Office de la Propriete Canadian CA 2201894 C 2002/08/20

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 201 894
ldJ'Inng[J(‘:Js"ftlrri]ciesgaenada ﬁrtlzluagt?;%/aﬁ;da (12) BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 1995/10/03 (51) CL.Int.%/Int.C1.° HO4B 10/14, H04B 10/02
(87) Date publication PCT/PCT Publication Date: 1996/04/25| (72) Inventeurs/Inventors:
1 . CUCCI, Gerald R., US;
(45) Date de deéelivrance/lssue Date: 2002/08/20 STASZ Peter US
(85) Entree phase nationale/National Entry: 199//04/04 BJORK, Paul E., US
(86) N° demande PCT/PCT Application No.: US 1995/012962| (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 1996/012357 SISKIWIT SYSTEMS, INC., US
(30) Priorité/Priority: 1994/10/13 (08/322,584) US (74) Agent: RIDOUT & MAYBEE LLP

54) Titre : SYSTEME D'INTERFACE PAR FIBRES OPTIQUES
(54) Title: FIBER-OPTIC INTERFACE SYSTEM

410 (3 10 18 14

POWER SUPPLY

CONVERTER
RECEIVE
DIGITAL

(57) Abregée/Abstract:

A fiber-optic data-link (10) used to interface a remote process variable sensor/transmitter (14) to a local process control system
(12) Includes a local light source module (16) and a remote Interface module (18) interconnected by one or more optical fibers
(20, 22). Energy for operating the remote interface module (18) and its associated process variable sensor/transmitter (14) is
provided by light energy transmitted from the local site to the remote site and converted at the remote site to an electrical signal.
he local light source module (16) and the remote Interface module (18) each may Include a microcontroller (24, 34). The
controllers not only control the flow of status messages in either analog or digital analog form simultaneously from the remote
site to the local site, but also ensure the integrity of the system and minimize the amount of optical power delivered to the remote
site.

SR SR VENEN

S TR

TR RN/
4

I*I - - o, B e
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca oric B w omE
OPIC - CIPO 191




(f

[ (51) International Patent Classification 6 :

9901894
WORLD INTELLECTUAL PliOPERTY ORGANIZATION
International Bureau

PCT

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PC’I‘)

HO04B 10/00, 10/02, 10/12 Al

(11) International Publication Number:

;‘ (43) International Publication Date:

WO 96/12357

25 April 1996 (25.04.96) |

(21) International Application Number:

(22) Internationat Filing Date: 3 October 1995 (03.10.95)

(30) Priority Data:

08/322,584 13 October 1994 (13.10.94)  US

(71) Applicant: NT INTERNATIONAL, INC. [US/US]; Suite 530,
3989 Central Avenue N.E., Minneapolis, MN 55421 (US).

(72) Inventors: CUCCI, Gerald, R.; 1201 Yale Place, Minneapolis,
MN 55403 (US). STASZ, Peter; 8357 Eastwood Road NLE,,
St. Paul, MN 55112 (US). BJORK, Paul, E.; 10070-204th
Street North, Forest Lake, MN 55025 (US).

(74) Agent: NIKOLAI, Thomas, J.; Haugen and Nikolai, P.A., Suite
820, 900 Second Avenue South, Minneapolis, MN 55402-
3325 (US).

(54) Title: FIBE

PCT/US95/12962 |

(81) Designated States: BR, CA, JP, NO, European patent (AT,
BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL,
PT, SE).

Published
With international search report.
With amended claims and statement.

-OPTIC INTERFACE SYSTEM

:16
py Py— : : 46
RECEVE | [LIGHT SOUR
_
[74 ©

410 10

(57) Abstract

4

PROCESS
VARIABLE

DEVICE

A fiber-optic data-link (10) used to interface a remote process variable sensor/transmitter (14) to 2 local process control system
(12) includes a local light source module (16) and a remote interface module (18) interconnected by one or more optical fibers (20, 22).
Energy for operating the remote interface module (18) and its associated process variable sensor/transmitter (14) is provided by light energy
transmitted from the local site to the remote site and converted at the remote site to an electrical signal. The local light source module

' (16) and the remote interface module (18) each may include a microcontrolier (24, 34). The controllers not only control the flow of status |

messages in either analog or digital analog form simultaneously from the remote site to the local site, but also ensure the integrity of the
system and minimize the amount of optical power delivered to the remote site.
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FIBER-OPTIC INTERFACE SYSTEM
BACKGROUND OF THE INVENTION

I. Field of the Invention: This invention relates

generally to a system for interfacing a remote process

p 4

5 varilable sensor/transmitter to a local control system, and
more particularly to. a fiber-optic interface system in
which power for the remote transmitter and associated
interfacing electronics is provided by a light source
located at the local site and in which data is transmitted,

10 via a fiber-optic link, from the remote to the local site.

II. Discussion of the Prior Art: The Jensen et al.

Patent 5,258,868 describes. an optical process wvariable
CLransmitter of the type in which optical energy 1is
transmitted from a local source to a remotely located

1> process variable transmitter where it is converted at the
remote location to.electrical energy to power the remote
electronics and in which the process variable information

is also sent over: :a fiber-optic link to the local site.

The system described in the Jensen et al. patent is

20 deficient in not providing transmission of both. analocg and
digital information nor does it provide adequate safeguard.
against possible eye damage to a technician if the optical
fiber for. tfransmitting the optical energy to the remote
site 1s not connected to the converter circuitry.

25 Moreover, the system described in the Jensen et al. patent
1s wasteful of optical energy. If a laser is used as the
light source at the local site and the power it delivers to
the remote site is not properly optimized, it results in a
shortened life for the expensive.laser employed.

30 -Accordingly, it is a principal object. of the present
invention to provide an. improved system for interfacing a
remote process "~ variable sensor/transmitter to a local
control system in which optical power delivered from the
local site is used to power the transmitter and electronics

35 _.at the remote site.. -
A further-object of the invention is to provide a

light powered interface for a remote process wvariable
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Lransmitter that allows the simultaneous transmission of
both analog and digital information from the PV transmitter
to the local site. | |
Another object of the present invention is to provide
5 a system of the type described in the foregoing object
which incorporates a microprocessor-based controller at
both the local site and the remote site where the
microcontrollers oversee the delivery of optical power
between the two sites.

10 - - Yet another object of the invention is to provide, in
a system of the type described, a means whereby high
intensity optical energy cannot be transmitted from the
local site to the remote sgite-unless the fiber-optic.link
is properly connected between the two. |

15 - Still a further object of the present invention is to
provide a system of the type described in which the -power
delivered to the remote site by the optical light source-
(laser transmitter) at the local site is controlled by
information provided to the local site by the remote site

20 . .concerning the minimum power level necessary for operating
the electronics at the remote site. . -

SUMMARY OF THE INVENTION -~ .. .
These and other objects of the .invention are achieved .

by providing a first microcontroller .means at the local
25 site for controllably applying light _energy to a -first -
output terminal and _for. receiving digitally encoded
optically-transmitted information from thé remote gite at
a-first input terminal to the microcontroller-means. An
analog transmitter means is electrically connected to the .
30 first microcontroller means at: the local site and is
adapted for selectively transmitting either analog or
digital information or both simultaneously to a 1local
control system. A second microcontroller means is located
at the remote site, i.e.;, - remotely from the Ffirst
35 microcontroller means, for receiving one or both of analog
and .digital signals defining the _state of = process

variable sensed by a remote process variable. transmitter
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and for delivering optically encoded status information to
a second output ﬁérminal.” A power supply means is coupled
to the second microcontroller means and to the remote
process variable transmitter for providing electrical power

‘thereto. The power supply means includes an optical-to-

electrical power converter having a-second'ihput terminal.
At  least one optical fiber is coupled between the first
output terminal of the equipment at the local site and the
second i1input terminal of the optical-to-electrical power
converter at the remote site. The same or a-second optical
fiber is coupled between the second output terminal of the
microcontroller means at the remote site and the first
input terminal of the first microcontroller at the local
site.

In accordance with one aspect of the invention, a
means, ilncluding the first microcontroller means, initially
applies light energy to the first output terminal at an
eye-safe low value. The .second microcontroller means is
then responsive to receipt of the eye-safe low light energy
value over the first optical. fiber £for transmitting a
power-up command to the first microcontroller at the local
site, via the optical fiber link, whereby additional light
enerqgy, above the eye-safe lower value, is applied to the
optical fiber only if it is properly connected between the
respective output and input terminals.

In accordance with a further feature of the invention,
there is a. light source power supply means .at the local
site for electrically energizing a light source, such as a
gas laser, a laser diocde or an LED, the light source
including a means for modulating the intensity of the light
enexrgy delivered to the first output terminal. The first
microcontroller means also includes a first microprocessor
for controlling the light source power supply means and the
light source.modulating means. The first microprocessor
receives power status Information from the remotely located
second microcontroller means, providing a closed-loop
control over the optical energy being delivered from the
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local site to the remote site. = The closed-loop c¢éntrol.
causes the current supplied to the laser light source .to be

as low as permissible while still providing adequate power
to the remote interface and process variable transmitter.
DESCRIPTION OF THE DRAWINGS
The foregoing feaﬁﬁres, objects and advantages of the
invention will become apparent to those skilled in the art

from the following detailed description of a preferred

embodiment, especially when considered in .conjunction with.

the accompanyving drawings in which:

Figure 1 1s a system block diagram of the optically-

powered, fiber-optical interface system of the present
invention;

Figure 2 is a software flow diagram of the power-up
sequénce carried out by the microcontroller located at the
central site;

Figure 3 is a sgoftware flow diagram of the main
routine .carried out by the microcontroller means at the

local site. following a successful power-up seguence;

Figure 4 is a software flow diagram illustrating the’

features of the — program incorporated . into the
microcontroller means at the remote. site; and R
Figure 5 illustrates a preferred message format and
the significance of the message header bits thereof.
DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring first to Figure 1, there is illustrated by

means of .a block diagram, the components of the optically-
powered, fiber-optical data-link in accordance with the
present invention. The system is indicated generally by
numeral 10 and is adapted to interface a local system
control module 12 to a remotely locatéed process variable

transmitter. - Module 12 represents a device or system whose.

operating parameters are to . be controlled as a function of
information provided to it by the remotely located process
variable sensor/transmitter module .14. The term “process

variable" is meant to include one or 'more of such things as

pressure, temperature, flow, motion, density or any other-
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parameter whose value is of importande in. the carrying out
of- some process by the system control. module 12. The
optically-powered, fiber-optic data-1link 10 includes a
l1ight "source and data processing module 16 and = remote

first and second optical fibers 20 and 22. While two
discrete optical fibers are shown 3in Figure 1, it 1is
possible to couple a single optical fiber between the
respective input-and output terminals using conventional .
fiber-optical coupler devices, and limitation to a system
having two discrete optical fibers is not to be inferred.
In the drawing of Figure 1, the optical fibers are
represented by dashed heavy lines. Customer-supplied
electrical connections are shown in solid heavy line while

‘internal electrical connections for the interface modules

lé and 18 are shown in a thin solid line representation.
Referring first to the light séurce module 16, it is
geen to comprise a first microcontroller means 24 that 1is
adapted to receive digital information provided to it over
the second optical fiber 22 to a first input terminal 25 to
which a photo-diode receiver 26 is connected. 2aa will be
exXplained in greater detail hereinbelow, the photo-diode
receiver 26 comprises an optical-to-electrical transducer
and pulse shaper for supplying digitally encoded status
information to the microcontroller means 24. The
microcontroller means 24 provides a first"output over line
28 to an analog signal transmitter 30. The output from the
analog transmitter 30 “is applied .as a#n input to
analog/digital I/0 circuit 32. This analog 1nformatlon on
output -39 may, for example, be an 1ndustry standard current
signal in the range of ffom 4 to 20 mA. It is the current
amplitude of this signal that is indicative of the process

variable .measurement provided by the se,nsor/transmn.tter

module 14. As those skilled in the art apprec:_ate, 4 to 20
mA control loops are conventionally used in‘-a wide variety
of process control systems. Thus, the system of the
present invention is compatible with that conventional
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scheme. It 1s also contemplated that the analog signal on
line 32 may be a.'voltage ‘level rather than a 4 to 20 mA
current signal.
The system of the present invention is also compatible
5 with the exchange of information in a digital rather.than
analog transmission scheme. Thus, the microcontroller 24
also is capable of outputting a-digital value over line 34
to a digital transmitter 36, which is also coupled, via the
analog/digital I/0 interface module 32 and data link 28, to
10 the system being controlled 12. . .The system being
controlled 12 may also communicate back to the transmitter
device 14. .Here, digital or analog information is fed over
the. customer-supplied electrical link 38 to the digital
receiver circuit 40, via the- -analog/digital I/0 module 32.
15 The . digital receiver 40 provides its output to the
microcontroller 24 where the message is properly formatted
and.-applied to a light source_modulator circuit 42, whereby
frequency shift keying or other modulation techniques can
be used to superimpose digital. information.onto the analog
20 light level delivered to the optical fiber 20 at a first
output terminal 44 of the light -source module 16. Because
the average value of the digital signal i1is zero, the.
superposition of the digital signal does not alter the
analog information being transmitted. = The_ microcontroller
25 24 also operates to control the amplitude of the optical
energy by controlling the amount of @ electrical power
(current) delivered from the light source power supply 46
to the light source modulator 42. T
Turning now to the remote interface module 18, it is
30 seen to 1lnclude a second input: terminal 48 to which the
optical fiber 20 connects.  _This second input terminal
recelives the light energy delivered over the optical fiber .
20 and converts that energy into an electrical signal
proportional thereto, wvia a photo-diode power .converter
35 circuit 50. The information content, when sent in digital
form, is detected by a digital. receiver. circuit 52 and

applied as an input to a second microcontroller means 54.
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The microcontroller means 54 also receives signals defining
the state of a process variable (PV) sensed by the remote
process variable transmitter 14, via the customer-supplied
electrical -1link 56. The information. transmitted over the
electrical connection 56 may be.either in di'gital or analog
form depending upon the type of ‘PV sensor/transmitter 14
emploved. In either event, the information from the PV
sensor/transmitter 14 is fed into the analog and digital
Lransceiver 58, with the digital component being fed
through .the digital interface circuit 60 to the remote
microcontroller 54 and the analog component being delivered
through the analog interface ‘circuit 62 to the remote
microcontroller 54. An A/D converter . (not shown)} located
either in interface circuit 62 or forming part of the
microcontroller 54 converts the analog output from PV
Eransmitter to a digital guantity. The  remote
microcontroller is operative to transmit status information
and messages, via a LED transmitter -circuit 64, to a second

output terminal 66 to which the - optical fiber 22 is
connected. . - - . -

With continued reference. to the remote interface
module 18, it can also be seen that the ocutput from the
photo-diode power converter 50 is applied to a power supply
converter 68 which is adapted to supply electrical enerqgy
Lo the remote process variable transmitter 14. The power
supply converter 68 is controlled by the remote
microcontroller 54 in a fashion to be descrlbed in greater
detail hereinbelow.

It should also be mentioned at this point that the
digital modulation carried by the optical signal being
Lransmitted via optical fiber 20 is received via the photo-
diode power converter 50 and the digital receiver 52 where
it is then supplied as an 1nput to the mlcrOprocessor.
forming a part of the remote microcontroller 54. The
digital information to be-transmitted to the remote PV
sensor/transmitter device .14 ig " fed out of the remote
microcontroller to a digital transmitter circuit 70 whose
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ocutput feeds into the analog/digital combiner. network 58
and, thence, over.the custcmer=supplied electrical line 56
to the PV sensor/transmitter device 1l4.

. Having described the constructional features of the

fiber-optic interface system 10, it is deemed helpful to an..

understanding of the invention to at this point describe
the overall functionality of the major modules emploved.
Considering first, the local light socurce module 16, the
laser, LED or other light source output optical power from
the light source modulator 42 is controlled to provide eye
safety through a specilal power-up sequence and maximum
laser .life by operating at the lowest possible optical
output power capable of providing adedquate electrical power
at the remote end for powering the electronic circuitry in
the remote module 18 as well as in the PV
sensor/transmitter device 14. . g -
The light source.eye safety féature is achieved by
controlling the light source start-up time. Optical energy
being transmitted out from the output terminal 44 and over
the optical fiber 20 is ramped up from a low value. The
very low-power optical output, when received by the photo-
diode power converter 50 and, ultimately, the remote
microcontroller 54, effectively "wakes-up" the remote

microcontroller and causes it to output a digital status

word, via LED transmitter 64, over the optical fiber 22 to
the photo-~diode receiver 26. During this time, the power
output on 1line 74 to the PV transmitter 14 is disabled.
Only if the photo-diode receiver 26 provides an appropriate
input to the light source microcontroller 24 will that
microcontroller instruct the light source power supply 46
to increase the optical power output:from the light source
modulator 42. Had one or.the other:of. the optical fibers
20 or 22 been broken or not connected to its appropriate
input terminal 48 or. output terminal 66 of the remote
interface module 18, the light source microcontroller 24
would not have received the appropriate status message.and,
as a result, the light source modulator 42 would not bécome
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powered-up to the point where the optical energy being
transmitted would be sufficient to cause eye damage.
Moreover, during normal operation of the system of the
present invention, continuous checks are made at periodic

0perat1ng conditions are normal.

The light source module 16 at the local site also
functions to provide analog 31gnal reconver51on. That is
to say, the analog signal being transmitted from the PV
transmitter device 14 1is reconverted back to an analog
voltage or a 4-20 mA current loop and fed over customer-
supplied electrical line 39 to the control system 12.

The remote interface module 18 functions to measure

and digitize the output from the photo-diode power

converter 50, the power supply voltage to the transmitter
14, and the analog voltage from the Cransmitter. It then
communicates status information as to how well the remote
module 18 is functioning. More'particularly; it carries

predetermined data transmission rates. In_the;event of an
error condition, such as a short circuit of the. output -
current to the transmitter, a broken fiber in the power
fiber 1link 20, etec., an error flag is sent back to the
local interface module 16 to activate._.indicator lights in
a4 manner . yet to be described and appropriate corrective
action can be initiated.

In addition to -the above-described functions; the
remote interface module 18 also functions to dptimize the
power..converter 68. The purpose of this is to monitor the
photo-converter operating point to insure that it remains
in the most efficient 'qptical-to-électrical conversion
segment of its current/voltagé curve. . .This is done by
periodically creating -an open circuit in the output power
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being .delivered to the . sensor/transmitter 14 and then
heavily loading the photé%didde in the photo-dicde powerx
converter 50 while recording the photo-diode voltages in
the memory o©f the microprocessor used in ..the remote
microcontroller 54. The data is used to control the duty
cycle. of the D.C. to D.C. power converter 18 so as to
optimize the photo-converter operating point. These

efficiency improvements result-in an increased light source

lifetime because it can be operated at lower power levels.

The open circuit voltage 1s measured once each second and

the switching converter duty cycle is updated once . every
1/60th second, i.e., once each cycle.

When the stored energy is sufficient to operate the PV
sensor/transmitter device 14, the output power to it from
the power supply converter 68 1is switched on. If the
stored energy is insufficient, the power is removed from
the transmitter and an alarm condition flag is sent, wvia

the data-link 58, 60 or 62, 64, and the optical fiber 22 to.

the photo-diocde receiver 26.

Turning now to the flow charts of Figures 2, 3 and 4,

which define the software . programs executed by the

microprocessors 1in the - controllers 24 and 54, an

explanation will be given as to how control is exerted over -~ —
the hardware components by the respective local and remote.
microprocessor in the microcontrollers 24 and 25. The flow.

charts are written in sufficient "detail so as to permit
persons skilled in the art to write source code/object code
for the selected microprocessors involved. )

Turning first to the flow chart of Figure_2, depicted
here is the routine used on a power-up Situation. When the
system is turned on, the microprocessor-based controller 24
"wakes-up" and undergoes an initialization sequence as
represented by block 80. Assuming that the light source in
question is a laser or laser diode, the voltage to the
lager is first set to zero. Also, the . analog output from
the analog transmitter 30. is:- also set 'to zero and -other

housekeeplng steps are . executed _ to set up the.
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micr0processors'_ports, initiate the system timer at 1/60
Hz and to read the stafus of certain Jumpers or dip
switches defining a set of factory-programmed instructions
that identify exactly the type of D/A conversion that is
involved and the type of PV sensor/transmitter that is
being used. For exampie, the jumpers or dip switches may
establish whether it is a voltage signal from the remote
transmitter to a 4-20 mA current loop on the local end or
a particular combination of actual analog information that
is to be transferred across the interface. While in the
preferred embodiment, the communications loop is operating
at a 60 Hz update. rate, so that every 1/60th of a second
the remote end sends all of its status and data information
to the local end, those skilled in the art can appreciate
that update rates other than 60 Hz can also be employed.
After . ‘the laser wvoltage is set to Zzero, the
microcontroller 24 allows the light source power supply 46
to ramp-up the laser wvoltage, with the voltage. being
incremented every 1/60th of a second. During each such
period, a test is made to see whether a signalﬁhas arrived
from the remote end, thereby indicating that the remote end
is also.in the process of waking up because it is now
recelving power, albeit at a low level, over the optical .
data-link 20 as already described.. A test is made at

-decision block 84 as to whether a signal has arrived from

the remote interface module 18. If it has, the timer is
reset, as indicated by block 86, as is a cycle counter.
Then, control exits to the main sequence illustrated in the
flow diagram of Figure. 3. By resetting the timer, a
baseline is established for the 1/60th of a second period.
After that, at succeeding 1/60th of_ a second intervals, the
local microcontroller should be expecting another message
from the remote interface module 18. If none is received,
an error indication is provided, via indicator lights 174
and 176 (Fig. 1). _ ) S

If at’ "start-up, the test at decision. block 84
indicates that " no remote __signal . has arrived, the
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microcontroller 24 counts up another 1/60th of a second on
its own and theri checks to see if a remote signal has
arrived yet. This is the function of the decision block
90. Control loops back over path 92 until such time as the
test at decision block 90 shows that the elapsed time has

. exceeded one cycle. At that point, a test is made at block

94 to see if so much time has elapsed that a predetermined
maximum count has been reached. The "max count value" 1s
a programmable quantity. For example, if no signal has
been returned from the remote end, in say, one second, it
is indicative that something is wrong at the remote end and
indicator “lights 174 and 176 again reflect the t_:ype' of
fault and manual intervention by way of trouble shooting
takes place (block B96). Once the error condition 1is
resolved, control returns to the input of block 82, via
path 98.

Referring again to decision block 94, if the count has
not reached the preprogrammed max count value, the voltage
to the laser light source is incremented by one step at
operation block 100. Decision block 102 tests whether the
laser voltage is greater than or equal to the full rated

power value for .the laser.  In~ this block FF is the
hexadecimal representation equal to 256 (decimal) _which
comprises one full. 8-bit word in wmachine code.. If the

laser voltage is greater than full power, it is indicative

that the laser is being over-powered and this. constitutes
another error .condition involving manual intervention as
represented by operation block 104. If, on the other hand,
the laser voltage is not greater than its full rated value,
control exits the decision block 102, via path 106, which
leads to the input of the decision block 84.

I+ can be seen from the foregoing description éf the
flow diagram of Figure 2 that there is a wake-up seqguence
for the local 1light source module . 16. This wake-up

_sequence insures that all optical fibers are appropriately

interconnected between the local light source module and

the remote interface module before full power can be
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applied to the laser light source. -~ - —

Referring next to the flow dlagram of Flgure 3, the
main routine executed by the . microprocessor-based
microcontroller 24 at the local site will be explained.
First "off; it should be recalled that in the power-up
sequence, a timer has been set Lo zZero so that relative
time could be measured therefrom. Following the power-up
seqguence, messages should be arriving from the remote end
every 16.6 milliseconds, i.e., 1/60th of a second, so the
first box 108 involves waiting for a next message from the
remote. end.

In the Iimplementation of the present invention, a

message as a check sum for error detection purposes. The

use of check sums to-indicate errors in the Cransmission of
a message 1s a well established technique. . F:Lgure 5
illustrates the format of a typical message and the
interpretation of the bits of the 8-bit header byte.

If bit By in the header ig set, 1t is. 1nd1cat1ve that
the system is configqured to allow s:.multaneous transmission
of both digital information and analog information using
the so-called HART protocel. The B, bit is a transmitter
voltage alarm which is set  if there "is an emergency
condition. . For example, if the leads on the transmitter
should be inadvertently shorted out, header bit B, will be
set and, in this fashion, the local interface. unit 16 is
advised so that corrective action _can be taken.

Header bit B, is the photo-diode voltage alarm bit that
checks on the status of the photo-diode voltage generated
by the photo-diocde in block 50 when illuminated by 1light
Eransmitted over optical fiber 20. This voltage needs to
be in a very narrow voltage range f£or insuring opt imum
power transfer efficiency. When bit B, .is set, it is
indicative that the photo ~-diode voltage is not w1th1n the

desired range. o . o Tt L _

AL predetermined intervals, a measurement of the
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photo-diode open circuit voltage is taken and if header bit
B, ig set, it is in'c'iica_tive “i:hat the message bits following
provide information as to that measured open circuit
voltage value.

Bit B; is a watchdog timer (WDT) bit which is employed
in a conventional fashion to indicate that for some reason,
the microprocessor may be involved in_an endless loop.
When the watchdog timer. has timed out, B, is set to indicate
to the local module 16 that some type of logical error
condition exists in the microprocessor implementing - the
remote microcontroller 54. B

Header bit B; is set when the voltage to _the
transmitter 14 has been turned on. -

Header bit By 1s a . request "from the remote
microcontroller 54 that the laser interface module 18 apply
full-rated. laser power to the. light source. Fihally,:bit
B, when set indicates that the remote interface module 18 is
in a wake-up sedquence.

If the "check sum OK" test at 110 is satisfied, “the
message header bits and the: accompanying data packet
comprising bytes 2, 3 and 5 of -the message are read. See
block 112. The test at decision block 114 c¢causes the
microprocessor in the microcontroller 24 to check bit ‘B, of
the header and if it is sget, the microprocessor in the
microcontroller 24 causes the light. source powexr supp-ly_ 46
Lo increase the power delivered to the laser (block 116).
A test is then made at decision bléck 118 to: determine
whether header bit By is set represeénting a command to shift
the laser power to its full-on value. The microcontroller
24 responds by setting the laser.voltage to its rated full-
rower value (block 120).

The test at decision block 122 checks bit B, of the
message header. If that bit had been set, then certain
special photo-diode information is being sent back from the
remote interface module for a -special processing by the
light "source interface module 16. For example, the light
source interface module can check to determine whether the
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photo-diode is actually operating at its proper operatlng
point (block 124). Thus, if bit B, is set, and it is
determined that the operating point of the photo-diode in
the photo-diode power converter 50. is not optimum, a flag
or an alarm is set (block 128) so that the alarm condition
can be transmitted on to the microcontroller 24 and used to
energize the indicator lamps 174 and 17¢ for diagnostic
purposes.

Decision block 128 tests whether there has been a
photo-diode voltage oxr transmitter voltage alarm that needs
to be serviced. Appropriate remedial action must then be
taken as represented by block 130. |

If all of the tests represented by dec:.sa.on blocks
114, 118, 122 and 128 result in a "Nb"'response ‘control
moves to block 132 which represents the laser power control
algorithm. AS was previously mentioned, it is desirable
to minimize the amount “of laser power transmltted to the
remote interface in order to increase the life of the laser
light _ source. - In implementing --this functz.on, a
proportional integral control algorlthm is used. More
particularly, an error voltage is set to egqual the present
Cransmitter voltage minus the transmitter voltage set-
point. ~The summing operation of error  ferms forms the
integral term of the control algorithm. The net result is
that the laser voltage is set to some- constant K, times the
érror voltage plus an integral constant Ki times the
integral term. By using proportional plus integral
control, it assures that the laser current will be quickly
reset to. where it should be and the lntegral ‘term
determines that the laser current approaches very closely
the optimum wvalue. : T -

After the proper laSer current has been determined or
calculated, the laser current is sent out to a digital-to-
analog - converter (not . ~shown) forming part . of
microcontroller 24 which directly controls the amount of
current energizing the laser. - (See operation blocks 134
and 136.) Contrcl then loops back to'the_input of block



WO 96/123572 2 0 1 8 9 4 PCT/US95/12962 ‘

-l &-- . R

108 where the system awalts receipt of the next- message.
Figure 4 is a software flow dlagram for the program
executed by the microprocessor Of ' the remote
microcontroller %4 shown in Figure 1. When the photo-dicde
5 power converter 50 detects that optical power is being
ramped up and applied, via optical fiber 20, the photo-
diode voltage begins to increase and _the microprocessor
wakes-up. This operation is represented by the power-on
reset box 140 in Figure 4. The power-on.reset operation,
10 1in turn, dinitiates a number of housekeeping operations.
For example, the input/output ports of the MNiCcroprocessor
in the microcontroller 54 needs to be initialized and an
output power switch controlling the transmitter voltage
must be turned off so that all available power is provided
15 to the.. microcontroller .and its associated electronics.
Likewise, an analog-to-digital converter in circuit 58 is
turned off to also conserve power. Finally, the cycle
timer that measures the 16.66. millisecond intervals is
initiated. These housekeeping operations are illustrated
20 1in block 142 of Figure 4.

The microprocessor 54 then proceeds to send a status
and wake-up message to the local light source interface,
via optical fiber 22, as previocusly desScribed. ..See block
144, This apprises the microcontroller 24 at the local
25 site that the optical. fibers are intact, at which point .the

laser or LED light source 42 is instructed to progress to
its full power output. The voltage control switch . (not
shown) for the transmitter is then turned on, providing the . _
PV sensor/transmitter. 14 .with the necessary electrical
30 power to allow it to function.

NexXt,  a test 1s made at decision 148 to determine
whether the power being supplied to .-.the _ PV
sensor/transmitter 14 is up to a predetermined threshold.
If not, control . loops back to block 150 to. wait one
35 additional cycle before repeating steps 146 and 148. ~If
the sensor/transmitter voltage. is up to its . threshold

value, a test is made at block 152 to determine whether. the
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photo-diode voltage from the photo-diode power converter
circuit 50 is at its desired threshold value. Again, if it
is not, control returns to block 150 and after a further
cycle has elapsed, steps 146, 148 and 152 are repeated.

Once it is determined that both the sensor/transmitter
voltage and the photo-diode voltage are at their desired
threshold values, control enters the main remote interface
loop. Specifically, the operations reflected in box 154
are carried out whereby the analog-to-digital converter in
circuit 58 of Figure 1 is turned ori, as 1s an on-board A/D
converter forming a part of the microcontroller 54. The
on-chip A/D converter measures the transmitter voltage and
the photo-diode voltage and digitizes those two parameters
Prior to transmission of the messages in a digital format
to the local light source module 16. As is indicated in
block 156, the watchdog timer is cleared and after each
60th cycle (one second intervals) the photo-diode current
or - some other photo-diode parameter is measured and
Cransmitted back with the next message burst to the local
light source interface module.

Following that, a test is made at decision block 158
Lo determine whether the photo-diode output voltage is
exceeding its threshold, which iz a  programmed setpoint
that -is generally set at a couple .of volts below its
desired operating point. If the photo-diode voltage falls
below that value, it represents an error condition and an
alarm is sent to the local light control module (block 160)
and, in addition, the switch controlling the application of
voltage to the transmitter 14 is opened. _If, on the other
hand, the -photo-diode woltage is above its threshold,
control exits to block 162 and a closead loop photo-diode
controller algorithm is executed. Thisg algorithm measures
the current photo-diode voltage and compares it against the
open circuit photo-diode wvoltage. The operating photo-
diode voltage may typically be.several hundred millivolts
below the open circuit voltage value in order to get
maximum power out of "the photo-diode. The closed loop



WO 96/12357 2 2 0 1 8 9 4 PCT/US95/12962

10

15

20

25

30

35

-18-

photo-diode control algorithm 162 essentially sets the duty
cycle of a DC to DC inductive switching converter contained
in remote interface module 18 to either limit or increase
the amount of current supplied to the photo-diode to bring
its output voltage to its desgired operating point.

Next, as representéd by block 164, a predetermined
time delay, e.g., 0.4 milliseconds, is provided in which
the A/D converter . in  circuit Read Analog block 62 is
allowed to power-up and stabilize. ' The analog output - from
the transmitter is then . converted to a digital

representation thereof after which the A/D converter .can

again be turned off to conserve power (block 166). The

remote microcontroller 54 then controls the LED transmitter. .-
64 to transmit all six bytes of the message back to the

local light source interface (block 168) and then control
exits, via path 170, where operation suspends until _the
next cycle is initiated by the timer circuitry (block 172).
This reinitiates the main remote microprocessor control
loop.

To assist in troubleshooting of the system, there is
associated with the microcontroller - 24 a plurality of
indicator lights, such as LEDs 174 and 176 (Figure 1).

When the system 1s working properly, i.e.,. no transmitter

fault or discontinuous optical loop, LED 174 will be off
and LED 176 will be on. Had the optical locp failed, only
LED 174 would be dlluminated. ... If it were the - PV
transmitter that had failed, LEDs 174 and 176 will both be
on. In the event of a power failure, both LEDs will be

off.. Finally, if system maintenance is needed, say, to
replace the photo diode 50 or .the laser driven by light
source modulator 42, LED 174 will be off arnd LED 176 will

intermittently flash. . . L o ..z

This invention. has been described Therein " in
consilderxable detall in order to comply with the Patent.
Statutes and to provide those skilled in the art with the-
information needed to apply the novel principles and to

construct and use. .such gpecialized components as are
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reguired. However, ‘it is to be uhderstood that the
invention can be carried. out by specifically different
equipment and devices, and that various modifications, both
as to the equipment details and operating procedures, can
be accomplished _without. departing from the scope of the

invention itself. .

What is claimed is:
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1. An optically-powered, fiber-optical data-link for
interfacing a remote process wvariable transmitter to a

local control system, comprising: -

(a}) a first controller means for controllably
applying light energy to a first output terminal and for
receiving digitally encoded, optically transmitted messages
at a first input terminal;

(b) transmitter means electrically connected to
said first controller means for transmitting information to .
sald local control system based upon said messages received
at said first input terminal;

(c}) a second controller means having input and
output terminals, the second controller means being located
remotely from said first controller. means for receiving
both analog and digital signal components defining the
state '0of a process varlable sensed by said remote process
variable transmitter and delivering optically encoded
digital messages and status information relating to the
performance of said second controller means as a message
packet to said output terminal of said second controller
means, sald optically encoded digital message information
being based upon the analog and digital signal components
defining the state of .a prodess variable sensed by said
remote process variable transmitter, said second controllexr
means including a power supply means comprising an optical-
to-electrical power converter connected to said input
terminal of the second controller means and an output
conductor, said output conductor being connected to a power
supply converter means for supplying electrical power to a
remote microcontroller means and said remote process
variable transmitter; -

(d) at least one optical fiber optically coupled
between saild first output terminal of. the first controller -

means, said input terminal of said second controller means,

- saild output terminal of the second controller means and

said first input terminal of the first controller means;

and
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(e) wmeans coupled to said first controller means’
at said local site for reconstructing the optically encoded
digital message information in said message packet into its

analog and_digital components prior to belng sent to the

‘local control system. | - S

2. The optically-powered, fiber-optical data-link as
in Claim 1 and further including: ' '

(a) analog-to-digital converter means controlled
by said second controller means for digitizing said analog
signal components and said status information; and

(b} message formiatting means including means for
translating analog and digital information formats into a
common information protocol for assembling the digitized
analog signal components and said digital signal components
into said message packet. '

3. The optically-powered, fiber-optical data-link as
in Claim 2 wherein first and second optical fibers are
respectively connected between gaid first output terminal

of the first controller means and said input terminal of

" the. second controller means and -between said output

terminal of the second controller means and said first
input terminal of the first controller means.

4.  The optically-powered, fiber-optical data-link as
in Claim 1 wherein the analog component sent to said local
control system 1is a wvoltage or .current in a range
compatible with the local control system. -

5.  The optically-powered, fiber-optical data-link as
in Claim 1 wherein said first and second controller means
each comprise a programmable microcontroller.

6. " An optically-powered, fibér~optic.data~link for
interfacing a remote process variable transmitter to a
local control. system, comprising: -

(a) a first controller means for controllably

applying light energy to a first output terminal and for

réceiving digitally  encoded . optically transmitted

information at a first input terminal;

(b) analog transmitter means electrically
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connected to said first controller means adapted Ffor
transmitting analog information to said local control
system; ' _

(c} a second controller means having input and
output terminals, the second controller means being located
remotely from said first controlle¥ méans for recea.v:.ng_
signals defining the state of a process variable sensed by
sald remote process variable. transmitter and delivering |
optically encoded status information to the output terminal ..
of the second controller means and.including

(1) a power supply means comprising an optical-
to-electrical power converter connected to said input
terminal of the second controller means and an output

conductor, saild output conductor being conpnected to a power

-supply converter means for supplying electrical power to a - -

remote microcofitroller “mieans and said _remote Process
variable.transmitter;

(d) a first optical fiber coupled between said
first output terminal of the first controller means and
said input terminal of the second controller means:;

(e) a second optical fiber coupled between said
output terminal of the second controller means and said
first input terminal of the first controller means; and

(£} means including said first controller means

for initially applying said light energy to said first

output terminal at a standard, accepted eye-safe low 1ight
energy value, said second controller means being respongive
to receipt of said standard, accepted eye-safe low light
energy value over said first optical fiber for transmitting
a power-up command to said first controller means over said
second optical fiber, whereby additional light energy above
said standard accepted eye-safe light energy value is
applied to said first optical fiber only if said POWEr Uup
command 18 received indicating that said first and second
optical fibers are properly connected between their
respective_output and input terminals.

7. The optically-powered, £fiber-optic data-link as
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in Claim 6 wherein said first controller means comprises:

(a) light source -power -supply means for
electrically energizing a light source, said light .source
including means for modulating the intensity of the Light
energy delivered to said first output terminal of the first
controller means and a first microprocessor £dr controlling
said light source power supply means and said light source
modulating means. | | . o

8. "~ The optically-powered, fiber-optic data-link as
in claim 7 and. further including means controlled by said
first controller means for delivering information signals
to. said local control system based upon said digitally
encoded optically transmitted information delivered over:

said second optical fiber to said first input terminal of

~the first controller means.

9. The optically-powered, fiber-optic data-link as
in Claim 8 wherein said information signals delivered to.
said local control system are analog signals.

10. The optically-powered, fiber-optic data-link as
in Claim '8 wherein said information signals delivered to
said local control sgsystem are digital signals.

11. The optically-powered, fiber-optic data-link as
in any one of Claims 6-10 and further including an optical-
to-electrical transducer coupled to said first input
terminal of the first controller means.

12. The optically-powered, fiber-optic data-link as
in any one of Claims 6-10 wherein said light source
comprises a LED. |

13. An optically-powered, fiber-optic data-link for

interfacing a remote process variable transmitter to a

local control system, comprising:
(a} a first controller means for ‘controllably
applying light energy to a first output terminal and for-
receiving digitally encoded optically transmitted
information at a first input terminal;
(b} analog transmitter - means electrically
connected to said first controller means adapted for
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transmitting analog information to. said local control
system;

(c) a second controller means having input and
output terminals, the second controller means being located
remotely from said first controller means for receiving
signals defining the state of a process variable sensed by
said remote process variable transmitter .and delivering
optically encoded status information to said output
terminal of -the second controller means and including

(i) a power supply means comprising an
optical-to-electrical power converter connected to sgaid
input terminal of the second controller means and an output,
conductor, said output conductor being connected to a power
supply converter means for supplying electrical power to a
remote microcontroller means and said remote process
variable transmitter, said second controller means includes
means for measuring and @digitizing electrical power
delivered from said power 'supply means to said remote
process variable transmitter and for digitizing the said
signals defining the state of a process variable;

(d) a first optical fiber coupled between.said
first output terminal of the first ‘contrxoller means and
said input terminal of the second controller means;

(e) a second optical fiber coupled between said
6Litput terminal of the second controller means and said
first input terminal of the first controller means; and

(£) means including said first controller means
for initially applying said light energy to said first
output terminal at a standard, accepted eye-safe low light
energy value, said second controllexr means being responsive
to receipt of said standard, accepted eye-safe low light
energy value over said first optical fiber for transmitting
a power-up command to said first controller means over said
second optical fiber, whereby additional light energy above
said standard accepted eye-safe light energy value is
applied to said first optical fiber only if said power up
command 1s received indicating that said first and second -
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optical fibers are properly connected between their.
respective output and input terminals.

14. The optically-powered, fiber-optical data-link as
in Claim 6 wherein said eye safe low value of light energy
1s achieved by using low duty cycle light pulses.

15. An optically-powered, fiber-optical data-link for
interfacing a. remote process variable transmitter to a
local control system, comprising: - |

(a) a. first controller means for controllably
applying light energy from a light source to a first output .
terminal and fO6r receiving digitally encoded, optically
transmitted messages at a first input terminal;

(b} input/output means electrically coupled to
sald first controller means for applying at least one of
digital and analog information corresponding to said
messages received at said first input terminal to said

local control system;

(c) a second controller means having input and
output terminals, the second controller means being located
remotely from saild first controller means for receiving at.
least one of analog and digital signal components defining
the state of_ a process wvariable sensed by said remote
process variable transmitter and delivering message packets
including optically erncoded digital status information
based upon said at least one of analog and digital signal
components to the output terminal of the second controller
means at periodic intervals to indicate proper operation of
sald second controller means, and said remote process
variable transmitter to the first controller means;

-(d) a power supply means comprising an optical-
to-electrical power converter connected — to said. input
terminal of the second controller wmeans and an output
conductor, said output conductor being connected to a power
supply converter means for supplying electrical power to a
remote microcontroller means and said remote process

variable transmitter; and

(e} at least one optical fiber coupled between
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said first output terminal and said input terminal of the
second controller means and between said outwnut terminal of
the second controller means and said. first input terminal,
regspectively, said status information in said meésage
packet sent from said output terminal of the second
controller means to said first input terminal being
indicative of the level of power produced by said power
sSupply means. ) - :

16. The optically-powered, fiber-optical data-link as
in Claim 15 wherein said first controller means controls
the light energy delivered to _said first output terminal in
response to said status information. _

17. An optically-powered, fiber-optical data-link for __
interfacing a remote process variable transmitter to a
local control system, comprising: R

(a) a first controller means for controllably
applying light energy from a light source to a first output
terminal and for receiving digitally engoded, optically
transmitted messages at a first input terminal;

- T (b) input/output means electrically coupled to
said first controller means for applying at least one of
digital and .analog information corresponding to said
messages recelved at sald first input terminal to .said
local control system;

(c) a.-second controller means having input and
output terminals, the second controller means being located
remotely from said first controller means for receiving at
least one of analog and digital signal components defining
the state of a process variable sensed by said remote

"process variable transmitter and delivering message packets
including optically encoded digital statug information
based upon said at least one of analog ard digital signal
components to the output terminal of the second controller
means at periodic intervals to indicate proper operation of
said second controller meéans, and -said remote process
variable transmitter to the first controller means;

(d} a power supply means comprising an optical-
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to-electrical power converter connected to: said input
Ferminal .of the second controller means and an output
conductor, said output conductor being connected to a power
supply converter means for supplying electrical power to a
remote . microcontroller means and said remote  process
variable transmitter; and

(e) at least one optical fiber coupled between
said first output terminal and said input terminal of the
second controller means and between said output terminal of
the second controller means and said first input terminal,
respectively, said status information in said .message
packet sent from said output terminal of the second.
controller means to said  first input terminal being
indicative of the level of power produced by said power
supply means; and

(£) alarm means in said first controllexr means
for 1indicating when the status information indicates a
level of power. produced by said power supply means is
cutside of predetermined upper and lower iimits.

18. The optically-powered, fiber-optical data-link as
in Claim 17 wherein gaid first controller means includes
means for adjusting the light energy produced by said light
source to a minimum value necessary to -provide operating
potentials to said second controller means. and said process
variable transmitter. i

19. The optically-powered, fiber-optical data-link as
in Claim 17 and further including means for interrupting
the electrical power delivered to salid remote process
variable transmitter in the event the level of power
delivered by said power supply means falls below said lower
lLimit. - .

20. The optically-powered, fiber-optical data-link as
in Claim 15 wherein said input/output means applies said
analog information to said 1local_ _control system as a

voltage or current in a range compatible with the local

contrel system.
21l. The optically-powered, fiber-optical data-link as
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in Claim 15 wherein said first and second controller means
each comprise a programmable microcontroller.

22 . "The optically-poweréd, fiber-optical data-link as

in Claim 15 whereln said second controller means sends said

5 message packets, including said status information, to said

second output terminal .at periodic .intervals to indicate

proper operation of said controller means, said reémote

process variable transmitter and sald at least one optical

fiber to said first controller means.

10 23.  The optically-powered fiber-optical data-link as
in Claim 15 wherein the status information is indicative of
proper operation of said at least one optical fiber:

24. . The optically-powered fiber optical data-link as
in Claim 15 and further including means for monitoring the

15 ~ernergy output. of said light source. - -~ _
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