USOORE44924E
(19) United States
12y Reissued Patent (10) Patent Number: US RE44,924 E
Cooper et al. 45) Date of Reissued Patent: Jun. 3, 2014
(54) DIGITAL OBSERVATION SYSTEM 5,023,725 A 6/1991 McCutchen
5,040,063 A 8/1991 C(itta et al.
: . . 5,249,051 A 9/1993 Elberb t al.
(71) Applicant: Immet.'swe Media of Texas, LLC, 5.450.140 A 0/1995 Wa:ﬁi;élme
Longview, TX (US) 5,659,776 A 8/1997 Chauvel
5,689,313 A 11/1997 Sotheran
(72) Inventors: Alan Neal Cooper, Coppell, TX (US); 5,703,604 A 12/1997 McCutchen
Christopher Michael Fritz, Lubbock, 5,926,209 A 7/1999  Glatt
- ‘ 5,995,140 A 11/1999 Cooper et al.
.——.X (—[JS),j James Walter FJXIIEI',j Plc"ﬁln‘:},J 6,009,305 A 12/1999 Murata
IX (US) 6,023,131 A 2/2000 Okita
6,141,034 A 10/2000 McCutchen
(73) Assignee: Star Co., Longview, TX (US) 0,215,898 Bl 4/2001 Woodfill et al.
6,240,217 Bl 5/2001 Ercan et al.
. 6,259,271 Bl 7/2001 Couts-Martin et al.
(21) Appl. No.: 13/662,969 6317,166 Bl  11/2001 McCutchen
_ 6,330,027 Bl 12/2001 Haba
(22) Filed: Nov. 6, 2012 6,381,007 B2 4/2002 Fabre et al.
6,493,025 B1  12/2002 Kirtyama et al.
Related U.S. Patent Documents 6.493.034 Bl  12/2002 Elderbaum
Reissue of: 6,514,083 Bl 2/2003 Kumar et al.
(64) Patent No.: 7,312,816 6,567,869 B2 5/2003 Shirley
ISSlled: Dec- 253 2007 6,573,931 Bl 6/2003 Horu et al.
Appl. No.: 10/202,283 (Continued)
Filed: Jul. 24, 2002

Primary Examiner — Jason Whipkey

U.S. Applic'ationis: o (74) Attorney, Agent, or Firm — McAndrews, Held &
(63) Continuation of application No. 12/642,698, filed on Malloy, Ltd.

Dec. 18, 2009, now Pat. No. Re. 43,786, which 1s an
application for the reissue of Pat. No. 7,312,816. (57) ABSTRACT

A digital observation system and method for processing and

(51) }}1;:11(\:71:5/2 25 (2006.01) transmitting video data between a video camera, or video
' cameras, and a base unit. The video data 1s transmitted, for

(52) US. Cl. example, by a communication protocol that 1s compliant with
USPC e, 348/207.1 Ethernet physical drivers for transmitting and receiving data

(58) Field of Classification Search ataround 100 Mbps. Video is captured at a sensor in the video
USPC seeeeneeeeeenes 348/207.1, 207.11, 21 1;3: 241, 243 camera, digitally processed and transmitted, thus overcoming

See application file for complete search history. limitations associated with analog processing and allowing

_ unmique features to be added. Images and other data may be

(56) References Cited transmitted eificiently in their native format, with reduced

U.S PATENT DOCUMENTS overhead, and in a non-compressed format due to the data
transmission rate at or below 100 Mbps.

4,584,656 A 4/1986 Sakai et al.

4,780,761 A 10/1988 Daly et al. 23 Claims, 5 Drawing Sheets
32~ HORIZONTAL
DRIVER EPROM 1
22 24 20
20 ANALOG 100 BASET POWER
DATA /0
CCD VIDEO CONTROL PLD VO] ETHERNET RJ45 | DIGITAL VIDED
10 BIT VIDEO PHY AUDIO

28

VERTICAL
34 DRIVER REMOTE CONTROL
T ol T POWER

CALL INPUT RJ11 | INTERCOM
T AUDIO
AMP
12V

REMOTE
36 38 46

42

12V REG
FOR AUDIO

+/- 15V REQG

-5.0V REG

40

2.9V

3.3V
13V

48

a0



US RE44,924 E

Page 2
(56) References Cited 2002/0051065 Al 5/2002 Takahashi
2002/0054222 Al 5/2002 Nitta et al.
U.S. PATENT DOCUMENTS 2002/0126150 Al 9/2002 Parry
2002/0140857 A1 10/2002 Limaye
6.735.190 Bl 5/2004 Chuah et al. 2003/0128283 Al  7/2003 Watanabe et al.
6.748.577 B2 6/2004 Bal 2003/0131127 A1 7/2003 King et al.
6757413 Bl 62004 TeMahieu 2003/0193567 Al  10/2003 Hubel
6.825.876 Bl  11/2004 Easwar et al. 2004/0017477 Al 1/2004 Cooper et al.
6,977,683 Bl 12/2005 Okada 2004/0201686 A1  10/2004 Amling et al.
7,312,816 B2  12/2007 Cooper et al. 2005/0146610 Al 7/2005 Creamer et al.
2001/0008419 Al 7/2001 Sano et al. 2005/0146611 Al 7/2005 Vu et al.
2001/0030694 A1 10/2001 Abe 2005/0185056 Al 8/2005 Hirasawa



US RE44,924 EE

Sheet 1 of S

Jun. 3, 2014

U.S. Patent

417 :
934 AGL ~/+ ASL C DIA

AEE
744
T 934 AE'S 934 ASZ = AGZ
Ov 0IaNY Y04 Sy . 8¢ 9¢
934 AZ1
WOJH3INI| Liry N olkany
HIMOd |
T04LNOD 3LOW3Y HIAIYQ be
WILLHIA
8¢
olany
AHd 03GIA Lig 01
030
A ﬁﬁ“m E 13NH3HI3 [ 0 vIvG E Touinog 1 °® *oIan 333 07
135vd 001 90 TNV

9¢ Ve

H3AILA
TVINOZIHOH [-z¢

06 INOYd3

[ OIA

1IN V4INVO
bl 3Sva WIDIA ™zt T\-gi



US RE44,924 EE

Sheet 2 of S

Jun. 3, 2014

U.S. Patent

43 T1041NQJ 1130
ONV T04LNCD J10W3Y

06 99

¢ 2¢ 98

X1 V1VQ AHd
1INY3H13

08 8. 9/

MLY

V.
Xd V1vQ AHd dINIIHI d3 T104LNOD ASVIN
1INY3H13 Jdd MO 14 V1VQ 13Xid

d01VdINID 104440 NOILONA3Y e
J8J VAINYD vivd

&€ OIA

35vd
IEJ — b6

26~| HOLYHINID HITI0HINOD
¥J01) AJ2 Sao
” TOHLNOD NIVY DILYWOLNV-
JOVHIAY A SIyl JINOH19313-
T0HINOD 3HNSOdX3
NOISHIANOD
0Z~1J IN312134302
.Mm
|||||||||||||| -
8¢ _
|
|
AV13d ININ _
I |
|
_ AV130 INDT “
I l
2L L0995 vs ]



US RE44,924 EE

Sheet 3 of 5

Jun. 3, 2014

U.S. Patent

gLl L 44’

e @ @

. vl ZLL Zpl
0zl

'_ unosto | [8300083] [830093a] [¥3G05N3

pep 030IA 03aA | | yoLNOW
HOA XNY/HOA 10dS

— i
oLl ¢t SY344N4 3N 03QIA.
NOLLVHINID 0SO0.
10HLNOD JOV4HILNI HISN.
SOSS3OOHOHIIN |- TORINGS WNG a50-
43 T104INOD ¥30003A/AHICOIN3.
39V4H3LNI GO
- 0/t WYV SHOSSIDO0Hd OIQIA b
43 T10HINOD MOTH VLVO.
HITIOHLNGD AHOWI HOA.
pzL 100N AL Tvad HITI0HINOD AHOWIW LOdS.
HITIOHINOD AHOWIW D1
QUVOgAIN V9d4
8¢ 1

JOVIY3LINI 111 694 119 9°9°9

(08% X 09) AV1dSid 21 VIA

vl 901

¢Ol

GhY E Gy | | SPrY

135va 001 1INd3H13 001
3OVIH3INI YHIWV] ¢

JAN9L
AHOWIN vl
030IA HOA

¢ XQN31L
SIIHOWIN vEl
AV1dSIA QI

DEL AS AEE ABL

THOIMNOVE A7 AZL ‘A Jd Ave
4IMOd Q07 AS/AS'E
AL AS'S 'AS 1NdLAD
96 AvZ LNdNI
A1ddNS HIMOd

8¢l
ACL HO AS LHIIMMOVE QI 701




S DId WYHas

US RE44,924 EE

o1 0y | 0/ avdA
ﬂ e CE 110 WYYV
NOILJO) HILSYIA HOA
T € 43Q0IN3 - o
oVl -
HAA ASIN dor SAJ01D uab 320}
" IN H3GOIN3 91 0} HOA a7 .
= 891
T —
E 10dS 9SIN L HIA0ONT [ors =
24 991 L ——
5| )
SY31S193Y T
N3LSAS 0L S X e
L W3ILSAS L o)) X ase
= 30V4HILN > M_ e
-
= 801 - T
- —
= doj~g9 -
9gNISSID0Hd
901
gG1 |t
INVHES

U.S. Patent

SHI01D

(2X) NI 2SIN

¥ L1INYIH13
& 1INH3H13
¢ 1ANYIH L]

I LINY3HL3

\p01

0G|



U.S. Patent

RECEIVING DIGITAL RGB
DATA AT A FIRST MODULE

STORING THE DATA IN
A SECOND MODULE

RECEIVING THE DATA AT
A THIRD MODULE FROM
THE SECOND MODULE

REDUCING A NUMBER OF
BITS PER PIXEL OF THE DATA
IN A FOURTH MODULE

INCREASING A NUMBER OF BITS

PER PIXEL OF A FIRST SET OF
THE DATA IN A FIFTH MODULE

DETERMINING A CYCLIC
REDUNDANCY CHECK FOR A LINE
OF THE DATAIN A SIXTH MODULE

FIG. 6

Jun. 3, 2014

180

182

184

186

188

190

Sheet 5 of 5

200

202

204

206

208

210

212

RECEIVING DATA BY
A FIRST MODULE

CONVERTING, BY THE FIRST
MODULE, THE RECEIVED
DATA TO RGB DATA

MULTIPLEXING THE RGB
DATA INTO ONE BIT STREAM
BY A SECOND MODULE

PERFORMING A COLOR SPACE
CONVERSION FROM THE RGB
DATA TO YCrCb DATA BY
THE SECOND MODULE

PERFORMING A COLOR SPACE
CONVERSION FROM THE YCrCb
DATA TO ANOTHER YCrCb DATA
FORMAT BY A THIRD MODULE

FORMATTING THE OTHER YCrCb
DATA TO A REQUIRED OUTPUT
FORMAT BY A FOURTH MODULE

CONVERTING THE
FORMATTED DATA TO RGB
DATA BY A FIFTH MODULE

FIG. 7

US RE44,924 EE



US RE44,924 E

1
DIGITAL OBSERVATION SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

RELATED APPLICATIONS

The present applicationis an application for reissue of U.S.
Pat. No. 7,312,816, and is a continuation of U.S. application
Ser. No. 12/642,698, filed Dec. 18, 2009, which is also an
application for reissue of U.S. Pat. No. 7,312,816, now U.S.

Pat. No. Re. 45,786.

The present mnvention 1s related to patent application Ser.
No 10/202,968 titled DIGITAL TRANSMISSION SYS-

TEM, to patent application Ser. No. 10/202,668 titled DIGI-
TAL CAMERA SYNCHRONIZATION, and to patent appli-
cation Ser. No. 10/202,257 titled UNIVERSAL SERIAL
BUS DISPLAY UNIT. These applications are commonly
assigned, commonly filed, and are incorporated by reference
herein.

1. FIELD OF THE INVENTION

The present invention relates to observation systems and,
more particularly, to a digital observation system comprising,
a digital camera and a base unit.

2. BACKGROUND OF THE INVENTION

A conventional observation system 1s based on standard
analog cameras attached, via a specialized cable, to a Cathode
Ray Tube monitor for display. All video processing 1s per-
formed 1n the analog domain. This type of conventional sys-
tem has several limitations including noisy video, low inter-
laced resolution, slow frame rate or image roll during
switching, limited display capabilities and limited storage
and processing options. Therefore, 1t 1s desirable for the
present invention to overcome the conventional limitations
associated with processing video in the analog domain.

SUMMARY OF THE INVENTION

The present invention achieves technical advantages as a
digital observation system and method for processing and
transmitting video data between a video camera (or video
cameras) and a base unit via, for example, a communication
protocol that 1s compliant with Ethernet physical drivers for
transmitting and recerving data at around 100 Mbs. With such
a digital observation system, video 1s captured at a sensor 1n
the video camera, digitally processed and transmitted, thus
overcoming the aforementioned limitations and allowing
unique features to be added. Images and other data may be
transmitted efficiently (1n their native format), with reduced
overhead (header information can be minimized), and 1n a
non-compressed format (since transmission occurs at or
below 100 Mbs).

In one embodiment, a digital observation system com-
prises a digital camera and a base unit. The digital camera
includes a charge coupled device (CCD) image sensor
memory, a CCD 1mage sensor, a correlated double sampling
(CDS) circuit, and a physical interface. The CCD image sen-
sor memory 1s adapted to store video data, while the CCD
image sensor 1s adapted to transmit the stored video data 1n
analog RGB color space format native to the CCD image
sensor (analog RGB data), where the CCD 1mage sensor
comprises the CCD image sensor memory. The CDS circuitis
adapted to recerve the analog RGB data from the CCD image
sensor and convert the analog RGB data into digital RGB data

10

15

20

25

30

35

40

45

50

55

60

65

2

and the physical interface 1s adapted to receive the digital
RGB data and transmit the digital RGB data with reduced
operational overhead and increased operational functionality.
The base unit includes a base unit physical interface, a base
unmt programmable logic device (PLD), and a display. The
base unit physical interface 1s adapted to receive the digital
RGB data with the reduced operational overhead and the
increased operational functionality from the digital camera
physical interface and display it via the display. The base unit
PLD 1s coupled to the base unit physical interface and the
display.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a block diagram of a digital observation
system 1n accordance with an exemplary embodiment of the
present 1nvention.

FIG. 2 illustrates a block diagram of a digital camera 1n
accordance with an exemplary embodiment of the present
ivention.

FIG. 3 illustrates a block diagram of a programmable logic
device of the digital camera 1n accordance with an exemplary
embodiment of the present invention.

FIG. 4 1llustrates a block diagram of a base unit 1n accor-
dance with an exemplary embodiment of the present mven-
tion.

FIG. 5 illustrates a block diagram of a programmable logic
device of the base umit in accordance with an exemplary
embodiment of the present invention.

FIG. 6 illustrates a flow chart for data processing 1n accor-
dance with an exemplary embodiment of the present inven-
tion.

FIG. 7 1llustrates an alternate tlow chart for data processing,
in accordance with an exemplary embodiment of the present
ivention.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIG. 1, a digital observation system 10 of
the present mnvention 1s presented. The system 10 includes at
least one digital camera 12 coupled to atleast one base unit 14
via, for example, an Ethernet connection.

Referring now to FIG. 2, the digital camera 12 1s presented.
The digital camera 12 includes a charge coupled device
(CCD) 1image sensor 20 which includes a CCD memory (not
shown), a correlated double sampling (CDS) circuit 22, and a
physical interface 24. Although the 1image sensor preferably
used by the present invention 1s a CCD 1mage sensor, a
complementary metal oxide semiconductor (CMOS) image
sensor may also be used. The CCD 1mage sensor 1s a collec-
tion of tiny light-sensitive diodes, called photosites, which
convert photons (light) into electrons (electrical charge).
Each photosite 1s sensitive to light, wherein the brighter the
light that hits a single photosite, the greater the electrical
charge that will accumulate at that site. The value (accumu-
lated charge) of each cell 1n an 1mage 1s read and an analog-
to-digital converter (ADC—not shown) turns each pixel’s
value into a digital value. In order to get a full color image, the
sensor uses filtering to “look at” the light 1n 1ts three primary
colors (Red Green Blue or RGB) optically or electrically,
filtered or unfiltered. Once all three colors have been
recorded, they can be added together to create a full spectrum
of colors.

The CCD memory 1s adapted to store video data and the
CCD 1mage sensor 20 1s adapted to transmit the stored video
data in analog RGB color space format native to the CCD
image sensor (such data will heremnafter be referred to as
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“analog RGB data™). The CDS circuit 22 1s adapted to receive
the analog RGB data from the CCD image sensor 20 and
convert the analog RGB data into digital RGB data, wherein
the CDS circuit1s operably coupled to the CCD 1mage sensor.
The physical interface 24, such as an Ethernet physical inter-
face for example, 1s adapted to receive the digital RGB data
and transmit the digital RGB data with reduced operational
overhead and increased operational functionality via an RJ45
(or similar) connector 26, wherein the physical interface 1s
operably coupled to the CDS circuit 22. The operational
overhead includes at least one of: a multi-drop operation,
error detection, source addressing, destination addressing,
and multi-speed operation, while the operational functional-
ity includes at least one of: header data, secondary data, and
error correction.

The digital camera 12 further includes a Field-Program-
mable Gate Array (FPGA) or Programmable Logic Device
(PLD) 28 that interfaces to the CDS circuit 22 and controls
timing signals to the CCD 1mage sensor 20 to transmit the
analog RGB data to the CDS circuit and 1s adapted to delay
one line of the digital RGB data with the reduced operational
overhead and the increased operational functionality trans-
mission when a transmission error correction occurs. The
PLD 28 1s a circuit that can be programmed to perform com-
plex functions. The digital camera PLD 28 1s more fully
discussed in the description of FIG. 3 below. An erasable
programmable read-only memory 30, which 1s a type of
memory that retains 1ts contents until 1t 1s exposed to ultra-
violet light (the ultraviolet light clears its contents, making it
possible to reprogram the memory), 1s coupled to the PLD 28.
Additionally, a horizontal driver 32, a vertical driver 34, and
an RJ11 (or similar) connector 40 are coupled to the PLD 28.
The horizontal driver 32 and the vertical driver 34, further
coupled to the CCD mmage sensor 20, convert logic level
signals to voltage levels that the CCD 1mage sensor can uti-
lize. A “remote control” message may be sent from the PLD
28 to an external module (such a voice or data platform), via
the RJ11 connector 40, to indicate data to be transferred
between the digital camera 12 and the external module (not
shown) via commands from the base unit 14 (attached to the
digital camera 12 via the RJ45 connector 26). A “call mput”
message may be sent to the PLD 28 from the external module.

The digital camera 12 also includes a microphone 36
coupled to an audio amplifier 38, for supporting full duplexed
audio, which 1s further coupled to the RJ11 connector 40. The
digital camera 12 preferably utilizes a single input voltage of
14V to 40V and generates the multiple voltages that are
needed by the logic devices and the CCD 1mage sensor 20.
These multiple voltages include a linear regulated output
voltage 42 for the RJ11 device interface which provides 12V
(25 mA max), a main system power supply 44 which gener-
ates all of the multiple voltages other than the linear regulated

output voltage 42 and provides 3.3 V (1.65 A), a core voltage
46 for the PLD 28 which provides 2.5V (mA), a CCD ampli-

fier voltage 48 which provides 15 V (mA), and a CCD sub-
strate bias which provides -5.5 V (mA). The digital camera
12 additionally utilizes various clocks including clocks for
CCD timing and clock generation, for outputting to the physi-
cal interface 24, and a main video processing clock.

In a preferred embodiment, the digital camera 12 com-
prises a memory adapted to store video data, a first circuit (for
example, the CCD image sensor 20) adapted to transmit the
stored video data 1n a first representation of a first format (for
example, analog RGB data), wherein the first circuit com-
prises the memory, a second circuit (for example, the CDS
circuit 22) adapted to recerve the data 1n the first representa-
tion of the first format from the first circuit and convert the
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data in the first representation of the first format into a second
representation of the first format (for example, digital RGB
data), wherein the first circuit 1s operably coupled to the
second circuit, a third circuit (for example, the digital camera
PLD) adapted to control timing signals to the first circuit to
transmit the data in the first representation of the first format
to the second circuit, wherein the third circuit interfaces to the
first circuit and to the second circuit, and a fourth circuit (for
example, the interface) adapted to receive the data in the
second representation of the first format from the second
circuit and transmit the data 1n the second representation of
the first format, wherein the fourth circuit 1s operably coupled
to the second circuit.

In an alternate embodiment, the digital camera 12 com-
prises a memory adapted to store video data, a first circuit
adapted to transmit the stored video data in a first format,
wherein the first circuit comprises the memory, a second
circuit adapted to recerve the data in the first representation of
the first format from the first circuit, wherein the first circuit
1s operably coupled to the second circuit, a third circuit
adapted to control timing signals to the first circuit to transmut
the data in the first format to the second circuit and convert the
data 1n the first format into a second format (for example,
digital RGB data), wherein the third circuit interfaces to the
first circuit and to the second circuit, and a fourth circuit
adapted to receive the data in the second format from the
second circuit and transmit the data in the second format,
wherein the fourth circuit 1s operably coupled to the second
circuit.

Referring now to FIG. 3, the digital camera PLD 28 1s
presented. The digital camera PLD 28, which contains logic
that 1s responsible for timing, video processing, data recep-
tion and data transmission, includes a two video line delay
memory 52 adapted to receive the digital RGB data from the
CDS circuit 22. The digital RGB data 1s received at a {first
multiplexer 54 which transiers the data into a first line delay
56 or into a second line delay 58 depending on which line
delay 1s used for storing new data and which line delay 1s used
for outputting to a destination such as the base unit 14. For
example, the first line delay 56 may be used to read 1n a new
line of data from the CCD 1image sensor 20 via the CDS circuit
22 while the second line delay 58 may output the data to be
processed. If a line of data has to be repeated then the CCD
image sensor 20 does not read 1n a new line into the first line
delay 56 and the last line readout of the second line delay 58
1s repeated. A second multiplexer 60 transiers the line of data
to be output to video processing modules (such as a data
reduction circuit 72 and a gamma correct circuit 76) and
transmission modules (such as a cyclic redundancy check
(CRC) generator 78 and an Ethernet physical data transmis-
sion module 80). Such modules are described further below.
The two line delays 56, 58 collectively hold the last two lines
read out from the CCD 1mage sensor 20. One line contains red
and green data while the other line contains green and blue
data. This 1s the format of the data in the CCD 1mage sensor
20.

AY conversion circuit 64 requires red, green, and blue data
so data from both line delays 56, 58 are read into the Y
conversion circuit each time a conversion from RGB to YUV
1s to be calculated. YUYV 1s a format that represents the signal
as luminance and chrominance information and 1s a widely
used video format for the transmission of digital video data.
TheY conversion circuit 64 sendsthe YUV datato aY average
circuit 66 which progressively calculates the average Y value
for the whole 1image when all lines of the frame of data are
readout. The Y average circuit 66 basically finds the average
brightness of the whole image. Once theY value for the whole




US RE44,924 E

S

image has been calculated, the data 1s sent to an exposure
control circuit 68 which calculates the correct timing signals

to be sent to the CCD mmage sensor 20 to get the proper
exposure control for the CCD 1mage sensor. The exposure
control circuit 68 also sends an amplifier gain control to the 5
CDS circuit 22 which includes a vaniable gain amplifier (not
shown) to adjust the signal level from the CCD image sensor
20 before the analog to digital conversion.

The Y conversion circuit also sends the Y value for each
pixel to an auto tracking white (ATW) coellicient circuit 70 to 10
discriminate the use of pixels with too large or small of aY
value so as to improve the AT'W performance. ATW 1s used to
make color corrections to ensure that white 1s the correct
color. The ATW coeflficient circuit 70 calculates an average
red pixel value for the whole 1mage along with the same for 15
the blue and green pixels. It then calculates correction factors
(gain changes ) for the red pixels and the blue pixels so that the
red, green, and blue pixel average for the whole frame are the
same. As such, the whole frame 1includes equal values of red,
green, and blue averages. These correction factors are fed to 20
the multiplier 62 that connects the second multiplexer 60 and
the data reduction circuit 72. The red correction factor 1s
multiplied on all red pixels and the blue correction factor 1s
calculated on all the blue pixels. The data reduction circuit 72
1s used to reduce the number of bits for each pixel back to nine 25
bits. The CDS circuit 22 outputs ten bits for each pixel and the
multiplier 62 increases that number by several more bits. As
such, the data reduction circuit 72 truncates this amount back
to nine bits.

From the data reduction circuit 72, the pixels are sent to 30
cither a pixel mask 74, that 1s used to improve the perfor-
mance of the ATW coelficient circuit 70, or to the gamma
correct circuit 76 that puts each pixel value through a non-
linear transier function to enhance the values of pixels that are
low. This action also corrects a non-linear transfer function at 35
a final display in the base unit 14. The CRC generator 78
calculates a CRC value for each line transmitted to the base
unit 14. The CRC value 1s added to the end of the line trans-
mission so that the receiving base unit 14 can make the same
calculation for the line of data it received to verity that the 40
data recerved 1s correct. The Ethernet physical data transmis-
s1on module 80 outputs header data to the base unit 14 prior to
transmitting the line of video data. The header data consist of
a preamble (so as to alert the recerver that new data 1s coming)
and secondary data (such as the line number of the data to be 45
transmitted) that the digital camera 12 needs to send to the
base unit 14. The line of video data and the CRC data 1s
transmitted as one continuous stream of data until the CRC 1s
complete. In a preferred embodiment, the data 1s input into the
Ethernet physical data transmission module 80 in groups o4 50
bits at a time, wherein two groups of 4 bits contains one pixel
of data. As such, a pixel 1s sent as an 8 bit word.

The Ethernet physical data recerver module 82, which 1s
used to recerve data from the base unit 14, removes the header
data and outputs 4 bit words to a CRC checker module 84. It 55
should be understood that the data may be mput into the
Ethernet physical data transmission module 80 and output to
the CRC checker module 84 at a greater and/or a lesser
aforementioned amount. The CRC checker module 84 calcu-
lates the CRC value as the data 1s received and sends the data 60
to a data flow controller 86 which holds all of the data until all
of 1t 1s received and the CRC 1s checked. If the CRC check
shows the data 1s correct, the data flow controller 86 sends the
data to the main time base 88. The data sent informs the digital
camera 12 11 1t 1s time to start a new frame of data or 11 the last 65
line was received and further includes any control signals that
the base unit 14 needs to send the camera to control the

6

operation of the camera. The main time base 88 controls all of
the timing functions of the camera 12 (but is preferably slaved
to the base unit 14 time base) including exposure control and
video processing synchronization. The main time base 88 can
also send signals to a remote control and call controller 90
which 1s connected to a connector (not shown) on the camera
12 enabling signals to be input into the camera or output from
the camera to control external devices (not shown) connected
to the camera. External devices connected to the camera 12
are thus enabled to communicate to the camera and the base
unit 14 through the main time base 88 and the Ethernet physi-
cal data transmission and receirver modules 80, 82. The Main
Time Base 88 also controls all of the timing for the CCD
image sensor 20 through a CCD clock generator 90 and by
sending signals directly to the CCD image sensor. The main
time base further sends signals to a CDS controller 94 which
sets all of the configurations for the CDS circuit 22 and
controls the synchronization of the CDS samples of the ana-
log RGB data.

In a preferred embodiment, the digital camera PLD 28 1s
adapted to control timing signals to the CCD image sensor 20
to transmit analog RGB data to a CDS circuit 22 where the
analog RGB data 1s converted to digital RGB data, and delay
one line of the digital RGB data transmission (by a two video
line delay memory) when a transmission error correction
occurs, wherein the digital RGB data transmission comprises
the reduced operational overhead and the increased opera-
tional functionality.

In an alternate embodiment, the digital camera PLD 28 1s
adapted to recerve digital RGB data from the CDS circuit 22,
convert the recerved digital RGB data into digital YUV data,
and transmit the digital YUV data to the CDS circuit 22,
wherein the digital camera PLD intertaces to the CDS circuit.

Referring now to FI1G. 4, the base unit 14 1s presented. The
base unit 14 comprises a camera interface module (or base
unit physical mterface) 100 which interfaces to the digital
camera 12 via RJ45 connectors 102. The camera interface
module 100 1s operably coupled to a base unit FPGA/PLD
104 which 1s further operably coupled to a display 106 which
1s adapted to display the recerved video data.

The base umit 14 further comprises a microprocessor
including a USB 1nterface 108 that receives (or 1s adapted to
receive) video data from a first source, such as, for example,
a personal computer (not shown) via a physical USB interface
or data port 110, and a video decoder 112 that recerves other
video data from a second source, such as another video
source, via a connection plug 114 and/or an RJ11 connector
116. The microprocessor 108 manages and controls the
operational Tunctions of the base unit 14 including managing
the display 106 and also controls a user interface. The micro-
processor 28 further controls the USB interface 110 and the
data associated with i1t including data flow management, data
transfer and reception. The video decoder 112 1s used to
digitize the incoming analog video signal and the decoder’s
112 output, for example, may be the spatial resolutiono14:2:2
(1ntensity:reddishness:blueishness) YUV digital video data.
There are a plurality of bits of data for each pixel and hori-
zontal and vertical synchronization signals are output from
the decoder 112 1n addition to a data valid signal. The micro-
processor 108 can transmit the PLD 104 processed video data
to the first source via the USB port 110 which may further
receive audio data from the first source.

An audio circuit 118 takes audio data and amplifies 1t for
output to a speaker 120 and/or to the RJ11 connector. Audio
information can also be received via the RJ11 connector 116
and/or the microphone 122, and can also be output via the
USB port 110 provided a D/A converter was present in the
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audio circuit. A real-time clock 124 transmits and receives
time and date information between the video decoder 112, the
microprocessor 108 and a second memory 126 and further
stores configuration registers and timer functions. The second
memory 126, which 1s operably coupled to the microproces-
sor 108 and the video decoder 112, maintains operation code
of the microprocessor. The base unit 14 preferably operates
from an external 24V (or alternatively a 12V) DC wall mount
power supply 128 that supplies all the power necessary for the
display 106 to operate. A power supply 130 1s designed to
protect the base unit 14 from excess voltage inputs and to filter
any noise from entering or exiting the display unit. The power
supply 130 further creates multiple DC voltages (such as
1.8V, 3.3V, and 5V ) to supply various portions of the base unit
14.

In an exemplary embodiment, the display 106 1s a video
display monitor utilizing an LCD active matrix display with a
VGA resolution of 640 pixels by 480 lines (although the

resolution could be higher or lower). The interface to the
display 106 1s comprised of a plurality of logic level cloc
signals that are used for clocking, synchromzation, and data
transfer. The power supply module 130, which receives
power from an external adapter (not shown), creates a plural-
ity of voltages to supply the display 106 and a backlight 132.
The backlight 132 applies a voltage to tubes (not shown) that
illuminate the display 106, where the tubes are operably
coupled to the monitor. The base unit 14 will have enough
memory, such as the memories 134 and 136 (which are pret-
erably synchronous dynamic random access memories), to
store a number of 1images so that the rate for switching display
images 1s not effected by the transier time of the data sent by
the camera 12 and or a first source over the USB connection
110. The base unit 14 may further be controlled by a keyboard
138 which 1s operably coupled to the PLD 34.

The PLD 104 1s the primary controller for the functions of
the various portions of the base unit 14. One of these functions
includes managing (which includes reading, writing, and
refreshing) the memories 134,136 that are utilized to store the
images that are to be displayed on the display 106. The data
input to the memories 134, 136 are received from, the camera
interface module 100, the video decoder 112, and/or the USB
microprocessor 108. The memories 134, 136 size are depen-
dant on the screen resolution of the display 106 and can
contain multiple images for display as well as buifer memory
that will be utilized as a recerving butfer for new 1images. The
output of the memory data 1s sent to a scalar (not shown)
which 1s located in the PLD 104 to convert the data to the
appropriate data size for the display 106.

Other functions of the PLD 104 include controlling the
data tlow from the USB data port 110, the video decoder 112,
the memories 134, 136, and the display 106, interfacing to the
display, developing all the necessary signals for a time-base
of the display, direct memory access controlling of the data
from the microprocessor 108 to the memories 134, 136, man-
aging the user interfaces, transmitting the data to the micro-
processor, generating an “on screen display” thereby
enabling a user to program and adjust display parameters,
bullering video data as 1t transfers from different circuit areas
that operate at different data rates, scaling the video data to be
displayed to the appropriate resolution for the display, and
controlling various first-in-first-out (FIFO) controllers (such
as spot memory controllers and VCR memory controllers).
Further functions include performing video processing such
as enhancing the video by controlling the contrast, brightness,
color saturation, sharpness, and color space conversion of the
video data that 1s received.
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In a preferred embodiment, the base unit 14 comprises the
base unit physical interface 100 adapted to recerve the digital
RGB data with the reduced operational overhead and the
increased operational functionality from the digital camera
physical interface 24, the base unit PLD operably coupled to
the base unit physical interface, and the display 106 adapted
to display the digital RGB data with reduced operational
overhead and increased operational functionality, wherein the
display 1s operably coupled to the PLD. The base unit PLD 1s
turther adapted to control timing signals to display the digital
RGB data with the reduced operational overhead and the
increased operational functionality.

In a further embodiment, the base unit 14 comprises a first
circuit (for example, the base unit interface 100) adapted to
receive transmitted data 1n a second representation of a first
format (for example, digital RGB data), a second circuit ({or
example, the display), and a third circuit (for example, the
base unit PLD) adapted to control timing signals to the first
circuit to transmit the data 1n the second representation of the
first format for display via the second circuit, wherein the
third circuit interfaces to the first circuit and to the second
circuit.

In an alternate embodiment, the base unit 14 comprises a
physical interface adapted to recerve digital YUV data with
reduced operational overhead and increased operational
functionality from a digital camera physical interface, a PLD
operably coupled to the base umit physical interface, and a
display adapted to display the digital YUV data with reduced
operational overhead and increased operational functionality,
wherein the display 1s operably coupled to the PLD.

Retferring now to FIG. S, the base unit PLD 104 1s pre-
sented. The base unit PLD 104 comprises a plurality of base
unit FIFO modules 150 which manipulate the digital camera
datareceived over, for example, an Ethernet transmission into
a form that can be used by the base unit 14. The FIFO modules
150 synchronize data from an asynchronous clock (which
may be generated by the physical mterface 24) to a system
clock (such as a master time base 174, described further
below), perform a CRC check and transmit a valid or non-
valid data recerve, calculate a CRC and transmit control data
to the digital camera 12, convert Bayer CFA data from 8-bit to

24-bit RGB output, and output CIF resolution data (for
example, 352x288) and VGA resolution data (for example,
640x480).

A pre-video processor multiplexer 152 receives the 24-bit
RGB data from the FIFO modules 150 and creates a multi-
plexed high-speed data stream for processing to reduce the
logic required for processing a plurality of video inputs. The
24-bit RGB data 1s preferably multiplexed into one 24-bit
stream at 62.5 MHz (for both VGA and CIF resolutions) and
performs a color space conversion to YCrCb 4:4:4 (which1s a
color space similar to YUV).

A decoder interface 154 receives data from the video
decoder 112 and synchronizes the asynchronous decoder data
to the system clock, converts the 4:2:2 data to 4:4:4 data for
processing, scales the VGA resolution to CIF resolution, and
outputs VGA resolution data.

A video processing module 156 receives the YCrChb 4:4:4
multiplexed 24-bit stream at 62.5 MHz from the pre-video
processor multiplexer 152 and also recerves the YCrCb 4:4:4
data as well as the VGA resolution data from the decoder
interface 154. This received data 1s processed by multiplexing
the data from the decoder interface 154 into a high-speed
serial digital camera stream, performing a 4:4:4 to 4:2:2 con-
version, parsing the data stream into three potential outputs
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(to the display 106, the USB interface 110, and/or the NTSC
or video decoder 112, and stacking the display and USB bits
into 32-bit wide words.

The video processing module 156 outputs reformatted data
to an LCD top module 158 and to a VCR top module. The

LCD top module 158 performs SDRAM memory control
functions and formats the output data to the required output
format for display via the display 106. The VCR top module
160 performs SDRAM memory control functions and for-

mats the output data to the required output format to the
microprocessor 108 (for USB data) or to the LCD 106 for

display. The LCD top module 158 outputs a 16-bit YUV data

stream to an LCD processing module 162 and to a micropro-
cessor intertace 164. The LCD processing module 162 inter-
faces to the display 106, formats the data to the display and
provides the following functions: YCrCb 4:2:2 to 4:4:4 con-
version, color, brightness, contrast, and sharpness adjust-

ment, YCrCb to RGB conversion, RGB 18-bit formatting,

and on screen display (such as a menu) msertion. The micro-
processor mterface 164 stores the system wide control regis-
ters 166 and interfaces to the microprocessor 108. The VCR
top module 160 outputs a 16-bit YUV data stream to the
plurality of encoders 168-172 that format the data to the
necessary configuration for the NTSC encoder interfaces
such as interfaces or connection plugs 116, 144.

The master time base 174 generates the timing for the
entire system 10. It has multiple counters on different clocks
to control the different system inputs and outputs. The time
bases controlled by the master time base 174 include: vertical
synchronization to the camera 12 (or to a plurality of cam-
eras), NTSC encoder output, LCD master timing, LCD
SDRAM frame synchronization, and N'TSC SDRAM frame
synchronization. A clock generator 176 generates various
clock frequencies for the master time base 174 to operate,
while a VCR alarm module 178 instructs a VCR to record
under alarm conditions. The VCR alarm module 178 may be
connected with the keyboard 138.

In an alternate embodiment, the digital observation system
10 comprises a digital camera and a base unit. The digital
camera includes a CCD 1mage sensor memory adapted to
store video data, a CCD 1mage sensor adapted to transmit the
stored video data 1n analog RGB color space format native to
the CCD 1mage sensor (analog RGB data), wherein the CCD
image sensor comprises the CCD 1mage sensor memory, a
CDS circuit adapted to recerve the analog RGB data from the
CCD image sensor and convert the analog RGB data into
digital RGB data, wheremn the CDS circuit 1s operably
coupled to the CCD 1mage sensor, a PLD adapted to: receive
the transmitted digital RGB data from the CDS circuit, con-
vert the received digital RGB data mto YUV color space
tormat (digital YUV data), and transmuit the digital YUV data
to the CDS circuit, wherein the digital camera PLD interfaces
to the CDS circuit, and a physical interface adapted to receive
the digital YUV data and transmit the digital YUV data with
reduced operational overhead and increased operational
functionality, wherein the physical interface 1s operably
coupled to the CDS circuit and wherein the digital camera
PLD interfaces to the physical interface. The base unit
includes a base unit physical interface adapted to recerve the
digital YUV data with the reduced operational overhead and
the increased operational Tunctionality from the digital cam-
era physical iterface, a base unit PLD operably coupled to
the base unit physical interface, and a display adapted to
display the digital YUV data with reduced operational over-
head and increased operational functionality, wherein the
display 1s operably coupled to the PLD.
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The digital camera PLD 1s further adapted to control timing,
signals to the CCD image sensor to transmit the digital YUV
data to the CDS circuit, and to delay one line of the digital
YUYV data with the reduced operational overhead and the
increased operational functionality transmission when a
transmission error correction occurs. The digital YUV data
with the reduced operational overhead and the increased
operational Tunctionality 1s further transmitted from the digi-
tal camera physical interface and received by the base unit
physical interface via a physical layer device.

In a further alternate embodiment, a digital observation
system comprises a first module (for example, a digital cam-
era) and a second module (for example, a base unit). The first
module includes a memory adapted to store video data, a first
circuit (for example, a CCD 1mage sensor) adapted to trans-
mit the stored video data in a first representation of a first
format (for example, analog RGB data), wherein the first
circuit comprises the memory, a second circuit ({for example,
a CDS) adapted to recerve the data 1n the first representation
of the first format from the first circuit and convert the data 1n
the first representation of the first format 1nto a second rep-
resentation of the first format (for example, digital RGB data),
wherein the first circuit 1s operably coupled to the second
circuit, a third circuit (for example, a PLD) adapted to control
timing signals to the first circuit to transmit the data 1n the first
representation of the first format to the second circuit,
wherein the third circuit interfaces to the first circuit and to the
second circuit, and a fourth circuit (for example, an interface)
adapted to recerve the data 1n the second representation of the
first format from the second circuit and transmit the data in the
second representation of the first format, wherein the fourth
circuit 1s operably coupled to the second circuit.

The second module 1includes a first circuit (for example, a
base unit interface) adapted to recerve the transmitted data in
the second representation of the first format, a second circuit
(for example, a display), and a third circuit ({for example, a
base unit PLD) adapted to control timing signals to the first
circuit of the second module to transmit the data 1n the second
representation of the first format for display via the second
circuit, wherein the third circuit interfaces to the first circuit
of the second module and interfaces to the second circuit of
the second module.

Referring now to FIG. 6, a method for data processing 1s
presented. The method begins at steps 180 and 182, respec-
tively, with receiving digital RGB data at a first module (for
example, a first multiplexer of a two video line delay
memory), and storing the data in a second module (for
example, a first line delay). At step 184, recerving the data at
a third module (for example, a second multiplexer) from the
second module occurs (the second module 1s operably
coupled to the first module and the third module). The method
proceeds to steps 186 and 188, respectively, where reducing a
number of bits per pixel of the data 1n a fourth module (for
example, a data reduction module), and increasing a number
ol bits per pixel of a first set of the data 1n a fifth module (for
example, a gamma correct module) occur. Determining a
cyclic redundancy check (CRC) for a line of the data 1n a sixth
module (for example, a CRC generator) occurs 1n step 190.
The method may further comprise adding the CRC, by the
sixth module, to the end of the data line, and transmitting, by
a seventh module (for example, a physical interface) to a
destination (for example, a base unit): header data and the
data line comprising the CRC.

Referring now to FIG. 7, another method for data process-
ing 1s presented. The method begins at steps 200 and 202,
respectively, with a recerving of data (such as 1mage sensor
data) by a first module (such as one or more of the FIFO




US RE44,924 E

11

modules 150) from an origination (such as the digital camera
12), and converting, by the first module, the received data to
RGB data (such as 24-bit RGB output data). At step 204,
multiplexing the RGB data into one bit stream (such as a
24-bit stream) by a second module (such as the pre-video
processor multiplexer 152) occurs, and, at step 206, perform-
ing a color space conversion from the RGB data to YCrCb
data (such as YCrCb 4:4:4 data) by the second module occurs.
At step 208 performing a color space conversion from the
Y CrCb data to another YCrCb data format (such as a conver-
sion from YCrCb 4:4:4 to YCrCb 4:2:2) by a third module
(such as the video processing module 156) occurs. Such a
conversion reduces the amount of data to be transmitted with
insignificant image degradation.

The method proceeds with formatting the other YCrCb
data to a required output format by a fourth module (such as
the LCD top 1358) at step 210, and converting the formatted
data to RGB data (such as RGB 4:4:4 data) by a fifth module
(such as the LCD processing module 162) at step 212. The
fifth module may additionally perform color, sharpness, con-
trast, and brightness alterations.

The method may further include steps for multiplexing
locally recerved data (such as data recerved from the decoder
154) and remotely recerved data (such as the YCrCb 4:4:4
data) into a high speed digital stream by the third module, and
formatting the output data to various memory locations (such
as memories 134).

Although an exemplary embodiment of the system and
method of the present 1invention has been 1illustrated in the
accompanied drawings and described in the foregoing
detailed description, 1t will be understood that the invention 1s
not limited to the embodiments disclosed, but 1s capable of
numerous rearrangements, modifications, and substitutions
without departing from the spirit of the mnvention as set forth
and defined by the following claims. For example, a plurality
of cameras 12 and base units 14 may be utilized with the
present invention. Further, the camera physical transceiver 24
and the base unit physical transcerver 26 may be operably
coupled to each other via other connections, including cop-
per, fiber and wireless, 1f the transceivers were modified to
accommodate such other connections. Additionally, the con-
nection 25 may comprise an entity with dynamic character-
1stics thus altering maximum travel time, data transmission
travel time, acknowledgement time, line time, and processing
time. Also, the system 10 may operate at a varying distance
which will alter the travel time and time for the system to start
and process any transmissions. Further, various data trans-
mission protocols comprising different information and/or
s1zes ol information may be used with the system 10. Addi-
tionally, a lesser or greater number of modules may comprise
the system 10, the digital camera 12, and/or the base unit 14.

What we claim 1s:
[1. A digital observation system comprising:
a digital camera including:

a charge coupled device (CCD) image sensor memory
adapted to store video data;

a CCD 1mage sensor adapted to transmit the stored video
data 1n analog RGB color space format native to the
CCD mmage sensor (analog RGB data), wherein the
CCD mmage sensor comprises the CCD 1mage sensor
memory;

a correlated double sampling (CDS) circuit adapted to
recerve the analog RGB data from the CCD image
sensor and convert the analog RGB data into digital
RGB data, wherein the CDS circuit 1s operably
coupled to the CCD 1mage sensor; and
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a physical interface adapted to receive the digital RGB
data and transmuit the digital RGB data with reduced
operational overhead and increased operational func-
tionality, wherein the physical interface 1s operably
coupled to the CDS circuit;

a programmable logic device (PLD) adapted to delay
one line of the digital RGB data when a transmission
error correction occurs; and

a base unit including:

a base unit physical interface adapted to receive the
digital RGB data with the reduced operational over-
head and the increased operational functionality from
the digital camera physical interface;

a base unit programmable logic device (PLD) operably
coupled to the base unit physical interface; and

a display adapted to display the digital RGB data with
reduced operational overhead and increased opera-
tional functionality, wherein the display 1s operably

coupled to the PLD.]

[2. The digital observation system of claim 1, wherein the
base unit PLD 1s adapted to control timing signals to display
the digital RGB data with the reduced operational overhead
and the increased operational functionality.]

[3. The digital observation system of claim 1, wherein the
digital camera PLD 1s adapted to control timing signals to the
CCD 1mage sensor to transmit the analog RGB data to the
CDS circuit, wherein the digital camera PLD interfaces to the
CDS circuit.}

[4. The digital observation system of claim 1, wherein the
digital RGB data with the reduced operational overhead and
the increased operational functionality 1s transmitted from the
digital camera physical interface and recerved by the base unit
physical interface via a physical layer device.]

[5. A digital observation system comprising:

a digital camera including:

a charge coupled device (CCD) image sensor memory
adapted to store video data;

a CCD 1mage sensor adapted to transmit the stored video
data 1n analog RGB color space format native to the
CCD mmage sensor (analog RGB data), wherein the
CCD mmage sensor comprises the CCD 1mage sensor
memory;

a correlated double sampling (CDS) circuit adapted to
receive the analog RGB data from the CCD 1mage
sensor and convert the analog RGB data into digital
RGB data, wherein the CDS circuit 1s operably
coupled to the CCD 1image sensor; and

a physical interface adapted to receive the digital RGB
data and transmuit the digital RGB data with reduced
operational overhead and increased operational Tunc-
tionality, wherein the physical interface 1s operably
coupled to the CDS circuit; and

a base unit including:

a base unit physical interface adapted to receive the
digital RGB data with the reduced operational over-
head and the increased operational functionality from
the digital camera physical interface;

a base unit programmable logic device (PLD) operably
coupled to the base unit physical interface; and

a display adapted to display the digital RGB data with
reduced operational overhead and increased opera-
tional functionality, wherein the display 1s operably
coupled to the PLD; and

operational overhead reduction by elimination of at least

one of:

error detection;

source addressing; and

destination addressing. ]
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[6. A digital observation system comprising:
a digital camera including:
a charge coupled device (CCD) image sensor memory
adapted to store video data;
a CCD 1mage sensor adapted to transmit the stored video
data 1n analog RGB color space format native to the
CCD mmage sensor (analog RGB data), wherein the
CCD mmage sensor comprises the CCD 1mage sensor
memory;
a correlated double sampling (CDS) circuit adapted to
recerve the analog RGB data from the CCD image
sensor and convert the analog RGB data 1nto digital
RGB data, wherein the CDS circuit 1s operably
coupled to the CCD 1mage sensor;
a programmable logic device (PLD) adapted to:
recerve the transmitted digital RGB data from the
CDS circuit;

convert the recerved digital RGB data into YUV color
space format (digital YUV data);

transmit the digital YUV data to a Y average circuit
which determines an average brightness;

transmit the average brightness to an exposure control
circuit, which generates an automatic gain control
signal; and

transmit the automatic gain control signal back to the
CDS circuit; and

a physical interface adapted to recerve the digital YUV
data and transmit the digital YUV data with reduced
operational overhead and increased operational func-
tionality, wherein the physical interface 1s operably
coupled to the CDS circuit and wherein the digital
camera PLD interfaces to the physical interface; and

a base unit including:

a base unit physical interface adapted to receive the
digital YUV data with the reduced operational over-
head and the increased operational functionality from
the digital camera physical interface;

a base umit PLD operably coupled to the base unit physi-
cal interface; and

a display adapted to display the digital YUV data with
reduced operational overhead and increased opera-
tional functionality, wherein the display 1s operably
coupled to the base unit PLD .}

[7. The digital observation system of claim 6, wherein the
digital camera PLD 1s further adapted to control timing sig-
nals to the CCD 1mage sensor to transmit the digital YUV data
to the CDS circuit.]

[8. The digital observation system of claim 6, wherein the
digital camera PLD 1s further adapted to delay one line of the
digital YUV data with the reduced operational overhead and
the increased operational functionality transmission when a
transmission error correction occurs. ]

[9. The digital observation system of claim 6, wherein the
digital YUV data with reduced operational overhead and
increased operational functionality 1s transmitted from the
digital camera physical interface and received by the base unit
physical interface via a physical layer device.]

[10. A digital camera programmable logic device (PLD)
configured to:

control timing signals to a CCD 1mage sensor to transmit

analog RGB data to a CDS circuit where the analog RGB

data 1s converted to digital RGB data; and

delay one line of the digital RGB data transmission when a

transmission error correction occurs:

wherein the digital RGB data transmission comprises

reduced operational overhead, with respect to a protocol

standard;
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wherein the operational overhead includes at least one of:

error detection;

source addressing;

destination addressing; and

multi-speed operation.]

[11. The digital camera PLD of claim 10 further compris-
ing a two video line delay memory configured to delay the one
line of the digital RGB data transmission when the transmis-
sion error correction occurs. ]

[12. A digital camera programmable logic device (PLD)
configured to:

recerve digital RGB data from a correlated double sam-

pling (CDS) circuit;

convert the received digital RGB data into digital YUV

data;

transmit the digital YUV data to aY average circuit which

determines the average brightness;

transmit the average brightness to an exposure control cir-

cuit, which generates an automatic gain control (AGC)

signal; and

transmit the AGC signal to the CDS circuit, wherein the

digital camera PLD interfaces to the CDS circuit.]

13. A digital observation system comprising.

a digital camera including:

an image sensov memory adapted to stove video data;

an image sensov adapted to transmit the stored video
data in an analog RGB color space format, wherein
the image sensor comprises the Iimage sensor
Memory;,

a circuit adapted to rveceive the transmitted video data
from the image sensor and convert the transmitted
video data into digital RGB data, wherein the circuit
is operably coupled to the image sensor; and

a physical interface adapted to receive the digital RGB
data and transmit the digital RGB data with reduced
operational overhead and increased operational
Junctionality, wherein the physical interface is oper-
ably coupled to the circuit,

a programmable logic device (PLD) adapted to delay
one line of the digital RGB data when a transmission
errov occurs; and

a base including:

a base physical interface adapted to receive the digital
RGB data with the reduced operational overhead and
the increased operational functionality from the digi-
tal camera physical interface;

a base programmable device operably coupled to the
base physical interface; and

a display adapted to display the digital RGB data with
reduced operational overhead and increased opera-
tional functionality, wherein the display is operably
coupled to the base programmable device.

14. The digital observation system of claim 13, wherein the
base programmable device is adapted to control timing sig-
nals to display the digital RGB data with the reduced opera-
tional overhead and the increased operational functionality.

15. The digital observation system of claim 13, wherein the
digital camera PLD is adapted to control timing signals to the
image sensov to transmit the analog RGB data to the circuit,
wherein the digital camera PLD interfaces to the circuit.

16. The digital observation system of claim 13, wherein the
digital RGB data with the veduced operational overhead and
the increased operational functionality is transmitted from
the digital camera physical interface and veceived by the base

65 physical interface via a physical layer device.

17. The digital observation system of claim 13, wherein the
transmitted video data comprises analog RGB data.
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18. The digital observation system of claim 13, wherein the
image sensor transforms the stored video data into the analog
RGB color space format.
19. The digital observation system of claim 13, wherein the
image sensor transforms the stored video data into the analog
RGB color space format native to the image sensor.
20. The digital observation system of claim 13, wherein the
circuit comprises a correlated double sampling circuit.
21. The digital observation system of claim 13, wherein the
base includes a processor that is configured to process color
filter array data from the digital camera, wherein the pro-
cessed colov filter array data corresponds to a color image.
22. The digital observation system of claim 13, wherein the
image sensov is adapted to collect analog color filter array
data including values for light intensity of a plurality of
different colors.
23. A digital observation system comprising.
a digital camera including:
an image sensov memory adapted to stove video data;
an image sensor adapted to transmit the stoved video
data in analog RGB color space format native to the
image sensov, wherein the image sensor comprises the
image Sensov memory;
a first circuit adapted to receive the transmitted video
data from the image sensov and convert the transmit-
ted video data into digital RGB data, wherein the first
circuit is operably coupled to the image sensor;
a programmable logic device (PLD) adapted to:
receive the transmitted digital RGB data from the first
clvcuit;

convert the received digital RGB data into digital
YUV data;

transmit the digital YUV data to a second circuit
which determines an average brightness;

transmit the average brightness to an exposure con-
trol circuit, which genervates an automatic gain
control signal; and

transmit the automatic gain control signal backto the
fivst civcuit; and

a physical interface adapted to receive the digital YUV
data and transmit the digital YUV data with veduced
operational overhead and increased operational
Junctionality, wherein the physical interface is oper-
ably coupled to the first circuit and whevrein the digital
camera PLD interfaces to the physical interface; and

a base including:

a base physical interface adapted to veceive the digital
YUV data with the reduced operational overhead and
the increased operational functionality from the digi-
tal camera physical interface;

a base programmable device operably coupled to the
base physical interface; and

a display adapted to display the digital YUV data with
reduced operational overhead and increased opera-
tional functionality, wherein the display is operably
coupled to the base programmable device.

24. The digital observation system of claim 23, wherein the
digital camera PLD is further adapted to control timing sig-
nals to the image sensor to transmit the digital YUV data to
the first circuit.
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25. The digital observation system of claim 23, wherein the
digital camera PLD is further adapted to delay one line of the
digital YUV data with the reduced operational overhead and
the increased operational functionality transmission when a
transmission error correction occurs.

26. The digital observation system of claim 23, wherein the
digital YUV data with reduced operational overhead and
increased operational functionality is transmitted from the
digital camera physical interface and received by the base

physical interface via a physical layer device.

27. The digital observation system of claim 23, whevrein the

first circuit comprises a correlated double sampling circuit.

28. The digital observation system of claim 23, wherein the
transmitted video data comprises analog RGB data.

29. The digital observation system of claim 23, wherein the
image sensor transforms the stored video data into the analog
RGB color space format.

30. The digital observation system of claim 23, wherein the
image sensor transforms the stored video data into the analog
RGB color space format native to the image sensor.

31. A digital camera programmable logic device (PLD)
configured to:

control timing signals to an image sensor to transmit ana-

log RGB data to a circuit, wherein the cirvcuit converts
the analog RGB data to digital RGB data; and
delay one line of the digital RGB data transmission when a
Iransmission ervor correction oCccurs;

wherein the digital RGB data transmission comprises
reduced operational overhead, with rvespect to a proto-
col standard;

wherein the operational overhead includes at least one of:

error detection;

source addressing;
destination addressing; and
multi-speed operation.

32. Thedigital camera PLD of claim 31, wherein the civcuit
comprises a correlated double sampling circuit.

33. The digital camera PLD of claim 31 comprising a two
video line delay memory configured to delay the one line of
the digital RGB data transmission when the transmission
erroy correction OCcurs.

34. A digital camera programmable logic device (PLD)
configured to:

receive digital RGB data;

convert the received digital RGB data into digital YUV

data;

transmit the digital YUV data to a first civcuit which deter-

mines the average brightness;

transmit the average brightness to an exposure control

circuit, which generates an automatic gain control
(AGC) signal; and
transmit the AGC signal to a second circuit that provided

the digital RGB data, wherein the digital camera PLD
interfaces to the second circuit.

35. The digital camera PLD of claim 34, wherein the sec-

ond circuit comprises a correlated double sampling circuit.
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