«» UK Patent Application «GB 2366 111 A

(43) Date of A Publication 27.02.2002

(21) Application No 0115205.7 (61) INT CL?

HO4N 7/18
(22) Date of Filing 21.06.2001
(52) UK CL (Edition T )

(30) Priority Data H4F FAAA
(31) 09631740 (32) 04.08.2000 (33} US
(56) Documents Cited
. US 5103306 A US 4855822 A
{71} Applicant(s) . “Motion-based compression of underwater video
Mentor Subse.a Technology Services, Inc. imagery for the operations of unmanned submersible
{Incorporated in USA - Delaware) vehicles", Negahdaripour, Khamene, Computer Vision
PO Box 60035, 1450 Poydras Street, New Orleans, and Image Understanding, Vol. 79, No. 1, 162-183
Louisiana 70112, United States of America {2000).

"DSP hardware implementation of transform-based

(72) Inventor(s) compression algorithm for AUV telemetry”, Kocak,

John William Berthold Caimi, IEEE Oceanic Engineering Society (OCEANS
Brian Roy Westphal '98), Vol. 3, 1624-1628 (1998).

(74) Agent and/or Address for Service (58) Field of Search
D Young & Co UK CL (Edition S) H4F FAAA FAAX
21 New Fetter Lane, LONDON, EC4A 1DA, ONLINE DATABASES: WPI, EPODOC, JAPIO, INSPEC.
United Kingdom

(54) Abstract Title
Video telemetry apparatus for remotely operated vehicles.

(67) A microwave transmitter 54 is provided on a drone FIG. 1 "
vessel 14 and a microwave receiver 64 is provided on a ’ -
remote station 60 (Figure 2; vessel or platform). A "
remotely operated vehicle 10 is connected to and .
controlled by the drone vessel 14 by an umbilical line 40 ~X7
that includes cables for power, control, and video signals
between the drone vessel 14 and remotely operated S6ay
vehicle (ROV) or autonomous underwater vehicle (AUV) NEAR
10. Video cameras 50,16 are provided on the drone vessel o . e
14 and the remotely operated vehicle 10. Signal 52 Sy
conditioners 24,32 and laser-modulated diodes 26,34 are DECODER A0 =] coumpeason | | woosu || 65 o
provided on the remotely operated vehicle to condition oemuLTDaR =] VEGRMRET | MoAToR [ s
and transmit multiple video signals to the drone vessel 14
through a single mode optical fiber 36,38 in the umbilical l—‘”_l [.[jao
line 40. A multiplexer produces a single output data DETECTOR perECToR =
stream for the optical cabie. On the drone vessel 14, the - d
h : . - e I 50
signal is compressed, demultiplexed, conditioned, I
encoded as necessary, and then transmitted via an yrs
antenna 58 to a receiver on the remote station 60 (Figure e &P o3 n
2). A receiver 64, demodulator 66, and decoder 68 are 34 peE g
provided on the remote station 60 for viewing and/or { ‘? 0
. . 32 24 18
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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VIDEO TELEMETRY APPARATUS FOR REMOTELY OPERATED VEHICLES

This invention generally relates to video telemetry
apparatus for remotely operated vehicles, such as that suitable

for monitoring the operations of remotely operated vehicles

under water.

The installation and maintenance of offshore structures
such as fixed jackets} 'flbati'rig étruc‘:tures, undersea wellheads,
and pipelines often requires the use of a remotely operated
vghicle‘ (ROV) or an autonomous underwater vehicle (AUV) due to
the water depth and type of work to be performed. " ROV work is
typically done from. a vessel or fixed platform with a direct
wire connection to the ROV for video monitoring and control of
operations. AUV work may be done using wireless transmissions
to control the operation and monitor the operation by video.
However, wi;:eless video monitoring with the AUV is typically
done at a narrow bandwith‘ that limits the amount of video

information that can be sent to the operator.

According to the invention there is prévided a video
telemetry apparatus for provision on a remotely operated
vehicle controlled from a remote station where a drone vessel
and tether management system are used with the remotely
operated vehicle, the remotely operated vehicle and tether
management system including a plurality of video cameras and
means for producing a data stream from the camera signals, the

video telemetry apparatus comprising:
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means on the drone vessel for compressing, encoding, and
multiplexing the multiple camera signals into a serial data
Stream;

means on the drone vessel for modulating a radio frequency
signal with the compressed serial data Stream;

means on the drone vessel for transmitting the signal; and

means on the remote station for receiving and viewing the
transmitted signal.

In a preferred embodiment of the invention, a microwave
transmitter is provided on the drone vessel and a microwave
receiver is provided on the remote station (vessel or
platform) . The remotely operated vehicle is connected to and
controlled by the drone vessel by an umbilical line that
includes cables for power, control, and video signals between
the drone vessel and remotely operated vehicle. Video cameras
are provided on the drone vessel and the remotely operated
vehicle. Signal conditioners and laser-modulated diodes are
provided on the remotely operated vehicle to condition and
transmit multiple video signals to the drone vessel through a
single mode optical fiber in the umbilical line. A multiplexer
produces a single output data stream for the optical cable. On
the drone vessel, the signal is de-multiplexed, conditioned,
encoded as necessary, and then transmitted via an antenna to a
receiver on the operating vessel or platform. A receiver,
demodulator, and decoder are provided on the controlling vessel

or platform for viewing and/or capturing the video.
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For a further understanding of the nature of the present
invention, reference should Dbe made to the following
description, taken in conjunction with the accompanying
drawings in which like parts are given like reference numerals,
and wherein:

Fig. 1 is a schematic illustration of parts df a video
telemetry apparatus according to an embodiment of the
invention, on a drone vessel and a remotely operated vehicle;

. and

Fig. 2 1is a schematic illustration of parts of the
apparatus on a remote station.

Figs. 1 and 2 schematically illustrate a video telemetry
system on a remotely operated vehicle 10, a tether management
system 12, a drone vessel 14, and a remote station 60.
Equipment used on the remotely operated vehicle 10 and the
tether management system 12 are generally known but, for the
sake of clarity, one type of video setup will be described.

The remotely operated vehicle 10 is provided with a |
plurélity of cameras 16 and a video multiplexer, 'encoder, andI
sampler 18. The multiplexer produces a single serial output data
stream at a high bit rate that is typically 100 Mbps when using
digital sampling (50MHZ when using analog). The camér_as used
may be of any suitable combinativon, such as two black and white
cameras, a low-light-level camera, and a color camera. The
signals are sent to the equipment on the tether management

system 12 through a coaxial cable 20 that is contained within .

the tether line 22.
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The tether management system 12 is provided with a first
signal conditioner and laser diode drive 24, a first laser
diode 26, a camera 28, a video multiplexer, encoder, and
sampler 30, a second signal conditioner and laser diode driver
32, and a second laser diode 34. Coaxial cable 20 is connected
between the video multiplexer and encoder 18 and the first
signal conditioner and laser diode driver 24. Signals from the
camera 28 on the tether management system 12 are sent to the
video multiplexer and encoder 30 and then to the second signal
conditioner and laser diode driver 32. The first and second
laser diodes 26 and 34 respectively receive signals from their
respective signal conditioners and laser diode drivers 24 and
32. The signal conditioners modulate the laser diodes 26 and
34, which transmit the video signals through single mode
optical fiber cables 36 and 38 that are contained in an
umbilical line 40. The video multiplexer/encoders also sample
each video signal at a high bit rate.

The drone vessel 14 is provided with first and second
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detector/receivers 42 and 44 that respectively receive signals
from the laser diodes 26 and 34. These signals are fed into a

decoder and video demultiplexer 46. Separate signals

representing the input from each camera 16 and 28 are fed to a

video compressor multiplexer and encoder 48. Signalé from one
or more cameras 50 are also fed ‘into the wvideo compressor
multiplexer and encoder 48. ‘The video compfessor multiplexer
and encoder 48 performs the functions that include video signal
compression, digital encoding of each video signal, and
multiplexing the various video signals to create a serial data
stream in DS3 format. The type of video compression used
determines ' picture quality and affects the cost of the
multiplexer units available. The standard DS3 format (also
known és G.703) is a data stream at 44.736 Mbps. The DS3 data
stream is sent to a modem modulator 52, which creates a 70 MHz
radio frequency (rf) signal modulated by the DS3 digital data
stream. The 70 MHz signal, commonly called an intez‘:mediate»
f:;requency (IF) signal is input to a microwave transmitter 54
where the IF modulates (or up c;onverts the digital data stream
to) the 6.5 GHz carrier frequency. A linear amplifier 56, if
needed, is used to boost the output power up to the FCC license
1imit of 3150 watts. From the amplifier 56, the signal is sent
to an antenna 58 for transmission to the remote station 60 seen
in Fig. 2.

The remote station 60 is provided with a receiver antenna
62, a receivér 64, a modem demodulator 66, a video decompresser,
demultiplexer, and decoder 68 and one or more monitors or frame

grabbers 70 for viewing the video from the various cameras.
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The antenna 58 on the drone vessel 14 is preferably a fixzed
omnidirectional antenna. A parabolic dish antenna may be used
but it must be pointed at the remote station. Alternately, a
fixed Yagi antenna may be used if the dynamic positibning system
on the drone vessel 14 is capable of keeping the antenna
continuously pointed at the receiver antenna 62 on the remote
station 60. A Yagi antenna pattern typically éxhibits an output
beam angle of +/- fifteen degrees at a gain of 12 dB. An
omnidirectional antenna transmits over three hundred sixty
degrees at a typical gain of 2 dB, and a one foot diameter dish
antenna exhibits an output beam angle of +/- | 4.5 degrees at a
gain of 22 dB.

Because many varying and differing embodiments may be made
within the scope of the inventive concept herein taught and
because many modifications may be made in the embodiment herein
detailed in accordance with the descriptive requirement of the
law, it is to be understood that the details herein are to be

interpreted as illustrative and not in a limiting sense.
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CLAIMS

1. A video telemetry apparatus for provision on a
remotely operated vehicle controlled from a remote station
where a drone vessel and tether management system are used with
the remotely operated vehicle, the remotely operated vehicle
and tether management system including a plurality of video
cameras and means for producing a data stream from the camera
signals, the video telemetry apparatus comprising:

means on the drone vessel for compressing, encoding, and
multiplexing the multiple camera signals into a serial data
stream;

means on the drone vessel for modulating a radio frequency
signal with the compressed serial data stream;

means on the drone vessel for transmitting the signal; and

means on the remote station for receiving and viewing the

transmitted signal.

2. A video telemetry apparatus according to claim 1, wherein
said meaﬁs for transmitting the signal comprises:

a transmitter;

an amplifier; and

an antenna.
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3. A video telemetry apparatus according to claim 1 or claim
2, wherein said means on the remote station for receiving and
viewing the transmitted signal comprises:
an antenna;
5 a receiver;
a modem demodulator;
a video decompressor, demultiplexer, and decoder; and

a monitor/frame grabber.

10 4. A video telemetry apparatus substantially as hereinbefore
described with reference to and as illustrated in the

accompanying drawings.
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