TYD\ AL TIAINA\SUT TP\ : A epR ‘3 TUI3ISSIPaIenbS TYO\YALIIAINA\SUT TP\ :d
epy epy

epeR 18311931 TIpeIenbs TYD\ AL IIAINA\SUTIP\ :d epe - 31591931 T4paXenbs TYD\YIALTIAINAN\SUTIP\ :d
epy epy

epe - eleMeyulIoy SURIL\YFLIIJINA\SUTTP\ :d epe " eleMeRdWIO] SURIL\YALIIJAINA\SUTTP\ :d
epy epv

epe X 0238IDSTAI0IDRI\YALTIJINN\SUTIP\:d epe XKW (023912STOI03DeI\HALTIJINA\SUTTP\ : A
epy epy




213

9%0-100T IW.L OFdd

epy
epe‘ uoT3093909aINTTeASROR\YALTISINN\SUTTP\ :d
epy
epe - BTJucOaysesH ¢12A97 SNI\HILTIAINN\SUTTPN:d
epy
epe-H6TFU0OBYSeO ¢ToA9T SAD\YELIIJINN\SUTIP\:d
epy
epe - UeWTeN\YILTIIINA\SUTTIP\ :d
epy
epe - IJUI TMSNOAZSPUSY\YALIIAINA\SUTIP\ :d
epy
epe’ SeORLIND TFUODSY\YALTIJINN\SUT TP\ :d
epy
epe - paA1asqOe3elS\HIALTIAINN\SUTTP\ :d
epy
epe’ suoT30911033ndin0a3elS\UALTIJINN\SUTTP\ :d
epy
epe - 93epdnI10308A93eIS\ AL IIIINO\SUTIP\ :d
epvy
epe-SEaW TOA OTI9UIUAS MW\ YALTIJINN\SUTIP\:d
epy
epe sedl 33V SdD SNI\YILTIJINN\SUTTIP\:Q
epy

epe-Seol S04” ZSNI™ ISNI\¥ILTISINN\SUTTIP\:d

epyY

epe - uoTlV9310deINT TeISeaN\ YALTISINO\SUTTP\ :d
epY

epe-BSTIJuodeysesy 219497 SNI\YILIIJINO\SUTTP\:d
epy

epe - BTFuodeysesW Z19A9T SdO\YILIIJINA\SUTTP\:d
epy

epe - vew M\ YILTIJINA\SUTTIP\ :d
epy

epe’ IIYI TMSNOAZOPUSY \ YALTISINQ\SUTTP\ : A
epy

epe -’ SeseINbTFUCOSY \HALTIAINN\SUTTIP\ : d
epy

epR PaAISSqO931eIS\HALTIIINA\SUTTIP\ :d
epy

epe - suoT3oa110)3ndIn0e1els\YIALTIJINA\SUTTP\ :d
epy

epe - 93epdnI10308A83e3S\YALTIIINN\SUTTP\ : d
epy

epe - sesi [8A OTI8YIUAST 6ZMW\UALTTIIINANSUTTIP\ :d
epy

epe-sesl 33V SdO SNI\MALTIJINQ\SUTTP\:d
epv

epe-ses S04~ ¢SNI~ TSNI\NILIIJINO\SUTIP\:d




5.

Version 3.3.1 Reconciliation

This section requires a bit of explanation. When Version 3.3 of the DIINS source code
was delivered to Prior to begin the migration, DREO was still using it on the older
hardware during sea trials on HMCS Calgary. As a result of those trials, a number of
improvements were identified and implemented by Dale Arden Consulting in parallel with
the migration efforts underway at Prior [8]. As a result, these changes (which were known
as Version 3.3.1) were not included in the migrated software eventually delivered by Prior
to DREO. Consequently DREO identified all the files that were changed in Version 3.3.1
and incorporated those changes into the migrated version 3.3, effectively bringing them to
the same level of functionality as 3.3.1. A software tool called “Beyond Compare” proved
to be invaluable in this process, helping to identify line-by-line where files differed.
Though it proved to be a fairly laborious process, it was deemed worthwhile because of the
features added in Version 3.3.1

This section lists the files that were modified in Version 3.3.1. All of the important
modifications have been migrated and tested on both new platforms.

Table 16. Files Modified for Version 3.3.1

FILE

DIINS/UTILITIES/REALTIME/TimeUtilities.spc
DIINS/UTILITIES/REALTIME/TimeUtilities.ada
DIINS/SYSTEM/RawSensors.spc
DIINS/SYSTEM/MeasGlobal.spc
DIINS/SYSTEM/REALTIME/SimConfig.spc
DIINS/DCT/REALTIME/SERIAL/ForceISIO_NMEA _Driver_1l.spc
DIINS/DCT/REALTIME/SERIAL/ForceISIO_NMEA_Driver_1l.ada
DIINS/DCT/REALTIME/SERIAL/ForceISIO_NMEA_Driver_2.spc
DIINS/DCT/REALTIME/SERIAL/ForceISIO_NMEA Driver_2.ada

DIINS/DCT/REALTIME/SERIAL/Trimble_TIPY_1_TransformRawRecord.ada
DIINS/DCT/REALTIME/SERIAL/Trimble_TIPY_2_ TransformRawRecord.ada

DIINS/DCT/REALTIME/SERIAL/NMEA_1_TransformRawRecord.ada
DIINS/DCT/REALTIME/SERIAL/NMEA_2_TransformRawRecord.ada
DIINS/DCT/REALTIME/SERIAL/MK29_1_TransformRawRecord.ada
DIINS/DCT/REALTIME/SERIAL/MK29_2_TransformRawRecord.ada
DIINS/DCT/REALTIME/SERIAL/GenericSensor.ada
DIINS/SYSTEM/TaskMaster.ada
DIINS/FDI/HardSensorFailurelIsolation.ada
DIINS/FDI/FindFiltersForHFI.ada
DIINS/DCT/REALTIME/NFS/Sim_INS1_DCT.ada
DIINS/DCT/REALTIME/NFS/Sim_INS2_DCT.ada
DIINS/DCT/REALTIME/NFS/Sim_LOG_DCT.ada
DIINS/HCI/NMEA_Encoder.ada
DIINS/HCI/HCI_SystemConfigController
DIINS/UNIFILTER/Prefilter.ada
DIINS/UNIFILTER/TransformRawData.ada
DIINS/UNIFILTER/ApplyINS_InternalFix.ada
DIINS/UNIFILTER/RendezvousWithFDI.ada
DIINS/UNIFILTER/ChangeGPS_Mode.ada
DIINS/UNIFILTER/PreprocessSecondSensors.ada

36

DREO T™ 2001-046




6. Debugging Efforts

After the new DIINS platform were delivered by Prior after the initial migrations, the
author continued to debug and reconcile the new versions. Table 17 in this section simply
documents some of the debugging changes for potential future reference. Annex C
documents some of the initial changes made by Prior.

Table 17. Bugs fixed by DREO after delivery

BUG

FIX

PC could not use serial port above COM9

The call to the Windows AP routine CreateFile (in ISIO_Definitions.ada) needed to
specify COM ports with this syntax:

\\\\.\\COM10 (See Microsoft Article Q115831)

PC version would not start up correctly in November
2000

This was traced to a bug in the AdaMulti native win32 compiler. If the system date
was in a November of a leap year, calls to the “Calendar” package would retum a
date one less than the correct date. This bug was reported to Green Hills software
and a fix was supplied. A new “adarts.lib” file was received and installed which
corrected the problem

Numerous “FDI_Constraint” errors on the PC at
startup

Prior had defined a temporary variable in RendezvousWithFDl.ada called

TMP := Config.AllGenericINS(j). This variable was not being used properly and was
found to be unnecessary. It was removed and the version of the file used on the
VME system was found to work correctly.

GPS SPS Variances too large

Since the removal of GPS Selective availabitity, the accuracy of SPS GPS has
improved dramatically. The noise parameters in GPS_Modelling.spc were modified.
Initial testing found them to be acceptable, though more thorough verification may be
in order.

Crash if a GPS was specified as DGPS in the
simsetup.cfg file, but it was only providing SPS data
at system startup.

A temporary fix was established, but a better fix was available in the 3.3.1 versions of
“ChangeGPS_Mode.ada, PreProcessSecondSensor,ada, and
TransformRawData.ada” prepared by Dale Arden Consulting (see Section 5).

When less than 2 INS’s were providing data, the
system would crash several 10’s of minutes or
perhaps several hours after the loss of the INS data.
The filters would stop running (but the raw sensor
data was still being output), and rapid-fire
“GPS1_BB: Full” messages would flash on the
console screen.

This was a very difficult bug to find and took substantial effort and analysis. To
summarize, the root of the problem turned out to be in a much different area than
where the effects were being manifested. The problem was in the Data Collection
Tasks (DCT’s), at the point they called the “Enqueue” function that sends the raw
sensor data to the bounded buffers to be read by the filters.

In SensorSpecificFunctions.ada (and also in the old sensor DCT's in the pre-Prior
versions) there is a snippet for each sensor like ...

select

BBUFFERS.INS2_BoundedBuffer.QBuffer. ENQUEUE(SensorData);

return;
else

TIO.Put_Line("INS2 Sensor Instance: BB not Talking");
end select;
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It was eventually evident that one of these messages from the unplugged INS2 DCT
was being printed every time the INS1 unifilter fell behind by a step. As to why the
Bbuffer was not ready to enqueue sensor data at the point the sensor DCT made
this Select statement call, is unknown. Since this is select-without-wait, it did not
wait around for BBuffer to rendezvous with it. When this was replaced with a
selective rendezvous-with-wait, like this, it works better....

select

BBUFFERS.INS2_BoundedBuffer.QBuffer. ENQUEUE(SensorData);

return;
or

delay 1.00;

TIO.Put_Line("INS2 Sensor Instance: BB not Talking");
end select;

The one second (max) wait may not necessarily be the most appropriate, but initial
tests seem to indicate that it gives the Bbuffer task time to rendezvous with its calling
DCT.

There are a multitude of differences from the old system to the new ones that might
account for this timing problem - the new Ada95 compiler, the new hardware (both
PowerPC and Intel Pentium processors), different operating systems (vxWorks and
Windows NT) with different tasking priority mechanisms, new serial drivers
(Windows32 APl and Compware SBS serial drivers), etc. However since nearly
identical behaviour was evident on both systems (the Intel/win32 setup and the
PowerPC/VxWorks setup) it is suspected that the reason lies in the main common
element of the two - the Greenhills Ada95 compiler/cross-compiler. Perhaps they
implement the selective rendezvous differently than the old Telesoft compiler.

“Flaky” NMEA GPS time stamps: When an NMEA
GPS receiver was unplugged from DIINS and then
reconnected some time later, numerous “GPS Time
Fiaky: messages were printed

The problem occurred only when the receiver was disconnected during the time at
which DIINS was trying to reset its internal clock to GPS time (which by default is
every 30 minutes). It was eventually determined that if the sensor was unplugged
halfway through the $GPZDA NMEA sentence, and then reconnected sometime
later, DIINS would try to use this old partial data sentence which, instead of being
discarded, was being added to the beginning of the new data, e.g.
$GPZDA,182214,04,04,2001$GPZDA183017,04,04,2001,000,000,*BF
The root of the problem is that the NMEA checksums were not being tested on the
sentences that reset the internal clock.. This was fixed in the NMEA DCT's
(ISIO_NMEA_DRIVER_1(2).ada with a call to the “CheckSumOK” routine before
setting the clock. Note that this bug was probably in the previous versions of DIINS
but had not been manifested.

Output data stream mods

A few minor mods/fixes were made to improve the data in the DIINS output data
stream. Latitude and Longitudes are now output to 4 decimal places in (arc minutes)
instead of 3. The Course Made Good (CMG) is set to O for very slow speeds (less
than 0.1 m/s) in NMEA.ADA (in procedures Encode_NMEA_VTG, and
CopyDIINS_Covariance_to_OSL). Similarly in Prefilter.ada, if there are no valid
filters and only GPS is being output, set the heading to 0 if the speed is less than 0.1
m/s.

Data Logging

Some improvements were made, but this is still not functiona!l on the VME, and not
intuitive to use on the PC.
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7.

Fixes and improvements identified but not yet
implemented

DREO TM 2001-046

Though the core DIINS code runs and runs fairly well on the two new platforms, a number
of minor bugs remain and a few other improvements should be made before the system can
be declared 100% migrated. This section attempts to document these.

The VME cannot use Serial Ports 7 and 8 (it can only use 1-6). This seems to be a
limitation of the Compware drivers procured for the SBS GreenSpring I/O card and
are related to the number of available VME bus interrupts [15, p.8].

The HCI (Human Computer Interface) does not fully function with the migrated
DIINS.

o Any changes made via the HCI do not seem to get written back to the DIINS
configuration files.

o There are some new parameters in the configuration files that are not read or
displayed by the HCI (notably RS232/RS422).

o The HCI was written for OS/2 to communicate over a serial link with DIINS.
It should be ported to Window NT and the ability to communicate with
DIINS via internal files or messages, in the case of the PC version of DIINS,
should be added.

Data logging is not functional on the VME. It should be possible to use the NFS
mounted D:\DIINS drive and log the data to the NFS disk, but although tests indicate
it logs the first few seconds correctly, it soon detects a Device Error exception and
terminates logging.

The name of the pathname of the file to which to log the DITINS data is hard-coded as
“DADIINS\RESULTS\ST...” (the Julian day and time and a .DAT extension is added
at file creation time). This should probably be moved to the setup configuration file
(simsetup.cfg)

Data logging on the PC, while functional, is not intuitive to set up. This isa

consequence of the various DIINS configurations over the years and different sea trial
requirements. The whole data logging process should be re-addressed

Procedures to flash the MVME2604 ROM with the full bootable VxWorks/DIINS
executable have not yet been developed or tested.
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Loran processing does not seem to function correctly. On the VME the displayed
latitude and longitude are incorrect, and on the PC numerous “VincentyInverse”
errors arise from Loran_TransformRawRecord.ada.

The Post-processing and Simulation modes have not been tested. In fact post-
processing in the later versions of DIINS on the previous Sparc/unix platforms was
not fully functional. Some efforts were made to rectify this prior to the migration to
the new platforms, but were not completed.

New sensor models, such as for different inertial systems, have not been

implemented. A placeholder for the Litton-Sperry MK-49 has been introduced, but
not fully developed.
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8. Static Lab-Trial Real-time Results

This section presents some real-time results from the new platforms. It is intended to show
that the new DIINS systems are functional and successfully integrating dual INS and dual
GPS data.

8.1 Trial Setup

8.1.1 Data Sources
The source of data for this experiment is as shown in the following table. Live feeds were

used for the SPS and DGPS data and previously recorded static MK-29 lab trial data was
played back in real time to simulate the inertial system data.

Table 18. Sensor Data used for Static Lab Trial

SENSOR DATA SOURCE

INS1 Sperry MK29 raw 2-hour data file “m2941014.bin” recorded at DREO in 1994. Played
back on supporting PC “sleet” via the command

C:> mk29out m2941014.bin COM2 47 47

INS2 Same as above (i.e. a split feed to both DIINS INS inputs)

GPS1 Trimble Tasman NGN receiver, SPS mode, NMEA output, 4800 baud

GPS2 Trimble Lassen SK8, with Trimble DGPS beacon receiver, DGPS mode, NMEA output
4800 baud

All data sources were split with appropriate RS232 splitter devices and fed to both DIINS
platforms (the PC version and the VME version) simultaneously. Seven filter
configurations were run on both platforms. The simsetup.cfg files used were those shown
in Table 7 (for the PC version ) and Table 8 (for the VME version). Note that data logging
was turned on for the PC version and off for the VME version.

8.1.2 Filter Configurations

The seven filters run by each system are as in Table 19 below.
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Table 19. Filter Configuration — static lab trial

FILTER NUMBER AND CONFIG FILE SENSOR SUITE INCULDED IN FILTER

1. —sis2.cfg INS1, INS2

2. —s1inin2.cfg INS1, GPS1, GPS2

3. —s2nin2.cfg INS2, GPS1, GPS2

4. -s1in1.cfg INS1, GPS1

5. -s2n1.cfg INS2, GPS1

6. - s1n2.cfg INS1, GPS2

7. -s2n2.cfg INS2, GPS2

8.1.3 Logging Setup

Data logging was not enabled on the VME version because it has not been fully debugged.
However full logging was enabled on the PC version. In order to get some data from the
VME system for analysis, the DIINS ASCII output stream (that would normally be sent to
the electronic chart) was captured (via a terminal emulator program — Hyperterm) from
both platforms and was used to compare them. Also, some screen captures (from the
prototype DIINS display program “OSLNMEA”) of the two platforms were taken at
frequent intervals and show that the two platforms are operating essentially identically.

8.2 Results

8.2.1 Screen Captures

Both the VME and the PC systems were started (close to) simultaneously, and two support
PC’s were setup side-by-side each running the “OSLNMEA?” prototype display program,
and with each displaying the output of the two separate and independently running DIINS
systems. Figure 5 through Figure 8 show a sequence of photographs of the two systems,
taken a few seconds apart. The display of the data from the VME system is shown on the
screen in the left of each photograph and the display of the data from the PC system is
shown on the screen on the right. It can be seen that they are essentially identical. The
VME system was started 3-4 seconds behind the PC system, so the values of the R95 and
north and east DIINS position error standard deviation estimates are slightly higher in the
first few seconds of the run (as the Kalman filter variances decline), but they soon both
converge on the same steady state solution.
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The next figure (Figure 9) shows the response of the two DIINS systems when the INS’s

both suffer a hard failure. It is seen that both switch immediately to the DGPS (GPS2)
sensor.
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The ﬁpal ph9tograph (Figure 10) shows a subsequent loss of the DGPS (GPS2) sensor.
Both immediately switch to the last good sensor, the SPS GPS1.
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8.2.2 ASCII Output Streams

The data that was displayed on the screens photographed in the previous section was also
captured using a dumb terminal program (hyperterminal), to further aid in the comparison
of the VME with the PC system. The first nine seconds of the data streams from both
systems is shown in Annex E. For aid in understanding the data streams, see [1, Appendix
Al.

The DIINS Latitude and Longitude estimates from the two systems are shown in Figure 11
and Figure 12 respectively. It is seen that they are near identical and give a good
indication that port of the two systems was successful.

Finally, in Figure 13, the R95 (95 percentile estimate) from the $PDR01 output sentences

of the two DIINS systems are shown. There is good agreement and the two plots are
coincident at the resolution of the output data (0.1m).
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8.2.3 Binary Data Logged by PC Version

Since binary data logging of the PC version works, and since some of the data extraction
tools have been ported from the old Sparc system to Windows NT, we are able to analyze
data collected by the PC in more detail. A new data logging run was started for this
section.

The file that was generated was called ST2001_114-1457.dat, indicating Julian day
113 of year 2001, at time 18:13 GMT. Note that DIINS automatically starts new data files
after every 2 hours, each with a similar naming convention. The file was placed in
D:\DIINS\RESULTS.

The data was then extracted with the programs “extract_data” and
“extract_pure_sensor_data.” Details on the procedures involved in using these programs
to extract raw sensor data and Kalman filter integration data are given in Annex F.

A few representative results are shown below. Figure 14 and Figure 15 show the latitude
and longitude outputs from the INS1 unifilter state output date file. These are similar to
the results shown in the previous section, though somewhat different since it is a different
run. Figure 16 shows the corresponding standard deviation estimate from the same filter
for the X position state (the Y state is similar) These agree with the R95 plots shown in the
previous section, keeping in mind that the R95 value is the combination (essentially 2.450)
of the X and Y position error standard deviations from the filter.
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Figure 14. Latitude output from INS1 Unifilter
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Unifilter(INS1) Longitude Output
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Figure 16. X position error standard deviation estimate from INS1 Unifilter
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8.3 Screen Shots of PC DIINS driving an Electronic Chart

This section shows screen shots of the SHINNADS (Shipboard Integrated Navigation and
Display System), from Offshore Systems Ltd. displaying the PC DIINS data. This screen
shot was taken during Dec 2000 when the SHINNADS system was at DREO and OSL had
released its latest software version with the latest DIINS displays. Figure 17 shows the
“DIINS Detailed” screen which displays the integrated solution as well as all the
individual sensor data, and Figure 18 shows the “DIINS Simplified” display which omits
the raw sensor data to leave more room for the chart.
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Figure 17. DIINS Detailed Display on the SHINNADS Electronic Chart
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Figure 18. DIINS Simpilified Display on the SHINNADS Electronic Chart

8.4 Processor Loading Comments

No formal tests of processor loading were conducted, since it is not thought to be an issue
with the class of processors (Intel Pentium 450Mhz and PowerPC 333 Mhz) used in the
new DIINS platforms. Casual observations reveal that both platforms can easily run 15
Kalman filters, each at a 1.28s update rate, with no apparent problem. In fact, in the PC
version the Windows NT Task Manager reports that DIINS uses no more than 16% of the
available CPU time when running 15 filters, and 8% when running 7 filters.
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9. Conclusions

This report has summarized the work involved in migrating the DIINS software to two
new run-time platforms: a PowerPC604 VME target system running VxWorks 5.4, and a
generic personal computer running Windows NT 4.0. As was shown the migration is not
entirely complete, though both new run-time platforms are running satisfactorily to a great
extent.

This document recorded the status of the migration, presented some results of the systems

in real-time laboratory trials, and identified issues that need to be explored more fully if the
migrated DIINS systems are to be deployed in operational environments
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Annex A: Configuring a new MVME2604 Board
with VxWorks boot kernel:

The VME processor boards must be configured to work with the VxWorks operating
system and the host development PC. This section outlines what was done for the board
used in the DREO laboratory. More details are found in the product documentation,
references [9], [10], [11], and [12]. This procedure needs only be done once for each new
card or after a network configuration change. The results are stored in non-volatile RAM
on the processor card. There are 3 main steps to this procedure, and each is outlined here.

Note that these procedures are intended to simply flash the processor board ROM with a
VxWorks boot kernel, which will load the rest of VxWorks from the host PC over the
Ethernet connection, and which in turn will allow the download and execution of the
DIINS program over the Ethernet connection. Procedures to flash the ROM with the full
bootable VxWorks/DIINS executable have not yet been tested.

1. Prepare the Vxworks boot kernel. (See also [11, p. 13].)

- There is a batch file that will do this at:
\tornado\target\config\mv2604\create_new_bootrom.bat

- copy the resulting boot . bin file to \ t ftpboot\boot .bin
- start the tftp server on the host PC by running

\tornado\host\x86-win32\bin\tftpd32.exe (there is a shortcut
to this on the Winows desktop).

2. Burning the VxWorks boot kernel in MVME2604 board soldered flash. (See
also 11, p. 14])

- Power down the VME chassis and slide out the processor card

- Select Socketed flash (set J10 on the lower-front portion of the board to 2-3)

- Connect a null modem cable from VME console to PC serial port ( 9600 8N1)
- Start a suitable PC communication program

- Power up board

- At the “PPC1-Bug” prompt, issue the following commands:
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“set mmddyyhhmm” (to set date time)

“niot” (to set network addresses...
Contoller LUN 0
Device LUN 0
Client IP Address 131.136.36.22 (e.g. for harpo VME card)
Server IP Address 131.136.36.21 (e.g. for ntnavnotel PC)
Gateway Address 131.136.36.1
“Y” to update the non-volatile RAM

“niop” (to download the boot.bin file...)
Contoller LUN 0
Device LUN 0.
Get/Put G
FileName boot.bin
Memory Address 00004000
Length 0O
Byte Offset 0

(Wait for boot.bin file to be transferred. This can be monitored in the
TFTP window)

“PFLASH 4000:FFF00 FF000100 (to flash the soldered ROM)

- When finished, power off the board, restore Jumper J10 back to 1-2 (to
select the newly burnt soldered flash with the new VxWorks boot kernel)

3. Configuring the Vxworks boot kemel. (See also [9, p. 38-451.)

- Connect a null modem cable from the VME console to PC (now at 38400, 8N1)
- Power on the VME system

- Hit any key to stop the autoboot process and get to the [VxWorks Boot]
prompt.

- ‘¢’ to configure:

Boot Device dcO

Processor number 0

Host name ntnavnotel (or as appropriate)

File name D:\DIINS\DIINS_VX_CONFIG\DEFAULT\VXWORKS
Inet on Ethernet 131.136.36.22 (the VME card)

Inet on backplane <cr>

Host inet 131.136.36.21 (the host PC, e.g. ntnavnotel)
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Gateway inet 131.136.36.1

User diins

Password diins99ppc

Flags 0

Target name harpo (for example)
Startup script <cr>

Other <cr>

- On the host PC, start the WFTP server via

\tornado\host\x86-win32\bin\wftpd32.exe (there is a desktop
shortcut)

- Reboot the VME system

When the system reboots, it will require a valid FTP server running on the PC that will
accept a connection from a user name “diins” with password “diins99ppc”. The program
that is currently set up on the notebook PC that provides this service is called WFTP32 and
automatically loads at start up (or can be started with a desktop shortcut). It will then let
the VME download the rest of the VxWorks operating system (residing at the specified
filename) over the Ethernet connection. This run-timeVxWorks image can be re-built if
necessary by using Tornado and opening and editing the corresponding workspace
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Annex B: Configuring the Target Server for
Tornado on “ntnavnote1”

The Tornado development environment provides for what is known as a Target Server
which is necessary to handle communications to and from the VME target processor board.
This section outlines how the target server for “harpo” was configured on the “ntnavnotel”
notebook host PC. Complete details on how to fully manage the Tornado Target Server
can be found in [9, Chapters 1 and 5].

In Tornado, select “Tools | Target Server | Configure”

For Target Server Name, enter “HarpoServer”

Turn on the check box for “Add description to menu”

For Target Name/IP Address, enter 131.136.36.22

Under Target Server Properties | Back End:

Select “wdbrpc and enter 2 and 10 for TimeOut and Re-try respectively

Under Target Server Properties | Memory Cache Size: Specify 5000 Kbytes

Under Target Server Properties | Target Server File System:

Turn on the check box for “Enable File System”

Specify the Root as “d: \” and select “Read/Write”

Under Target Server Properties | Console and Redirection

Turn on the check boxes for “Redirect Target I/O” and “Create Console Window”

(This last step allows any communication that would normally occur over the VME serial
port console to instead be redirected over the Ethernet interface and appear in a text
window on the PC, thus alleviating the need for another serial cable and console terminal.)
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Annex C: Modifications documented by Prior

The requirement and available time for documentation during the initial Prior migration
was minimal. The following is extracted from a brief document that was prepared by one
of the developers and list some of the changes they had implemented during the migration.
Some of this information may no longer be applicable here, but it is included for
completeness, and may be a useful future reference

MEMO: DIINS Software on NT
April 4, 2000

(File location references updated 8 Jan 2001 & 20 Feb 2001)

File Location

The working directory for DIINS NT version is d:\diins\mainwin32
The project file is d:\diins\mainwin32\default.bld which contains three subprojects:

d:\diins\part1_win32.bld

d:\diins\part2_win32.bld

d:\diins\part3_win32.bld

Most of the NT-specific packages are in their original locations. The main program is d:\diins\system\taskmaster.ada.
DIINS configuration files are in d:\diins\cfg\realtime\win32.

Logon

User name: diins
Password: (See author)

Start AdaMulti

Doubte Click the shortcut to adamulti in d:\diins\mainwin32 directory or the icon on the desktop. Upon startup, AdaMulti
automatically loads the default.bld project in d:\diins\mainwin32 which in turn contains part{1,2,3}_win32.bld.

In AdaMulti, double click default.bld to show the subprojects. Click the arrows on the right end of the subprojects to fold or
unfold the subprojects. Double click an ada file will open the file with the AdaMulti editor.

The main program is specified in AdaMulti Builder by selecting the project (default.bld) and the menu
Option/Ada/MainProgramName.

Use Build menu or Build button on the tool bar to build the project. See AdaMulti manual Getting Started for Windows for
adding, deleting files from the project, and for building and debugging the project.

Debug

Click Debug button on AdaMulti window to open the debug window. Start running the program with Go button or Step/Next
buttons. Click the green dot on the left of the source lines to toggle the breakpoints.

Main Changes Made

. ISIO_Definition in d:\diins\dct\realtime\serial\win32 is the serial interface for NT.
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Motorola and Intel chips store data in different orders in the memory. Conversion has been introduced to
isio_mk29_driver_1 and isio_mk29_driver_2, and mk29_1_TransformRawRecord and
mk29_2_TransformRawRecord packages.

Pragma Bit_Order use System.High_Order_First is added for the data blocks defined in TransformRawRecord
packages. As a result the size of the data blocks has to be adjusted. Sperry_ MK29_Rec is now 36 bytes.
Sperry_MK29_Rec.Block starts from the byte 16 instead of byte 15. Xfer.buffer size has been increased to 36 to
match to Sperry_ MK29_Rec. One dummy byte is added to the buffer after 15th byte of sensor data. Bytes swapping
routine is added to the TransformRawRecord and is called before converting Xfer.buffer to Sperry MK29_Rec.

The package Display is stubbed.

Epoch_year is now 2001

Set System Time stubbed to PC time (Otherwise pre-recorded GPS data resets PC Clock) **** NOTE **** This stub
has been removed. PC time is now set to the GPS date and time (taking the time zone into effect). If no GPS time or
date, the PC time will be set to 00:00 1 Jan 2001. If GPS time is available but no date, then the PC time be set to the
GPS time of day and the date will default to 1 Jan 2001.

Fixed a bug in TimeUtilities. YYYYDDDHHMMSS routine.

Removed LumDebug.

In ReadDataRates, added DontUseMyClock to ClockEnum to read the setup file properly.

In SimConfig, tempBuffer size is reduced to 128.

In SimConfig, replace some of the loop variable I with J.

In Assign package a local variable MyStateEnable is defined and is a copy of the StateEnable parameter upon
initialization. This is because the assign routines seem to get wrong stateenable values and cause exception.

In TaskMaster and Prefilter, Prefilter ID is passed as parameter when the TaskMaster creates prefilters, instead of
using a global variable. Delay between creation of prefilters seems still necessary to properly initialize the prefilters.
DataLogger is only using LOCAL_DISK.

DataLogger Writer Task may start to access mailbox before the mailbox initialization is completely done. Added
delay at the begining of the Writer task.

In FD1 add ReconfigurationRequired := FDI_TaskType.ReconfigurationRequired; Otherwise prefilter gets a bad
SensorStatusHasChanged from FDI which invokes exception.

In FDl.ada Initialize MostAccAidInFilterArr (to 1) and LeastAccAidInFilterArr (to 0) to avoid the exception from
ID_BestFilterForDisplay when ReconfigFDI is called for the first time.

Language and Compiler related changes

® o o 0 ¢ o o

L]

In MatheLibraryExtension, Atan is replaced by Actan.

Numeric_Error exception is handled by Constraint_Error, handler is removed.

File_Utilities package cannot be found, replaced by TIO (in WriteSimConfig, WriteFilterInitData, SimSetupData).
Math_Library.Math is replaced by Numerics.Generic_Elementary_Functions.

Add Pragma Elaborate_Body in Scientific, StandardIO, SystemIndexGeneric.

No Set_Time package. SetCalendarTime is added to TimeUtilities.

Ada Calendar.Clock returns local, not UTC time. Added a Get_Time routine instead that uses the Win32 API call to
GetSystemTime to get the current UTC time.

Pragma Images is not supported and is no need any more.

Pragma Preserve_Layout is not supported. Removed.

Storage_Size attribute for tasks is obsolete and is replaced by Pragma Storage_Size.

Compiler issues

60

In DADIINSMAINWIN32\ADA.LIB added the lines:
PATH
ELABPATH d:\green\win32_adabindings
PATHNAME d:\green\win32_adabindings
ELABPATH d:\green\adalib
ENDPATH
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Annex D: Move of Green Hills compiler:

At one point it was necessary to move the Ada compiler from c:\green to d:\green. Rather
_ than remove and re-install the program, the following steps were found to be sufficient:

- Copy c:\green to d:\green
- Change all shortcuts on the desktop and Start menu
- In the Windows registry, change all c:\green to d:\green

- In Control Panel, stop the Elan Licence manager and rename the directory of the
licence keys from c:\green to d:\green, and restart

- In any and all DIINS *.bld compiler build files, change c:\green to d:\green

- In \DIINS\MAINPPC\ADA.LIB file (and/or \diins\mainwin32\ada.lib) change
c:\green to d:\green.

- Rebuild DIINS
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Annex E: Sample of ASCIl output of VME and PC
DIINS Systems running simultaneously

The following Table is a sample of the first few seconds of ASCII output data taken from
the two DIINS systems (the VME and the PC platforms) when simultaneously processing
the same sensor data. (See Section 8.2.2 for more details.) The beginnings of the streams
have been edited out. The sequences are shown beginning with the first integrated output
sentence ($INGLL) from DIINS, and ending with the 7™ $INGLL sentence some 9

seconds (7x1.28) seconds later.

Table 20. Sample ASCII output of the two DIINS systems

OUTPUT OF VME DIINS

OUTPUT OF PC DIINS

$INGLL,4520.8304,N,07553.3013,W,181422.25,A*04
$INHDT, 248.563,T*2B

$PDRO1,0.000,7,0.015,M,3.9,N,3.9,E,9.5,C,1011012*51

$PDRO2,248.563,-0.659,0.378*1C
$PDRO2,248.563,-0.659,0.381*1a
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.558,-0.656,0.376*15
$PDRO2,248.563,-0.665,0.381*15
$PDRO2,248.558,-0.656,0.384*18

$HESTN, 01*69

$HEGLL, 4520.9196,N,07553.1024,W,181423.53,A*00
$HEHDT, 248.560, T*22
$HEVTG,0.000,T,,M,0.014084,N,0.026084,K*7B
$HESTN, 02*6A

$HEGLL, 4520.9196,N,07553.1024,W,181423.53,A*00
$HEHDT, 248.560, T*22
$HEVTG,0.000,T,,M,0.014084,N,0.026084,K*7B
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.563,-0.656,0.381*15

$GPSTN, 01*73
$GPGGA,181423.00,4520.8310,N,07553.3000,W,1,,1
$GPVTG,0.000,T, ,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,~0.659,0.373*17
$PDRO2,248.563,-0.659,0.381*1A
$PDRO2,248.563,-0.656,0.384*10

$GPSTN, 02*70

$GPGGA,181423.00,4520.8303,N,07553.3014,W,2,,0.

$GPVTG, 0.000,T,,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.558,-0.656,0.384*18
$PDRO2,248.563,-0.656,0.378+*13
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.563,-0.656,0.381*15
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.656,0.381%15
$PDRO2,248.563,-0.656,0.381*15

$GPSTN, 01+73

$GPGGA, 181424.00,4520.8310,N,07553.3000,W,1,,1
$GPVTG,0.000,T, ,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.656,0.384*10

$HESTN, 01*69

$HEGLL, 4520.9196,N,07553.1024,W, 181424.82,A*0B
$HEHDT, 248.566,T*24

$HEVTG,0.000,T, ,M,0.008735,N,0.016177,K*75
$HESTN, 02*6A

$HEGLL, 4520.9196,N,07553.1024, W, 181424.82,A*0B
$HEHDT, 248.566, T*24

$HEVTG, 0.000,T, ,M,0.008735,N,0.016177,K*75
$PDRO2,248.563,-0.659,0.381*1Aa
$PDR0O2,248.558,-0.659,0.381*12

$GPSTN, 02*70

$GPGGA, 181424.00,4520.8303,N,07553.3014,W,2,,0
$GPVTG, 0.000,T, ,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.656,0.381+*15

$INGLL, 4520.8304,N,07553.3012,W,181423.53,A%05
$INHDT, 248.563, T*2B

<0,.,,,.%4C
9iviss,*40
<0,,00s,*4B
I Y

$INGLL,4520.8304,N,07553.3013,w,181422.32,A*02
$INHDT,248.563,T*2B

$PDRO1,0.000,T,0.015,M,3.9,N,3.9,E,9.5,C,1011012*51

$PDRO2,248.563,-0.659,0.378+*1C
$PDRO2,248.563,-0.659,0.381*1a
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.558,-0.656,0.376*15
$PDRO2,248.563,~0.665,0.381*15
$PDRO2,248.558,-0.656,0.384*18

$HESTN, 02*6A

$HEGLL, 4520.9196,N, 07553.1024, W, 181423.62,A*02
$HEHDT, 248.560, T*22

$HEVTG, 0.000,T,,M,0.014084,N,0.026084,K*7B
$HESTN, 01*69

$HEGLL, 4520.9196,N, 07553.1024,W, 181423.62,A%02
$HEHDT, 248.560, T*22
$HEVTG,0.000,T,,M,0.014084,N,0.026084,K*7B
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.563,-0.656,0.384*10

$GPSTN, 01*73

$GPGGA, 181423.00,4520.8310,N,07553.3000,w,1,,1
$GPVTG,0.000,T,,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.656,0.381*15
$PDRO2,248.563,-0.659,0.373*17
$PDRO2,248.563,-0.659,0.381*1A
$PDRO2,248.563,-0.656,0.384*10

$GPSTN, 02*70
$GPGGA,181423.00,4520.8303,N,07553.3014,W,2,,0
$GPVTG,0.000,T, ,4,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.656,0.384+*10
$PDRO2,248.558,-0.656,0.384+*18
$PDRO2,248.563,-0.656,0.378+*13
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.563,-0.656,0.381*15
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.656,0.381*15

$GPSTN, 01*73
$GPGGA,181424.00,4520.8310,N,07553.3000,W,1,,1
$GPVTG,0.000,T, ,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.656,0.381*15
$PDRO2,248.563,-0.656,0.384*10

$HESTN, 02*6A

$HEGLL, 4520.9196,N,07553.1024, W, 181424.90,A*08
$HEHDT, 248.566,T*24

$HEVTG,0.000,T, ,M,0.008735,N,0.016177,K*75
$HESTN, 01*69

$HEGLL, 4520.9196,N,07553.1024,W,181424.50,A*08
$HEHDT, 248.566, T*24

$HEVTG, 0.000,T, ,M,0.008735,N,0.016177,K*75
$PDRO2,248.563,-0.659,0.381*1A
$PDRO2,248.558,-0.659,0.381*12

$GPSTN, 02*70

$GPGGA, 181424.00,4520.8303,N,07553.3014,W,2,,0
$GPVTG, 0.000,T, ,M,0.000000,N,0.000000,K*60
$INGLL, 4520.8304,N,07553.3012,W,181423.62,A*07
$INHDT,248.563,T*2B
$PDRO2,248.563,-0.656,0.381*15

-0,,.,,.%4C

“Siia0. %40

<0,,,,,,%4B

29,0, %47
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$PDRO1,0.000,T,0.012,M,3.7,N,3.7,E,9.2,C,1011012*51
$PDRO2,248.563,-0.656,0.381*15
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.563,-0.656,0.376*1D
$PDRO2,248.563,-0.665,0.384*10
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.563,-0.659,0.381*1A
$PDRO2,248.563,-0.665,0.384*10
$PDRO2,248.563,-0.665,0.384*10
$PDRO2,248.563,-0.659,0.381*1a

$GPSTN, 01*73
$GPGGA,181425.00,4520.8310,N,07553.3000,w,1,,1.0,,,,,,*4A
$GPVTG,0.000, T, ,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.656,0.384*10

$GPSTN, 02*70
$GPGGA,181425.00,4520.8303,N,07553.3014,W,2,,0.9,,,,,,*46
$GPVTG,0.000,T, ,M,0.000000,N,0.000000,K*60
$INGLL,4520.8304,N,07553.3013,W,181424.82,A*0F
$INHDT, 248.558,T*23
$PDRO1,0.000,T,0.007,M,3.7,N,3.7,E,9.0,C,1011012*57
$PDRO2,248.563,-0.656,0.381*15

$HESTN, 01*69
$HEGLL,4520.9196,N,07553.1024,W,181426.09,A*0A
$HEHDT, 248.566,T*24

$HEVTG,0.000,T, ,M,0.014084,N,0.026084,K*7B

$HESTN, 02*6A

$HEGLL, 4520.9196,N,07553.1024,W,181426.09,A*0A
$HEHDT, 248.566,T*24

$HEVTG,0.000,T, ,M,0.014084,N,0.026084,K*7B
$PDRO2,248.563,-0.659,0.381*1A
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.569,-0.662,0.381*18
$PDRO2,248.563,-0.656,0.381*15
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.563,-0.656,0.381*15
$PDRO2,248.563,-0.656,0.381*15
$PDRO2,248.563,-0.656,0.384*10

$GPSTN, 01*73

$GPGGA, 181426.00,4520.8310,N,07553.2990,W,1,,1.0,,,,,,*48
$GPVTG,0.000,T, ,¥,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.665,0.384*10
$PDRO2,248.563,-0.662,0.384*17
$PDRO2,248.563,-0.659,0.378*1C
$PDRO2,248.563,-0.656,0.376*1D

$GPSTN, 02*70
$GPGGA,181426.00,4520.8303,N,07553.3014,W,2,,0.9,,,,,.*45
$GPVTG,0.000,T,,M,0.000000,N,0.000000,K*60
$INGLL,4520.8304,N,07553.3013,W,181426.09,A*0E
$INHDT,248.563,T*2B
$PDRO1,0.000,T,0.005,M,3.6,N,3.6,E,8.9,C,1011012*5D
$PDRO2,248.563,-0.662,0.381*12
$PDRO2,248.558,-0.656,0.387*1B
$PDRO2,248.563,-0.662,0.384*17

$HESTN, 02*6A

$HEGLL, 4520.9196,N,07553.1024,W, 181427.37,A*06
$HEHDT, 248.566,T*24
$HEVTG,0.000,T, .M, 0.011049,N,0.020462,K*75
$PDRO2,248.563,-0.656,0.384*10

$HESTN, 01*69

$HEGLL, 4520.9196,N,07553.1024,W, 181427.37,A*06
$HEHDT, 248.566,T*24
$HEVTG,0.000,T,,M,0.011049,N,0.020462,K*75
$PDRO2,248.563,-0.656,0.378*13
$PDRO2,248.563,-0.659,0.376*12
$PDRO2,248.563,-0.659,0.381*1A
$PDRO2,248.563,-0.656,0.387*13

$GPSTN, 01*73
$GPGGA,181427.00,4520.8310,N,07553.2990,%,1,,1.0,,,,,,*49
$GPVTG,0.000,T, ,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.659,0.376*12
$PDRO2,248.563,-0.665,0.384*10

$GPSTN, 02*70
$GPGGA,181427.00,4520.8303,N,07553.3014,W,2,,0.9,,.,..%44
$GPVTG,0.000,T, ,M,0.000000,N,0.000000,K*60
$INGLL,4520.8304,N,07553.3011,W,181427.37,A*00
$INHDT, 248.563,T*2B
$PDRO1,0.000,T,0.075,M,3.6,N,3.6,E,8.8,C,1011012*5B
$PDRO2,248.563,-0.665,0.384*10
$PDRO2,248.563,-0.659,0.381*1A
$PDRO2,248.563,-0.657,0.384*11
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.665,0.384*10
$PDRO2,248.563,-0.657,0.387*12

$HESTN, 02*6A

$PDRO1,0.000,T,0.012,M,3.7,N,3.7,E,9.2,C,1011012*51
$PDRO2,248.563,-0.656,0.381*15
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.563,-0.656,0.376*1D
$PDRO2,248.563,-0.665,0.384*10
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.563,-0.659,0.381*1A
$PDRO2,248.563,-0.665,0.384*10
$PDRO2,248.563,-0.665,0.384*10
$PDRO2,248.563,-0.659,0.381*1A

$GPSTN, 01*73

$GPGGA, 181425.00,4520.8310,N,07553.3000,W,1,,1.0,,.,,,.*4A
$GPVTG,0.000,T, ,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.656,0.384*10

$GPSTN, 02*70

$GPGGA, 181425.00,4520.8303,N,07553.3014,W,2,,0.9,,,,,,*46
$GPVTG,0.000,T, ,M,0.000000,N,0.000000,K*60
$INGLL,4520.8304,N,07553.3013,W,181424.90,A*0C
$INHDT, 248.558,T*23
$PDRO1,0.000,T,0.007,M,3.7,N,3.7,E,9.0,C,1011012*57
$PDRO2,248.563,-0.656,0.381*15

$HESTN, 02*6A

$HEGLL, 4520.9196,N,07553.1024,W, 181426.17,A*05
$HEHDT, 248.566,T*24
$HEVTG,0.000, T, ,M,0.014084,N,0.026084,K*7B

$HESTN, 01*69

$HEGLL, 4520.9196,N,07553.1024,W,181426.17,A*05
SHEHDT, 248.566, T*24

$HEVTG,0.000,T, ,M,0.014084,N,0.026084,K*7B
$PDRO2,248.563,-0.659,0.381*1A
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.569,-0.662,0.381*18
$PDRO2,248.563,-0.656,0.381*15
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.563,-0.656,0.381*15
$PDRO2,248.563,-0.656,0.381*15
$PDRO2,248.563,-0.656,0.384*10

$GPSTN, 01*73
$GPGGA,181426.00,4520.8310,N,07553.2990,W,1,,1.0,,,,,,*48
$GPVTG,0.000,T, ,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.665,0.384*10
$PDRO2,248.563,-0.662,0.384*17
$PDRO2,248.563,-0.659,0.378*1C
$PDRO2,248.563,-0.656,0.376*1D

$GPSTN, 02*70

$GPGGA, 181426.00,4520.8303,N,07553.3014,%W,2,,0.9,,,,,,%45
$GPVTG,0.000,T, ,M,0.000000,N,0.000000,K*60
$INGLL,4520.8304,N,07553.3013,W,181426.17,A*01
$INHDT,248.563,T*2B
$PDRO1,0.000,T,0.005,M,3.6,N,3.6,E,8.9,C,1011012*5D
$PDRO2,248.563,-0.662,0.381*12
$PDRO2,248.558,-0.656,0.387*1B
$PDRO2,248.563,-0.662,0.384*17
$PDRO2,248.563,-0.656,0.384*10

$HESTN, 02*6A -

$HEGLL, 4520.9196,N,07553.1024,W, 181427.45,A*03
S$HEHDT, 248.566,T*24

$HEVTG,0.000,T, ,M,0.011049,N,0.020462,K*75

$HESTN, 01*69.
$HEGLL,4520.9196,N,07553.1024,W,181427.45,A*03
$HEHDT, 248.566, T*24

$HEVTG,0.000,T, ,M,0.011049,N,0.020462,K*75
$PDRO2,248.563,-0.656,0.378*13
$PDRO2,248.563,-0.659,0.376*12
$PDRO2,248.563,-0.659,0.381*1A
$PDRO2,248.563,-0.656,0.387*13

$GPSTN, 01*73
$GPGGA,181427.00,4520.8310,N,07553.29%0,w,1,,1.0,,,,.,*49
$GPVTG, 0.000,T, ,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.656,0.384*10
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.659,0.376*12
$PDRO2,248.563,-0.665,0.384*10

$GPSTN, 02*70
$GPGGA,181427.00,4520.8303,N,07553.3014,%,2,,0.9,,,,,.%44
$GPVTG,0.000,T,,M,0.000000,N,0.000000,K*60
$INGLL,4520.8304,N,07553.3011,W,181427.45,A%05
$INHDT,248.563, T*2B
$PDRO1,0.000,T,0.075,M,3.6,N,3.6,E,8.8,C,1011012*5B
$PDRO2,248.563,-0.665,0.384*10
$PDRO2,248.563,-0.659,0.381*1A
$PDRO2,248.563,-0.657,0.384*11
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.665,0.384*10
$PDRO2,248.563,-0.657,0.387*12
$PDRO2,248.563,-0.657,0.384*11
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SHEGLL, 4520.9196,N,07553.1024,W, 181428.66,A*0D
$HEHDT, 248.566, T*24
$HEVTG,0.000,T,,M,0.012353,N,0.022877,K*74
$PDRO2,248.563,-0.657,0.384*11

$HESTN, 01*69

$HEGLL, 4520.9196,N,07553.1024,W, 181428.66,A*0D
$HEHDT, 248.566, T*24

$HEVTG,0.000,T, ,M,0.012353,N,0.022877,K*74

$GPSTN, 01*73
$GPGGA,181428.00,4520.8310,N,07553.2990,wW,1,,1.0,,,,,,*46
$GPVTG,0.000,T, ,M,0.000000,N, 0.000000,K*60
$PDRO2,248.563,-0.657,0.384*11
$PDRO2,248.563,-0.662,0.384*17
$PDRO2,248.563,-0.657,0.384*11
$PDRO2,248.563,-0.657,0.379*13
$PDRO2,248.563,-0.657,0.381*14

$GPSTN, 02*70

$GPGGA, 181428.00,4520.8303,N,07553.3014,W,2,,0.9,,,,,,*4B
$GPVTG, 0.000,T,,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.659,0.379*1D
$PDRO2,248.563,-0.657,0.381*14
$PDRO2,248.563,-0.662,0.384*17
$PDRO2,248.563,-0.659,0.381%1A
$PDRO2,248.563,-0.657,0.381*14
$PDRO2,248.563,-0.662,0.384*17
$PDRO2,248.563,-0.657,0.381*14
$PDRO2,248.563,-0.657,0.384*11
$PDRO2,248.563,-0.659,0.384*1F

$GPSTN, 01*73

$GPGGA, 181429.00,4520.8310,N,07553.2990,w,1,,1.0,,,,,,*47
$GPVTG, 0.000, T, ,M,0.000000,N, 0.000000,K*60
$PDRO2,248.563,-0.659,0.381*1A
$PDRO2,248.563,-0.657,0.381*14

$HESTN, 01*69

$HEGLL, 4520.9196,N,07553.1024,W,181429.93,A*06
$HEHDT, 248.566, T*24

$HEVTG, 0.000,T, ,M,0.008735,N,0.016177,K*75

$HESTN, 02*6A

$HEGLL, 4520.9196,N,07553.1024,W,181429.93,A*06
$HEHDT, 248.566, T*24

$HEVTG, 0.000,T, ,M,0.008735,N,0.016177,K*75
$PDRO2,248.563,-0.654,0.381*17
$PDRO2,248.558,-0.657,0.381*1C

$GPSTN, 02*70

$GPGGA, 181429.00,4520.8303,N,07553.3014,W,2,,0.9,,,,,,*4A
$GPVTG, 0.000,T, ,M,0.000000,N,0.000000,K*60

$INGLL, 4520.8305,N,07553.3010,W, 181428.66,A*0B
$INHDT,248.563,T*2B
$PDRO1,0.000,T,0.094,M,3.6,N,3.6,E,8.7,C,1011012*5B
$PDRO2,248.563,-0.657,0.381+*14
$PDRO2,248.558,-0.657,0.387%1A
$PDRO2,248.563,~0.657,0.384*11
$PDRO2,248.563,-0.659,0.381%1A
$PDRO2,248.563,-0.657,0.378*12
$PDRO2,248.563,-0.657,0.384%11
$PDRO2,248.563,-0.657,0.378%12
$PDRO2,248.563,-0.659,0.384*1F

$GPSTN, 01*73

$GPGGA, 181430.00,4520.8310,N,07553.2990,W,1,,1.0,,,,,,*4F
$GPVTG, 0.000,T, ,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.659,0.381*1A
$PDRO2,248.563,~0.657,0.381*14
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.657,0.376*1C

$GPSTN, 02*70
$GPGGA,181430.00,4520.8303,N,07553.3014,W,2,,0.9,,,,,,*42
$GPVTG,0.000,T,,M,0.000000,N,0.000000,K*60

$INGLL, 4520.8305,N,07553.3009,W,181429.93,A*08
$INHDT,248.563,T*2B
$PDRO1,0.000,T,0.099,M,3.5,N,3.5,E,8.7,C,1011012*56

$HESTN, 02*6a

$HEGLL, 4520.9196,N,07553.1024,W,181428.74,,A*0E
$HEHDT, 248.566, T*24

$HEVTG,0.000,T, ,M,0.012353,N,0.022877,K*74

$HESTN, 01*69

$HEGLL, 4520.9196,N,07553.1024,W, 181428.74,A*0E
$HEHDT, 248.566,T*24

$HEVTG,0.000,T, ,M,0.012353,N,0.022877,K*74

$GPSTN, 01*73

$GPGGA, 181428.00,4520.8310,N,07553.2990,w,1,,1.0,,,,,,*46
$GPVTG, 0.000,T, ,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.657,0.384*11
$PDRO2,248.563,-0.662,0.384*17
$PDRO2,248.563,-0.657,0.384*11
$PDRO2,248.563,-0.657,0.379*13
$PDRO2,248.563,-0.657,0.381*14

$GPSTN, 02*70
$GPGGA,181428.00,4520.8303,N,07553.3014,W,2,,0.9,,,,,,*4B
$GPVTG,0.000,T, ,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.659,0.379*1D
$PDRO2,248.563,-0.657,0.381*14
$PDRO2,248.563,-0.662,0.384*17
$PDRO2,248.563,-0.659,0.381*1a
$PDRO2,248.563,-0.657,0.381*14
$PDRO2,248.563,-0.662,0.384%17
$PDRO2,248.563,-0.657,0.381*14
$PDRO2,248.563,-0.657,0.384*11

$GPSTN, 01*73
$GPGGA,181429.00,4520.8310,N,07553.2990,w,1,,1.0,,,,,,*47
$GPVTG,0.000,T,,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.659,0.381%1A
$PDRO2,248.563,~0.657,0.381*14

$HESTN, 01*69

$HEGLL, 4520.9196,N,07553.1024,W,181430.01,A%05
$HEHDT, 248.566, T*24

$HEVTG,0.000,T, ,M,0.008735,N,0.016177,K*75

$HESTN, 02*6A

$HEGLL, 4520.9196,N, 07553.1024,W, 181430.01,A*05
$HEHDT, 248.566,T*24

$HEVTG, 0.000,T, ,M,0.008735,N,0.016177,K*75
$PDRO2,248.563,-0.654,0.381%17
$PDRO2,248.558,-0.657,0.381*1C

$GPSTN, 02*70
$GPGGA,181429.00,4520.8303,N,07553.3014,W,2,,0.9,,,,,,*4A
$GPVTG,0.000,T, ,M,0.000000,N,0.000000,K*60

$INGLL, 4520.8305,N,07553.3010, W, 181428.74,A*08
$INHDT, 248.563,T*2B
$PDRO1,0.000,T,0.094,M,3.6,N,3.6,E,8.7,C,1011012*5B
$PDRO2,248.563,-0.657,0.381%14
$PDRO2,248.558,-0.657,0.387*1a
$PDRO2,248.563,-0.657,0.384*11
$PDRO2,248.563,-0.659,0.381*1a
$PDRO2,248.563,-0.657,0.378%12
$PDRO2,248.563,-0.657,0.384*11
$PDRO2,248.563,-0.657,0.378%12
$PDRO2,248.563,-0.659,0.384*1F

$GPSTN, 01*73
$GPGGA,181430.00,4520.8310,N,07553.2990,w,1,,1.0,,,,,,*4F
$GPVTG,0.000,T, ,M,0.000000,N,0.000000,K*60
$PDRO2,248.563,-0.659,0.381%1a
$PDRO2,248.563,-0.657,0.381%14
$PDRO2,248.563,-0.659,0.384*1F
$PDRO2,248.563,-0.657,0.376*1C

$GPSTN, 02*70
$GPGGA,181430.00,4520.8303,N,07553.3014,w,2,,0.9,,,,,,*42
$GPVTG,0.000,T, ,M,0.000000,N,0.000000,K*60

$INGLL, 4520.8305,N,07553.3009,W,181430.01,A*0B
$INHDT, 248.563, T*2B
$PDRO1,0.000,T,0.099,M,3.5,N,3.5,E,8.7,C,1011012*56
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Annex F: Use of “extract_data” to extract sensor
and DIINS filter data

There are two versions of the extract_data program. One will extract raw sensor data
stored exactly as broadcast by the sensor (“extract_pure_sensor_data”). The other will
extract formatted sensor and filter data tagged with DIINS time stamps. Each is described
via example in this section.

Extraction of data from a 7 filter DIINS data logging run is demonstrated this section. The
file that was generated was called ST2001_114-1457.dat, indicating Julian day 113 of

year 2001, at time 18:13 GMT. Note that DIINS automatically starts new data files after
every 2 hours, each with a similar naming convention. The file was placed in

D:\DIINS\RESULTS.

F.1  Extracting Pure Sensor Data

To extract absolutely raw sensor data (bit for bit exactly as it was recorded, but with no
timing information), one can use the PC ported version of “extract_pure_sensor_data”,

which currently resides at

D:\DIINSUTILS\EXTRACT_DATA\extract_pure_sensor_data.exe

When this program is used without arguments it displays the usage syntax

Syntax: extract_pure_sensor_data [-MK29-1] [-MK29-2] [-GPS_NMEA-1] [-GPS_NMEA-2]
<filename>Display off (-v), , SplitFiles off (-s), No Multiple files (-f),

No Compressed (-z)

To extract the raw data from the four sensors used in the test in Section 8.2.3, use:

d:\diinsutils\extract_data\extract_pure_sensor_data

d:\diinsutils\extract_data\extract_pure:sensor_data
d:\diinsutils\extract_data\extract_pure_sensor_data
d:\diinsutils\extract_data\extract_pure_sensor_data

These will create the following raw sensor data files:

Rgps_nmea-1_ST2001_114-1457.bin
Rgps_nmea-2_ST2001_114-1457.bin
Rmk29-1_8ST2001_114-1457.bin
Rmk29-2_ST2001_114-1457.bin

-MK29-1 ST2001_114-1457.dat
-MK29-2 ST2001_114-1457.dat
-GPS_NMEA-1 ST2001_114-1457.dat
~GPS_NMEA-2 ST2001_114-1457.dat

These files are useful for verifying proper sensor operation and recording, and can be used
in the PC-based sensor data spewers “GPSOUT” and MK290UT".
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F.2. Extracting Formatted Sensor and Kalman Filter Data

To extract data that has timing information and that has been formatted in columns for ease
of use in plotting and other software packages, use the PC ported version of “extract_data”,
which currently resides at

t

D:ADIINSUTILS\EXTRACT_DATA\Extract_Data.exe

When this program is used without arguments it displays the usage syntax:

Syntax: extract_data [-TANS] [-GPS_TIPY-1] [-GPS_TIPY-2] [-GPS_NMEA-1] [-GPS_NMEA-2]
[-MK29-1] [-MK29-2] [-LC360] [-PRES] [-PDIS] [-PSTA] <filename>
Display (-v), Binary (-b), SplitFiles (-s), Multiple files (-f),
Compressed Output (-z/-gz), -use_gps_time [-DIINS_FORMAT]
Assumes ($RO=GPS_NMEA-1), (SR1=MK29-1), ($R2=MK29-2), ($R3=LC360)
($R4=GPS_NMEA-2), ($R5=GPS_TIPY-1), ($R6=GPS_TIPY-2), ($R7=TANS)

F.2.1. Formatted Sensor Data

To extract the formatted sensor data with timing information, use the following
commands:

d:\diinsutils\extract_data\extract_data
d:\diinsutils\extract_data\extract_data
d:\diinsutils\extract_datal\extract_data
d:\diinsutils\extract_data\extract_data

-MK29-1 ST2001_114-1457.dat
-MK29-2 ST2001_114-1457.dat
—GPS_NMEA-1 ST2001_114-1457.dat
-GPS_NMEA-2 ST2001_114-1457.dat

(Note that these write ASCII versions of the files. The use of the “-b” will extract binary
formatted files which can be converted to ASCII with the “bin2ascii” utility).

The files created from the above commands are:

mk29-1_ST2001_114-1457_a.asc
mk29-1_ST2001_114-1457_p.asc
mk29-1_ST2001_114-1457_s.asc
mk29-1_ST2001_114-1457_v.asc

(INS1 attitude)
(INS1 position)
(INS1 status)

(INS1 velocity)

mk29-2_8ST2001_114-1457_a.asc (INS2 attitude)
mk29-2_8ST2001_114-1457_p.asc (INS2 position)
mk29-2_ST2001_114-1457_s.asc (INS2 status)
mk29-2_ST2001_114-1457_v.asc (INS2 velocity)
gps_nmea-1_8T2001_114-1457.asc (GPS1 Position)
gps_nmea-2_ST2001_114-1457.asc (GPS2 position)

The fields in these data files are as shown in Table 21.
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Table 21. Fields in Sensor data files created by “extract_data”

FILE FIELD DATA
INS POSITION FILE : :ﬁg—ﬁgz;gﬂ{ﬁ;“r'me'

3 INS_Pos.latitude,
4 INS_Pos.longitude,
5 INS_Pos.Depth,
6 INS_Pos.InternalFix,
7 INS_Pos.IntemalLatCorrection,
8 INS_Pos.IntemalLonCorrection,
9 INS_Pos.InternalHdgCorrection,
10 INS_Pos.InternalLatStdDev,
11 INS_Pos.IntemnalLonStdDev,
12 INS_Pos.InternalHdgStdDev,
13 INS_Pos.Internal_X_GyroBiasCorr,
14 INS_Pos.Intemal_X_GyroDriftCorr,
15 INS_Pos.Internal_Y_GyroBiasCorr,
16 INS_Pos.Internal_Y_GyroDriftCorr,
17 INS_Pos.Internal_Z_GyroBiasCorr,
18 INS_Pos.Internal_Z_GyroDriftCorr,
19 INS_Pos.Internal_Z_GyroRampCorr

INS VELOCITY FILE

INS_Vel.DIINS_Time,
INS_Vel.statius,
INS_Vel.vn,
INS_Vel.ve,
INS_Vel.vd,
INS_Vel.vn_rate,
INS_Vel.ve_rate,
INS_Vel.vd_rate

INS ATTITUDE FILE

INS_Att.DIINS_Time,
INS_Att.status,
INS_Att.roll,
INS_Att.pitch,
INS_Att.heading,
INS_Att.roll_rate,
INS_Att.pitch_rate,
INS_Att.heading_rate

INS STATUS FILE

INS_Status.DIINS_Time,
INS_Status.PerformanceDegraded,
INS_Status.FineAlignSettled,
INS_Status.InertialWellSettied,
INS_Status.Mode,
INS_Status.DampingMode,
INS_Status.Damped,
INS_Status.SKOR_Mode,
INS_Status.SKOR_Status,
INS_Status.FixSource,
INS_Status.LogFailure,
INS_Status.SystemFailure,
INS_Status.SystemOninternalBattery,
INS_ Status.VREF_Source,
INS_Status.DocksideMode

NMEA GPS POSITION
FILE (from GGA record)

OCQONOO N =

GPS_NMEA_GGA.DIINS_Time,
GPS_NMEA_GGA.UTC,
GPS_NMEA_GGA Latitude,
GPS_NMEA_GGA Longitude,
GPS_NMEA_GGA.Quality,
GPS_NMEA_GGA.NumPm,
GPS_NMEA_GGA.HDOP,
GPS_NMEA_GGA.AntennaHeight,
GPS_NMEA_GGA.GeoidalHeight),
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F.2.2. Formatted Kalman Filter Data

To extract the Kalman filter’s State, Residual and Display data with timing information,

use the following commands:

d:\diinsutils\extract_data\extract_data -PSTA ST2001_114-1457.dat
d:\diinsutils\extract_data\extract_data -PRES ST2001_114-1457.dat
d:\diinsutils\extract_data\extract_data -PDIS ST2001_114-1457.dat

(Again, these write ASCII versions of the files. The use of the “-b” will extract binary.)

The files created from the above commands are:

pstal_ST2001_114-1457
psta2_ST2001_114-1457
psta3_ST2001_114-1457
pstad4_ST2001_114-1457
psta5_ST2001_114-1457
psta6_ST2001_114-1457
psta7_ST2001_114-1457

presl_ST2001_114-1457
pres2_ST2001_114-1457
pres3_ST2001_114-1457
presd4_ST2001_114-1457
pres5_ST2001_114-1457

pres7_ST2001_114-1457

pdisl_ST2001_114-1457
pdis2_ST2001_114-1457
pdis3_ST2001_114-1457
pdis4_ST2001_114-1457

.asc
.asc
.asc
.asc
.asc
.asc
.asc

.asc
.asc
.asc
.asc
.asc
pres6_ST2001_114-1457.
.asc

asc

.asc
.asc
.asc
.asc
pdis5_ST2001_114-1457.
pdis6_ST2001_114-1457.
pdis7_ST2001_114-1457.

asc
asc
asc

(Kalman state estimates for filters 1-7)

(Kalman residuals for filters 1-7)

(Kalman filter display values for filters 1-7)

The fields within each of these State, Residual, and Display files vary for each filter,
because each filter has a different sensor suite, and thus a different state vector. As part of
the data logging process, DIINS writes out header files (as specified in the simsetup.cfg
file) at run time that tell what fields are in these Kalman output data files.

These header files are typically called

State_LT2001_n.bRes.p
Res_LT2001_n.bRes.p
Disp_LT2001_n.bRes.p

and contain the fields in the State, Residual and Display files for filter n. We are usually
most interested in the two DIINS unifilters (each which integrate one of the INS’s with all
available aids). These are usually filters numbered 2 and 3. The fields of the State,
Residual and Display Kalman filter files for the INS1 unifilter are shown in Table 22.
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Table 22. Fields in INS1 Unifilter (filter 2) Kalman data files created by “extract_data”

FILE FIELD

DATA

Time
State(X_POS_ERR)
State(Y_POS_ERR)
State(X_VEL_ERR)
State(Y_VEL_ERR)
State(X_ATT_ERR)
State(Y_ATT_ERR)
State(Z_ATT_ERR)

State file

State_LT2001_2.bRes.p

State(X_LOG_VEL_ERR)
State(Y_LOG_VEL_ERR)
P_Mx(X_POS_ERR)
P_Mx(Y_POS_ERR)
P_Mx(X_VEL_ERR)
P_Mx(Y_VEL_ERR)
P_Mx(X_ATT_ERR)
P_Mx(Y_ATT_ERR)
P_Mx(Z_ATT_ERR)

P_Mx(X_LOG_VEL_ERR)
P_Mx(Y_LOG_VEL_ERR})
ChiSq

State(X_ACCEL_BIAS_ERR)
State(Y_ACCEL_BIAS_ERR)
State(X_GYRO_BIAS_ERR)
State(Y_GYRO_BIAS_ERR)
State(Z_GYRO_BIAS_ERR)
State(X_GPS1_POS_ERR)
State(Y_GPS1_POS_ERR)
State(X_GPS2_POS_ERR)
State(Y_GPS2_POS_ERR)

P_Mx(X_ACCEL_BIAS_ERR)
P_Mx(Y_ACCEL_BIAS_ERR)
P_Mx(X_GYRO_BIAS_ERR)
P_Mx(Y_GYRO_BIAS_ERR)
P_Mx(Z_GYRO_BIAS_ERR)
P_Mx(X_GPS1_POS_ERR)
P_Mx(Y_GPS1_POS_ERR)
P_Mx(X_GPS2_POS_ERR)
P_Mx(Y_GPS2_POS_ERR)

Residual File Time

Res_LT2001_2.bRes.p

OCONOONHWN=2(WWWWWWWWWNNNNNNN N = - -

Residual(X_GPS1_POS_MEAS)
Residual(Y_GPS1_POS_MEAS)
Residual(X_GPS2_POS_MEAS)
Residual(Y_GPS2_POS_MEAS)
Residual(X_LOG_VEL_MEAS)
Residual(Y_LOG_VEL_MEAS)
ResVar(X_GPS1_POS_MEAS)
ResVar(Y_GPS1_POS_MEAS)
10 ResVar(X_GPS2_POS_MEAS)
11 ResVar(Y_GPS2_POS_MEAS)
12 ResVar(X_LOG_VEL_MEAS)
13 ResVar(Y_LOG_VEL_MEAS)

Time
Latitude
Longitude
Height
VelG_X
VelG_Y
VelG_Z
Roll

Pitch
Heading
WanderAngie

Display File

Disp_LT2001_2.bRes.p

- = OONOONAWN -

- O
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