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1.0 INTRODL.CTION

This report documents work per~~~~~~j rom 1 June 1978 through 30

September i97~~ by Autonetics Marine Systems , Divi si~~~ (AMSD ) under
NAVSEA Contract Number N0OO24-78—C-53O8cand,~~eferred to -hcrc i~~ as

Task VI , Part II.\ All effo rt was performed for, and under the tech-
nical direction of~, the Advanced Submarine Control Program (ASCOP)

• NAVSEA 03222. Under the terms of the contract and at the direction
of the ASCOP •P-(ogram Manager , four sub-tasks were performed. These

-~~~sub-taslts were a cont inuation of effort init iated under Contract No.
,—NÔ0024-77-C-4156, referred to herein as Task VI, Part I.

.4

• -~ During Task VI , Part I, a hybrid signal list was developed . Sub-task
1 of Task VI , Part II was a continuation of this effort to i ncl ude
signal characteristics , vol tage and operating frequency, and an
assessment of• wi re requirements for present mechani zations. Using
sub—task 1 as a working basis , sub—task 2 resul ted in a signal condit-
ion i ng concept and a feasibility assessment of exi sting SDMS* signal

A
conv ersion technique~~~ Results of these two efforts are reported in
Section 2.~~.During sub—task 3, mechanization tradeoffs were developed
and evaluated for disp lay technologies appl icable to a multifo nnat
disp l ay. These data were the basis for the recomendations presented
in Section 4.4 and are reported in Section 3. Sub-task 4 resul ted in
developuent of functional flow diagrams for standard and emergency
conditions and function al l ocations and information/action require-
ments , incl uding the multifor mat display consideration for 4, 3, and
2 man crews. An overview of this task is reported in Section 4. The
functional f1~~~diagram s are incl uded in Appendix A with the function
allocations for a four-man , a three—man , and a two-man crew reported
in Appendices B, C, and 0 respectively. Information requirements are
listed in Appendix E and action requirements are reported in Appendix
F.

*(Shipboard Data Multi pl ex SYstem~)
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Each of the following Sections is organized so as to present to the
reader a descripti on of the technical effort performed and
conclusions derived.

2 H
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2.0 SYSTEM DATA TRANSFER

The primary objective of this task was to examine the data transfer
requirements necessary to support an ACS* development program .
Recognizing that the thrust of ASCOP is the development of an ACS
vis -a— vis a shipboard data transfer system , only that effort
necessary to assure that the proper signal s and comands could be

made available to the control station in the correct format and with
the desired timing was expended. Coupl ed wi th this was the further
consideration that ASCOP is pursuing a l ong term ship control station
objective which must start with concept val idation. Hence , the

activity reported here was the concept definition necessary to
support a laboratory demonstration model of an Advanc ed Control
Station and not the detailed design of a shipboard data transfer
system.

A secondary object ive was to examine exist ing SOIlS designs to
determine the extent that they could be used in the l aboratory
demonstration model . In doing this , it was determined that SOMS has
progressed to the point of full MIL SPEC prototype hardware design

• for shipboard utilization and as such would not be cost effective for
a l aboratory demonstration model . However, the engineering design
imbedded in SOIlS is included where appropriate .

• Before proceeding to a description of the l aboratory data transfer
system , one l ast point should be made. The ultimate objective of
ASCOP is to introduce improved ship control equi pment to the fleet.
As such , any R&D program that does not track with the reality of ship

* Advanced Control Station

3
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design , construction and operation will never l ead to operational F
hardware. Therefore, Section 2.1 presents a top level descri ption of
a shipboard data transfer system interfacing with an ACS and it is Ithe task before ASCOP to val idate this interface design. This leads
to the need for a laboratory model that is both cost effective and
representative of the shi pboard system. Section 2.2 describes such a
laboratory model with direct traceability to the shipboard system .
Both systems consist fundamentally of DT5* and C/D IUs~ as described
in Sections 2.3 and 2.4. In both of these cases , cost—effective
compromise have been made for the l aboratory model as described in
Section 2.2

2.1 SHIPBOARD SYSTEM OVERVIEW

Figure 1 is a simpl i fied ship system data transfer block diagram .
The overall concept considers the fact that various sensors and
actuators are widel y distributed over the ship, but are all being
monitored or controlled from a central position , i.e., the Ship

• Control Station. This lead s to the concept of remote DTs

• strategically located about the shi p. These DIs sample and
• consolidate data from the various sensors, then digitize and transmit

these data over a comon link to the C/D IU. Data that are required
by any user other than the source are stored in the C/D IU.

All users, which incl ude data terminal s, computers , and coninand/
displ ay panel s, contain their own control logic. Each need only

• comunicate with the C/I) IU to receive data from any source or to
route data to any sink. Because this communicati on is accomplished

• via a data bus , users can be readily added , removed , or relocated ,
hence the central data buffer store prov ides design flexibility.

* Data Terminal s
** Command/Displ ay Interface Units

4
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The C/D IU is accessed by the DTs via a pair of serial data busses.
The data termir is provide the interface with the ~..iip and condition
the signal s for compatibility . Sensor Conditioning Units and
Actuator Signal Converters provide the actual interface with the
ships sensors and actuators. In Task VI , Part I, these were referred
to as Sensor Processing Units.

As shown in Figure 1, the data transfer system is dua l redundant.
This redundancy is carried through to the user interfaces within the
SCS*. If red undant sensors were available on-board a particul ar
ship, the redundancy would be extended to incl ude them . The
redundancy of the system al l ows significant performance r~onitoring/
fault location (PM/FL ) by compari son testi ng of the two channels.
Figure 1 al so shows typical end—around—test (EAT) signal s. Commands
to the actuators can be read—back into each DI half.

2.2 LABORATORY DEMONSTRATION SYSTEM OVERVIEW

Figure 2 is a simplified bloc k diagram of the l aboratory data
transfer system. The differences from a shipboard system can be seen
by comparing it with Figure 1.

The simul ation computer and buffer provide input signal s simul ating
actual shi ps sensors and actuators . One Data Terminal Hal f provides
for the accommod ation of Sensor Conditioning Unit and Actuator Signal
Converters developed for this program. Ship inputs and outputs for
these SCWs** and ASC ’s*** are provided by the simul ation computer
and buffer. This DI Hal f functionally resembles a shi pboard type DT.

* Ship Control Station
** Sensor Conditioning Units

~~ Actuator Signal Converters

L •• ~~~~~~~~~~~ • • • ••• • • • ••
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Because the cost of eight u full_up u Dl’s woul d be prohibitive and ,
for a l aboratory demonstration model , not prove much beyond what one

• Dl Half demonstrated , Abbreviated Data Terminals were selected .
These Abbreviated Data Terminal Halves provide the interfaces with
the serial busses such that data accessing to/from the Command!
Displ ay Interface Units matches a shipboard system. Data to/from the
simul ation computer is handled digitally to avoid the expense of
anal og conversion el ectronics. Figure 3 is a simplifi ed bloc k
diagram for the Abbreviated Data Terminal . As shown in Figure 2,
seven of these will be provided for the l aboratory. The interface
with the simul ation computer , through the simul ation computer buffe r ,
is digital . The simul ation computer load s the F IFO* register. Data

• at this point appears the same as in a compl ete Data Terminal . The
Serial I/O Control l er and Serial Output circuitry are equivalent to
those in a compl ete DI.

A FIFO register is al so provided to buffer data from the serial bus
to the simul at ion computer. The serial input circuitry is equival ent
to that in a compl ete Dl except that it interfaces with this FIFO
register rather than routing data to actuator signal converters.

The simul ation computer and buffer provide the simul ated ships inter-
face to the Data Terminal s and the abbreviated Data Terminal s as
shown in Fi gure 2. Definition of the interfaces and communication
protocol is dependent upon the type of computer and should be
devel oped during a detailed design phase .

* First—In , First-Out

8
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2.3 DATA TERM INAL

Figure 4 is a simpl i fied block diagram of a Data Terminal Half.
Depicted is the flow of shi ps anal og/discrete signal s to serial
multipl exed digital data , and the reverse . Each Dl is programmed to
sample shi ps sensor data at required rates, and to store these data
in the microcomputer memory. The A/D* converter is provided to
digiti ze the incoming analog signals. The Anal og Data Sel ect enables
the time sharing of the AID converter by the switching of its input
signals. Various types of Sensor Conditioning Units condition the
sensor signal s to the vol tage range measurable by the A/D converter.

The Digital Multipl exer switches the A/D converter signal s and other

- - 
digital signal s to the microcomputer memory. The microcomputer

• processes the data as required ; for example , calcul ation of rate/
accel eration , formatting data for the users , and monitoring for
sensor fail ures. Upon compl et ion of this processing , data are
transferred from microcomputer memory to the FIFO memory . The FIFO
provides for the loading of data under microcomputer control and the
asynchronous unloading of data by the Serial I/O Controller. The
Serial I/O Control l er provides the synchronization with the C/D IU
for the bidirectional transfer of data over the two serial busses.
Data received by the DT from the C/D lU are routed to the proper
Actuator Signal Converter or to the microcomputer.

Each DT operates under control of an integral microcomputer and
Sequence Controller. Therefore, revision of data requi rements for a
particular Dl results in changes to that Dl only, rather than
requiring changes to the C/D 10.

* Anal og—t o—Digital

10
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2.3.1 Data Terminal Control

Figure 4 shows control functions in addition to data fl ow. The
microcomputer receives a periodic interrupt from the Sequence
Controller to signal the start of the cycle and set-up the DMA*
Controller to load data from the Digital Mux into main memory. The
sequence is started by the microcomputer send ing commands to the
Sequence Control l er which in turn issues comands to the Analog Data
Select, A/D converter , and Digital Mux to make measurements and
transfer data. The microcomputer is signal ed upon compl etion of the
transfer and performs the required processing of the data. The
microcomputer al so sets up the DMA Control ler to transfer processed

.4 
- - 

data to the FIFO and requests for data from the C/D LU. The Serial
F ~ I/O Control l er transfers data from the FIFO to the serial output

circuitry for transfer to the C/D lU.

2.3.2 Serial I/O Data Transfer

Figure 5 is a block diag ram showing data flow and the rel ated control
paths. Figure 6 and Table I show the serial message formats. Dl’s
and the C/D LU communicate via two bidirectional data busses. Each
data bus has a correspond i ng control line . The C/D IU acts as the
traffic controller by polling the DT’s. A Dl sends a message only in
response to being polled . Whenever the control line transitions from
fal se to true , each Dl synchronizes itself with the message source
and cl ocks-in the first three bits of the message to determine if it
is the Dl being addressed . When a DI responds to a polling message ,
it echos its address as the first three bits of the message. The
originator of a message control s the state of the control line .

*Direct Memory Access
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Table I. Serial Message Formats

C/D IU Originated Messages

1. Polling (5 bits)

a) 3 MSB ’s* are DI address
b) 4th MSB is polling/data l oad indicator (“1 ” =

pol l ing)
c) LSB** is controlling channel indicator (“i” =

channel is control; 110 11 = opposite channel
is control

2. Data Load (21 bits)

a) 3 MSB ’s are Dl address
b) 4th MSB is polling/data load indicator (°O ”

.4 is data l oad)
c) 5th MSB is sink/ source initiated request

indicator (“1” is sink; ~~ is source)
d) i6 LSB ’s are data

Dl Originiated Messages

1. Service Not Required (4 Bits)
a) 3 MSB’s are DT address
b) LSB is No Request/Request Indicator

(“1” = no request)

2. Write Data Request (33 Bits)

a) 3 MSB’s are DI address
b) 4th MSB is No Request/Request Indicator (‘lo ll

= request)
c) 5th MSB is Write/Read Request Indicator (

Il i hi

= write)
d) 6th thru 17th MSB are C/D lU memory address
e) 16 LSB ’s are data

3. Read Data Request (17 Bits)

a) 3 MSB ’s are Dl address
b) 4th MSB is No Request/Request Indicator

( 11011 = request)
c) 5th MSB is Write/Read Request Indicator

(“0” = read)
d) 12 LSB ’s are C/D IU memory address

* Most—s ignificant —bit
** Least-significant -bit

15
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The C/D IU send s two types of messages : a 5-bit p olling message; and
a 21-bit data load message. The data load message is in response to
a read—request message from the Dl or originated by the C/U LU , as
defined by the 5th most—s ignificant —b it of the message.

Data Terminal s respond to polling messages with one of three types of
messages : a 4—bit message indicati ng that no service is required ; a
33 bit message to write data into the C/U LU (C/U lU  memory address
and data incl uded); or a 17 bit message to read data from the C/D IU
(C/D IU memory address includ ed).

The serial bit rate is one megabit per second utilizi ng twisted
shielded pairs of conductors. Depending on the mix of messages, data

• 
- can therefore be transmitted or received at greater than 30K words

per second on each of the serial busses. A bit-time is one micro-
second . A logical “1” is transmitted as an 11/16 microsecond pul se
and a logical ~O” is transmitted as a 5/16 microsecond pul se.

Each of the data terminal s and the interface unit have identical
cloc k synchroni zation circuitry . This consists of a 16 MHz
oscillator , a resettable binary divide — by—i6 counter , and logic to
divide the one microsecond clock period into 5/16, 1/2, and 11/16
microsecond increments. At the reset time on the control line , this
binary counter is reset to zero. The clock in each of the data
terminal s will therefore be in synchronization with the clock in the
traffic control l er and phase shifted no more than 1/16 of a clock
pul se. Incoming data are examined at pul se fall time to determine if
the incoming dattin is a “1” or a “0” . Because a “1” is il/ i6
microsecond wide and the examination time is 1/2 pl us a possible 1/16
microsecond , a 1/4 clock time margin exists to properly determine if
the bit should be a “1” or a “0”; this allows ampl e margin for clock
drift and signal ri se and fall time ambiguities .

16 k 
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The Serial I/O Contro ler provides synchronizations , decodes the
three—bit polli ng address and determines the controlli ng channel from
polling messages and info rms the microcomputer. It al so selects the

U parallel to seri al converter for FIFO data routing , encodes the four
most significant bits , selects the serial to parallel converter for
data routing and accepts a comand from the microcomputer to cease
transmitting on one of the busses in the event of mal function. Two
parallel — to—se rial converters accept data in paral l el format from the
FIFO and output data in serial format. Each paral l el—to— serial
converter is dedicated to one of the seri al busses with bus selection
performed by the I/O Control ler . Selection will normally toggle
between the two except when operation of one bus is suspended due to
mal function. In addition , two serial—to— parallel converters accept

-: data in serial format fran the busses and output data in parallel
format to the Actuator Signal Converters and to the microcomputer.
Each serial—to -paral lel converter incl udes a paral lel register on its
output and is dedicated to one of the serial busses.

The ASC address decoder decodes the C/D IU memory address portion of
read data messages. This command is held in a l atch until the
corresponding data load message is received , at which time the data
are transferred to the proper destination. One of the addresses is
assigned to the microcomputer to enable the transfer of data to it
via the serial bus . When the microcomputer address is decoded and
the correspond i ng data load message is received , an interrupt to the
microcomputer and to the Sequence Control l er is generated . This
interrupts the measurement sequence that may be in progress and
enables the l oading of bus data to the microcomputer via a program
transfer .

17
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2.3.3 First-In , First—Out Memory

The 32 word (minimull ) by 16 bit FIFO memory is l oaded by the
microcomput er and unload ed by the Serial I/O Controller. Output
messages are formatted in the FIFO exactl y as they are transmitted
except that the Dl respond i ng address is added by the I/O Control l er.
The FIFO provides a signal to the I/O Control l er when data are
available and a signal to the microcomputer when it is ready to
accept data. The UT master reset clears the FIFO.

2.3.4 Sequence Control l er

.4 
- 

The Sequence Controller accepts pointer addresses from the micro—
- 

- computer to initiate the measurement sequence and then sequentially
accesses anal og and digi tal mux codes to control switching through
the A/U converter and to the microcomputer. It al so provides proper
switching/settling del ays and includes a 16—bit , real-time counter
that provides a 10 milli sec period interrupt to the microcomputer .
Included in the Sequence Control l er is circuitry to interface with
the DMA Control ler, interrupt the DMA transfer and enabl e the program-
med transfer of data from the C/U lU to the microcomputer. A RAM* is
used for control sequence storage rather than a PRO~~ or a PLA*** to
obtain maximum fl exibility in the laboratory . This is loaded
automatically from the simul ation computer , via the microcomput er.

* Random Access Memory

** Programmable Read Only Memory
~~ Programmable Logic Array

18
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I
2.3.5 Microcomputer

This section defines the hard wa re requirements that are uni que to the
Data Terminal . Software requirements should be developed during the
detail design phase . Sel ection of the microcomputer type will be
based on an anal ysis of the software requirements for the UT and
standard i zing with other ASCOP microcomputers. The microcomputer
should perform the followi ng tasks in real time :

I Initiate each measurement sequence by setting
up the DMA controller and send i ng the starting
address of the Sequence Controller memory that
defines the sequence (pointer address).

•Calcul ate rate and accel eration on selected
-

. - - - measurements.

SPerform sensor failure detection testing on
sel ected measurements .

I Format data for the FIFO memory. Defi ne C/U LU
memory locat ions into which data is written or
from which data is read . Initiate the transfer
sequence by setting up the DMA control l er.

lAccept control info rmation from the C/D LU via
the Serial I/O Control l er, incl ud i ng whether
channel A or channel B shall provide the
actuator control signals.

A RAM is used for main program storag e rather than a PROM to obtain
maximun fl exibili ty in the laboratory. A bootstrap program is stored
in a PROM to accompli sh automatic l oad ing of the main program from
the simul ation computer when power is turned on. The microcomputer
hardware consist s of the central processing uni t , memory , DMA
control l er , and circuitry to interface with the functions as shown in
Table II.
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Table II. Microcomputer Interface Functions

Interrupts

10 mil lisec periodic from Sequence Controller

Terminal Count from DMA Control ler

Data Available from C/U LU (from ASC address Decoder)

Power turn—on (al so generates master reset for all Dl
control logic).

Data through Digital Mux

.4 Program load from simul ation computer

Simul ati on data from the simul ati on computer

Simul ation data from the simul ation computer , through
the SCU’ s/A/U Converter.

PM/FL measurements on UT resident functions

Real-time register from Sequence Controller

Data from C/U LU , throug h Serial I/O

Channel A or B in control from C/D lU , thro ugh Serial I/O

F LEO

Ready to accept data signal , from FIFO

FIFO empty signal , from FIFO

Formatted data , to FIFO.

Sequence Control 1 er

Program load of sequence controller , from simul ation
computer.

Pointer address to Sequence Controller

Ready to accept data signal , from Sequence Control l er.

20
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2.3.6 Digital Multipl exer

The digital multipl exer provides for the gat i ng of data to the micro—
computer. Data word length is 16 bits and the addressing structure
can accommodate 127 words. The digita l multipl exer is modularly
expandable to 127 words.

2.3.7 Analog —to—Digital Converter

The Analog —to—D igital converter performs the vol tage measurements of
the various analog sensor conditioni ng units , in addition to other Dl
vol tages for PM/FL. The measurement range is approximatel y + 10 vdc .
Output data is 13 bits in length thus providing resol ut i on of 2.5

- 

- milliv ol ts. Two’ s complement binary coding are provided .

2. 3.8 Anal og Data Sel ect

The analog data select provides for the switching of signals to the
A/D converter. The addressing structure accomm odates 127 signals.
The input voltage range of these signal s is approv imately + 10 vol ts
peak—to-peak. The dynamic response and accuracy should be compatible
with the A/U converter selected in the detail design phase .

2.3.9 Sensor Conditioning Units

SCU’s provide the interface between the Data Terminal ’ s switching/
measuring circuitry and the ships sensors. They conditi on the
signal s to the + 10 vdc range of the A/U convertor and to the logic
level s of the digital mux for discretes. The SCU’s are al so used to
condition Dl power suppl y outputs and other PM/FL signal s to the A/D
converter range.

21
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2.3.10 Actuator Signal Converters

ASC ’ s prov ide the interface between the Data Terminal ’ s digital
control circuitry and the shi ps actuators. Output signal s incl ude
synchros , dc— vol tages , and various level s of switch closures.

2.4 COMMAND/DISPLAY INTERFACE UNIT

The C/U LU , as shown in Figure 7, provides the common data storage
for ships data and al so for processed - data that is required by other
users. This is a highl y fl exible structure because panel s (users)
communicate with each other (and with the ship) via  the C/U LU.

.4 Therefore, special wiring between panel s is not required . 1~ers
communicate with the C/D LU via a paral l el bus. The C/U IU provides
traffic control for the paral lel bus and for the serial busses to the
Data Terminals.

Sources of data identify memory locations in which they desire to
write data. Sinks of data identify memory locations from which they
desire to read data . Therefore , the C/D IU merely respond s to Read/
Write requests and does not require programing to control data
rates , sources , or destinations. Revisions to the above are
accomplished by revising the software of the appl icable Dl or user.

2.4.1 C/U LU Control

Figure 7 shows C/U Ill control functions in addition to data fl ow.
Communication with the Data Terminal s occurs under control of the
Serial I/O Controller. When a service request message from a DI has
been accunul ated in a paral l el buffer , a fla~ is set. The Memory

22
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Controller services these requests before the next Parall el I/O
service is enabl ed. Four users on the parallel bus are provided j
dedicated flags in the Paral lel Control ler. These are the high
priority users. The Parallel Control l er tests these fl ags before
polling the next user. If one of these is set , the corresponding
user is polled next.

Paral l el bus users are sequentially polled . If service is requested ,
it is provided and that user re— polled until it answers with a
“service not required” message (up to a max imun of 32 polls) . One
user (PM/FL computer) is provided a flag that defines whether channel
A or B is in control . Manual control is al so provided . The state of
this fl ag is encoded in each seri al and paral lel polling message .

• 
2 . 4 . 2  Serial I/O Data Transfer

The Serial I/O Controller provides synchronization and traffic
control of serial busses and sel ects the parallel-to-serial converter
to which data from memory are to be routed and the serial-to- parallel
converter from which data are to be read. In addition , it encodes
output messages , monitors message responses and stores error
indications into memory for PM/FL access. The Serial I/O Control l er
al so informs Memory Control when UT service is requested , transfers
memory addresses /data and periodically accesses a control word from
memory that is l oaded by the PM/FL computer.

Two parallel —to -serial converters accept data in paral l el format from
the Memory Control l er and output data in serial fo rmat . Each
parallel -to—serial converter is dedicated to one of the serial
busses. Sel ection of which bus to use is under control of the Serial
I/O Control l er and will normally toggle between the two except when
operation of one bus is suspended because of mal function.

24
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Iwo serial—to— paral l el converters are provided which accept data in
seri al format from the busses and output data in paral lel format to
the Memory Controller. Each serial-to— paral l el converter include s a
paral l el register on its output. Each serial—to-paral l el converter
is dedicated to one of the serial busses.

2.4.3 Paral l el I/O Data Transfer

Figure 8 defines the parallel message fo rmats. Parallel users and
the C/U Iti cannunicate via 24 lines consisting of the followi ng :

5 lines - user address
1 line - polling/data load
1 line - control (strobe)
16 lines — data
1 line - 1 MHz clock

The C/U LU acts as the traffic controller by polling the users. The
philosophy for the parallel protocol is similar to that for the
serial except 1) the control line is controlled only by the C/U LU ,
2) user addresses are echo’d only on “no service required” messages,
3) block transfer modes are provided , and 4) all message are sink
initiated . The C/D LU originates two major types of messages : a
polling message and a data l oad message. The data l oad message is in
response to a read-request message from the user. Cod i ng of the
polling/data line defines the type of message.

A user sends a message only in response to being polled. On the
false to true transition of the control line , each user decodes the
address lines to determine if it is the user being addressed. Users
respond to polling messages with one of three types of messages: a
“no service required” message , which incl udes an echo of the user
address; a message to write data into the C/U LU (C/U LU memory
address and data i ncl uded); or a message to read data from the C/D LU
(C/D LU memory address included).

25
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Block transfers to write data to memory or to read data from memory
are accommodated. These are accomplished with variations of write
data messages and read data messages (see Figure 8). For single word
transfers, the 3rd MSB is set “fal se”. For multi —word transfers , the
3rd MSB is set true and the followi ng word defi nes word count.

Users and the C/U IU are synchroni zed with the 1 MHz clock—l m e , dri-
ven by the C/U LU. Message transfers require up to five microsecond s,
in the case of the two transmission write requests. System rates of
greater than 200K messages per second are therefore provided.

The cloc k line provides the 1 MHz, 50% duty cycle clock , of which all
.4 - messages are a multiple. All lines , except the cl ock line , have an

- 
- on—time of one micro-second as shown in Figure 8. Multitransnission

messages have an off—time of one microsecond between transmissions by
the sender.

The ~ er Address , Polling /Data Load , and Data Lines are read by each
user upon the fal se— to—true transition of the control line . Formats
requiring multitransmissi ons from the C/U LU occur at one microsecond
on , one microsecond off, time intervals. Formats requiring multi —
transmissions from a user occur at one micro— second on , one micro-
second off, time intervals. As shown in Figure 9, phasing is
provided to accommodate strobing by users on the l eading edge of the
control line and the applicable clock pul se, and the strobing by the
C/S LU on the trailing edge of the applicable clock pul se.

28

~~~~~~ - -•~~~~~~~~~- •-~~~~~~-~~~~~~~~~~~ • - -~~~~~~ -• --



r~ ~~~~ 

C78- lO9 l/ 30l

LU

a Z
(I) UJU)



C 78—1 091 /301

2.5 SUIMARY

The preliminary design described in the preceeding Sections repre-
sents a real i stic compromise for a research and development program.
If implemented , it will provide a creditable basis for val idating the
util ity and need of direct transfer 0f digital data to support an
Mvanced Control Station. Throughout the design , the emphasis has
been pl aced on the needs of the ACS in a shi pboard env irorment .
Hence , only those compromises that wil l  not detract from a ful l
concept val idation have been incl uded. For exam ple, one “full—up ”
data terminal is felt to be abso l utely necessary , while additional
terminal s add very little to val idation creditability - therefore
seven Abbrev iated Data Terminal s are used instead of eight “full —up ’
terminals.

It is therefore recommended that ASCOP proceed to detailed design and
fabricat ion of the herein described l aboratory data transfer system
as part of a l aboratory demonstration model of an Pdvanced Control
Station. The designs presented in this Secti on are mature and thus
represent minim un risk and predictable cost.

30



-~~•-,---•---—_ ~ — ---- -- ----— ________

C 78—1 091 /301

3.0 MILTIFORMAT DISPLAY

During Task VI , Part I , numerous discussions were held rel ative to
the role of multiformat displ ays for an ACS. As a resul t, sub-task 3
of Task VI , Part II was initiated with the primary objective of
inv estigating multifo rmat displ ays capable of near universal adapta-
tion to a broad and diverse family of ship control station shipboard
usage. In addition , integral to this task was the objective eval u-
ation of the best available technology to accomm odate the primary
goal . Being cognizant of this premise , an earl y assessment of the
available technology narrowed the candidates to A— C plasma and
cathode— ray tube. In the months followi ng that earl y assessment ,

• prototype el ectrol uninescent displ ay panel s reached the marketpl ace.
Cursory eval uations led to the conc l usion that EL technology was also
a viable considerat ion for the multiformat displ ay impl ementation .
While performance served as the primary determinant in the selection
process, other factors such as availability , operability , rel i ability
and maintainability were rigorously weighed . This Section reports the
resul ts of the multiformat displ ay investigat ion with sub— sections
devoted to mechanization tradeoffs , candidate technologies , mechani-
zation approaches , interface and modul ari zation . Recannendations are
presented in Section 4.4.

The multifo rmat displ ay provides for the integrated displ ay of
essential steering and divi ng control informat ion and presents these
data in the primary viewi ng area of the operator. Provisions exist
for the supplementary presentation of support i ng data regard i ng
System status. The suppl emental data , as well as primary modes , are
accessible via interactive cueing and control . The selectable modes
and formats permit the operational use of either manual or auto—aided
control . The organi zat ion and mechani zation of the mul t i  format
displ ay sa t i s f ies  the requirements of an Information Management
Function .

31
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3.1 MECHANIZATION TRADEOFFS

The primary tradeoff in the selection of a displ ay involves an
assessment of which display technol ogy best fits the informat ion and
action requirements. The followi ng table depicts a general summary
of the top level display requirements derived from the anal ysis
presented in Appendices E and F and disc ussed further in Section 4.

Table III. Top Level Di spl ay Requirements

Characteristic Magnitude
Category Average Extreme

Active area 9 inch diagonal 9 inch diagonal

Data density 20 lines of al phan umeric 30 lines of al phanumeric
text; 20 characters/line text; 50 characters/line
pl us graphics pl us graphics

1~date rate 2 times/mm 5 times/sec

Amount of 100 characters 400 characters
changing
inform at ion

Total number 14 20 (projected growth)
of format

Type of font 3 sizes; double & 3 sizes; double & single
single line line

Type of straight line & mimics Full graphics including
graphics (sut~narine shape) comics (projected growth)

32
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3.1.1 Cathode—Ray Tube Graphics

There are two satisfactory approaches to the mechanization of the
CRT* display : raster graphics and stroke writing . The raster
graphics technique converts random input data into a television (TV)
format so information can be displayed on a standard TV monitor .
Figure 10 is a generalized depiction of the mechanization. The
input can be from a digital computer , analog sensors (pressure ,
tem perature , etc.) or manual input (i.e., keyboard control s ,
joystick , etc.) The output is standard composite video . Data are
displ ayed as overl appi ng dots on a TV monitor.

3.1.1.1 Raster Graphics

In raster graphics , input data tell the displ ay generator micro-
processor what to do. The displ ay generator bit map memory contains
one bit of storage for each possible dot on the CR1. The micro-
processor loads “ones ’ into the appropriate memory locat ion in the
bit map memory in accordance with the desired character format. Once
loaded in memory , scanning circuits read out the bit map memory in
synchronism with the TV lines being scanned on the monitor. Every
“one” stored in memory intensifies the CRT beam to write a dot. The
memory is continually read out and displ ayed on the CR1 at a high—
speed refresh rate of typically 25—30 times per second. A typical
system will have from 512 to 1024 bits of memory (dots on the CRT) in
both the X and V axis.

In a typical appl ication , unchanging or sl owly moving data (such as
trim and ballast information) are input to the raster graphics
generator from mass storage (disk , tape , PROM, etc.) These data are
written into memory and displayed as background . Next , chang i ng

*Cathod~~ray tube
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data (ship ’s depth , speed , attitude , etc.) are input from a computer ,
written into memory , and superimposed on the backgr ound . By
judicious use of symbology , categories of data can be separated to be
visually discernible to an operator .

Five modul es, boards or partition s are typical elements of a raster
graphics generator ; Figure 11 is a representat i on of the organi-
zation. The controller modul e generally uses a microprocessor to
control the overall operation , incl ud i ng comunication with a host
computer and with control s , as well as organizing, formatting,
listi ng and manipul at i ng the data being displ ayed. The graphics I/O
modul e buffers input data until the mi croprocessor (vector/
al phanumeric generator) can handle the data . The graphics I/O module
al so generates and outputs composite video in the proper format for
eventual displ ay. The micro processor, using structured algorit }vn s ,
computes and pl ots all points required to draw a vector or al pha-
numeric , then writes the data into the refresh memory locat ions. The
refresh memory contains a bit map of the displ ay, i.e., one bit of
storage for each possible dot locat i on on the monitor. The timing
and control modul e supplies all the clocki ng and sync pul ses requi red
for the generators .

3.1.1.2 Stroke Graphics

The stroke graphics approach generates characters and symbol s by
chaining short vectors together. The symbol /character set is stored
in PROMS and therefore is readily chang ed. Figure 12 depicts a
typical stroke graphics system . The current techni que is to
configure a bus—organi zed unit of modul ar components pl ugged into a
digita l bus , with each modular assembly responsible for performing a
specific function . The heart of the unit is the data processor which
is connected to system/computer inputs and control s or out puts to
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peripherals. The data processor services all I/O and peripheral
interrupts , reformats data for displ ay purposes , performs displ ay
editing routines and provides for displ ay scaling . The displ ay
control l er functions as an internal direct memory access device that
transfers data between the refresh buffer and the display function
generators. The displ ay control l er al so generates the necessary
instructions to set up the arithmetic logic modul e to perfo rm
specific operat ions.

The arithmetic logic modul e contains special purpose registers that
are used to perform the arithmetic computations for symbol stepping,
and vector bearing and l ength determination. The arithmetic logic
module al so generates the refresh and priority clock signal s used in
refreshing the displ ay area.

The Z axis control modul e control s the brightn ess of the displ ay in
accordance with a screen control input signal .

The symbol generator prod uces characters using the stroke starburst
method . Several programmable symbol si zes are achievable. Multipl e
programmable level s of intensity are available , together with blink-
ing and symbol rotation. Special characters are easily accamiodated
by PROM firmware programming .

The vector generator works in conjunction with the XY position modul e
to produce digitally generated constant velocity vectors. Rate
multipliers are used to compute clock outputs proportional to RSinQ
and RCos@. These clocks are used to increment the X and V deflection
counter , wherein the out puts are converted to analog via digital —
to—anal og converters to produce vector X and V defl ection waveforms.

The XV defl ection correction and defl ection ampl i fiers consist of
identical circuits , one for X and one for V axis. These circuits
perform a voltage— to—current transformation on the analog vol tages

38
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from the XY defl ection counter; these currents are appl ied to the
yoke. Sense signal s for applicat i on to the dynamic focus are
developed al so by the defl ection circuits ; these signal s are used to
maintain beam focus across the ent i re displ ay surface. Inputs to the
XV symbol defl ection amp lifiers are received from the symbol
generator and a vol tage—to-current transformation conditions the
signal s for appl ication to the symbol defl ection yoke.

3.1.2 Fl at Panel Displays

The flat panel displ ays, like the CRT, have two differing approaches
for the generation of graphics and text. However, the differences
are prom pted by the characteristics of the technol ogies. For

L -
~ . - instance , the plasma displ ay has a characteristic called inherent

memory. More specifically, once a dot or cel l has been illum inated
and discharge exists, the sustaining signal will cause this cell to
maintain discharge and photon emission until it is intentionally
erased. This feature precl udes any simple approach to driving the
plasma displ ay in a raster mode. The straight forward raster drive
el ectronics relies on the periodic decay of the cel l or phosphor
followi ng el ectron excitation. In the case of plasm a , this does not
occur , thus the plasma mechani zation requires that the display
operate in a random vector graphic mode. Herein , each cel l is turned
on and off, as the display format requires , to form the desired
image. There is no sequential scan of line by line to determine if
information is present or not. Each cell has a specific XV address
and is so selected and addressed . However, it is possible to link
the excitation of successive dots in a predetermined pattern once an
initial or starting p oint has been selected . The display generator
is mechani zed on this basis. COded inputs or command s to the display
generator will cause the address selection to increment or decrement

in X and V position as the symbol or character may require. Figure

13 is a block diagram depiction of a flat panel displ ay unit.
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Current practices use a microprocesso r , integral to the display
generator , to control the functional interfaces between the displ ay
panel , touc h panel and control inputs as well as the central
processor. The microprocessor is al so a multi —mode character vector
generator that converts the displ ay input code to the signal
sequences required to drive the displ ay. Predetermined or fixed data
formats may be stored in the extended memory. These are called up
and selected via the touch panel overl ay. An el ectromechanical
control is provided to permit selection of a master index of displ ay
formats which are each sel ectable using the touch overl ay.

3.1.3 Touch Overl ay Control

.4 The touch overlay panel is a l ight beam position encoder. A means is
provided for transmitting and detecting the address of interrupted
light beams. The device utilizes pa i red l ight beam sources and
detectors in a crossed light beam grid (X - V axis) with each source
pa ir being sequentially strobed. The scanning cycle time is compat-
ible with the human reaction times Involved . ~on detection of beams
interrupted by an obstacle , such as a finger , the associ ated address
is transferred to a data processor and associated prog ram logic or
action is initiated . The position encoder is fast enough to detect
quick touches, and yet avoid the undesired transmission of redundant
address information. Arrays of 32 x 32 el ements are available with
higher resolution possible. The light sources are light—emitting

diodes emitting in the infrared region ; thus , providi ng imunity to

ambient light noise problems. Phototransistors are used as detec-
tors. Figure 14 is a bloc k diagram of the touch panel mechani zation
approach.

Simul ated keyboards can be depicted on the displ ay and activated by
way of the touch overl ay. Al so, a menu of displ ay modes and formats
can be presented via the master index with sub modes resulting in
initial or top level mode sel ection . In general , any system mode or
function can be controlled through use of the combined displ ay and
touch overl ay scheme.
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3.1.4 Electrol uninescense (EL)

The EL fl at panel display differs from the pl asma fl at panel display
in terms of the drive/address el ectronics. EL may use either a
raster scan or random address mechanization. In both instances a
refresh memory is required as used with tbe CR1.

3.2 CANDIDATE TECHNOLOGIES

Recent devel opments in displ ay technol ogy huve brought forth a number
of new and promising displ ay techniques. However , most of the
developments are as yet laboratory curios ities or they are suited
onl y for small scale numer ic and al phanumeric presentations.
Therefore , the essential charac teristics required by the multifo rmat
dis pl ay are found onl y in the CR1, plasma and EL displays .

3.2.1 Technol ogy Overview

Cathode—Ray Tube devices currently satisfy a wide variety of
shipboard display requirements incl ud i ng those associated with raw
sensor video displ ay, processed or synthetic sensor displ ay, tactical
data displ ay and status disp l ay. The technology represented by the
CR1 is mature , in that widespread use of CRT’s and a general
improvement of CR1 technol ogy has taken pl ace over a thirty year
period , with the most recent advance being a high—brightness color

CRT. The result is a set of displays offering a rel ativel y complete
spectrum of capab ilities to the extent permitted by the intrinsic

physics and characteristic geometry of the CR1 device. Presently,
CRT ’s are produced in a wide range of screen sizes with output

parameters encompassing a broad span of potential appl ications .

Plasma displ ays are the product of a so—calle d emerging technology.
To date , plasma displ ay devices have seen onl y l imited use in the
m ilitary environment . However, they have been ful l MIL qual i f i ed ,
i ncl ud i ng shock and vibrati on . SL”h applications as data terminal s
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and system status monitors have been real i zed for both l and based and
shipboard environments. Several production configura tions are
available from a smal l family of manufacturers.

Similar to the pl asma display , incl ud i ng shock and vibrat i on qualifi-
cation potential , electroluminescent displ ays are classifi ed in the
emerging technol ogy category. However , EL displ ay development lag s
considerably behind the plasm a displ ay development. Significantly,
the intrinsic characteri stics of the EL displays give promi se to much
broader potential use than found in the pl asma displ ay.

The minimum essential requirement of a displ ay device , in any appl i-
cation , is the reproduction of information received from a sensor ,
processor or control to the level of fidel ity required by that appl i-
cation. The displ ay device must have the inherent capability to
reprod uce or present information with adequate resol ution (elements
per unit area), number of discernible states per element (gray scale)
and the ability to present information at th~i desired rate (frame
rate). However, the satisfaction of these information output require-
ments will affect other important displ ay characteristics such as
brightness , linearity , contrast , unifo rmity , and spot size because of
the typical interrelationships of display parameters .

3.2. 1. 1 Cathode—Ray Tube Technol ogy

The CR1 is an anal og dev ice. A contiguous layer of phosphor is
deposited on the screen which functions as a target for an el ectron
beam which is  formed by an el ectron gun (cathode) assembly. The
el ectron beam , upo n striking the phosphor , causes photon or light
emission . Writing on the screen is accomplished by means of acceler-
ating and defl ecting the el ectron beam enroute to the screen; grids ,
yokes and anodes are employed in the generation and control of the
resulting displ ay presentation characteristics. The interaction and
rel ationship of the CR1 el ements, in concert , function to determine
the realized level s of writing rate , brightness , resolution , linear-
ity, spot si ze and other displ ay describing functions .
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3.2.1.2 Plasm a Displ ay Technology

The plasma displ ay panel is a digital device. A contiguous layer of
gas is hermetically sealed between two glass pl ates. A pattern of

el ectrodes are deposited on the enclosed surfaces of the glass

pl ates. Layers of diel ectric protect the electrodes from direct
contact with the gas and possible erosion due to ion bombar~nent.

Oppos i ng el ectrodes are suppi ied an el ectrical potential difference
of sufficient magnitude to cause ion i zation and discharge within the

gas between the two el ectrodes and thus an emission of photons or
l ight resul ts. The resol ut ion of a plasma display panel is a
funct ion of the el ectrode spacing . Currently, panel s are available

with el ectrode spac i ng of 60 lines per i nch; l aboratory model s have

reached 84 lines per inch. Linearity and contrast are primarily
functions of the physical construction techni ques and manufacturing
processes. Pseudo shades of gray may be achieved by spatial
addressing schemes. Another method of achiev i ng level s of gray is
by controll ing the period of emission of individual cells within a

frame period. This is a function of the associated logic and panel
drive el ectron ics.

3.2.1.3 Electrol uminescense Displ ay Technology

The electroluminescent disp lay panel i s a digital device . Early EL

panel s used powdered phosphors ; the current EL panel s are TFEL*
displays . The TFEL display panel consists of a glass substrate on

which , through a series of vacuum depositions , the sol id state , t h i n
film , optically active structure is made. The panel is constructed

with three l ayers, namely, an active l ayer sandwiched between two
insulating layers . Protection of the device from humidity is
essential ; the outer insul ating l ayer satisfies this requ~~ement.
The brightness of the IFEL panel is extremely dependent on the

appl i ed voltage in the l ower voltage region , and tend s to

* Thin film el ectroluminescent
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saturate in the higher vol tage region. Therefore, selected level s of
intensity or shades of gray are readily obtained . In the same manner
as the pl asma displ ay, resolution is a function of electrode spacing.
Presently, only prototype units are available from the manufacturer
wi th production units pl anned for cal endar year 1979.

3.2.2 Multi format Display Characteristics

At this juncture , it is appropr i ate to eval uate the characteristics
of the concerned technologies and potential devices in terms of the
requirements shown in Table III.

3.2.2.1 Active Area

One of the pl anned appl ications for the multifo rmat displ ay will
require the location of the displ ay in the primary viewi ng cone of
the operator. Because this space is prime , other essential displ ayed
informat ion must al so reside within this area. Thus the active area
of the displ ay was sized namel y to accommodata the worst case data
density shown in Table III and al so to permit max imum use of the
remaining prime space in an effective manner.

3.2.2.2 Density Of Information

A standard page of text contains 2000 characters. The pl anned use of
the multiformat display does not include such presentation s as
standard pages of text; but rather , the presentations includ e graphic
depictions of ship ’ s attitude and states as well as al phanumeric
annotations and information list ings. While the allocated active
area could accatinodate a standard page of text , such use as a so
called “glass teletype” is not pl anned at this time.
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3.2.2.3 Update Rate/Amount Of Changing Info rmation

These categories were addressed jointly because of their inter—
relationship. The val ues associated wi th these data categories were
derived from considerations of the data depicti ng speed , depth and
course rate of change. These parameters serv ed to set the extreme or
upper limit of these categories .

3.2. 2.4 Total Number Of Format s

It was necessary in the al l ocation and sizi ng of memory to determine
the number of different displ ay formats. However , the assignment of
this number does not preclude expansion of the read-only-memory of
the displ ay generator should the addition of formats be required .

3.2.2.5 Type Of Font

The specific type of font will be one of several possible candidates
such as Mitre or Leroy. The mix of formats requires three si zes in

.4 
both single and double line .

3.2.2.6 Type Of Graphics

The planned graphic depictions includ e straight line depictions to
bo u nd the tabular listi ng of status formats as wel l as representat i on
of MIM IC displ ays of shi p’s attitude , pl ane and rudder angles as we ll
as tank level s and other depictable status data. The extreme and
eventua l requirement will inc l ude full graphics capability including
conics .
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3.3 MECHANIZATION APPROACHES

The multifo rmat displ ay is a sel f— contained unit that interfaces with
the data transfer system via the parallel I/O control l er. The
displ ay has an active area with a minimum diagonal of 9 inches. The
displ ay resol ution is 512 x 512 lines. A dimming capabili ty is
provided to permit adjustment of the displ ay brightness to a level
satisfactory for low ambient light level viewing . In the case of the
fl at panel displ ay, the necessary drive and address electronics for
both serial and parallel dot address sel ection are provided . Al so, a
touch panel overl ay is provided to accommodate operator selection of
formatted display pages and control entries. The touch panel
electronics and decoding logic are an integral part of the multi-
format display. El ectromechanical swi tching is provided for the
power ON/OFF , Reset and Exec ute functions and are mounted in the
front panel of the unit.

The CR1 mechanization empl oys a fl at face tube with the associated
defl ection and video ampl i fiers integral to the unit. Similar to the
fl at panel mechanization , a touch overl ay is provided to accomodate
operator sel ection of formatted displ ay pages and control entries .
The displ ay is generated usi ng the random position stroke writing
techni que .

Characters and symbols are generated in raster. The symbol/
character font is stored in programmable read-only memory (PROM) and
is readily changed.

3.3 1 Resol ut i ons

The geometric area of the displ ay screen shoul d be resolved into 512
resol ut i on elements in the X—axis and 512 resol ution elements in the
V axis; this requirement applies to each of the three technologies.
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3.3. 2 Refresh Rate

The plasma displ ay requires no refresh; the EL and CR1 shoul d be
refreshed at a minimum rate of 30 frames per second to prevent any
observable flicker.

3.3.3 Brightness

The displ ay brightness shoul d be variable and capable of permitting
comfortable viewi ng in an ambient light lev el rang ing from 0.1 to 25
foot—candles.

.4 3.3.4 Contrast

The contrast ratio should be determined based on an 8:1 minimum when
measured with 15 foot candles of ambient light verticall y incident to
a surface oriented orthoganally to the displ ay face with a displ ay
output brightness of 20 foot l amberts.

3.3.5 Brightness Variations

• The total effects of brightness variations including the displ ay
brightness , filters , 011 coating , and anti-refl ective coati ng should
not exceed + 20 percent of the nominal val ue over the display
surface.

3.3.6 Jitter and Drift

The visually perceivable and measurable motion of any electronically
generated image on the CR1 displ ay surface where no such motion
should exist should not exceed + 0.03% of the CR1 diameter
(diagonally) over any period up to 1 second. The position of any
el ectronically generated imag e point on the CRT displ ay surface
should not drift more than + 0.1% of the face pl ate diameter
(diagonal ) over any period up to 60 seconds in duration.
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.4 
3 .3.7 Defl ection

El ectron beam shoul d be defl ectable to any position on the CR1 image
area from any other position with beam settling to + 0.1% of the face
pl ate diameter within 18 microseconds or less. Magnetic deflection
and el ectrostatic focus should be features of the CR1 assembly, as
well as geometric focus correction. The advantages of el ectro-
magnetic defl ection over electrostatic defl ection are lower

.4 defl ection power, use of lower vol tages and freedom of defl ection
induced spot aberrations. The advantages of el ectrostatic focusing
over el ectromagnetic focusing are simplicity of circuits , and reduced
weight and alignment compl exity associated with an el ectromagnetic
focus yoke , with negligible degradation of perfo rmance. The dynamic

• 
- 

• • focus correction circuit compensates for the CR1 geometry to ensure
un i form focus over the entire displ ay surface.

3.4 INTERFAC E 
.4

The multiforma t displ ay w i l l  interface with the C/D IU as shown.
Interface is discussed in paragraph 2.4.3 with a block diagram in
Figure 7. Al though this particul ar interface has been selected for
the Advanced Station Control application , any of the stand ard
interface approaches , serial or paral lel , can be mec hanized where a
particul ar application require s it.

3.5 MODLIARIZATION

Several modular approache s are adaptable to the multiformat displ ay.
The above paragraphs discuss the displ ay organi zation in terms of
modules. It is possible to structure the unit modul es on a separate
basis with each an identifi able subassembly. Al so, grouping of
several modul es on a common motherboard is possible. To this end ,
the primary determinants are the operational space and mountin g
requirements. Herein , height , width and depth dimensions shoul d be
considered . Each of the concerned technol ogies imposes unique
physical and form factor constraints.
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3.5. 1 Cathode—Ray Tube

The cathode— ray tube requires a comparatively larg e depth dimension .

The neck of the tube extends approximately 17 inches for a 9 inch
diagonal face plate . Thus, the required depth of a CR1 mechanized
multiformat displ ay will be approximately 20 inches. However , the
width and height dimensions are comparativel y small in comparison to
fl at panel displ ays. Ancillary control s or even the housing envelope
can be located within one inch of the tube ’s face pl ate sides .
Therefore, a CR1 multifo rmat displ ay shoul d have a minimum envelop e
of 1O”W x 10”H x 20”D. Further , this minimum si zed envelope will
house the defl ection and video drive modules , as is a common

.4 - 
practice. In a similar manner the displ ay processor and generator
modul e are contained in a separate housing , remote from the CR1
assembly; this is al so a common practice. However , if space permits ,
all modules can be integ ral to a single housing .

3.5.2 Fl at Panel Displ ays

The flat panel displ ays offer significant benefits in terms of their
minimum depth requirements. The pl asma displ ay panel is approx i-
mately one—hal f inch in thickness wi th the EL panel thickness less
than one—hal f inch . The associated drive and address el ectronics
require an additional 5 inches of depth. The address and drive
el ectronics must be col ocated with the fl at panel displ ay in order to
reduce switching problems resulting from the l arge capacitive l oads
of the panel matrix cells. Therefore, a fl at panel multifor mat
displ ay should have a minimum depth dimension of 7 inches. The width
and height dimensions of the fl at panel displays are somewhat large
in comparison to the CR1 displ ay. This is caused by the required
spacing of el ectrode connect i ons and cabli ng at the perimeter of the
panel on all four sides. Approximately 2.5 inches on all four sides
must be allowed , outside the active displ ay area. Currently, the
standard plasma displ ay panel has a 12.09 inch diagonal with an 8.55
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x 8.55 inch active area . The overall panel , including el ectrode
connections for cabl i ng measures 12.25 x 12.25 inches . It can be
located within this width/height dimension. A 9 inch diagonal fl at
panel display will require a minim um envelope of 11”W x 11” H. Thus,
the form factors for the fl at panel multiformat displ ay should be
11”W x 11”H x 7”D; this envelope excl udes the display generator and
interface electronics. The displ ay generator/proces sor can be
remotely located up to 6 feet away fran the display assembly. Any
front panel mounted control s and switches wil l increase the front
panel dimensions by that dimension required for mounting the control s
and switches outside of the panel al l ocated space. Similar to the
CRT mechani zation , all modules can be integral to a ccvinon envelope
shoul d mounting and operational space permit.
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4.0 CONTROL /DIS~~AV INTE~~AT I0N

The identific ation of ship control system multifor mat displ ay require-
ments is a function of the information and control requirements of
each ship control operator. Each operator ’s requirements , in turn ,
are dependent on the functions/sub systems/tasks assigned spec i fically
to him. This function al l ocation stems from an analysis of the funct-
ions/sub functions required to achieve ship control mission require-
ments.

Advanced Ship Control mission requirements were established for the
AIISD Task 6 Design Assessment Pl an. The followi ng Functional Flow
Diagrams describe the functions/subfunctions required to achieve
those mission requirements. Subsequent sections detail the function

• 
•~~ • ~1 al l ocations mad e for f~our—man , three—man and two-man crews and the

information /action requirements identified for each operator
position.

4.1 F UNCTIONAL FLOW DIA GRAMS

.4 

The followi ng Functional Fl ow Di agrams are modifica tions of FFDs
developed for the SSN 688 Ship Control Station design program. They
differ frcm the SSN 688 FFDs prim arily in the level of sub function
detail identif ied and in their rel ative freedom from mechanizati on
assumptions.

Of the five top level functions which involve basic ship control
requirements ( see Task V I report , Part I), i.e .,: 1) Perform Sonar
Search , 2) Perfo rm Sonar Tracki ng , 3) Perform Sonar Localization ,
4) Perform Open Ocean Transit , 5) Avoid Threat , the function Per-
form Open Ocean Transit was determined to require ship control funct-
ional capabilities which are inherent in all of the other four top
level functions and which are representative of the mission segments
selected for eval uating the ship control capabil ity of each proposed
design. Therefore, the top level function Perform Open Ocean Tran-
sit , was selected for detailed analysis and flow chart development.
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Detailed FFDs for the Perform Open Ocean Transit top level function
are provided in Appendix A. Each of the six maj or subfunctions
identifi ed as necessary for the performance of the top level function
was further subdivi ded until sufficient detail was achieved to permit
allocation to operator or equi pment .

In detailing the subfunctions , many cases involv ed a subfunction
previously called out for other subfunctions. To avoid a minber of
redundant entries , each having a different number designa tion ,
repeated subfunctions are shown with the symbol REF in the upper
segnent of the flow chart oval and with the subfunction number first
used in designating it. Thus, the reader may return to that number
designation el sewhere in the flow charts to detemine whether any

.4 lower lev el functions have been identifi ed for it. Any that are

.4 
- found are equally appl icable to any functional sequence in which the

original designation is referenced .-

The FFDs provide the basis for assigning activities to the operator ,
the equi pment, or a combination of both. However , it shoul d be noted
that the identification of the functions in the FFDs does not
indicate whether they will be manual or automatic , thereby permitting
al ternate designs based upon various combinations. The following
section defines the allocations made for three alternate SCS design
utilizi ng , respectively, four—man , three—man and 2-man crews.

4.2 F UNCTIONAL ALLOCATION

Each of the lowest level functions identifi ed in the FFDs of Appendix
A must be assigned to sane combination of crew or equi pment to permit
identification of operator tasks and , thereby, operator control/
display requirements. The basis for this allocation is , in part , a
function of crew size , automation feasibility/cost and ship safety.

L 1.4.~~~~~~~ 
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Separate allocations were mad e for four-man , three—man and two—man
crews. The Function Al l ocation tables for the three crews are
presented in Appendices B, C, and D, respectively. The four-man crew
station was modeled after the SSN-688 SCS and consisted of a Diving
Officer , Stern Pl ane Operator , Fai rwater Pl ane/Helmsman , and Ballast
Control Panel Operator, who serves as Chief of the Watch. Most
functions are manually performed during normal operations , with some
backup automation if desired .

The three—man crew allocation utilized a Diving Officer , a Ship
Control Operator , and a Ballast Control Operator. The BCO fills the
rol e of COW. The al l ocation assumed that automatic functions woul d
be used for normal operat i ng modes , with manual backup available. It

.4 was al so assumed that the three— man design woul d utilize advanced
integrated control s and displays to facilitate monitoring by
exception and for achiev i ng greater precision in ship control .

The two—man crew al l ocation assumed a high degree of automation ,
utilizi ng a Ship Control Officer, and a Ballast Control Operator.
The SCO combines the skills of the DO and SCO of the three—man crew
while the Ballast Control Operator is al so Chief of the Watch.

Functions in the tables which were allocated for the initial callout
were not repeated for later sequences. Thus , the function numbers
may not run sequentially for all subfunction sets.

4.3 INFORMATION/ACTION ANALYSIS

The Function Al l ocation tables in Appendices B, C, and D define the
totality of operator tasks for the three crew stations. The deter-
mination of suitable control s and displ ays for operator task per-
formance is derived from an analysis of the information required by
the operator to monitor performance and decide on the need for action
and of the actions required as a resul t of the decisions. Resul ts of
this analysis are contained in Appendix E, Information Requirements
Anal ysis and Appendix F, Action Requirements Analysis.
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Info rmation requirements are described in terms of characteristics
important to the determination of control/display mechanization
requirements , suc h as temporal form , rapidity of availability ,
operator sampling rate , critical ity and measurement units , where
applicable. Action requirements are described in similar terms.

4.4 S UIMAR V AND RECOMMENDATI ONS

The foregoing analyse s are intended to provide the basis for
eval uating multiformat display technologies to be used as primary
control and displ ay devices in the Mvanced Control Station . The
anal yses were performed separately for a four-man , a three—man , and a

.4 ~ .- two—man crew station. Assumptions were made concerning the lev el of
automation , the assignment of tasks to each crew member , and the
philosophy of cont rol/displ ay integration for each crew station
al ternative . 

.4

The results of these prel iminary analyses indicate that for a
four—man crew , such as exists today on all nuclear attack submarines ,
the need (or requirement) for a mult i form at d isplay cannot be
demonstrated on the basis of operator workload*. The basic reason
for this is that present attack submarines (except for the SSN 688
class) operate in a depth—speed reaction—time envelope such that a
four—man crew represents an under—utilization of personnel and hence
the workload reduction offered by a multiformat displ ay is not
justifi ed . In the case of the SSN 688 class , the Navy is introd ucing
the Aided Displ ay Submarine Control System, ADSCS (AN/BYQ —1), which

* Previous ASCOP studies have addressed this need on the basis of
safety.
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will accommodate all control requirements for that class. However ,
for three—man and two—man crews , the situation is quite different .
The analyses presented in the appendices indicate that for a
three—man crew , the BCO experiences periods of saturation without a
multifo rmat displ ay and for a two-man crew, both the SCO and the BCO
experience significant period s of total saturation without a
multifo rmat displ ay. Because the ASCOP ACS will resul t in either a
three—man or two—man crew , the recommendation of this st udy is that a
multifo rmat displ ay( s) is a requi rement for the ASCOP ACS.

Based on information and control requirements for each operator in

each confi guration , maximum parametric requirements imposed on the
.4 

- - multiformat display were identified. The three lead i ng candidate
displ ay technol ogies (CR1, pl asma , and el ectroluminescence) were
assessed to determine the mechani zation necessary to adapt them to
meet the maximum parametric requirements identified by the analysis.
A set of specifications for each technol ogy candidate was provided
for the more critical parameters.

Each of the candidate displ ay technologies was judged suitable for
use as a multifor mat displ ay ; however , sel ection of the device or
devices for the ACS must be mad e in the context of the total crew
station design . A high percentage of the information and control
requirements for both the three—man and two—man crew stations was
judged to be suitable for integration into the multifor mat displ ay
concept . Total acceptance of this judgenient woul d result in a very
l arge reduction in dedicated control s and displ ays found on present
ship control stations. However , actual design of disp l ay/control
formats for the multifor m at display must consider a n umber of
additional factors, suc h as the feasibility and cost of remote
computer control of functions currently controlled directly by
manually operated switches.
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It is recommended that the development of multifo rmat and control !
display integration concepts for ACS should next involve the design
of displ ay formats and control hierarchies , taking into account the
impact on remote functions , and the design of the computer architec-
ture necessary to permit interactive control /displ ay integration.
Concurrent with these tasks, it is recommended that current three-man
and two— man baseline console designs be updated to includ e the
results of these anal yses and to refl ect the impact of the major
red uction of instrumenta tion impl i ed by the information /action
anal yses.
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