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| ber optic networks becane

Method and Apparatus for the Monitoring and
Demarcation of Synchronous optical Network

Technical Field

This invention relates to synchronous fiber optic

telecommunication networks, specifically to the demarcation

and performance monitoring of such networks at critical

interfaces between public and private network entities.

Background Art

Fiber Optic networks have been in existence for some

time now.

The original fiber optic networks however

typically employed proprietary asynchronous multiplexing

schemes and interoperation between unrelated network elements

was generally not possible.

As fiber optic networks became

more prevalent the need to efficiently connect fiber optic

network segments directly at the optical level has become

more critical.

The Synchronous Optical Network

(SONET) standards were

developed by the telecommunications industry to overcome the

limitations of proprietary asynchronous schemes.

SONET

standards define an open network architecture that allows

true multi-vendor interoperability.

An essential element of the SONET standard signal

structure is a transport overhead da

ta structure that

supports enhanced network performance monitoring and network

operations.

The transport overhead contains among other

things: parity information, protection switching control

bytes, payload pointer and control bytes, a user data

channel,

communication channels.

local and express orderwire channels, and two data

The two data communication channels are actually

independert packet data networks designed to support Network

Operations and Support Systems.

Network Operations and

Support Systems are the management tools used by

telecommunication service providers to control and monitor

the various elements present on their networks.

CCITT Q.921 LAPD protocol, which is

Using the

very similax to the ANSI




more preval ent eed to efficiently connect fiber optic network segnents
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It was the intent of the SONET standards committees to
develop a ubiquitous and homogenous fiber optic network
whereby any element of the network could fully interoperate
with any other element in the network.' Manufacturers of
SONET switching systems and SONET multiplexers have been
staging multi-vendor demonstrations with an emphasis on
interoperability at the fiber optic level.

The SONET standardé however do not adequately reflect
the political nature of the SONET network. Whereas SONET
strives towards universal access and interoperability there
are operational factors that force network operators to
segment and isolate portlons of the network. This situation
can occur when two different service providers must interface
with each other, or when a public service provider must
extend service to a private customer premise.

For obvious reasons relating to network security,
service providers need to restrict outside access to internal
network operations. The data communications channels
contained within the SONET transport overhead, designed to be
open network management interfaces, represent a potential
weak spot in the network security system.

Presently, SONET network segments are typically isolated
at the boundaries between service providers by using
back~to-back multiplexers; only the constituent channel data
is passed between network segments and the SONET transport
overhead functions are removed entirely. This type of
interface defeats the open architecture of the network but
must be maintained as a well defined demarcation point
between network segments.

When extending SONET services to a private customerxr
premise, a public service provider must rely upon the limited
network security features supported by the transmission
equipment on either end of the fiber optic span to protect

the public network operations systems from unauthorized or



conmuni cation channels. The two data communication channels are actually
i ndependent packet—data networ ks desi gned to support Network Operations and
Support Systems. Ngkd gnﬁaaﬁ peed and Support Systens are the nmanagenent

tool s used by telec rvice providers to control and nonitor
t he various elenent E
protocol, which is

eir netwerks. Using the CCTT Q 921 LAPD
the ANSI [err] X.25 protocol, it is
possi bl e for any deV|ce on the network to access and control any ot her
device via the SONET data conmmuni cation channel s.
unintended access. As Asynchronous Transfer Mode (ATM)

terminals become more common place this problem will become
more critical.

We saw the need for a unique device that can be used to
interconnect SONET network segments directly at the SONET
signal level while selectively isolating and controlling the
transport overhead data passing betwééﬂ the segments. Our
invention, which we refer to as an Optical Service Unit
(0SU), directly addresses this need by combining hardware
.technology from the SONET multiplexer industry with ‘an
embedded software package designed to control and monitox the
SONET transport overhead.

There is very little prior art that relates to this
application. Beyond the fact that SONET systems are
relatively new, we believe the lack of prior art to also be
related to the novel and unobvious nature of this device
which runs counter to the open systems interconnection
objectives of the SONET standards. The function represented
by the QOptical Service Unit is not defined in the SONET
standards.

Background of the Invention

A search of the related classes and subclasses at the
Patent and Trademark Office in Crystal City, Virginia
revealed only a few patents the described optical interiaces
similar to or supporting features of the Optical Service
Unit. Most notable is U.S. Patent #5150243 issued to SuzukI,
et al., of the Fujitsu Corporation that describes a device
for remotely monitoring fiber optic network interfaces. A
second related U.S. Patent was #445924, issued to Waschka,
al., of the Harris Corporation for a fiber optic local
orderwire device.

These devices differ from the Optical Service Unit
because they both terminate proprietary networks. The
Optical Service Unit however acts as an mid-span intelligent
interface between two standardized networks; the Optical
Service Unit passes only the payload plus selected overhead
data as programmed by the user.



It was the intent of the SONET standards committees to devel op a ubiquitous
and honbgenous fiber—optie—hetwork whereby any el enent of the network could
fully interoperate.r%{\n; h any other elenent in the network. Mnufacturers of

SONET swi t chi ng systiank: dasBearReplaced| t i pl exers have been staging

mul ti - vendor dermnstl n enphasis_on interoperability at the
fiber optic |level. ards however do not adequately reflect
the political nature of the SONET network. Whereas SONET strives towards
uni versal access and interoperability there are operational factors that

force network operators to segnment and isolate portions of the network.
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service to a prigVah8e§ Ui RhePERPESfed orderwire channels in the SONET
transport overhead; Waschka use a wavelength multiplexing
technique on a proprietary signal format.

If the search were to be extended to include electrical
network interfaces, similarities could.be found with a common

~device referred to as a Channel Service Unit, from which the
Optical Service Unit derived its name. The Channel Service
Unit terminates and isolates a digital trunk interface in
order to protect the public network from harm due to improper
voltage levels or signaling formats that may be introduced by
the customer premise equipment. Channel Service Units can
also be configured to monitor network performance and support
basic network testing operations.

The electrical network however was never intended tc be
as fully open and interoperable as is the SONET network.
Channel Service Units perform the very clear and well defins!
function of isolating the electrical network at its
demarcation points. The Optical Service Unit will perform a&
similar function for the optical network however the task is
far more complicated.

Unlike a Channel Service Unit, the Optical Service Unit
can not totally isolate the SONET network. If it did, the
benefits of having an extended network management system via
the transport overhead would be lost. The Optical Servics
Unit must intelligently pass the transport overhead; allowing
some but not all of the overhead data to pass.

The filtering function of the Optical Service Unit is
not unlike that found in Local Area Network Routers. Ro

maintenance, performance, and security reasons.
In this application the functions of the Local Area
Network Router are merged with the functions of a channel

service unit; the product is then embedded in the hardware



For obvious reasons relating to network security, service providers need to
restriet outside access to internal network operations. The data

connunlcatlonslbh§Mmﬂ%sBaﬂm& hddgd Wi thin the SONET transport overhead,

desi gned to be o nagenment interfaces, represent a potentia
weak spot in th l ity system @fésently, SONET network segments
are typically iso ate boundari es between service providers by using
back-t o- back nultlplexers, onIy the constituent channel data is passed
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exist or have been proposed to date.

The Summary Of The Invention
The Optical Service Unit provides a compact and cost

effective means of interconnecting synchronous optical

network segments while maintaining control over the network
management information that passes through the interface.

Objects and Advantages
The objects and advantages of the present invention are:

(a) To provide an.intelligent and secure demarcation point
between segments of a SONET fiber optic network;

{b) To provide an intelligent and secure demarcation point
between a network service provider and a customer
premise;

(c) To continuously monitor and record network performance
monitoring data to assist network service providers in
identifying network faults;

(d) To provide automatic built-in-test functions and
diagnostic lcop-back capabilities to assist network
service providers in isolating network faults;

(e) To provide local and express orderwire functions to
assist field service technicians coordinating network
testing with other network sites;

(£} To provide visual indications of the status of the SONET
fiber optic interface;

(g) To provide a modular fiber optic connection on the
terminal side (customer premise) of the device to reduce
faults caused by improper connection of customer premise
equipment; |

{(h) To eliminate the need for costly high-powered optical

"~ interfaces in customer premise equipment since the
Optical Service Unit will drive the long range fiber.
(i) To require less physical space than an equivalently

configured set of back-to-back multiplexers;



prem se, a public service provider nmust rely upon the limted network
security features supported by the transm ssion equi pnent on either end of

the fiber optic spantouRmLAGhiae public network operations systems from
unaut hori zed or EE Lﬁ““ﬂ[lm ded accesg._ As Asynchronous Transfer Mde

(ATM term nals be n place this problemw || becone nore
critical. W saw 't uni que devi ce that can be used to
i nt erconnect SONET network segnments directly at the SONET signal |evel

whil e selectively isolating and controlling the transport overhead data
passi ng betmeéﬁ)théts%ﬁﬁn9ﬁ59§ﬂEﬁ?lled and monitored by the network

service provider via the SONET embedded network
management data communication channels;
Disclosure of the Invention

(k) It may be reprogrammed remotely by the network service
provider via the SONET embedded network management data
communication channels;

{1) It may be controlled, monitored, and reprogrammed,
locally via the craft interface serial computer
interface port;

(m) It may be programmed by the network service provider to
restrict or eliminate access to the network management
data communication channels; -

(n) It may be programmed to translate network management
information where compatibility problems between vendor
equipment may exist;

(o) It may be interconnected with adjacent Optical Service
Units to support centralized management of multiple
units via one craft interface on one unit;

(p) It may be interconnected with adjacent Optical Service
Units to support Automatic Protection Switching;
Further objects and advantages will become apparent from

the ensuing description and drawings.

Brief Description of the Drawings

Figure 1 shows a block diagram of the Optical Service
Unit. '

Figure 2 shows an detailed block diagram of the main
printed circuit board assembly within the Optical Service
Unit. '

Figure 3 shows the inter-relationships of the firmware
tasks that execﬁte the unit control functions.

Figure 4 shows the inter-relationships of the firmware
tasks that execute the overhead processing functioms.
Description of the Préferred Embodiment

An electrical diagram of the invention, hereinafter
referred to as an Optical Service Unit, is illustrated in

Figure 1. The optical service unit comsists of a main



I nvention, which we refer to as an Optical Service Unit (OSU), directly
addresses this need by conbi ni ng hardware technol ogy fromthe SONET

mul ti pl exer industry with an enbedded software package designed to control
and nonitor the SONET transportoverhead. There is very little prior art

that relates to thy, ls%@'niﬁ aceEeyond she fact that SONET systens are
relatively new, we mpck of pri‘or art to also be related to the
novel and unobvi ous "ﬂﬁ] m ﬂs devi ce which runs counter to the open

systens interconnec s of the SONET standards. The function
represented by the Optical Service Unit is not defined in the SONET
st andar ds. Bacligroundcadrd hesembint3ibn aAdsepleh assanidyr dlat @ed d aeses and

subcl asses at g,BB1y assembly 21. In addition, various signal and control
interfaces exist as described in the following text.

A craft interface 12 is provided for local maintenance
access by field service personnel. This interface may be
used to control, configure, test, and monitor the Optical
Service Unit using a teletype, video terminal, or personal
computer serial comﬁunications program.

To assist field service personnel with on-site testing
the Optical Sexrvice Unit supports both local and express
orderwire capabilities via an orderwire interface 18. The
field service technician selects local or express orderwire
operation using an orderwire switch 14. The relative
amplitude of the orderwire audio is adjusted using an
orderwire gain control 16. The orderwire may be selected to
operate in bridged mode or terminal mode. The orderwire is
activated and the mode is selected via the craft interface
12.

The Optical Service Unit may be powered from
conventional 110/220 Volts Alternating Current line power via
an AC power input 20. The unit may also be powered from 48
Volts Direct Current battery power using a DC power input 22.

A rear craft interface 24 is wired in parallel with the
craft interface 12. The rear craft interface may be used for
remote control of the unit via an external communications
network or dial-up modem.

An alarm interface 26 provides form-C dry contact
closures corrésponding to minor, major, and catastrophic
failures detected within the unit. Additional device contra:
and status leads may be supported via this interface as
required.

An OSU link interface 26 supports a high-speed digital
communications interface that is used to interconnect
adjacent Optical Service Units and related peripheral
devices. This interface will be used to support automatic

protection switching when implemented. It may also be used



Patent and Trademark Office in Crystal Cty, Virginia revealed only a few
patents the described-eptical interfaces simlar to or supporting features
of the Optical Service Unlt l\/bst Rotable is U S. Patent #5150243 issued to

Suzuki, et al., ofh poration that describes a device for
renotely rmnltorln ﬁg network +merfaces. A second related U S.
Pat ent was #444924 schka, et al., of the Harris Corporation
for a fiber optic Iocal orderwire device. These devices differ fromthe
Optical Service Unit because they both term nate proprietary networks. The

Optical Servicg, %pfjpot;_lw@v Edmatt] %.aaﬁﬁéﬂem GHR3Ra Lt SiddeN i RE ST ace

bet ween two standardi zed network tical Service Unit passes only the
payl oad pI us SR SEvELFRAT dEra as prograrmed by the user.

A reference clock interface 30 provides a stable

square-wave clock signal recovered from the facility side
optical termination via a clock recovery module 38. A
possible variation of this unit will allow the reference
clock interface 30 to be used either as an output or as an
input. _

Synchronous optical communications signals on the
terminal side of the Optical Service Unit are connected via a
terminal optical interface 32 using a modular Fixed Shroud
Duplex (FSD) connector with an integrated low power LED
transmitter and receiver. Synchronous optical communications
signals on the facility side of the Optical Service Unit are
connected to a facility optical interface 33 via a facility
fiber optic input 34 and a fiber optic output 36. The
facility optical interface 33 uses conventional ST type
connectors, however other standard fiber optic connector
types may be directly substituted.

The display assembly 10 displays the status of several
critical unit parameters that include: Power on/off (PWR),
error detected (ERR), clock status (CLK), operations channe:
activity (EOC) and carrier alarms for both terminal and
facility side optical interfaces. The carrier alarm
indications include: Loss of signal (LOS), loss of {rame
(LOF), erxored seconds (ERR), and alarm indication signal
present (AIS). _

The power supply assembly 21 consists of a switching
power supply that can accept either AC or DC input voltages
and a rectifier assembly that isolates the DC input connector
22 from the AC input connector 20, both on the rear of the
unit.

An electrical block diagram of the main circuit board
assembly 37 is illustrated in Figure 2.

The facility optical output 36 uses a solid state
Intermediate Range LASER device with integral bias and
modulation control circuitry. The facility optical input 34



- 4 - The Optical Service Unit includes an orderwire function simlar to
that descri bed 5“*VE§Eﬁka*“but-the I npl ementation is based upon the
enbedded ordeﬁMB&ﬁfﬁDE&H Ssch! the SONET transport overhead; VWaschka use a

wavel engt h mnul nlque on a proprietary signal format. If the
search were t Blf i nclude elec?rtcal network interfaces,
simlarities mnth a commpn device referred to as a Channe

Service Unit, fromwhich the Optical Service Unit derived its nane. The
Channel Service Unit termnates and isolates a digital trunk interface in

order to protegtet e NidalasCrirt Wdodibam RaEN Yl g1l BP4RPBEpedance
amplifier and pseudo ECL data interface.

The received optical signal on the facility side of the
unit is passed through a clock recovery module 38 prior to
connection to a facility frame synchronizer 44. Framed data
from the facility frame synchronizer 44 is then passed to a
facility overhead terminator 48. '

The synchronous optical communications signal contains
an overhead component and a payload component. The overhead
component carries framing information, performance monitoring
data, network management data, user control data, and the
local and express orderwire channels. The payload compcnent
carries the actual traffic bearing content of the signal.

The facility overhead terminator 48 extracts the
overhead information from the received signal and places it
in a memory mapped region of the facility overhead central
processing unit 62 address space. The payload content of the
received signal is passed directly by terminator 48 to a
payload frame buffer 50. Frame buffer 50 is a
First-In-First-Out (FIFO) buffer that compensates for
variations in payload frame alignment between the facility
and terminal sides of the device. The payload frame buffer
50 can be modified in future versions of the device to
perform payload-only processing such as encryption.

The received facility payload is then passed from the
payload frame buffer 50 to a terminal overhead terminator 46.
Overhead data supplied by a terminal overhead central
processing unit 60 is appended to the payload and then
forwarded to a terminal frame synchronizer 42. Frame
synchronizer 42 randomizes and frames the data prior to
transmission to the terminal optical interface 32.

The terminal optical interface 32 is a
receiver-transmitter assembly with an integral Fixed Shroud
Duplex (FSD) fiber optic connector. The optical transmitter
portion of the Modular Fiber Optic Interface is a low power
edge-emitting ELED source suitable for short range fiber

optic interfaces. The receiver portion is a MOVPE planar PIN



vol t age | evels—or—sitgnrat+nrg—foermats that nay be introduced by the custoner
prem se’ equi p%ﬂ%heeﬁ@gel er‘¥i'ce Units can al so be configured to nonitor
networ k perfor basi c network testing operations. The

el ectrical net CEWV, m s never intended to be as fully open and

i nt eroperabl e a networ k. Channel Service Units performthe

very clear and well defined function of isolating the electrical network at
its demarcation points. The Optical Service Unit will performa simlar

function for the optical network however the task is far nore conplicated.
Unl i ke a Channel Service Unit, the Optical Service Unit can not totally

i sol ate the SONEraddeds:r k. The “qu‘-’éied,int:h‘éd%ﬁaﬁé‘ftieﬂ§aéfdmiiﬁ§eﬁﬁa"é?‘f ered
net wor k nmanagemeiilatyst eirewdedhe transport overhead woul d be |ost. The

Optical Service For optical signals received on the terminal side of the
Optical Service Unit, the data path is the reverse of that
described for optical signals received on the facility side
of the device. N

The terminal frame synchronizer 42, terminal overhead
terminator 46, terminal overhead central processing unit 60,
together with the various peripheral devices as illustrated
in Figure 2 comprise a terminal processor 41. 1In similarx
fashion, the facility frame synchronizer 44, facility
overhead terminator 48, facility overhead central processing
unit 62, together with illustrated in Fiéure 2 comprise a
terminal processor 41. In various peripheral devices as
illustrated in Figure 2 comprise a facility processor 43.

The terminal processor 41 and the facility processor 43
communicate with each other and a unit controller 81 via
inter processor data links. The inter processor data links
are memory mapped within the address space of the terminal
overhead central processor unit 60, the facility overhead
central processor unit 62, and the unit controller central
processing unit 82 via bus interface modules 68, 70, and 72

'respectively.

The terminal overhead central processor unit 60 passes
the orderwire data taken from the terminal overhead
terminator 46 to a terminal orderwire channel interface 64.
The facility overhead central processor unit 62 passes the
orderwire data taken from the facility overhead terminator 48
to a facility orderwire channel interface 66. The two
orderwire channel interfaces buffer and clock the encoded
orderwire data to and from an audio bridge module 74 at 64
kbps.

The audio bridge module 74 contains two PCM codecs that
perform the digital to analog conversion. The module also

" bridges the orderwire audio with the local orderwire
interface 18 and provides a gain stage to deliver sufficient

output to drive a standard lineman’s handset. The gain of



Unit nmust intelligently pass the transport overhead; allow ng sone but not
alt of the overtead—data to pass. The filtering function of the Opti cal
Service Unit i8R0kt 4Rk Sieh ? found in Local Area Network Routers.

I C

Rout er s exami nej on the Local Area Network and pass only
EH ml defined set-ofpcriteria. Routers are comonly

t hat data whichf
tworks for naintenance, performance, and

used to segnent
security reasons. In this application the functions of the Local Area
Net wor k Rout er are nerged with the functions of a channel service unit; the

product is then eqhedded,; L aétﬁ%gé VRN 8o orddrwire gain control 16

(Fig 1).

The audio bridge module 74 is controlled and monitored
by the unit control central processor unit 82 via an audio
bridge interface 84. Bridge interface 84 is a parallel
interface that is memory mapped within the address space of
the unit contrel central processor uhiﬁ B2. The state of the
orderwire select switch 14 (Fig 1) is also read by the unit
control central processor unit 82 via the andio bridge
interface 84. _

The unit control central processing unit 82 is
responsible for monitoring various component performance
indicators within the Optical Service Unit. It does this via
a sensor interface 76 connected to an analog sensor
module 40. The analog sensor module 40 is an assembly of
analog to digital converters calibrated to measure the
optical receive power, LASER bias current, and case
temperature of the facility and terminal side optical
interface components. The sensor interface 76 is a parallel
interface that is memory mapped within the address space of
the unit control central processor unit 82.

The unit control central processor unit 82 also
interfaces with a system clock 78, a unit serial
interface 86, and a unit parallel interface 88. The system
clock 79 is a battery backed date and time device that
returns the current calendar date and time of day.

The unit serial interface 86 is a dual port universal

synchronous asynchronous receiver transmitter {USART) devi:-

~

that supports most common serial interface protocols. m:z
port of unit serial interface 86 is used for thes craic
interface 12 and rear craft interface 24, which are wired
together in parallel. The second port of unit serial
interface 66 is used by the 0SU link interface 29.

The unit parallel interface 88 drives form-C contact
closure relays for the alarm interface 26 and lamp drivers
for the display assembly 10. Control lines (not shown in

k=

rig. 2) from the interface are also used to reset the



technol ogy of a SONET Multiplexer front-end to create an Optical Service
Unit. This novér‘“ﬁnbrﬁa%+gn_niﬁig§tures has been overl| ooked by industry
and no simlar dﬁysﬁ%t ) knomm to exist or have been proposed to date. The

Summary OF The I @pdi cal Service Unit provides a conpact and
cost effective ne nnecting sypghronous optical network

segnents while n#d rol over the network nmanagenent information
t hat passes through the |nterface bj ect s and Advant ages The obj ects and

advant ages of the present invention are: (a) To provide an intelligent and

secure demarcation. poj nt bet en se nts of a SONET fi ber ti ¢ network;
(b)uTo prOV|detéﬁmf$hiﬂqvﬁ§3ﬁF and! Péoﬁﬁiﬁﬁﬁxﬁﬂﬁﬁnsﬂo?ﬂ? {a§4hé§¥ a

net wor k servi cevprogddierendmd 1 apxessasmear unit 62.

A watchdog timer assembly 134 protects the unit control
central processor unit 82 from becoming locked-up or halted
in an illegal state. Timer 134 must be periodically set by
the CPU 82 or it will force a hardware reset of the unit upon
expiration. Timer 134 also controls power—up sequencing and
issues a hardware reset to the CPU 82 after power supply
voltages have stabilized and the unit is ready to boot.

The terminal overhead central processor unit 60, the
facility overhead central processor unit 62, and the unit

. control central processor unit 82, each have an independent
memory area consisting of both Random Access Memory (RAM) and -
Electronically Eras able Programmable Read Only Memory
{EEPROM). These are represented by the terminal memory S6,
facility memory 58, and unit memory 80 modules respectively.
EEPROM is used to store the executable program firmware, to
maintain the most recent performance monitoring data, and to
maintain the most recent unit configquration. RAM is used for-:
real~time manipulation of data and storage of variable and
temporary data. The executable firmware is copied from the
EEPROM to RAM to improve program performance.

The Optical Service Unit firmware which largely
determines the operational characteristics of the unit is
divided into two major programs; a unit control program 90
(Fig 3) and an overhead processor program %2 (Fig 4).

The unit control program 80 (Fig 3) is buiit upon a
real-time multi- tasking embedded operating system. -A unit
control main task 96 is the primary executable task that
boot-straps the firmware, initializes the operating systam,
and spawns an orderwire task 98, sensor interface task 100,
display and alarm task 102, TTY interface task 104, P4 an.
BIT task 106, unit configuration control task 108, OSU li:k
interface task 110, and unit inter processor communicatin.
task 112. The unit control program 90 is stored in unit
memory 80 and executes on the unit controller central

processor unit 82.



prem se; (c) To continuously nonitor and record network perfornmance
noni torii ng data to assrst—rnetwetrk—service providers in identifying network
faults; (d) To Pfh?s\@h&‘?ﬂ?slﬁegn@tli %dbui It-in-test functions and diagnostic
| oop- back capabi | **“network service providers in isolating
network faults; ( ll E Hlﬂ'm | ocal and -express orderwire functions to
assist field servfl s coordinating network testing with other
network sites; (f) To provide visual indications of the status of the SONET
fiber optic interface; (g) To provide a nodul ar fiber- optic connection on
the terminal side (gstonpr, Aellsed. ol \Naqlayi 65 [91d G9Use bariL s,ggused
by i nproper connection Of cUStOIer prem se

the same real-time multi-tasking embedded operating system

used in the unit control program 90. An overhead processor
main task 118 is the primary executable task that boot-straps
the firmware, initializes the operating system, and spawns an
overhead inter processor communicatiqns task 120, PM and BIT
task 122, payload processing task 124, overhead data

task 126, DDC interface task 129, message processing

task 130, and overhead orderwire task 132. The overhead
processor program 92 is stored in two locations; One copy is
stored in terminal memory module 56 and executes on the
terminal overhead central processor unit 60. The second copy
is stored in the facility memory module 58 and executes on
the facility overhead central processing unit 62.

The unit control program 90 and the overhead processor
program 92 are built upon object oriented software design
techniques. Each task within a program performs a specific
function and communicates with other tasks via standardized
message gueues supported by the embedded operating system.

The same standardized message format is extended to
inter-processor communications between the unit controller
81, the facility processor 43, and the terminal processor 41.

The unit commences operation upon application of primary
power to the main circuit board assembly 37. The watchdog
timer 134 issues a reset command to the unit control central
processor unit 82 forcing a boot-strap operation to begin.
The Unit Control Program-90 (Fig. 3) is loaded and the unit
control main task 96 begins execution.

The unit control main task 96 loads and activates the
remaining tasks in the unit control program 90 then performs
a built-in-self- test to validate the processor’'s operationa
integrity. The unit controller 81 then resets the facility
overhead central processor unit 62 and the terminal overheeac
central processor unit 60 to force a boot-strap load of thei:
respective copies of the overhead processing program 92 (Fig

an
L B



equi pnent; (h) “To etrimnate the need for costly hi gh-powered opti cal
interfaces in cUfLOBh HRY A RB1L&QUI pnent since the Optical Service Unit

will drive the |on [ (i) To require |l ess physical space than an
equi val ently conf qmuwmgumm&ack-to- back mul ti pl exers; [err] - 6 -

(j) 1t may be cont itored by -tBé network service provider via
the SONET enbedded networ k managenment data conmuni cation channels;

Di scl osure of the Invention

The overhead processor main task 118 begins execution in
each of the overhead processors and loads the remaining tasks
in the overhead processing program 92. A built-in-self-test
is performed to validate the operational integrity of the
processor and a successful start-up message is sent from the
each overhead processor to the unit controller 81. If unit
controller 81 does not receive a valid'start-up messages from
the facility processor 43 and the terminal processor 41
within a predetermined amount of time an error condition is
declared and the Optical Service Unit will shut down.

If the overhead processors load'successfully they
immediately begin processing the synchronous optical
communications signal overhead information. The DDC
interface task 128 begins receiving the network operations
message traffic contained in the DDC channels located within
the overhead and forwards all received messages to the
message processing task 130.

The message processing task 130 examines the received
messages to determine the proper handling required. Based
upon user definable criteria the message may be forwarded via
the overhead inter processor communications task 120 to the
opposing overhead processor, or it may be terminated locally,
or it may be returned to sender, or it may be modified and
forwarded. If the message is a control message directed to
the Optical Service Unit itself, the message is forwarded to
the unit controller 81.

. The facility and terminal versions of the overhead
processor program 92 need not have identical message .handling
criteria. For example, the message processing task 92 on the
terminal processor 41 may be programmed to terminate any
control messages received and forward an alarm indication.
Control messages however that are received on the facility
processor 43 would be accepted and forwarded to the unit
controller 81.

The overhead PM and BIT task 122 in the overhead
processor program 32 accumulates performance mcnitoring data

centained within the synchronous optical communications



(k) It nay'be“?éﬁrogranned renotely by the network service provider via the
SONET eﬁbeddﬂd&ﬁ&&ﬂ@&kn ment data communi cation channels; (1) It may

be controlle d reprogrammed, locally via the craft interface
seri al conput ort' (m 1t may be prograned by the network
service provi restrict or elimnate access to the network managenent
data conmuni cation channels; (n) It may belprogramed to transl ate network
managenent i nformation where conpatibility problenms between vendor

equi pnment may exist; (o) It may be interconnected with adjacent Optical
Service Units to support centralized managenent of nultiple units via one
craft interfaceifialon@edhbdd. Statistics are periodically sent to the

unit controller 81 where they are maintained in unit
memory 80 for later retrieval. The overhead PM and BIT
task 122 also controls the diagnostic loopback capabilities
of the frame synchronizers (42 & 44).

The payload processing task 124 manages the serial
payload interface between the payload frame buffer 50 and the
respective processor’'s overhead terminator (46 & 48).

The overhead data task 126 manages the non-message based
overhead data bytes. Where appropriate, the non-messaged
based overhead data is forwarded to the opposing overhead
processor via the overhead inter processor communications
task 120.

The overhead orderwire task 132 manages-the serial
interface between the orderwire channels in the optical
signal overhead and the orderwire channel interfaces (66 &
68). Command messages received from the unit controller 81
via the inter processor communications task 120 determine
whether the orderwire is operating in local or express mode.

The unit control program 90 (Figure 3) monitors and
controls the overall activity of the Optical Service Unit.
Upon successful loading and activation of the terminal and
facility processors, 41 and 43 respectively, the unit control
main task 96 enters an idle do-forever state waiting for
command, status, Or error messages to arrive.

Command and control messages may be received locally via
the TTY Interface task 104 or via the unit inter processor
communications task 112 having been received by either the
terminal processor 41 or the facility processor 43. Status
messages are generated periodically by the overhead
processors to report performance monitoring conditions to the
unit PM and BIT task 106. Error messages may be generated
autonomously by any task detecting an error condition.

The TTY interface task 104 provides a command line
interpreter and display interface designed for operation with
teletypes, video terminals, or personal computer terminal

emulator programs. A menu mode is supported with an on-line

=



(p) It may be interconnected with adjacent Optical Service Units to support
Automatic Protection Sw tching; Further objects and advantages wi |l becone

apparent from t hthieShses HaB labdt i on and drawi ngs. Brief Description of
t he Draw ngs Fi gui ock di agram of the Optical Service Unit.
Figure 2 shows anf mm} '[Ij diagram of the main printed circuit board
assenbly within the ice Unit. Figfre 3 shows the
inter-relationships of the firmvare tasks that execute the unit control
functions. Figure 4 shows the inter-relationships of the firmvare tasks

t hat execute the overhead processing functions. Description of the
Preferred Enbodi mesifp facility to assist field service personnel with

operation of the unit. The TTY Interface task 104 is password
protected and reports all local access to the unit via the
facility DDC interface.

The unit configuration control task 108 maintains the
current hardware and software configuration of the unit,
including all message processing algéiithms and rules. It is
possible to reprogram parts or all of the Optical Service
Unit via download commands. Task 108 supervises the software
load, programs the EEPROM contained with the unit memory 80
and validates the integrity of the data. Using the unit
inter processor communications task 112 the ﬁegminal and
facility memories, 56 and 58, may be reprogrammed as well.

The OSU link interface task 110 supports a high-speed
digital interface for use in communicating between multiple
Optical .Service Units. Task 110 will also support a
protection switching peripheral when implemented.

The unit orderwire task 98 manages the orderwire
interface 18. It is responsible for tracking the state of
orderwire select switch 14 and for controlling the operation
of audio bridge module 74 (Fig 2) and for controlling the
cperation of the overhead orderwire task 132 (Fig 4)
operating in both the terminal and facility processors 41 ani
43 respectively. The orderwire may operate in either an
additive party-line mode or in terminating drop-line mode.

The PM and BIT task 106 accumulates performance
monitoring statistics from the facility and terminal
Processors, 41 and 43, and generates reports upon request.
Reports may be requested from the local craft interface or
remotely via the DCC' channels contained within the
synchronous optical communications signal overhead. All
status and error messages are date and time stamped based
upon the battery backed-up clock 78.

The sensor interface task 100 monitors the analog
sensors 40 which measure the received power and LASER bias

currents of the terminal and facility optical interfaces, 32



An el ectrical diagramof the invention, hereinafter referred to as an
Optical Servite Umnt,Tst+Hustrated in Figure 1. The optical service unit

consists of a gL §heet asBJhRg IrCUIt board assenbly 37, a display assenbly
10, and a power m ﬁa[y 21. In addition, various signal and control

I nterfaces exist in the folLlowwng text. A craft interface 12

I's provided for nce access by field service personnel. This

interface may be used to control, configure, test, and nonitor the Optical

Service Unit using a teletype, video ternminal, or personal conputer seria

ConnunlCat'Onsa&ﬁcggéygspectively. If user programmed thresholds are y
violated, then the task broadcasts an alarm message.

During normal operation, the Optical Service Unit
requires no local support and minimal remote support; it may
be managed entirely via the facility optical signal overhead.
Typically, the unit is programmed to pass only a certain
class of messages and terminate all gthers; the unit
automatically begins message processing whenever power is
applied.

Any detected error conditions are reported wvia the
facility optical interface and local alarm contact closures.
If a local terminal is connected to the craft interface an
alarm message will be displayed. An external modem
connection may be used by the service provider as an
additional -redundant means to access the unit in the event of
a fiber failure.

During maintenance operations, the Optical Service Unit
may be controlled both locally via the craft interface or
remotely via the facility optical signal overhead.
Performance monitoring information may be retrieved for each

- 15 minute interval of the prior 24 hours with daily summaries
maintained for seven days. Various test and diagnostic
functions may alsc be implemented to support field test
operations. _

Service providers may use the Optical Service Unit to
determine if the optical span is functioning properly up to
the demarcation point. A principal feature of the unit is
the modular fiber optic connector used on the terminal
optical interface that allows a field service technician o
rapidly disconnect the customer premise equipment and instal.
a test terminal to validate the proper operation of the iine.
The customer premise equipment may then be easily reconnected
at the end of the test.

Custom overhead and message processing programs can be
installed by the service provider to solve translation
problems between incompatible network elements. Using the

Optical Service Unit, a service provider can operate the



To assist field service personnel with on-site testing the Optical Service

Uni t suppor t STHiOShaet HaCRden RFHGXPr €ss orderwire capabilities via an
orderwire inte ield service technician selects |ocal or
express orderwyf m&m&ﬂ!k& ng an orderwire switch 14. The relative
anplitude of th dio is adjustedsusing an orderwire gain

control 16. The orderwire may be selected to operate in bridged node or
term nal node. The orderwire is activated and the node is selected via the
craft interface 12. The q)tical Service Unit rray be powered from

conventi onal 1191 22 r]\(/oli tcg g}li orrkr 2@ "Ué %entp%rr VI an AC power

I nput 20. The untt nay ovvere 5 6m ec TTent battery
power using a D@CGGM‘PC‘?W tQE subt ke digsand 1apt ifsadd kedyi so vive dund

parallel with thetween vendor’s equipment.

- The Optical Service Unit provides the service provider
with a standardized intelligent modular demarcation point. A
typical embodiment of the device will be suitable for rack
mounting in an EIA standard equipment.fack occupying only
1.75 inches of vertical rack space. Other variations of the
unit include but are not limited to: shelf mount
configurations, wall mount configurations, and sealed
enclosures for outdoor or industrial use.

Accordingly, the reader will see that the Optical
Serviée_Unit'improves upon any method or device currently in
use today for joining independent SONET network segments
together or for extendlng a SONET network to a customer

premise. The Optwcal Service Unit permits service providers

to:

° Extend network services at SONET optical rates without
jeopardizing network management security;

o Manage customer premise demarcation points effectivelwy
with automatic performance monitoring and diagnosti~
capabilities;

° Solve interface compatibility problems via the oveirr: ...
translation features of the unit;

° Provide a standardized network interface to the customer

premise using modular fiber optic connectors thus
reducing problems associated with incorrect connection -
and simplifying testing by field service technicians.

Although the description above contains meny

specificities, these should not be construed as limiting t
scope of the invention but as merely providing illustraticnr
of some of the preferred embodiments of the invention. Foi

example, the Optical Service Unit can be repackaged fcr
operation in a multiunit shelf mount configuration or an
outdoor environmentally rigidized configuration; the optical
interfaces on either terminal or facility sides of the device

may be replaced with optical intexfaces varying in power,



craft interface 12. The rear craft interface nay be used for renote control
of- the "uni t via—an—external-comuni cati ons network or dial-up nodem An
alarn1interfa0fms D ovides formC dry contact closures corresponding to

m nor, nmajor, amn agedf gi | ures detected within the unit.

Addi ti onal devi tﬁiﬁm status | eads may be supported via this
interface as re ' B | ink interfiage 28 supports a hi gh-speed

di gital conmmunications interface that is used to interconnect adjacent
Optical Service Units and rel ated peripheral devices. -This interface wll

be used to support automatic protection swi tching when inplenented. It may
al so be used

wavelength, or physical termination, etc.; the SONET OC-3
rate of the optical signal may be varied to any standard
SONET OC~N rate, where N is an integer from 1 to 96; the
overhead processors may be programmed to perform payload
processing or path overhead processing; a payload encryption
capability can be added at the central stage of the device.

Thus the scope of the invention'éhould be determined by
the appended claims and their legal equivalents, rather than
by the examples given.



- 8- - -~/ to support a conmon managenent interface
bwteen.-nul tiple tlcal Servi ce Units. Areference clock interface 30

provides a stabl e @dk signal recovered-f—pom_t_he_i@eu_l_l_t_)pm de
optical termnatio recovery nodul e 38. var| ation of
this unit wll all ce clocklnterfaceS lI II i" :

an output or as an input. Synchronous opticaf 'commnl m ﬁlj I n the
termnal side of the Optical Service Unit are connected VI a a terninal

optical interface 32 using a nodul ar Fi xed Shroud Dupl ex (FSD) connect or
with an integrated | ow power LED transmitter and receiver. Synchronous

optical conmmunications . Claims
We claim:
1. An optical communications network interface device
comprising:

(a) a terminal optical interface for transmitting and
receiving a terminal synchronous optical network
communications signal, o
(b} a facility optical interface for transmitting and
receiving a facility synchronous optical network
communications signal,
(c} a terminal processor operatively connected to said
terminal optical interface comprising;
{d) a terminal frame synchronizer,
(e) a terminal overhead terminator operatively
connected to the terminal frame synchronizer,
(f}) a terminal overhead central processing unit
operatively connected to the terminal overhead
terminator,
{g) means within the terminal overhead terminator
for demultiplexing said terminal synchronous
optical network communications signal into a
received terminal payload component and a received
terminal overhead component,
(h) means within the terminal central processing
unit for monitoring and manipulating said received
terminal overhead component whereby the content of
the overhead component may be restricted to a user
defined subset of allowable values,
{i) means within the terminal overhead terminator
for multiplexing a transmitted terminal payload
component and a transmitted terminal overhead
component into said terminal synchronous optical
network communications signal,
(j) a facility processor, operatively connected to said
facility optical interface comprising;

{k) a facility frame synchronizer,



signals on the faci I|ty si de ~of the—Gptical Service Unit are connected to a

facility optical i rth&ShaeRash3e. \%ﬁa faC|I|ty flber~epL4—c_4_npu1_34_and_a

fi ber optic output 3 y-optical interfa co ent i onal
ST type connectors, L st andard {i ber opiD ﬁ I s may
be directly substltute ay assenbly 10 di

several critical unit para_rreters that include: Power on/ off (P error
detected (ERR), clock status (CLK), operations channe] activity (EOC) and
carrier alarnms for both termnal and facility side optical interfaces. The
carrier alarmindication$l)nd fdeilisysovrimaghalerpios)or |apegashivetame
(LOF), errored seconds (ERR)sctdadtal and idhiGaty Q&aﬁégchr&roaseek (AI'S).
The power supply assenblYmgl C%%%k§1§yoéverﬁ%gdt% h8as processing unit
operatively connected to the facility overhead
terminator,
{n) means within the facility overhead terminator
for demultiplexing said faéiiity synchronous
optical network communications signal into a
received facility payload component and a received
facility overhead component,
(o)} means within the facility central processing
unit for monitoring and manipulating-said received
facility overhead component whereby the content of
the overhead component may be restricted to a user
defined subset of allowable values,
(p) means within the facility overhead terminator
for multiplexing a transmitted facility payload
component and a transmitted facility overhead
component into said facility synchronous optical
network communications signal,
(a) a process and interconnection means between said
facility processor and said terminal processor for;
(r) changing said received terminal overhead
component to said transmitted facility overhead
component,
(s) changing said received terminal payload
component to said transmitted facility payload
component,
(t)y changing said received facility overhead
component to said transmitted terminal overhead
component, and
{(u) changing said received facility payload
component to said transmitted terminal payload
component,
(v) a unit controller operatively connected to the
terminal processor and the facility processor

comprising;



power supply that can accept either AC or DC input voltages and a rectifier
assenbly that isolatesthe DCinput connector 22 fromthe AC input
connector 20, both on the sheffiasHeerlRiBladeRi t. An el ejcmrd‘*gmm of
the main circuit board a il lustrated ::g ﬂmﬂlﬁ' acility
optical output 36 uses a H mmm’% nt er medi ate "lmﬁm wth

I ntegral bias and .nodul a |rcurt? 9.~ The tacility"opsical input

34 REPLACEMENT SHEET 9 uses a InGaAs PIN Photodlode with integral
transi npedance

(w) a unit control central processing unit,
(x) a means, operatively connected to the unit
control central processing unit, for providing
local command and control access, status displays,
alarm indication, and configuration control,
{y) a means, operatively connected to the unit
control central processing.uhit, for providing
remote command and contrcl access, status reports,
alarm indication, and configuration control,
(z) A means, operatively connected to the unit
control central processing unit, for monitoring the
internal functionality of said optical
communications interface device and reporting any
malfunction. |
2. An optical communications network interface device as
set forth in claim 1, wherein said terminal processoxr and
said facility processor contain a means for controlling and
monitoring overhead information within said terminal
synchronous optical network communication signal and said
facility synchronous optical network communications signal in
accordance with predetermined user specifications.

3. An optical communications network interface device
as set forth in claim i, wherein said unit controller
contains a data interface and means for connecting and
operating a plurality of said unit controllers from a single
location.

4. An optical communications network interface device
as set forth in claim 1, wherein said process and
interconnection means between said facility processor and
said terminal processor includes an apparatus and means for
encrypting the payload components.

5. An optical communications network interface device
as set forth in claim 1, comprising an orderwire interface
and means for controlling said orderwire interface.

6. An optical communications network interface device
as set forth in claim 1, wherein said terminal optical

interface includes a modular fiber optical connector,



anplifier and pseudao ECI data interface. The received optical signal on the
facility side of the unit is passed through a clock recovery nodul e 38

prior to connectlonmlm'ﬁet - lafgdame synchroni zer 44. Framed data from

the facility frame s
processor 48. The

|s then passed to a faciTity overtead

tical connunlcatlﬂ ns an
over head conponent and a payl oad conmponent = ¥ fie” over mmumm m mlrri es

fram ng i nformation

performance nonitoring data, network nandgesent dat a,

user control data, and the |ocal and express orderw re channels. The
payl oad conponent carries the actual traffic bearing content of the signal.
The facility oveahbawdinpy ecraadardiZdl axrmanas ¢diel o\vaskabllienfor et rapidIpm

the received sigpal
over head central

A0 h13CeRstd1idy 3 TREREVedBPEL LG gkgN Of the facility

7. A method for demarcating a synchronous optical

network communications signal interconnected between a

faci

(h)

lity and a terminal comprising the steps of:
(a) defining the overhead information contained within
said synchronous optical network communications signal
to be restricted, '
(b) defining the overhead information contained within
said synchronous optical network communications signal
to be passed through said device without manipulation,
(c) defining the overhead information contained within
said synchronous optical network communications signal
to be translated,
(d) installing an optical communications network
interface device at the desired demarcation point of
said synchronous optical network communication signal
comprising;
(e} a standardized modular fiber optic connector
for a terminal interface,
(f) a standardized modular fibexr optic connector
for a facility interface,
{(g) a means interposed between the terminal
interface and the facility interface for
manipulating the overhead information contained
with said synchronous optical network communication
signal,
programming said optical communications network.

interface device to implement said restrictions and said
translations, and to pass the restricted, translated and
unmanipulated overhead information from the facility to the
terminal or from the terminal to the facility via the
facility and terminal interfaces
(i) activating said optical communications network
interface.

8. An optical communications network interface device

as set forth in cleim 1, wherein said process and



b P T

processing unit 62 address-space-—The payl oad content of the received
si-gnal ‘i s passed dﬂllsesai&emas ijocessor 48 to a payload frame buffer- 50

Frame buffer 50 is Qut (FIFO buffer that co at es
variations in payl ment bet ween the(jmﬂ Gl“l ;“ E naI
si des of the device. frame buf f24r - future

versions of the device to perform payl oad-only proceSS| ng such as
encryption. The received facility payload is then passed fromthe payl oad
frame buffer 50 to a term nal overhead processor 46: Over head data
supplied by a tielrtmraahn@atelrdaﬁaféaaenbéabed@f %easm@lmﬂyt peBckssaprarded to
the payl oad an t-QegeLR{X‘aBi de§c 9s8, L BLMN2 LraQEnsSy{%h LQRLZEL A2, Frame
synchroni zer 42 random Zes franes {he dat a transm ssion to the
term nal optic&lisisarélancevezhead components.

9. An optical communications network device,

comprising:

a first optical interface for receiving an optical
signal; o

a processor including,

means for splitting the optical signal into a
payload component and an overhead component,

means for monitoring the overhead component to
determine if it contains prohibited information,

means for restricting the overhead component to
exclude any prohibited information, and

means for combining the paylcoad component and the
restricted overhead component into a restricted optical
signal; and .

a second optical interface for transmitting the
restricted optical signal.

10. An optical communications network device as set
forth in claim 9, having at least two processors, wherein the
first processor receives a first optical signal from the
first optical interface and provides a first restricted
optical signal to the second optical interface, and the
second processor receives a second optical signal from the
second optical interface and provides a second restricted
optical signal to the first optical interface.

11. An cptical communications network device as set
forth in claim 9, wherein the processor further includes a2
means for encrypting and decrypting the payload components.

12. An optical communications network device as set
forth in claim 9, wherein'the second optical interface can
both receive the optical signal and transmit the restricted
optical signal, and the first optical interface can both
receive the optical signal and transmit the restricted

optical signal.



The termnal optical—interface 32 is a receiver-transnitter assenbly with
an integral Fixed Shroud DupI ex (FSD) fiber optic connector. The optical

transmtter portion acqd] per Optic Interface is a | ow power
edge-em tting ELED s
n

The receiver portio LL;; ISDIhﬁIrt 5?286 Ldﬁﬂlﬁmj""'"m(ﬂmgﬁlez

i ncludes integral data interfaces and nodul ator circuitry tical
signals received on the termnal side of the Opt|cal SerV| ce Unlt the data

path is the reverse of _that described for optical tgﬂal S recei ved on the
facility side 13. An optical communications ne device as set

forth in claim 9, further comprising:

an orderwire interface; and

means for controlling the orderwire interface.

14. BAn optical communications network device as set
forth in claim 9, wherein the processor includes a means for
translating dissimilar overhead components.

15. An optical communications network device as set
forth in claim 9, further comprising:

a controller for controlling the operation of the
optical communications network device.

16. An optical communications network device as set
forth in claim 15, wherein the controller further éomprises a
data interface allowing the controller to be connected to one
or more optical communication network devices, and to control
the operation of the one or more optical communication
network devices.

17. An optical communications network device,
comprising:

means for receiving an optical signal;

means for separating the optical signal into a payload
component and an overhead component; '

means for monitoring the overhead component to determine
if the overhead component contains prohibited information;

means for restricting the overhead component to exclude
any prohibited information determined by the monitoring
means; and

means for transmitting e restricted optical signal
comprising the payload component and the restricted overhead
component.

18. A method for demarcating a synchronous optical
network communications signal interconnected between a
facility and a terminal comprising the steps of:

receiving the synchronous optical network communications

signal from either the facility or the terminal;



of the device. The termnal frame synchronizer 42, term nal overhead
processor 46, term nal overhead central processing unit 60, together with
the various peri pﬂhersaéetﬂa\nempla@dl | lustrated in Figure 2 conprise a
term nal processor r fashion, the faml1 mlmu Eulloni zer
44, facility overh 48 faci Llﬁy over he l“lm m sing
unit 62, together w e varlous peripheral devicds &s tl1'stated in
Figure 2 conprise a faC|I|ty processor 43. The term nal processor 41 and
the facility processor 43 communicate wth each other and a unlt controller
A o Y OCeAR T Bl | S o TR LA Sl PEESROLofBl Add BhEatEe

menory mapped Wit hin £ ess space he Term nal  over
processor units&H syAEhranens t%PtG@éllhéa‘élWOrk communications Slgnal that

must be restricted;

restricting the synchronous optical network
communications signal to exclude the restricted overhead
information; and _

passing the restricted synchronoﬁé optical network
communications signal to the other of either the facility or
the terminal.



central processor unit 62, and the unit controller central processing unit
82: vi a -bus |nterfacg_nndules 68, 70, and 72 respectively. The term nal
overhead central processor unit 60-passes the orderwire data taken fromthe

term nal overhead ﬁhsﬁeasmggémml & termnal orderwire channel interface
64. The facility ov processoﬂ?unlt 62 passes the orderwre
data taken fronlthe ead termnator 48 to a facility orderwire
channel interface 66. erw re channel |nterfaces buf fer and cl ock

t he encoded orderwire data to and froman audio bridge nodule 74 at 64
kbps. The audi o bridge nodule 74 contabg % 0. PCM codecs that performthe-
e a

digital to anal og conversion. The nodu o) brldges the orderw.re audio
with the | ocal ordéy Wefthod and apparatus for establiShing an intelligent

demarcation between facility and terminal segments of
asynchronous optical network. Network management information
contained with the overhead structure of the synchronous
optical network signal is extracted and manipulated in
accordance with a predetermined user'épecification; overhead
data may be translated, terminated, or passed unaltered as
required. Overhead processing towards the facility and
terminal segments need not be symmetrical. Payload
information is passed unaltered although future provisions
for encrypting payload data exist. Full performance
monitoring is supported along with a built-in-test and
diagnostic capability. The device may be both locally and
remotely controlled and monitored. Remote control is
implemented via the overhead information contained within the
synchronous optical- network signal.



interface 18 and provides a gain .stage to deliver sufficient output to
drive a standard |ineman's handset The gain of - 11 - the nodule is
adjusted via the orderwire gain'control 16 (Fig 1). The audio bridge nodul e
74 is controlTed and-nonitored by the unit control central processor unit
82 via an audig gﬁydoe |nterF§ce 84. Bridge interface 84 is a parallel
interface thatJ ooen
I
I

control centra

14 (Fig 1) is d
t he audi o bridge

10 '
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interface 84. The unit control central processing unit 82 is responsible
for nmpnitoring various_conponent performance indicators within the Opti cal
Service Unit. It does this via a sensor interface 76 connected to an anal og
sensor nodul e 40. Tiggh nfeplaced nodul e 40 is an assenbly of analog to
di gi tal convertersJ measure the optical receive power, LASER
bias current, and e of 59? facility and term nal side
optical interface conmponents. The sensor interface 76 is a parall el
interface that is menory napped mﬁthin}iﬁé%aﬁhress space of the unit

control central -processor unit 82. The “ontrol central processor unit
82 also interfaces with a sys}en1i%§ck 78, a uni£3serialiinterfac 86, and

stem

a unit parallel in fﬁﬁ&M§8 mihe %ﬁ%ﬁ
OPTICAL \.r\
S 1< A o3 w6
L[ opTicaL oPTICAL | o I T oPTICAL | ,
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clock 78 is a battery backed date and tine device that returns the current
calrendar date and time ofday--—Fhe_unit serial interface 86 is a dual port
uni ver sal synchronq%sge%yl_@c ronous receiver transmtter (USART) device that
supports nost commn caée protocols. One port of unit serial
interface 86 is use UHF interface 12 and rear craft interface
24, which are w red rallel. The second port of unit serial
interface 86 is used by the OsU i nk irBtL(erface 29. The Unit parall el
interface 88 drives form C contact closure relays for the alarminterface
26 and | anp drivers for the display assenbly 10. Control lines (not shown
in Fig. 2) fromthe interface are also used to reset the
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t er m nal

over head central

processor unit 60 and facility

over head central protessor—unit—62. A watchdog tinmer assenbly 134 protects

halted in an
82 or it will

t'he unit controlye Lral 2 acessor unit 82 from becom ng | ocked-up or
il y r
I

al so controls po

The term na
central

over head central

134 nmust be periodically set by the CPU

eset of the unit upon expiration.

Timer 134

ng and i 4&ues a hardware reset to the CPU 82
after power supply voltages have stabilized and the unit is ready to boot.

the facility overhead

processor _unit 60,

processor unit 62, and the unit [t ¢l

central

processor unit 82, -

each have an i ndependent
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néﬁnry area consi sting of bath Random Access Menory (RAM and
.~Electron|cally Eras abl e Proagr bl e Read Cnly,bennty (EEE%KJ%%ﬁ;IHgsen&Pew—-
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opefational characteristics of thebggéélléi WO—-FR-OT—PT-ograns,
a_unlt cont rol prog[aq190.(F|. ] head processor(Progran192 (Fig
4). The unit contr&ethpdge : > ]
Demarcation of S chronous optical Network
Technical Field :
This invention relates to synchronous fiber optic
telecommunication networks, specifically to the demarcation
and performance monitoring of such networks at critical
interfaces between public and private network entities.
Background Art .
' Fiber Optic networks have been in existence for some
time now. The original fiber optic networks however
typically employed proprietary asynchrohous multiplexing
schemes and interoperation between unrelated network elements
was generally not possiblé. As fiber optic networks became
more prevalent the need to efficiently connect fiber'optic

network segments directly at the optical level has become
more critical.

The Synchronous Optical Network (SONET) standards were
developed by the telecommunications industry to overcome the
limitations of proprietary asynchronous schemes. SONET
standards define an open network architecture that allows
true multi-vendor interoperability.

An essential element of the SONET standard signal
structure is a transport overhead data structure that
supports enhanced network performance monitoring and network
operations. The transport overhead contains among other
things: parity information, protection switching control
bytes, payload pointer and control bytes, a user data
channel, local and express orderwire channels, and two data
communication channels. '

The two data communication channels are actually
independent packet data networks designed to support Network
Operations and Support Systems. Network Operations and
Support Systems are the management tools used by
telecommunication service providers to control and monitox
the various elements present on their networks. Using the
CCITT Q.921 LAPD protocol, which is very similar to the ANSI
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1eél-tine mul ti- tasking enbedded operating system A unit control nain

stask 96 is the primary executabl e task that boot-straps,dhgs

initializes the operating system and spawns an orderw éﬁﬁ%gﬁﬂ@zgﬂaﬂhsor
interface task 100, display and alarmtask 102, TTY ipterface~task 1044,
and BIT task 106, unit configuration control task 108 0SB 1 DEK 1996erlf dce
task 110, and unit inter processor conmmiZation. task {{12. The unit
control program90 is stored in unit nenory 80 and exgcutl'

controller

central processor unit 82. -13- The ovethead. processor
program 92 (Fig 4) is built upon upon '

S on e unit

X.25 protocol, it is possible for any device on the network
to access and control any other device via the SONET data
communication channels.

It was the intent of the SONET standards committees to
develop a ubiquiﬁous and homogenous fiber optic network
whereby any element of the network could fully interoperate
with any other element in the network. Manufacturers of
SONET switching systems and SONET multiplexers have been
staging multi-vendor demonstrations with an emphasis on

interoperability at the fiber optic level.

The SONET standards however do not adequately reflect
the political nature of the SONET network. Whereas SONET
strives towards universal access and interoperability there
are operational factors that force network operators to
segment and isolate portions.of the network. This situation
can occur when two different service providers must interface
with each other, or when a public service provider must
extend service to a private customer premise.

For obvious reasons relating to network security,
service providers need to restrict outside access to internal
network operations. The data communications channels
contained within the SONET transport overhead, designed to be
open network management interfaces, represent a potential
weak spot in the network security system.

Presently, SONET network segments are typically isolated

at the boundaries between service providers by using
back-to-back multiplexers; only the constituent channel Qata
is passed between network segments and the SONET transport
overhead fuﬁcti¢ns are removed entirely. This type of
interface defeats the open architecture of the network but
must be maintained as a well defined demarcation point
between network segments. _

when extending SONET services to a private customer
premise, a public service provider must rely upon the limited

- network security features supported by the transmission

equipment on either end of the fiber optic span to protect
the public network operations systems from unauthorized or

PM



- the sane real - ti-me—multi-tasking—enbedded operating systemused in the unit
\control program 90. An overhead processor nmain task 118 is.the primary

executabl e task T dt he firmware, ini |@IPLK§§\#{tfhesnﬁe‘r ting
system and spamn1 fﬂ E;ter processor conrup-eatt-ons—t 20, PM
and BIT task 122, sing task 124, ove heag Ekgh&gzk 146, DDC
interface task 129, nessage processi ng-task 130, ahd e? %8Pddr vii r e
task 132. The overhead processor program92 is stofe [

copy is stored in term nal nmenory nodul'e 56 and ex cutes on the ter
overhead central processor unit 60. The second cop

facilit d h tral
p?glcelss?/ng umq/téggfw QceasdNd RyegH éheanang freshl.;féy WIEE ﬁgﬂé gentra

unit contro gr am 90 and t he over rocessor

program 92 teEninals hm?n\eoepset cemeﬁt placss F%Fe%‘é%’r%‘h wil ome

more critical.

We saw the need for a unique device that can be used to
interconnect SONET network segments directly at the SONET
signal level while selectively isolating and controlling the
transport overhead data passing between the segments. Our
invention, which we refer to as an Optical Service Unit
(0OSU), directly addresses this need by combihing hardware

- technology from the SONET multiplexer industry with an
embedded software package designed to control and monitor the
SONET transport overhead. '

There is very little prior art that relates to this
application. Beyond the fact that SONET systems are
relatively new, we believe the lack of prior art to also be
related to the novel and unobvious nature of this device
which runs counter to the open systems interconnection
objectives of the SONET standards. The function represented
by the Optical Service Unit is not defined in the SONET
standards.

Background of the Invention

A search of the related classes and subclasses at the
Patent and Trademark Office in Crystal City, Virginia
revealed only a few patents the described optical interfaces
similar to or supporting features of the Optical Service
Unit. Most notable is U.S. Patent #5150243 issued to Suzuki,
et al., of the Fujitsu Corporation that describes a device
for remotely monitoring fiber optic network interfaces. A
second related U.S. Patent was #445924, issued to Waschka, et
al., of the Harris Corporation for a fiber optic local
orderwire device.

These devices differ from the Optical Service Unit
because they both terminate proprietary networks. The
Optical Service Unit however acts as an mid-span intelligent
interface between two standardized networks; the Optical

Service Unit passes only the payload plus selected overhead
data as programmed by the user.



techniques Each task within a program perforns a.specific function and
:communi cat es w t h-other—tasks via standardi zed nessage queues supported by

~the enbedded operatin ﬁ;stéaegme'ﬁa&dsane st andar di zedFrBssage

ext ended to inter-P¥ i cati ons between ttuﬁ*énqﬁ*ﬁﬁyﬁ“” 81,
the facility proces% F term nal processqr

comences operation ! on of prénmary powg ui t
board assenbly 37. The watchdog tinmer 134 issues a ' mumto the
unit control central processor unit 82 forcing a bopt [ to
begin. The Unit Control Program 90 (Fig. 3) is |oad c ntrol

mai n task 96 begi ng, LYl nSe%b? gnﬁﬁieopﬁépﬁdgglf

activates the remaining tas | unit_co an190 ‘hen” rforns
a built-in-sefRiiakitq $hay Agseeipad BYO‘E%%% lg‘b%q'ﬁ} JemeheBE1on

is based upon the embedded orderwire channels in the SONET
transport overhead; Waschka use a wavelength multiplexing
technique on a proprietary signal format.

~ If the search were to be extended to include electrical
network interfaces, similarities could be found with a common
device referred to as a Channel Service Unit, from which the
Optical Service Unit derived its name. The Channel Service
Unit terminates and isolates a digital trunk interface in
order to protect the public network from harm due to improper
voltage levels or signaling formats that may be introduced by
the customer premise equipment. Channel Service Units can
also be configured to monitor network performance and support
basic network testing operations. .

The electrical network however was never intended to be
as fully open and interoperable as is the SONET network.
Channel Service Units perform the very clear and well defined
function of isolating the electrical network at its
demarcation points. The Optical Service Unit will perform a
similar function for the optical network however the task is
far more complicated. .

Unlike a Channel Service Unit, the Optical Sexrvice Unit
can not totally isolate the SONET network. If it did, the
benefits of having an extended network management system via
the transport overhead would be lost. The Optical Service
Unit must intelligently pass the transport overhead; allowing
some but not all of the overhead data to pass.

The filtering function of the Optical Service Unit is
not unlike that found in Local Area Network Routers. Routers
examine the data terrific on the Local Area Network and pass
only that data which meets a user defined set of criteria.
Routers are commoniy used to segment Local Area Networks for
maintenance, performance, and security reasons.

In this application the functions of the Local Axrea
Network Router are merged with the functions of a channel
service unit; the product is then embedded in the hardware



integrity. The unit controller 81 then resets the fagqi
-processor unit 62 and the term nal overhead central >

force a boot-strap | oad of their respective copies o hé‘bng@h
processi ng program 92 (Fig .4). [err] - 14 - The qgvdrhead pro
task 118 begins execution in each of rhéSGVerhead pyocesso
remai ni ng tasks in the overhead processing program

is perforned to validate the operational integrity of the pro
- successful start-up nessage is sent fromthe

technology of a SONET Multiplexer front-end to create an
Optical Service Unit.

‘—‘kﬁl ,&"::::\ '
AV ]
rgcessor ]

This novel combination of features has
been overlooked by industry and no similar device is known to
exist or have been proposed to date.

The Summary Of The: Invention

The Optical Service Unit provides a compact and cost
effective means of interconnecting synchronous optical
network segments while maintaining control over the network
management information that passes through the interface.
Objects and Advantages

The objects and advantages of the present invention are:
(a) To provide an intelligent and secure demarcation point

between segments of a SONET fiber optic network;

(b) To provide an intelligent and secure demarcation point

between a network service provider and a customer
Ppremise; ' )

(c)

To continuously monitor and record network performance

monitoring data to assist network service providers in
identifying network faults;

(d) To provide automatic built-in-~test functions and
diagnostic loop-back capabilities to assist network
service providers in isolating network faults; _

(e) To provide local and express orderwire functions to

assist field service technicians coorﬂinating network
testing with other network sites:

To provide visual indications of the status of the SONET
fiber optic interface;

(g) To prbvide a modular fiber optic connection on the
terminal side (customer premise) of the device to reduce

faults caused by improper connection of customer premise'
equipment;

(£)

(h) To eliminate the need for costly high-powered optical
' interfaces in customer premise equipment since the
Optical Service Unit will drive the long range fiber.
(i) To require less physical space than an equivalently
' configured set of back-to-back multiplexers;



each over head processor to the wunit controller 81. If unit controller 81
:does not receive a valid start-up nessages fromth r 43

and the terninal processor 41 within a predeterni ngdRAMADRMENT SHEER hn
error condition is declared and the Optical Servic oty dpwn. | f

g Tt
t he overhead processors | oad successful |-y 6t key i essi ng

dif at L0, pfo
the synchronous optical communications signal overfead hﬁgﬁﬁg?ﬂ% he DDC
interface task 128 begi ns receiving the network opgr

contained in the DDC channels | ocated within the over head and formar

recei ved messages e ocessin 3 = Hc -
processing ta ftonﬁgmbgeég{i’ﬁ;oﬂ%cg vé%jngr’éltslg'a e%i k%g g%e' ¥ he proper
~ handling required. seryice ppovider vimrthe HONES meﬂheemmge may be

forwarded vi a management data communication channels;
Disclosure of the Invention
(k) It may be reprogrammed remotely by the network service
provider via the SONET embedded network management data
communication channels;
(1) It may be controlled, monitored, and reprogrammed,

locally via the craft interface serial computer
interface port;

(m) It may be programmed by the network service provider to
restrict or eliminate access to the network management
data communication channels;

(n) It may be programmed to translate network management
information where compatibility problems between vendor
equipment may exist;

(o) It may be interconnected with adjacent Optical Service
Units to support centralized management of multiple

- units via one craft interface on one unit; ,

(p) It may be interconnected with adjacent Optical Service
Units to support Automatic Protection Switchiﬁg;

Further objects and advantages will become apparent from
the ensuing description and drawings.

Brief Description of the Drawings

. Figure 1 shows a block diagram of the Optical Service

‘Unit. .
Figure 2 shows an detailed block diagram of the main

printed circuit board assembly within the Optical_Service.

Unit.

Figure 3 shows the inter-relationships of the firmware .
tasks that execute the unit control functions.

Figure 4 shows the inter-relationships of the firmware
tasks that execute the overhead processing functions.
Description of the Preferred Embodiment _

An electrical diagram of the invention, hereinafter
referred to as an Optical Service Unit, is illustrated in
Figure 1. The optical service unit consists of a main



thé overhead inter processor €ofmuni cati ons task 120 t
. over head processor be termnated | ocally,

to sender, or |WS d and forwarded. If th
nmessage directe Service Unit itself, e is

forwarded to th er 81. The facility and| tk rﬁ?ﬁ Emﬁrqns;of

t he over head processor progran192 need nol tave |dent|c%+~aessgge_%§gdl|ng
criteria. For exanple, the nessage processing task 94_?2n;22aggézl£L
processor 41 may be programmed to term nate any contro cei ved

and forward an al armindication. Control nessages however that are received

oot ot o el SRR TPk AraLRbRdy IR, i W ol
supply assembly 21. In add ltion, various signal and control
interfaces exist as described in the following text.

A craft interface 12 is provided for local maintenance
access by field service personnel. This interface may be
used to control, configure, test, and monitor the Optical
Service Unit using a teletype, video terminal, or personal
computer serial communications program.

To assist field service personnel with on-site testing
"the Optical Service Unit suoports both local and express
orderwire capabilities via an orderwire interface 18. The
field service technician selects local or express orderwire
operation using an orderwire switch 14. The relative
amplitude of the orderwire audio is adjusted using an
orderwire gain control 16. The orderwire may be selected to
operate in bridged mode or terminal mode. The orderwire is

activated and the mode is selected via the craft interface
12.

The Optical Service Unit may be powered from
conventional 110/220 Volts Alternating Current line power via
an AC power input 20. The unit may also be powered from 48
Volts Direct Current battery power using a DC power input 22.

A rear craft interface 24 is wired in parallel with the
craft interface 12. The rear craft interface may be used for
remote control of the unit via an external communications
network or dial-up modem.

An alarm interface 26 provides form-C dry contact
closures corresponding to minor, major; and catastrophic
failures detected within the unit. Additional device control
and status leads may be supported via this interface as
required.

An OSU link interface 26 supports a high-speed digital
communications interface that is used to interxconnect
adjacent Optical Service Units and related peripheral
devices. This interface will be used to support automatic
protection switching when implemented. It may also be used



processor program 92 accunul ates performance nonitoring data contai ned
i t hi over head.

M thin the synchronous optical conmunications - 15- signal
Statistics are periodically sent to the unit controIIF

maintained in unit memory 80 for later retrieval. The i3 Fﬁ%dﬂmﬁwsﬁﬁq
task 122 also controls the diagnostic |oopback capabllgfles Ot tre=& a

synchroni zers (42 & 44). The payl oad proedssi ng task {144 & qﬁg?j %Q seri al
payl oad |nterface bet ween the payl oad frame buffer 5 nd the g ctiye

processor's overhead processor (46 & 48). The over head—data~task 1P6
manages the non-nessage based

to support a common management interface ;;:;EEHQEETffﬁié“f
‘Optical Service Units.

A reference clock interface 30 provides a stable
square-wave clock signal recovered from the facility side
optical termination via a clock recovery module 38. A
possible variation of this unit will allow the reference
clock interface 30 to be used either as an output or as an
input.

. Synchronous optical: communicatlons signals on the
terminal side of the Optical Service Unit are connected via a
terminal optical interface 32 using a modular Fixed Shroud -
Duplex (FSD) connector with an integrated low power LED
transmitter and receiver. Synchronous optical communications
signals on the facility side of the Optical Service Unit are
connected to a facility optical interface 33 via a facility
fiber optic input 34 and a fiber 6ptic output 36. The
facility optical interface 33 uses conventional ST type
connectors,.however other standard fiber optic connector
types may be directly substituted.

The display assembly 10 displays the status of several
critical unit parameters that include: Power on/off (PWR),
error detected (ERR), clock status (CLK), operations channel
activity (EOC) and carrier alarms for both terminal and
facility side optical interfaces. The carrier alarm
indications include: Loss of signal (LOS), loss of frame
(LOF), errored seconds (ERR), and alarm indication signal
present (AIS). '

The power supply assembly 21 consists of & switching
power supply that can acceptieither AC or DC input voltages -
and a rectifier assembly that isolates the DC input connector
22 from the AC input connector 20, both on the rear of the
unit. '

An electrical block diagram of the main circuit board
assembly 37 is illustrated in Figure 2. _

The facility optical output 36 uses a solid state
Intermediate Range LASER device with integral bias and

modulation control circuitry. The facility optical input 34



over head data bytes. \Were- appreﬁFFate t he non- _ag¢’@§$éﬁﬁﬁ§e head
data is forwarded to the opp05|ng over head procedsét: Via-i- €éfhg¢ad inter

processor conmmuni Bags 4 The over head Jdermnre ) 132 \manages

t he seri al |nterfa m ordervv| re channe| st i t B&% ﬁbf’c I-<1si gnal

overhead and the o |nterfaces (66 &Lﬁgl“”"‘ sages
ocessor

recei ved fromthe un|t controller 81 vira% he inte connunﬁcatlons
task 120 determ ne whether the orderwire is operatlin F ‘express

node. The unit control program 90 (Figure 3) nonitors and controls the
overall activity of the Optical Service Unit. Upon successful | oading and

activation gEefhg iﬁ&éﬂéﬁﬁlﬁﬂﬁidEﬂaibhkyw&%ﬂcﬁﬁig?§al4ér§ﬂ§i fipedasgect i vel y,
the unit cop{LplelBl Naid Yoo Bekl anta solcardachd" cver state varting for

The received optical signal on the facility side of the
unit is passed through a clock recovery module 38 prior to
connection to a facility frame synchronizer 44. Framed data
from the facility frame synchronizer 44 is then passed to a
facility overhead terminator 48.

The synchronous optical communications signal contains
an overhead component and a payload component. The overhead
component carries framing information, performance monitoring
data, network management data, user control data, and the
local and express orderwire channels. The payload component
carries the actual traffic bearing content of the signal.

The facility overhead terminator 48 extracts the
overhead information from the. received signal and places it
in a memory mapped region of the facility overhead central
processing unit 62 address space. The payload content of the
‘received signal is passed directly by terminator 48 to a
payload frame buffer 50. Frame buffer 50 is a
First-In~First-Out (FIFO) buffer that compensates for
variations in payload frame alignment between the facility
and terminal sides of the device. The payload frame buffer
50 can be modified in future versions of the device to
perform payload-only processing such as encryption.

The received facility payload is then passed from the
payload frame buffer 50 to a terminal overhead terminator 46.
Overhead data supplied by a terminal overhead central
processing unit 60 is appended to the payload and then
forwarded to a terminal frame-synchronizer 42. Frame
synchronizer 42 randomizes and frames the data prior to
transmission to the terminal optical interface 32.

The terminal optical interface 32 is a
receiver-transmitter assembly with an integral Fixed Shroud
Duplex (FSD) fiber optic connector. The optical transmitter
portion of the Modular Fiber Optic Interface is a low power -
edge-emitting ELED source suitable for short range fiber
optic interfaces. The receiver portion is a MOVPE planar PIN
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command, status, or error messages to arrive. Command and control nessages

-y be recei Ve%ls@ﬁ&{#mawnae llved TTY Interface tas

i nter processor )

t erm nal processFﬂﬂ“ﬂ B“ acility processor 43. i{Status nessagg¢s|are
generated period over head procgessors r $RODMEC 996 of
nmonitoring conditions to the unit PM and B task |1

AQrL\i- \(:)'-I.:".‘:.'"..- ( u It
task 112 having be eﬁh’f!é'(',“él"\\;é!g %{}%Ti her the

—
Q.0

nce
6. Error nessage¢s may

be generated autononously by any task detecting an érror—Tondition. {The TTY
interface task 104 provides a command line interprleter and display

I nterface designed for operation with tel etypes, video termnals, or
personal conpphetotifede nal Tenmadulle Fmgnales iAtegralnddeai ntephacescand t h

an on-1line

nmodulator circuitry.

For optical signals received on the terminal side of the -
Optical Service Unit, the data path is the reverse of that
described for optical signals received on the facility side
of the device.

The terminal frame synchronizer 42, terminal overhead
terminator 46, terminal overhead central processing unit 60,
together with the various peripheral devices as illustrated
in Figure 2 comprise a terminal processor 41. In similar
fashion, the facility frame synchronizer 44, facility
overhead terminator 48, facility overhead central processing

unit 62, together with illustrated in Figure 2 comprise a

terminal procéssor 41. In various peripheral devices as
illustrated in Figure 2 comprise a facility processor 43.

The terminal processor- 41 and the facility processor 43
communlcate with each other and a unit controller 81 via
inter processor data links. The intexr processor data links
are memory mapped within the address space of the terminal
overhead central processor unit 60, the facility overhead
central processor unit 62, and the unit controller central
processing unit 82 via bus interface modules 68, 70, and 72
respectively.

The terminal overhead central processor unit 60 passes -
the orderwire data taken from the terminal overhead
terminator 46 to a terminal orderwire channel interface 64.
The facility overhead central processor unit 62 passes the
orderwire data taken from the facility overhead terminator 48
to a facility orderwire channel interface 66. The two
orderwire channel interfaces buffer and clock the encoded
orderwire data to and from an audio bridge module 74 at 64
kbps.

The audio bridge module 74 contains two PCM codecs that.
perform the digital to analog conversion. The module also
bridges the orderwire audio with the local ordexwire
interface 18 and provides a gain stage to deliver sufficient
oetput to drive a standard lineman'’s handset. The gain of
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vi a downl oad connan Task 108 supervises the software |oad, prograns the

EEPROM contained with the unit nenory 80 and vali da 'of the
data. Using the unit inter processor comruni cations task 112 the term nal

and the module is adjusted via the orderwire gain control 16
(Fig 1). '

The audio bridge module 74 is controlled and monitored
by the unit control central processor unit 82 via an audio
bridge interface 84. Bridge interface 84 is a parallel
interface that is memory mapped within the address space of
‘the unit control central processor unit 82. The state of the
orderwire select switch 14 (Fig 1) is also read by the unit

control central processor unit 82 via the audio bridge
interface 84.

The unit control central ptocessing unit 82-is
'responsible for monitoring various component performance
indicators within the Optical Service Unit. It does this via
a sensor interface 76 connected to an analog sensor
module 40. The analog sensor module 40 is an assembly.of
analog to digital'converters calibrated to measure the
optical receive power,'LASER bias current, and case
temperature of the facility and terminal side optical
interface components. The sensor interface 76 is a parallel
interface that is memory mapped within the address space of
the unit control central processor'unit 82.

The unit control central processor unit 82 also
interfaces with a system clock 78, a unit serial
interface 86, and a unit parallel interface 88. The system
clock 79 is a battery backed date and time device that
returns the current calendar date and time of day.

_ The unit serial interface 86 is a duval port universal
synchronous asynchronous receiver transmitter (USART) device
that supports most common serial interface protocols. One
port of unit serial interface 86 is used for the craft
interface 12 and rear craft interface 24, which are wired
together'in_parallel. The second port of unit serial
interface 66 is used by the OSU link interface 29.

The unit parallel interface 88 drives form-C contact
closure relays for the alarm interface 26 and'lamp drivers
for the display assembly 10. Control lines (not shown in
Fig. 2) from the interface are also used to reset the



. ' r‘""WLA EMENT SHEET
facility nenories, 56 and 58, nmay be reprogranmed ad I pk

d nterface-task 110 supports a hi gh-speed digital inteqf n
comuni cating between multiple Optical Service Unitsg. ggﬁi&%g1§ﬁfl ak so

support a protection sw tching peripheral when inplgngnted. The uni
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tracking the state of orderwire select swiltZxhr 14 ang—fe+—eentrottrng-t he

operation of audio bridge nmodule 74 (Fig 2) and for controlling the
operation of the overhead orderwire task 132 (Fig 4) operating in both the

termnal and facility processors 41 and 43 respectively. The orderwire may.
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node. The PM and BIT task 106 accumnu erformance nonitoring statistics
from the faciQvashedfdCeRERRhaprocessor unit’

A watchdog timer assembly 134 protects the unit control
central processor unit 82 from becoming locked-up or halted
in an illegal state. Timer 134 must be periodically set by
the CPU 82 or it will force a hardware reset of the unit upon
expiration. Timer 134 also controls power-up sequencing and
issues a hardware reset to the CPU 82 after power sgpply
voltages have stabilized and the unit is ready to boot.

The terminal overhead cenfral processoxr unit 60, the
facility overhead central processor unit 62, and-the unit
control central processor unit 82, each have an independent
memory area consisting of both Random Access Memory (RAM) and
Electronically Eras able Programmable Read Only Membry
(EEPROM). These are represented by the terminal memory 56,
facility memory 58, and unit memory 80 modules respectively.
EEPROM is used to store the executable program firmware, to
maintain the most recent performance monitoring data, and to
maintain the most recent unit configuration. RAM is used for
real-time manipulation of data and storage of variable and
temporary data. The executable firmware is copied from_the
EEPROM to RAM to improve program performance.

The Optical Service Unit firmware which largely
determines the operational characteristics of the unit is
divided into two major programs; a unit control program 90
(Fig 3) and an overhead processor program 92 (Fig 4).

The unit control program 90 (Fig 3) is built upon a
real-time multi- taskiﬁg embedded operating system. A unit
control main task 96 is the primary executable task that
boot-straps the firmware, initializes the operating system,
and spawns an orderwire task 98, sensor interface task 100,
display and alarm task 102, TTY interface task 104, PM and .
BIT task 106, unit configuration control task 108, OSU link
interface task 110, and unit inter processor communication.
task 112. The unit control program 90 is stored in unit

memory 80 and executes on the unit controller central
processor unit 82.
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The overhead processor program 92 (Fig 4) is bui
the same real-time multi-tasking embedded operating system
used in the unit control program 90. An overhead processor
main task 118 is the primary executable task that boot-straps
the firmware, initializes the operating system, and spawns an
overhead inter processor communications task 120, PM and BIT
task 122, payload processing task 124, overhead data
task 126, DDC interface task 129, message processing

" task 130, and overhead orderwire task 132. The overhead

processor program 92 is stored in two locations; One copy is
stored in terminal memory module 56 and executes-on the
terminal overhead central processor unit 60. The second copy
is stored in the facility memory module 58 and executes on
the facility overhead central processing unit 62.

The unit control prdgram 90 and the overhead processor
program 92 are built upon object oriented software design
techniques. Each task within a program performs a specific
function and communicates with other tasks via standardized
message queues supported by the embedded operating system.

‘The same standardized message format is extended to

inter-processor communications between the unit controller
81, the facility processor 43, and the terminal processor 41.

The unit commences operation upon application of primary
power to the main circuit board assembly 37. The- watchdog
timer 134 issues a reset command to the unit control central
processor unit 82 forcing a boot-strap operation to begin.
The Unit Control Program 90 (Fig. 3) is loaded and the unit
control main task 96 begins execution. L

The unit control main task 96 loads and activates the
remaining tasks in the unit control program 90 then performs
a built-in-self- test to validate the processor’s operational
integrity. The unit controller Bl then resets the facility
overhead central processor unit 62 and the terminal overhead
central processor unit 60 to force a boot-strap load of their

respective copies of the overhead processing program 92 (Fig
4).
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and mnimal renpte support; it may be nanaged entir gy y
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each of the overhead processors and loads the remaining tasks
in the overhead processing program 92. A built-in-self-test
is performed to validate the operational integrity of the
processor and a successful start-up hessage is sent from the
each overhead processor to the unit controller 8l. If unit
controller 81 does not receive a valid start-up messages from
the facility processor 43 and the terminal processor 41
within a predetermined amount of time an error condition is
declared and the Optical Service Unit will shut_down.

. If the overhead processors load successfully they
immediately begin processinj the synchronous optical
communications signal overhead information. The DDC
interface task 128 begins receiving the network operations
message traffic contained in .the DDC channels located within
the overhead and forwards all received messages to the
message processing task 130.

The message processing task 130 examines the received
messages to determine the proper handling required. Based
upon user definable criteria the message may be forwarded via
the overhead inter processor communications task 120 to the
opposing overhead processor, or it may be terminated locally,
or it may be returned to sender, or it may be modified and
forwarded. If the message is a control message directed to
the Optical Service Unit itself, the message is forwarded to’
the unit controller 81.

The facility and terminal versions of the overhead
processof program 92 need not have identical message handling
criteria. For example, the message procéssing task 92 on the
terminal processor 41 may be programmed to terminate any
control messages received and forward an alarm indication.
Control messages however that are received on the facility
processor 43 would be accepted and forwarded to the unit
controller 81.

The overhead PM and BIT task 122 in the overhead

processor program 92 accumulates performande monitoring data
contained within the synchronous optical communications
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memory 80 for later retrieval. The overhead PM and BIT

task 122 alsq controls the diagnostic loopback capabilities

of the frame synchronizers (42 & 44).

The payload processing task 124 manages the serial
payload interface between the payload frame buffer 50 and the
respective processor’s overhead terminator (46 & 48).

The overhead data task 126 manages the non-message based
overhead data bytes. Where appropriate, the non-messaged
based overhead data is forwarded to the oppbsing overhead
processor via the overhead inter processor communications
task 120. ;

The overhead orderwire task 132 manages the serial
interface between the orderwire channels in the optical
signal overhead and the orderwire channel interfaces (66 &
68). Command messages received from the unit controller 81
via the inter processor communications task 120 determine
whether the orderwire is operating in local ox expréss mode.

The unit control progtam 90 (Figure 3) monitors and
controls the overall activity of the Optical Service Unit.
Upon successful loading and activation of the terminal and
facility processors, 41 and 43 respectively, the unit control
main task 96 enters an idle do-forever state waiting for
command, status, or error messages to arrive.

Command and control messages may be received locally via
the TTY Interface task 104 or via the unit inter processor
communications task 112 having been received by eithexr the
texrminal processor 41 or the facility processor 43. Status
messages are generated periodically by the overhead
processors to report performance monitoring conditions to the
unit PM and BIT task 106. Error messages may be generated
autonomously by any task detecting an error condition.

The TTY interface task 104 provides a command line
interpreter and display interface designed for operation with
teletypes, video terminals, or personal computef terminal
emulator programs. A menu mode is supported with an on-line
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help facility to assist field service personnel with
operation of the unit. The TTY Interface task 104 is password
protected and reports all local access to the unit via the
facility DDC interface.

The unit configuration control task 108 maintains the
current hardware and software configuration of the unit,

- including- all message processing algorithms and rules. It is

possible to reprogram parts or all of the Optical Service
Unit via download commands. Task 108 supervises the software
load, programs the EEPROM contained with the unit memory 80
and validates the integrity of the-data. Using the unit
inter processor communications task 112 the terminal and
facility memories, 56 ahd é8,'may be reprogrammed as well.

The OSU link interface task 110 suppérts a high-speed
digital interface for use in communicating between multiple
Optical Service Units. Task 110 will also support a
protection switching peripheral when implemented.'

The unit orderwire task 98 manages the orderwire
interface 18. 1It is responsible for tracking the state of
ordexwire select switch 14 and for controlling the operation
of audio bridge module 74 (Fig 2) and for controlling the
operation of the overhead orderwire task 132 (Fig 4) '
operating in both the terminal and facility. processors 41 and
43 respectively. The ofderwire may operate in either an
additive party-line mode or in terminating drop-line mode. .

The PM and BIT task 106 accumulates performance
monitoring statistics from the facility and terminal
Processors, 41 and 43, and generates reports upon request.
Reports may be requested from the local craft interface or
remotely via the DCC channels contained within the
synchronous optical communications signal overhead. All
status and error messages are date and time stamped based
upon the battery backed-up clock 78.

The sensor interface task 100 monitors the analog
sensors 40 which measure the received power and LASER bias
currents of the terminal and facility optical interfaces, 32

ol nt.
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Optical Service Unit inproves upon any method or
today for joining independent SONET network seg dLs,tog@Lhe%-
extending a SONET network to a custoner prem se.} The Optical Serviice Unit
pernmts service providers to: [err] Ext end net\Wwor k- servites ar
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lOl ted, then the tas oadcasts an alarm message.
During normal operation, the Optical Service Unit
requires no local support and minimal remote support; it may
be managed entirely via the facility -optical signal overhead.
Typically, the unit is programmed to pass only a certain
class of messages and terminate all others; the unit

automatically begins message processing whenever power is
applied.

Any detected error conditions are reported via the
facility optical'interface and local alarm contact closures.
If a local terminal is connected to the craft interface an
alarm message will be displayed. An external modem
connection may be used by the service provider as an
additional redundant means to access the unit in the event of
a fiber failure. _

During maintenance operations, the Optical Service Unit
may be controlled both locally via the craft interface or
remotely via the facility optical signal overhead.
Performance monitoring information may be retrieved for each
15 minute interval of the prior 24 hours with daily summaries
maintained for seven days. Various test and diagnostic
functions may also be implemented to support field test
operations.

Service providers may use the 0pt1ca1 Service Unit to
determine if the optical span is functioning properly up to
the demarcation point. A principal feature of the unit is
the modular fiber optic connector used on the terminal

- optical interface that allows a field éervice technician to -
rapidly disconnect the customer premise equipment and install
a test terminal_té validate the proper operation of the line.
The customer premise equipment may then be easily reconnected
at the end of the test. o

Custom overhead and message processing programs can be
installed by the service provider to solve translation
problems between incompatible network elements. Using the
Optical Service Unit, a service provider can operate the



with automatic performance nonitoring and di agnosti cfece
.Sol ve interface conpatibility problens via the overh d%*??%ﬁﬁﬂﬁt?dﬁT
features of the unit; [err] Provi de a standardi zed] network-interfjce to
the custoner prem se using nodul ar fiber optic conne t0r$ Jﬁ , gucirg
probl ens associated with incorrect connection and sinpliTyi I 3g {by
field service technicians. Although the ddr+ ption @boveuﬁﬂmLa+ns—wary
specificities, these should not be construed as |imiing the scope of |the
invention but as merely providing illustrations of sofiEgf~thepreferred
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The Optical Service Unit provides the service provider
with a standardized intelligent modular demarcation point. A
typical embodiment of the device will be suitable for rack
mounting in an EIA standard equipment rack occupying only
1.75 inches of vertical rack space. Other variations of. the
unit include but are not limited to: shelf mount
configurations, wall mount configurations, and sealed
enclosures for outdoor or industrial use. .

Accordingly, the reader will see that the Optical
Service Unit improves upon any method or device currently in
use today for joining independent SONET network segments
together or for extending a SONET network to a customer

premise. The Optical Service Unit permits service providers
to: '

° Extend network services at SONET optical rates without

jeopardizing network management security;

Manage customer premise demarcation points effectively

with automatic performance monitoring and diagnostic

capabilities; .

Solve interface compatibility problems via the overhead

translation features of the unit; |

Provide a standardized network interface to the customer

premise using modular fiber optic connectors thus

reducing problems associated with incorrect connection

and simplifying testing by field service technicians.

Although the description above contains many
specificities, these should not be construed as limiting the
scope of the invention but as merely providing illustraticns
of some of the preferred embodiments of the invention. For
example, the Optical Service Unit can be repackaged for
operation in a multiunit shelf mount configuration or an

. outdoor environmentally rigidized configuration; the optical
interfaces on either terminal or facility sides of the device

may be replaced with optical interfaces varying in power,



interfaces on either termnal or facility sides of the device may be
.replaced wwth optical interfaces varying in power, err] -19- _
wavel engt h, or physical termnation, etc.; the SONE E.ofthe
optical signal may be varied to any standard SONET %@M@ﬁ %Te Nis an
integer from1l to 96; the overhead processors may jbe programed t erform
payl oad processing or path overhead procegging; a payﬁﬁédﬂﬁmqgmpt o]
capability can be added at the central stage of tHejdevice. Thus [hg scope
of the invention should be determined by the appended clains arid—t heir

| egal equival ents, rather than 5

wavelength, or physical termination, etc.; the SONET OC-3
rate of the optical signal may be varied to any standard
SONET OC-N rate, where N is an integer from 1 to 96; the
overhead processors may be programmed to perform payload
processing or path overhead processing; a payload encryption
capability can be added at the central stage of the device.
Thus the scope of the invention should be determined by

the appended claims and their legal equivalents, rather than
by the examples given.
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Claims o
We claim:
1. An optical communications network interface device
comprising:
(a) a terminal optical interface for transmitting and
receiving a terminal synchronous optical network
communications signal,
(b) a fagility'optical interface for transmitting and
receiving a facility synchronous optical network
communications signal,
(c) a terminal processor operatively connected to said
terminal optical interface comprising;
' (d) a terminal frame synéhronizer,
-(e) a terminal overhead terminator operatively
connected to ﬁhe terminal frame synchronizer,
(f) a terminal overhead central processing unit
operatively connected to the terminal overhead
terminator, _
(g) means within the terminal overhead terminatox
for demultiplexing said terminal synchronous
'optical network communications signal into a
received terminal payload component and a received
terminal overhead component,
(h) means within the terminal central processing
unit for monitoring and ﬁanipulating said received
- terminal overhead component whereby the content of
the overhead component may be restricted to a user
defined subset of allowable values,
(i) means within the terminal overhead terminator
for multiplexing a transmitted terminal payload
component and a transmitted terminal overhead
component into said terminal synchronous optical
network communications signal,
(j) a facility processor, operatively connected to said
facility optical interface comprising;
(k) a'facility frame synchronizer,
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frame synchroni zer, (f) a termnal—overhead central o
operatively connected to t nal overhead terrhqarﬁT"“th”ﬁﬁ*ms wi thin
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within the termnal central processing unit for noritoring and nanlpllatlng
said received term nal overhead conponent whereby tHeETONTENT 0T

(1) a facility overhead terminator operatively
connected to the facility frame synchronizer,

(m) a facility overhead central proceséing unit
operatively connected to the facility overhead
terminator, )

(n) means within the facility overhead terminator
for demultiplexing said facility synchronous
optical network communications signal into a
received facility payload component and a received
facility overhead component, .
(o) means within the facility central -processing
unit for monitoring and manipulating said received
facility overhead componeht whereby the content of
the overhead component may be restricted to a user
defined subset of allowable values,

(p) means within the facility overhead terminator
for multiplexing a transmitted facility payload
component and a transmitted facility overhead
component into said facility synchronous optical
network communications signal,

(d) a process and interconnection means between said
facility processor and said terminal processor for;

(xr)- changing said received terminal overhead
component to ‘said transmitted facility overhead
component, _
~(s) changing said received terminal payload
component to said transmitted facility payload
component,

(t) changing said teceived facility overhead

component to said transmitted terminal overhead
component, and

(u) dhanging said received facility payload
component to said transmitted terminal payload
component,

(v) a unit controller operatively connected to the

terminal processor and . the facility processor
comprising;
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(w) a unit control central processing unit,
(x) a means, operatively connected to the unit
control central processing unit, for providing
local command and control access, status displays,
alarm indication, and configuration control,
(y) a means, operatively connected to the unit
control central processing unit, for providing
remote command and control access, status reports,
alarm indication, and cohfiguration control,
(z) A means, operatively connected to the unit
control central processing unit, for monitoring the
internal functionality of said optical
communications interface device and reporting any
malfunction. _
2. An optical communications network interface device as
set forth in claim 1, wherein said terminal processor and
said facility processor contain a means for controlling and
monitoring overhead information within said terminal
synchronous optical network communication signal and said
facility synchronous optical network communications signal in
accordance with predetermined user specifications.

3. An optical communications network interface device
as set forth in claim 1, wherein said unit controller
contains a data interface and means for connecting and
operating a plurality of said unit controllers from a single
location. .

4, An optical communications network interface device
as set forth in claim 1, wherein said process and
interconnection means between said facility processor and
said terminal processor includes an apparatus and means for
encrypting the payload components.

5. An optical communications network interface device
as set forth in claim 1, comprising an orderwire interface
and means for controlling said orderwire interface.

6. An optical communications network interface device
as set forth in claim 1, wherein said terminal optical
interface includes a modular fiber optical connector,
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allowing standardized terminal cable assemblies to be rapidly
and reliably installed or removed as required. - '
7. A method for demarcating a synchronous optical
network communications signal interconnected between a
facility and a terminal comprising the steps of:
(a) defining the overhead information contained within
said synchronous optical network communications signal
to be restricted,
(b) defining the overhead informatlon contained within
said synchronous optical network communicapions signal
to be passed through said device without manipulation,
(c) defining the overhead information contained within
said'synchronous optical network communications signal
to be translated,
(d) installing an optical communications network
interface device at the desired demarcation point of
said synchronous optical network communication signal
comprising;
(e) a standardized modular fiber optic connector
for a terminal interface,
(f) a standardized modular fiber optic connector
for a facility interface,

" {g) a means interposed between the terminal
interface and the facility interface for
manipulating the overhead information contained
with said synchronous optical network communication
signal,

(h) programming said optical. communications network
interface device to implement said restrictions and said
translations, and to pass the restricted, translated and
unmanipulated overhead information from the facilit& to the
terminal or from the terminal to the facility wvia the
facility and terminal interfaces
(1) actlvatlng said optical communications network
interface.

8. An optical communications network interface device
as set forth in claim 1, wherein said process and



for multiplexing a transmtted facility payl oad conponent and a transmtted
facility overhead conponent into said facility syn ”ea#mﬁetmork
comuni cationsTsignat; () a process and interconn éﬁW@ﬁC ¢ sébethvgen said -
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interconnection means between said facility processor and
said terminal processor includes a means for translating
dissimilar overhead components.
9. An optical communications network device,
_comprising:
a first optical interface for receiving an optical
signal; '
a processor including, )
means for splitting the optical signal into a
payload component and an overhead component,
means for monitoring the.overhead component to
determine if it contains prohibited information,
means for restricting the overhead component to
exclude any prohibited information, and
means for combining the payload component and the
restricted overhead component into a restricted optical
signal; and

a second optical interface for transmitting the
restricted optical signal.

10. An optical communications network device as set
forth in claim 9, having at least two processors, wherein the
first processor receives. a first optical signal from the
first optical interface and provides a first restricted
optical signal to the second optical interface, and the
second processor receives a second optical signal from the
second optical interface and provides a second restricted
optical signal to the first optical interface.

' 11. An optical communications network device as set
forth in claim 9, wherein the processor further includes a
means for encrypting and decrypting the payload components.

12. An optical .communications network device as set
forth in claim 9, wherein the second optical interface can
both receive the optical signal and transmit the restricted
optical s;gnal, and the first optical interface can both

receive the optlcal signal and transmit the restricted
optical signal.



(LD changi ng said received facility payl oad conpon

: (G- qnsmitt ed
term nal payl a unit controlli rw@@@ﬁﬁﬁﬁﬂéﬁy;

nected to

t he term nal E facility process rgeenprT§Tﬁg 22 - (w)
a unit controlu e“ mng unit, (x) a ngans, o (g onnect ed
to the unit co Mﬂﬂ @ cessing unit, fo r&/ﬁgﬁg oca onmmand
and control access, status dlsplays, al ar 8% i ndi qatl_ nf i gyration

control,

13. An optical communicatibns network device as set
forth in claim 9, further comprising:

an orderwire interface; and

means for controlling the orderwire interface.

14. An optical communica;ions network device as set
forth in claim 9, wherein the processor includes a means for
translating dissimilar overhead components.

15. An optical communications network device as set
forth in claim 9, further comprising:

a controller for controlling the operation of the
optical communications network device.

16. An optical communications network device as set
forth in claim 15, wherein the controlier further comprises a
data interface allowing the controller to be connected to one
or more optical communication network devices, and to control
the operation of the one or more optical communication
network devices.

17. An optical communications network device,
comprising:

means for receiving an optical signal;

means for separating the optical signal into a payload
component and an overhead component;

means for monitoring the overhead component to determine
if the overhead component contains prohibited information;

means for restricting the overhead component to exclude
any prohibited information détermihed by the monitoring
means; and

means for transmitting a restricted optical signal
comprising the payload component and the restricted overhead
component.

18. A method for demarcating a synchronous optical
network communications signal interconnected between a
facility and a terminal comprising the steps of:

receiving the synchronous dptical network communications
signal from either the facility or the terminal;



(y) a nmeans, operatively connected to the unit control central processing
unit, for providing remote conmand and control acqegsp; SEMNT $18R9] S

al armindi cation, and configuration control (2) y
connected to the u n”uﬂﬁ I“ processing yniit, for nonitofi fpg the
i nternal functi onanm“ mll “ [] cal comuni cat ijofs 3 AtREC 4896 dpv|ce and
reporting any mal f uhctt orh 2. An Optical <eo2éui cdtilons network i htrface
device as set forth in claim1l, wherein said ternynal processor andjsaid
facility processor contain-a nmeans for controllin ' ] er head
information within said term nal synchronous optical network conmmuni cation

signal and sai d f agidudhi R RGNERBOUSe LRELE 3L n FENEL Forf UBRLA AL QAERELIN

in

said synchronous optical network communications signal that
must be restricted;

restricting the synchronous optical network
communications signal to exclude the restricted overhead
information; and

passing the restricted synchronous optical network

communications signal to the other of either the facility or
the terminal.
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accordance with predeternined user specifications BEPLAREMBIT igzal |
communi cati ons network interface device ‘as set foft |n crarmnrt, mhFrei n

said unit controller contains a data interface anfl 1@gnnec i ng and
operating a plurality of said unit controllers frpnja sw? catijon.

An optical comruni cations network interf2%e device as—set+—~foLil.lin [cl aim1l,

wherein said process and interconnection neans between said facili y
processor and said term nal processor includes an apparatu> arret ns for

encrypting the payﬂmc# AIEQTU‘% ' | gRg net wor k

I nterface device as se r corrpr|5| ng an or grvm re interface
and neans for contDEMAR@Aﬂ?ION QIUSY‘N(IKRONGUSEOFTICBAL NETWORK a

communi cations network interface device

ABSTRACT

A method and apparatus for establishing an intelligent demarcation between facility
and terminal segments of asynchronous optical network. Network management
information contained with the overhead structure of the synchronous optical
network signal is extracted and manipulated in accordance with a predetermined
user specification; overhead data may be translated, terminated, or passed
unaltered as required. Overhead processing towards the facility and términal
segments need not be symmetﬁcal. Payload information is passed unaltered
although future provisions for encrypting payload data exist. Full performance
monitoring is supported along with a built-in-test and diagnostic capability. The
device may be both locally and remotely controlled and monijtored. Remote
control is implemented via the overhead information contained within the
synchronous optical network signal.

Figure 1
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as set forth in claim1, wherein said term nal optical interface includes a
nodul ar fiber optical connector, 23 - allowi ng standardized terninal
cabl e assenblies to be rapidly and rellably |nstalled or_ r ved as
required. 7. A method for demarcating a synchroHeHs=TH g et wor k

{ comuni cations signal interconnected betwe nF&Pfé@j%ﬁtgp" term nal

conprising the steps of: (a) defining the arﬁéaﬁ"lnfornatl n cont ai ned
wi t hin sai d synchronous optical netivérk co nEtsHbonal] to be
restricted, (b) defining the overhead infor i n cqntglgg thin
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said synchronous optical network comunications signal to be passed through

.said device wi thout manipulation, (c) defining the overhead. or mati on
contai ned within said synchronous optical net

_ ;c‘—la pyrati onsf signal to
be transl ated;- (ﬁb— ‘rﬁst—arl ing an optical comulhi ,g:@».n-etwork Interface
devi ce at the r ation point of sai ynchronous_opti ¢al network

conmmuni cat |T5‘ I ng; (e) a standar edd mﬁﬁﬂ;é?%i ,beli optic
connect or fo I nterface (f) a standarldi zed imodular fitber optic
connect or nterface, (g) a mean rposed bet vveen t he
termnal i nterface and the facilitg/4nterface fpr "
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mahi pul ati ng the overhead information contai ned
~optical network comunication signal, (h) prog
" optical.communications network interface device

K@nt sal\dt -
restrictions and said translations, and to pass transl at ed
and -.unmani pul at ed overhead i nformat ilon fromthe {agi I‘sef to the ‘ m nal or
fromthe terminal to the facility via the facility 4ﬂﬂﬁ?ﬁﬁw|n erfaces
(i) activating said optical comruni cations netwonk |nterface Dezwssd AN

opti cal conmuni cations network i nt er f acé devi ce 0rth in claiml,
wherein said process and
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~said termnal processor includes a neans for translating di ok
" overhead conponents. 9. An optical comrunications _mpnk'ﬂEW|
conprising: a first optical interface for receiving i QpL+ear S|gn

conponent and an overhead conponent,

conponent to-determne if it conta|n$lproh|b|ted i nf ar
restricting the overhead. conponent to
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qlertso-d Lfos

“exel ude any prohibited information, and neans fér CRBMAEEMEWGSWSO&‘US
“cofrponent amd the restricted qQverhead conponent |gnmkgkiﬁgﬁrﬂ E@ gf,

“signal; and & AT SHEE]'I terface for trangngtdipg.t he restgicred= =2
optlcal si gn l%%#ﬂﬂ&t ept conmuni cat i ons net (; £ fpc?gg %f
inclaim9, vl ng at Ieast t processoys, whe X P
receives a fits % €8 99Bgrial]l fromthe first ~DSﬁ'?rlr}‘cgzic’l“gCt tergaﬁ paged -----
provides a fi{s restrlcted t§ cal signal to the second ogtlcal 1}erface
and the seconfl processor receives a second opti*dPA@EqﬁélR-EIﬁRTlﬁﬁ @6cond
optical inter

a second restricted optlc IA%na to the
first opticmintgndedagecess. MAs FHIVRHTIMNAHRNSIGTS g?hd Mevi ce as

set terminals become more common place this problem will become
more critical. ' '

We saw the need for a unique device that can be used to
interconnect SONET network segments directly at the SONET
signal level while selectively isolating and controlling the
transport overhead data passing between the segments. Our
invention, which we refer to as an Optical Service Unit
(0OSU), directly addresses this need by combining hardware
technology from the SONET multiplexer industry with an
embedded software package designed to control and monitor the
SONET transport overhead.

There is very little prior art that relates to this
application. Beyond the fact that SONET systems are
relatively new, we believe the lack of prior art to also be
related to the novel and unobvious nature of this device
which runs counter to the open systems interconnection
objectives of the SONET standards. The function represented
by the Optical Service Unit is not defined in the SONET
standards.

Backaground of the Invention

A search of the related classes and subclasses at the
Patent and Trademark Office in Crystal City, Virginia
revealed only a few patents the described optical interfaces
similar to or supporting features of the Optical Sexvice
Unit. Most notable is U.S. Patent #5150243 issued to Suzuki,
et al., of the Fujitsu Corporation that describes a device
for remotely monitoring fiber optic network interfaces. A
second related U.S. Patent was #4449247, issued to Waschka, et
al., of the Harris Corporation for a fiber optic local
orderwire device. ’

These devices differ from the Optical Service Unit
because they both terminate proprietary networks. The
Optical Service Unit however acts as an mid-span intelligent
interface between two standardized networks; the Optical

Service Unit passes only the payload plus selected overhead
data as prog;ammed by the user.




forth in claim9, wherein the processor further includes a neans for

gncrypting and decrypting the payl oad conponents. F2-—Amr roptTcat-—

conmmuni cati ons network device as set forth in clahnf@lL$@R%ﬁNinSHH3' 4econd
optical interface can both receive the opti cal S|Qn and transm t} tlhe

restricted optical signal, and the first pptical |nterﬁgpFEBaP9@oth receive
al’.

the opti cal

13. An optical conmmunications network device as s Forth—tr—etat-m ¢
further conprising: an orderwire interface;, and

signal and transmt the restricted opjtilcal si gn 4 25 -

The Optical Service Unit includes an ordexwire  function
similar to that described by Waschka, but the implementation
is based upon the embedded orderwire channels in the SONET
transport overhead; Waschka use a wavelength multiplexing
technique on a proprietary signal format. '

If the search were to be extended to include electrical
network interfaces, similarities could be found with a common
device referred to as' a Channel Service Unit, from which the
Optical Service Unit derived its name. The Channel Service
Unit terminates and isolates a digital trunk interface in
orxder to protect the public network from harm due to improper
voltage levels or signaling formats that may be introduced by
the customer premise equipment. Channel Service Units can
also be configured to monitor network performance and support
basic network testing operations. .

The electrical network however was never intended to be
as fully open and interoperable as is the SONET network.
Channel Service Units perform the very clear and well defined
function of isolating the electrical network at its
demarcation points. The Optical Service Unit will perform a
similar function for the optical network however the task is
far more complicated.

Unlike a Channel Service Unit, the Optical Service Unit
can not totally isolate the SONET network. If it did, the
benefits of having an extended network management system via
the transport overhead would be lost. The Optical Service
Unit must intelligently pass the transport overhead; allowing
some but not all of the overhead data to pass.

The filtering function of the Optical Service Unit is
not unlike that found ih Local Area Network Routers. Routers
examine the data traffic on the Local Area Network and pass
only that data which meets a user defined set of criteria.
Routers are commonly used to segment Local Area Networks for
maintenance, performance, and security reasons.

In this application the functions of the Local Area
Network Router are merged with the functions of a channel

service unit; the product is then embedded in the hardware



means for controlling the orderwire interface. 14. qAr-optical

communi cati ons network device as set forth in claif erﬁEr@Nn Lh%*
processor includes a means for translating dissim |fafoverheadg—eespopents.
15. An optical comuni cations network device as sef{ fo t$ claln 9
further conprising: a controller for contradling the 5% [ he
optical communications network device. 16. An opti¢a rnnnunlcatlons

net work device as set forth in claim15, wherein the controller further
conprises a data interface allow ng the controlIer‘ro—be—ceﬁﬁeeLed-do one

or nore optical conpunication network de ch and t roI % %?eratlon

of the one SiTF¥it BpRrdapssembbni 24t id Il s (,lgs I?angn o

comuni cat | Gupplet asskmbeyi 2B, In addltion, various signal and control
interfaces exist as described in the following text.

' A craft interface 12 is provided for local maintenance
access by field service personnel. This interface may be
used to control, cdnfigure, test, and monitor the Optical
Service Unit using a teletype, video terminal, or personal
computer serial comminications pfogram.

To assist field service personnel with on-site testing

"the Optical Service Unit subports both local and express
orderwire capabilities via an orderwire interface 18. The
field service technician selects local or express orderwire
operation using an orderwire switch 14. The relative
amplitude of the orderwire audio is adjusted using an
orderwire gain control 16. The orderwire may be selected to
operate in bridged mode or terminal mode. The orderwire is
activated and the mode is selected via the craft interface
12.

The Optical Service Unit may be powexred from
conventional 110/220 Volts Alternating Current line power via
an AC power input 20. The unit may also be powered from 48
Volts Direct Current battery power using a DC power input 22.

A rear craft interface 24 is wired in parallel with the
craft interface 12. The rear craft interface may be used for
remote control of the unit via an external communications
network or dial-up modem. ’

An alarm interface 26 provides form-C dry contact
closures corresponding to minor, major, and catastrophic
failures detected within the unit. Additional device control
and status leads may be supported via this interface as
required. -

An OSU link interface 28 supports a high-speed digital
communications interface that is used to interconnect
adjacent Optical Service Units and related peripheral
devices. This interface will be used to support automatic
protection switching when implemented. It may also be used



conprising: neans for receiving an optical signal; means for separating the

optical signal into a payl oad conponent and an ovgr poment-—reans
*for nmonitoring the overhead conponent to determ ng ﬁ%ﬁgﬁgﬁgikﬁﬁéﬁﬁ :
conponent contains prohibitéd information; nmeans fof restricting i he

over head conponent to exclude any prohibiged infof npt @ FEgt £ gi ed by the
nonitoring neans; and neans for transmtting a restyicted opti cal} qi gnal
conprising the payl oad conponent and the restrictjed orjent. 18.°

A nmethod for demarcating a synchronous optical network comruni catigns

signal interconnected between a facility and a term_nal conprising the
steps of: uses a InGaAs PIN Photodiode 'with integral transimpedance

amplifier and pseudo ECL data interface.

The received optical signal on the facility side of the
unit is passed through a clock recovery module 38 prior to
connection to a facility frame synchronizer 44. Framed data
from the facility frame synchronizer 44 is then passed to a
facility overhead processor 48.

The synchronous-optical communications signal contains
an overhead component and a payload component. The overhead
componerit carries framing information, performance monitoring
data, network management data, user control'data,-and the
local and express orderwire channels. The payload component
carries the actual traffic bearing content o0f the signal.

The facility overhead "processor - 48 extracts the
overhead information from the. received signal and places it
in a memory mapped region of the facility overhead central
processing unit 62 address space. The payload content of the
received signal is passed directly by processor 48 to a
payload frame buffer 50. Frame buffer 50 is a
First-In-First-Out (FIFO) buffer that compensates for
variations in payload frame alignment befween the facility
and terminal sides of the device. The payload frame buffer
50 can be modified in future -versions of the device to
perform payload-only processing such as encryption.

The received facility payload is then passed from the
payload frame buffer 50 to a terminal overhead processor  46-
Overhead data supplied by a terminal overhead central
processing unit 60 is appended to the payload and then
forwarded to a terminal frame.synchronizer 42. Frane
synchronizer 42 randomizes and frames the data prior to
transmission to the terminal optical interface 32.

The terminal optical interface 32 is a
receiver-transmitter assembly with an integral Fixed Shroud
Duplex (FSD) fiber optic connector. The optical transmitter
portion of the Modular Fiber Optic Interface is a low power
edge-emitting ELED source suitable for short range fiber

optic interfaces. The receiver portion is a MOVPE planar PIN



recei ving the synchronous optical network conmmunicatio
the flacility or the termnal; -26- determning the
‘contained wthin said synchronous optical network co
that must be restricted; restricting t he synchr ongu
net wor k communi cations signal to exclude-the «estrictgd foverhead
I nformati on;

comuni cat i ons S|gnal to the other of either the facill
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and passing the restricted. synchronous ofti car tretwork
v.or the term nal.

photodiode. The module includes integral data interfaces and
modulator circuitry.

For optical signals received on the terminal side of the
Optical Service Unit, the data path is the reverse of that

“described for optical signals received on the facility side

of the device.

The terminal frame synchronizer 42, terminal overhead

pProcessor 46, terminal overhead central processing unit 60,

together with the various peripheral devices as illpstrated.
in Figure 2 comprise a terminal processor 41. In similar
fashion, the facility frame synchronizer 44, facility
overhead Processor 48, facility overhead central processing
unit 62, together w1th

' the various peripheral devices as
lllustrated in Figure 2 comprise a facility processor 43.

The terminal processor 41 and the facility processor 43
communicate with each other and a unit controller 81 via
inter processor data links. The inter processor data links
are memory mapped within the address space of the terminal
overhead central processor unit 60, the facility overhead
central processor unit 62, and the unit controller central
processing unit 82 via bus interface modules 68, 70, and 72
respectively. '

The terminal overhead central processor unit 60 passes
the orderwire data taken from the terminal overhead

processor ™ 46 to a terminal orderwire channel interface 64.
The facility overhead central processor unit 62 passes the
orderwire data taken from the facility overhead terminator 48
to a facility orderwire channel interface 66. The two
orderwire channel interfaces buffer and clock the encoded
orderwire data to and from an audio bridge module 74 at 64
kbps. .

The audio bridge module 74 contains two PCM.codecs that
perform the digital to analog conversion. The module also
bridges the orderwire audio with the local orderwire
interface 18 and provides a gain stage to deliver sufficient
output to drive a standard lineman’s handset. The gain of



19 An optical conmunications network . interface device as set forth in

a payl oad conponent and an overhead conponent, | ns. for moni torijng the
overhead conponent to determine if it contains any prohibited |
means for recthe madwE deeagiurheddvidnponPrdesise |qpid control 16

—

(Fig 1}).

The audio bridge module 74 is controlled and monitored
by the unit control central processor unit 82 via an audio
bridge interface 84. Bridge interface 84 is a parallel
interface that is memory mapped within the address space of

claim1, further conprising: a neans, operatively. RECT &0 T 01 uni t
*control central processing unit to independently B§g9‘§&'§¥ﬁ%ﬁhh ce
monitoring information to a facility network mapapenment systemjand to a
term nal network management system 20.. An opt]cpl 1QFEBHS8L i o net wor k
device, conprising: a first optical interface fprjreceiving an {ogti cal
signal ; a processor including: neans for splittyng the oprrEea=si|gnal into

nf.ormati on,

the unit control central processor unit 82. The state of the

orderwire select switch 14 (Fig 1) is also read by the unit
control central processor unit 82 via the audio bridge
interface 84.

The unit control central processing unit 82-is
responsible for monitoring various component performance

indicators within the Optical Service Unit. It does this via

a sensor interface 76 connected to an analog sensor

module 40. The analog sensor module 40 is an assembly of
analog to digital converters calibrated to measure the
optical receive power,'LASER bias current, and case
temperature of the facility and terminal side optical
interface components. The sensor interface 76 is a parallel
interface that is memory mapped within the address space of
the unit control central.processor unit 82.

The unit control central ‘processor unit 82 also
interfaces with a system clock 78, a unit serial
interface 86, and a unit parallel interface 88. The system
clock 78. is a battery backed date and time device that
returns the current calendar date and time of day.

The unit serial interface 86 is a dual port universal
synchronous asynchronous receiver transmitter (USARYT) device
that supports most common serial interface protocols. One
port of unit serial interface 86 is used for the craft
interface 12 and rear craft interface 24, which are wired
together in parallel. The second port of unit serial
interface 86 is used by the 0OSU link interface 29.

The Unit parallel interface 88 drives form-C contact
closure relays for the alarm interface 26 and lamp drivers
for the display assembly 10. Control lines (not shown in
Fig. 2) from the interface are also used to reset the



and the restricted overhead conponent into a restfri ﬂu‘mrﬂﬂkgﬁé§4unal
a second optical interface for transmtting the q s

-27- 21.

interface for receiving a signal, whereinpgthe signgl
to a synchronous optical network conmunicati ons
synchroni zer for separating the signal into a

A communi cati ons ‘network device conpri g

signal overhead. Statistics are periodically sent to the.
unit controller 81 where they are maintained in unit
memory 80 for later retrieval. The overhead PM and BIT
task 122 also controls the diagnostic loopback capabilities
of the frame synchronizers (42 & 44). '

The payload processing task 124 manages the serial
payload interface between the payload frame buffer 50 and the
respective processor’s overhead -processor (46 & 48).

The overhead data task 126 manages the non-message based
overhead data bytes. Where appropriate, the non-message
based overhead data is forwarded to the opposing overhead
précessor via the overhead inter processor communications
task 120.

The overhead orderwire task 132 manages the serial
interface between the orderwire channels in the optical
signal overhead and the orderwire channel interfaces (66 &
68). Command messages received from the unit controller 81
via the inter processor communications task 120 determine
whether_the ordexwire is operating in local or express mode.

The unit control program 90 (Figure 3) monitors and
controls the overall activity of the Optical Service Unit.
Upon successful loading and activation of the terminal and

- facility processors, 41 and 43 respectively, the unit control
main task 96 enters an idle do-forever state waiting for
command, status, or error messages to arrive.

Command and control messages may be received locally via
the TTY Interface task 104 or via the unit inter processor
communications task 112 having been received by either the
terminal processor 41 or the facility processor 43. Status
messages are generated periodically by the overhead
processors to report performance monitoring conditions to the
unit PM and BIT task 106. Error messages may be generated
autonomously by any task detecting an error condition.

The TTY interface task 104 provides a command line
interpreter and display interface designed for operation with
teletypes, video terminals, or personal computer terminal

emulator programs. A menu mode is supported with an on-line



payl oad and an over head conponent ; a m croprocessor DG Lng the overhead
conponent to identify any prohibited®information in t%ﬁ%ﬁgﬁﬁ'§?1~v qpuonent ;

an over head pFeeessor—fUT““§§TTTEt|ng t he over head fcgnp oSHEET Jde any
pr ohi bi t ed |nf ml d by the m croprocg¢sgor ‘

si gnal |nterfa m M ‘“ﬁg a restri-2exd sigpha 1&‘?]

payl oad conpone ithe réstricted overhead co : gd for

demar cating synchronous optical network communi cations S|gna +rdngm tted
bet ween a facility #eFermnigriyiondthe eyathsady inforasadivrofeenizzeds eid/ iWig-tein
net wor k CO”Wuméaid‘@%hdﬂﬁaﬁéusfBﬁﬁhéh&hﬁét&afkféEmﬁﬁﬁibéﬁléﬁE*élo’“

wherein the network
must be restricted;

_ restricting the synchronous  optical = network
communications signal to exclude the restricted overhead
information; and |

passing the restricted synchronous optical network
communications signal to the other of either the facility or
the terminal.

19. An optical communications network interface device as
set forth in claim 1, further comprising:

a means, operatively connected to the unit control
central processing unit to independently report performance
monitoring information to a facility network management
system and to a terminal network management system.

20. An optical communications network device, comprising:

a first optical interface for receiving an optical
signal;

a processor including: |

means for splitting the optical signal into a payload
component and an overhead component,

means for monitoring the overhead component to
determine if it contains any prohibited information,

means for restricting the overhead component to exclude
any prohibited information, and

means for combining the payload component and the
restricted overhead component into a restricted optical
signal; and

a second optical interface for transmifting the
restricted optical signal.
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wherein the signal is formatted according to a synchronous

optical network communications format;

a frame synchronizer for separating the signal into a
payload and an overhead component;

a microprocessor monitoring the overhead component to
identify any prohibited information in the overhead
component ; ] '

an overhead processor for restricting the overhead
component to exclude any prohibited information determined
by the microprocessor; and

a second signal interface for transmitting a restricted
signal comprising the payload component and the restricted
overhead component.

22. A method for demarcating synchronous optical network
communications signals transmitted between a facility and a
terminal comprising the steps of :

receiving a network communications signal from either
the facility or the terminal, wherein the network
communications signal is formatted according to a

- predetermined optical format;

identifying overhead information contained within the
network communications signals;

locating any restricted overhead information in the
identified overhead information;

limiting the network communications signal to exclude
the restricted overhead information, if any; and -

passing the limited network communications signal to
the other of either the facility or the terminal.

23. The method of claim 22 further including the steps of:
reporting to either the facility or the terminal that
the limiting step has been performed; and



r\

-28- indicating the presence of restricted ,“*r ~“7"“rfat|on
24. The nethod of claim-22—further including the s eéN‘?“hnﬂ+Lor|ng t he

qual ity of the r\e\cel‘\\/\ ﬂ\“‘\“““r\ﬂmus opti cal n-etwor .%;ns si gnal .

indicating the ©presence of restricted overhead

information.

24. The method of claim 22 further including the step of
monitoring the quality of the received synchronous optical
network communications signal.
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METHOD AND APPARATUS FOR THE MONITORING
DEMARCATION OF SYNCHRONOUS OPTICAL NETWORK

ABSTRACT

A method and apparatus for establishing an intelligent demarcation between facility
and terminal segments of asynchronous optical network. Network management
information contained with the overhead structure of the synchronous optical
network signal is extracted and manipulated in accordance with a predetermined
user - specification; overhead data may be translated, terminated, of passed
unaltered as required. Overhead procéssing towards the facility and terrinal
segments need not be symmetrical. Payload information is passed unaltered
although future provisions for encrypting payload data exist. Full performance
monitoring is supported along with a built-in-test and diagnostic capability. The
device may be both locally and remotely controlled and monitored. Remote
control is implemented via the overhead information contained within the

synchronous optical network signal.

Figure 1
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