Advance Information

This document contains information on a product under development.

The parametric information contains target parameters that are subject to change.

Bt832

CMOS Camera Video Processor

The Bt832 CMOS Camera Video Processor chip connects a QuartzSight™ CMOS color
digital camera directly to video capture devices via an 8-bit, 4:2:2 YUV or YCrCb video
interface. It is designed to connect to capture devices such as the Bt878 Single-Chip
Video and Broadcast Audio Decoder for the PCI Bus. Additionally, it connects to sev-
eral popular graphics controller devices. The RGB pixel data is received 4-bits at a
time and undergoes several data processing steps such as defect correction, sharp-
ness correction, color balance, and gamma correction before it is converted to 4:2:2
data. The chip is implemented in a 32-pin Thin Quad Flat Pack (TQFP) package and
uses a 3.3 Vand 5V power supply.

The video processor has logic which will automatically adjust the exposure time in
the camera chip as well as adjust the color balance parameters in the video processor
itself. If desired, the hardware control can be disabled and the exposure and color bal-
ance can be done in software.

The video processor corrects pixels which it determines to be defective based on a
defect map. The defect map is stored in an EEPROM which comes with the camera
module.

The 4:2:2 video data output to the capture device supports two types of interfaces.
First, the horizontal and vertical timing information can be embedded as control codes
in the 8-bit data stream. The codes are compatible with the CCIR656 standard. Sec-
ond, the horizontal and vertical timing can be obtained from the LSTRT and FSTRT
pins that are driven with the 8-bits of video data.

The video processor contains two distinct serial interfaces (12C). On one interface,
the video processor is the master, and on the other it is a slave. It uses the master
interface to program the camera sensor chip as well as to upload the camera’s defect
map. The slave interface is used by the CPU to program the video processors register.
This is also how the host accesses the register in the QuartzSight camera sensor
device.
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Distinguishing Features

e 32-pin TQFP package
e 3.3Vand5V supply required

* Processes CIF image (352 * 288) at
either 30 fps or 25 fps

* 4x4 color interpolation processor
(4 line memories)

e 256 byte SRAM to allow correction of
up to 128 defects

« RGB to video color space (YUV,
YCrCb) matrix is programmable

* 4:2:2 data on 8-bit bus with CCIR656
compatible control codes

» Horizontal and vertical sync informa-
tion on separate pins

» Registers are programmed through
12C slave port

e Gamma correction
e Sharpness correction

* Bypass mode allows raw sensor data
to be sent to capture device via an 8-
bit port

« Automatic Exposure Control/Auto-
matic Color Balance (AEC/ACB) logic
included

» AEC/ACB logic can be disabled, allow-
ing software to implement the
functionality

 Interrupt pin provided to assist
software handling of AEC/ACB

Applications

e Video e-mail

* Video conferencing

« Motion video capture
« Video editing
 Still-frame capture

Related Products

e QuartzSight Camera
« Bt878/879
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Ordering Information

Model Number Package Ambient Temperature Range

Bt832KTF 32-pin TQFP 0°Cto+70° C
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1.0 Functional Description

1.1 Functional Overview

The Bt832 is a digital video processing module capable of outputting CIF-format
4:2:2-sampled digital video up to 30 frames per secbhd.module controls the
356 x 292 pirl color CMOS image sensor in the QuartzSight™ via a 9-wire
interface.This interface incorporates the follang functions:

* A 4-wire data bs (SDATA[3:0]) for receving both video data and embed-
ded timing references.

» A 2-wire serial interdice (SSB, SSCL) for controlling the camera.

» The clock for camera module (SCLK).

* VCC and GND pwer lines (7 to 12/) regulated in the camera tovgi a
+5V. The Bt832 is not required to pride paver directly to the camera.
Camera paer is dewved from systems peer supplies.

Each 8-bit piel value is transmitted across the 4-wire dats &s a series pair
of 4-bit nibbles, with the most sigrifint nibble fist. Along within the pixl data,
codes representing the start and end frames and the start and end of lines are
embedded within the video data stream tovalloe receier to synchronize with
video data the camera module is generating.
The 2-wire camera serial intade preides complete controlver hav the
sensor is setup and run. Exposure amid galues are programmed via this inter
face A second 2-wire serial intexte (the host serial I/F) is used tovpde access
to the Bt832 internal ggsters.

The video processing engine performs these basic functions on incoming data:

» Full color restoration at each pixsite from Bayepatterned input data.

» Matrixing/gain on each color channel for color purity

» Aperture correction for image clarity

» Gamma correction.

» Color space carrsion (including hue and saturation control) from RGB
toYUV or YCbCr as required by H.320 image coders.

Level accumulatorsaher statistical data in assigned zones for processing by
host softvare.This is the means by which end-of-frame hoesglng tasks such
as eposure control and color balance are managed.

’N Rockwell
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1.0 Functional Description Bt832
1.2 Pin Information CMOS Cameraideo Pocessor

1.2 Pin Information

The Bt832 CMOS Camenideo Processor chip is packaged in a 329@+P
packageFigurel-1 illustrates the pinout diagrarablel-1 contains a descrip-
tion of the Bt832 pin functions.

Figure 1-1. Bt832 Pinout Diagram
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Table 1-1. Bt832 Pin List (1 of 2)

Signal

Pin Number /0@ Description
Name

14.31818 MHz Master Clock

CLK14/XTI 1 | 14.31818 MHz clock input. Connect single-ended oscillator source to this pin, or if
using a crystal, connect one of it’s terminals to this pin.

XTO 2 0 If using a crystal for the 14.31818 MHz clock, connect the other crystal terminal to
this pin.

Camera Data Interface

SDATA[3:0] 32,31, 28, 27 RGB data from camera sensor module. Byte values are sent on this bus, 4 bits at a
time.

SCLK 26 0 Clock to camera sensor module. Unlike the other outputs, this pin will swing 5 V to
CMOS levels.

2 D832DSA ’N Rockwell
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Table 1-1. Bt832 Pin List (2 of 2)

1.2 Pin Information

SIE] Pin Number I/o® Description
Name
Serial Interfaces
SSCL 23 0 Serial clock to sensor chip and camera defect EEPROM (IC).
SSDA 22 /0 Serial data to sensor chip and camera defect EEPROM (I2C).
HSCL 4 ' Serial clock from host device (I2C).
HSDA 5 /0 Serial data from host device (I2C)
Output Interface to Video Capture Device
VCLK 19 0 Video data clock to capture device.
VDATA[7:0] 15-10, 7-6 0 Output video data in 4:2:2 format to video capture device.
LSTRT 20 0 Line start for horizontal timing reference for video data.

FSTRT® 21 0] Frame start for vertical timing reference for video data. Also, the state of this pin
(internal driver disabled) is sampled during reset to configure the serial address
that the chip will respond to. An external pull-up resistor should be added to
FSTRT to configure the device to respond to a host °C address of ad[7:1] =
1000101b rather than the default 1000100b.

INTR 18 0 Interrupt to host. The interrupt is generated on exception conditions as well as on
frame boundaries.
Reset
RESET* 3 | Chip Reset. When driven low, resets all registers to default state and disables all of
the chips output drivers.
Power and Ground
VDD 9,17,30 P 3.3V power supply.
VDD5 25 P 5V power supply for SCLK output pad.
VSS 8, 16, 24, 29 P Grounds.

Notes: (1). The I/O designation refers to the functionality of the signal pin only. The I/0 buffers may have additional functionality
for test or other purposes. The designations are as follows: | = Input, O = Output, I/0 = Bidirectional, P = Pow-

(2). Serial address configuration.

er/Ground pin.

’N Rockwell
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1.0 Functional Description Bt832

1.3 Receiver Interface CMOS Cameraideo Pocessor

1.3 Receiver Interface

The purpose of the reser is to decode digital data from the QuartzSight camera
module, ensuring that camera and Bt832 remain in synchronization. Communica-
tion errors, should tlyeoccur are fagged to the host.

1.3.1 Overview

The Bt832 block receer (including clock generator) manages the detection of a
QuartzSight camera diee and the automatic selection of optimum input data-
nibble sampling phase (or itsrerride by the host system)he davnstream
Bt832 engine clock is generated according to this selection, along with certain
key control signals.

After establishing nibble-synchronism with incoming data, the vecehen
detects certain embedded codes to establish byte-synchronism and then parses the
incoming data stream, stripping out control codes and passielgdaita on to the
Bt832 engine along with qualifying signaks.list of possible errors is detected
and fagged by the recesr.

1.3.2 Receiver Operational Modes

The Bt832 preides some user cogfirability of the receier module, which
includes controlling the frame rate through clockigion.

Input Sampling Phase A circuit automatically detects a sequence of alternating 1 and 0 data from the
(Phase[1:0])  sensor during the start-up sequeridgs resoles the uncertainty of the optimum
sampling phase on incoming data. Using both edges of the sydteintlock,
four candidate phases areakiated and a polling circuit selects the optimal
phaseThe Bt832 statusdh phase_error denotes successful phase selection, and
if set and an error interrupt is generatéde host mustwerride the clock phase
selection.

Host Override of Input  In emegencies, for eample when the Bt832 reportslfire to phase lock via the
Sampling Phase  Bt832 status #lg phase_errgthe host may set this bit and write a trialue into
(Phase Override)  PHASE[1:0].This is done after issuing a reset, befoeking up the camerahe

Bt832 will, in this instance, start-up using theegnal phase setting.

4 D832DSA ’N Rockwell
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Frame Rates  The sensor is capable of generating frame rate classes: 30 fps and 25 fps.
(clkdiv[1:0] and Frame The number of video lines in for each frame rate is the same 3@ laver
Rate Select)  frame rate is implemented bytending the line period from 393 jixperiods to
471 pixel periods. Sub-multiples of these rates can be generated by olock di
sion, under control of the 2-bit parameter cik@iable1-2).

Table 1-2. Frame Rate Selection

F?g:cf de (Ezig?se I mgg) clkdiv Frame Rate (fps)
0 471x 304 0 25
1 125
2 6.25
3 3.125
1 393 x 304 0 30
1 15
2 75
3 3.75
Notes: (1). Bit 3 of register 57 (see Table 2-17).

1.3.3 Hot Plug

The Bt832 supports the capability to both hot plug and hot unplug the camera.
There are tw relevant rajister bits that support thid. camera_present bit in the
CAM_STATUS ragister shavs in an absolute sense whether a camera is con-
nected or notA camera_x bit in th¥’P_STATUS ragister is set whewer there is

a change in the camera_present staths. setting of the camera_x bit generates
an interruptThus, an interrupt is generated whearea camera is connected or
disconnectedrlhe interrupt is only cleared when the cameragister bit is reset

to zero by a host gister write.

The camera_present bit is reset to onevéer, after reset, this status is not
guaranteed toalid until the lav_power mode bit is cleared in the CAM_SETUPO
register thereby vaking up the receer module.Therefore, softare should
ignore both the camera_present bit and camera_x interrupts until it cleans-the lo
power bit in CAM_SETUPO rgistet

After a plug or connectvent has been detected, saitey should reset the
Bt832 (through softare control of the RESET* pinThis is necessary to upload
the EEP®M defect mapAfter the reset, softare can repeat its standard
initialization routine.

’N Rockwell D832DSA )
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1.3.4 Data Nibble Interface

The Bt832 receier supplies the Camera Clock (SCLK) and uses embedded con-
trol sequences from the QuartzSight module to synchronize with the frame and
line level timings.Thus the receer and sensor synchronize to datives of the
same fundamental clock (14.31818 MHz). During itageup sequence the sen-

sor outputs a 101010... sequence on each of itsudatimes for the receer to
synchronizeThis allovs the recefer to determine the best sampling position of
the video data.

Figure 1-2. Receiver Block Diagram

l CLK14
—— SCLK
camera_irq'“/ <—— Camera Detector - Clock Division 2
«—<— clkdiv
[
fast_clock

4

SDATA[3:0]

Clock Phase Generator

: vO vl v2 v3
Phase Readers -
8 i i i Y
! ) ) A Phase Arbiter/
results —>
pio1 MUX - a Clock Management phase_error®
2
4 hot_phase(®
y
) @ Nibble-to-Byte
nibble_error!</ <— Convertor
vp_clk@
8
Y
byte_error® «— Bytewise Decoder
/i/g /i/ﬂr /i/B
line_number®@ data_out® Y data_imminent®
line_code® data_valid®

Notes: (1). These bits are connecting to the Video Engine.
(2). These are status indication only.
3. All lower-case signal names denote internal signals only.
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CMOS Cameraideo Piocessor 1.3 Receiver Interface

The video data inteate consists of a unidirectional, three-stateable 4-wire
datalus. 8-bit digital video data is transmitted as serial pairs of parallel 4-bit nib-
bles (most signifiant nibble fist). Nibble transmission is synchronized to the ris-
ing edge of the system clock.

Control information, including both video timing references and sensor sta-
tus/confguration data, is multipked with the sampled pek data (se@able1-3).
Video timing reference information & the form of &ld start characters, line
start characters, end of line characters, and a line counter

Table 1-3. Video Encoding Parameters

Form of Encoding Uniformly Quantized, PCM, 8 Bits per Sample
Correspondence between 225 quantization levels with the video black level corre-
video signal levels and sponding to code 16 and the peak white level correspond-
quantization levels ing to code 240 (CCIR-601 levels).

Internally, valid pixel data is clipped to ensure that 004
and FFy values do not occur when pixel data is being output
on the data bus.

1.3.5 Detection of Camera Using Data Bus State

The Bt832 has internal pull-dm terminations on the datas On pwer-up the
sensor will pull all data lines high until sake-up message is sent to the sensor
via the serial intedce.The Bt832 can detect the presence of a sensor on the inter
face on pwerup, or the connection of a sensor to an alreadyeped-up inter

face (a hot connection).

The absence of a camera is detected by the Bt832 upon seeing more than 32
consecutie nibbles of j on the dataus. The presence of a sensor is detected by
the Bt832 upon seeing more than 32 conseeutibbles of | on the dataus.

The SCLK is alays enabled.

1.3.6 Resetting the Camera Via the Serial Interface

Bit 2 of CAM_SETUPO rgister (rgister 57) allavs the QuartzSight sensor to be
reset to its peer-on state via the 2-wire serial intace. Setting this soft reset bit
causes all of the serial intade rgisters including the soft reset bit to be reset to
their defult values. Soft reset lgas the sensor inyepower mode and thus an
exit low-powver mode command must be issued via the serial atetiefore the
sensor will start to generate video datmurel-3 illustrates a soft reset via the
serial interce.
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Bt832

1.0 Functional Description

CMOS Cameraideo Piocessor 1.3 Receiver Interface

1.3.7 Power-Up, Low-Power and Sleep Modes

Power-Up/Down

To clarify the state of the intex€e on pwerup, including the case of a hot con-
nection of the inteefce cable, the peerup state of theus is defied in the fol-
lowing paragraphs.

On paver-up or hot-plug, all of the input datablines will immediately go high
(Fn) to indicate that the d&e is preseniThe deice enters lav-power mode.

When the Bt832 is reset, the fallimg sequence isxecuted to ensure that the
QuartzSight starts to generate video dafeer the Bt832 has been released from
reset, the camera clock is enabled immediately

1 After waiting for 16 SCLK clock ycles, a soft reset command is issued to
the cameraThis ensures that the camera is brought into avkrsiate. If
the camera is not present, the serial iatmfcommunications by Bt832
will not be acknwledged.

2 If the serial CMOS BPROM containing the defestity map for the cam-
era is present, dn-load the alues.

3 To enable video data, the host s@fteymust clear thew-powermode bit.

It should also clear the skip bitwp_contol1.

After the it low-power mode command has been sent, the camera will output
(for one frame) a continuous stream of alternating eéhd @ values on
SDATA[3:0]. By locking onto the resulting 0101/1010 patterns appearing on the
data lus lines the Bt832 can determine the best sampling position for the nibble
data After the last § 6 pair has been output, the datalveturns to f until the
start of fith frame after SCLK has been enabled when ttg¢ fictve frame is
output.After the Bt832 has determined the correct sampling position for the data,
it waits for the ngt Start of Frame line (SOF).

If the Bt832 detects 32 consematiQ, values on the dataub, then the camera
has been renved. Table1-4 displays the system merup procedure.

Table 1-4. System Power-Up or Hot-Plugging Device Behavior

States Description

1 System power-up or camera hot-plugged.

2 Camera internal-on reset triggers, the sensor enters low-power mode and SDATA[3:0] is set to Ry.

3 Bt832 released from reset, Bt832 enables the sensor clock.

4 At least 16 SCLK clock periods after SCLK has been enabled the Bt832 sends a soft-reset command to the sensor via
the serial interface. This ensures that if a sensor is present, it is in low-power mode.

5 On detecting 32 consecutive Fy values on SDATA[3:0], the Bt832 sets camera_present high.

6 If present, upload the sensor defect map from E2PROM into the Bt832.

7 Upon detecting completion of the defect map upload, the host triggers the Bt832 to send the exit low-power mode
command to the sensor via the serial interface. This initiates the sensors 4 frame start sequence.

8 One frame of alternating 9 and 6y data on SDATA[3:0] for the Bt832 to determine the best sampling phase for the
nibble data (SDATA[3:0]).

9 Four frames after the exit low-power mode is set through the serial interface, the sensor starts to output valid video
data.

’N Rockwell
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1.0 Functional Description Bt832
1.3 Receiver Interface CMOS Cameraideo Pocessor

Low-Power Mode  Under the serial intesite control, the sensor analog circuitry can beeped
down and then peered-upWhen the lav-power bit (bit O, rgister 57) is set via
the PC serial interdice, all the datais lines will go high at the end of the EOF
line of the current fram&hen the analog circuits in the sensor willveo davn.
The sensor clock remains aetifor the duration of le-powver mode.

Only the analog circuits are wered davn; the \alues of the serial intexte
registers, such asxposure and gjn, are preseed. The sensos internal frame
timing is reset to the start of a video frame witireg low-power mode.

In a similar mannerthe second frame after the serial communications con-
tains a continuous stream of alternatingehd &, to allov the Bt832 to re-con-
firm its sampling positionThree frames later therdt start of frame line is
generated.

noTe:  Exiting from low-power mode does not automatically trigger the optimum
phase detection. Soft-reset should be used instead.

Sleep Mode  Sleep mode is similar to wspower mode, gcept that the senssranalog cir
cuitry remains paered.When the sleep bit (bit 1, gister 57) is set via théC
serial interace, the pigl array is put into reset and the data lines will go high at
the end of the current fram&gain the system clock remains &etifor the dura-
tion of sleep mode.

When sleep mode is disabled, the sessioame timing is reset to the start of
a frame. During the it frame after xting from sleep mode the datab will
remain high while thex@osure alue propagtes through the pék array At the
start of the second frame thesfiSOF line will be generated.

System Clock Applica-  The Camera Clock (SCLK) remains aetifor the duration of lw-power and
tion During Camera  sleep modeslhe SCLK is actie except when the reset pin is asserted.
Low-Power Modes
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Bt832

1.0 Functional Description

CMOS Cameraideo Piocessor 1.3 Receiver Interface

1.3.8 Embedded Control Code Sequences

To distinguish the control data from the sampled video data, all control data is
encapsulated in embedded control sequefitesse are a minimum of sixonds
long and include a combined escape/sync charamtercontrol wrd (the com-
mand byte) and tavwords of supplementary data.

To minimize the susceptibility of the embedded control data to random bit
errors, redundant coding techniqueseéheen used to allosingle bit errors in
the embedded controlosds to be corrected. M@ver, more serious corruption of
control words or the corruption of escape/sync characters cannot be tolerated
without loss of sync to the data stredim.ensure that a loss of sync is detected, a
simple set of rules has beervided.The four &ceptions to the rules are outlined
below:

1 Data containing a commandvd that has te bit errors.
Data containing te end of line codes that are not separated by a start of
line code.

3 Data preceding an end of frame code before a start of frame code has been
receved.

4 Data containing lines that do notveasequential line numbersx(dguding
the end of frame line).

If the recever detects one of these violations, it raises the INTR pin, sets the
data_corrupt fg in theVP_STATUS reaister and abandons the current frame of
video.

’N Rockwell
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1.0 Functional Description Bt832

1.3 Receiver Interface CMOS Cameraideo Pocessor

1.3.9 Clock and Control Generation

The receier block generates the clocks for both the video engine and the.sensor
Figurel-4 shaws the clock output for the case where clikdil (for xample, &st

clock is half the 14.31818 MHz master frequenand v3 is the selected phase.
The sensor clock is whys a gted ersion of v0.The vp_clk is either the
fast_clock (hot_phase = 0 or 2) or aveiried coy (hot_phase = 1 or 3Jhe two
controls sharn are desied from the rising edge of this clock, as is the output data
(seeFigurel-4 andFigurel-13).

Figure 1-4. Clock and Control Generation
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RESET*
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fast_clock 2 *
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L

data_imminent

data_valid

BN
BN

Note: All lower-case signal descriptions denote internal signals only.

1.3.10 Resets

The receter is reset both by the RESET* pin and by setting the soft reset bit (bit
2 of rggister 57) in the camera setumister The latter is detected by the Bt832
before the contents of thegister are sent to the cameraepthe serial intedce.
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CMOS Cameraideo Piocessor 1.3 Receiver Interface

1.3.11 Error Conditions and Procedures
The recerer generates four erroafls, under these conditions.

camera _present  First task of the recegr module on pweer-up is to check for presence of a cam-
era, denoted by 32 or more samples gfof SDCATA. Thirty-two or more sam-
ples of @ indicate the absence of a camera. If no camera is detected, the
camera_preseriit in register 54 (Camera Status) is set and the vecedles,
while it is idling, it continues to test for the presence of a camera. Clock and con-
trol outputs to Bt832 are suppressed unless the self timing bit &nsietterrupt
is also generated wherer there is a change in the camera_presentHii.type
of interrupt sets the camera_x bit in ¥é_STATUS ragister

phase_error  The net task of the receer module in the peerup sequence is to select the
optimum input sampling phas&o assist in this selection, the camera outputs an
entire frame of §64946196n.... data sequenc@&he receier's phase detector
and arbiter choose the optimum sampling phase, and output the chosen phase on
the 2-bit status line hot_phase[1:0]. If phase selection shallltbf ary reason,
the phase_errordy is set and the reger reverts to the defult phase (0, aligned
with sensor clock). In this state, the reeeiis susceptible to hosterride of the
phase setting, and must continue operation with this settihgzhever phase is
chosen, incoming data is re-timed accordingly

nibble_error  Next task of the receer module on peerup is to establish byte-synchronism,
because nibble-pairs are inherently ambigudti® camera outputs a transition
(....F4FHOHO....), as part of the Start Attive Video (SA/) sequence embedded
in every line.This is decoded as contiguous bytegFand0404. Flywheel syn-
chronism is maintained line-to-line, and upon loss of byte-synchronism (denoted
by an ungpected Oy transition) the nibble_errorafy is set and the frame aban-
doned.The receier module must re-synchronize to this incoming code, making
the necessary adjustments to control signal generation in readiness foxtthe ne
frame.The net start of frame line code clears the nibble_eramy.fl

byte_error  The last and highest semantigdgis contained in the byte-wide data, comprising
null codes, control codes, supplementary data and videoAfatdadeo data is
restricted to the decimal range 16-240, control codes can be easily stripped out.
Some redundant coding is included for error detection and partial correction, b
the receier tales no action bend this to receer from semantic error§he
byte error fg (bit 2 of rgister 52) is set and the frame abandoiiééd.net SOF
line code clears the byte_erraadl See QuartzSight datasheet for more compre-
hensve treatment of semantic errors.
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1.0 Functional Description Bt832
1.3 Receiver Interface CMOS Cameraideo Pocessor

1.3.12 Sampling Phase Optimization

Input data transitions are associated with the rising edge of STh&K delay
between the recetr supplying a rising clock edge and the data on the watab
becoming walid is a function of sgeral indeterminate system parameters, such as
the length of the cable between the sensor and theeed@ allow the receier
to find the best sampling position for the data nibbles, the sensor can be forced to
output 9y, 64, 9, 64,.. Values continuously

The receter contains a polling circuit to identify the best of four candidate
sampling phases. In the urdily event of selectiondilure, aninterrupt is gener
ated and th@hase_error 8lg in theVP_STATUS ragister is set. In this case, the
user must either issue a soft reset thereby restarting the process, or manually
select a sampling phase.

1.3.13 Pixel Defect Correction

To allow the receier to correct single pet defects in the sensor arrahe
QuartzSight module can be supplied with a 2-wire serial CM&REM (Atmel
AT24C Series) containing the defect map for each sefiserdefect map is pro-
grammed into the serial CMOSBROM as part of the module test procedure.
As part of the startup sequence the neareiooks to see if the seriaflEROM
is present. If it is, the reaar davnloads the defect map.
The recerer contains storage for up to 127 defects.

Figure 1-5. Pixel Defect Correction Codes for the Serial EEPROM

P 14 bits - C = correction code
bl d X =don't care
Pixel Fault: | 1n - SFFEy | c |
No Pixel Fault: | 3FFFH | X |
}distance > 16,383 pixels
Pixel Fault: | 1n - SFFEy | c |
End of Pixel Fault List: | On o |
P 2 bytes .

The defect map tas the form of aariable length list of 2-byte (@vd) pixel
faults.The end of the list has been medkwith two all-zero vords.The distance
from the pregious fault or the bginning of frame is encoded in unsigned binary
and if greater than 16,383 (3RpFmore than one erd is used.

nNoTE:  The distance to ther§it pixel is one.
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Bt832 1.0 Functional Description
CMOS Cameraideo Piocessor 1.3 Receiver Interface

The two least signifiant bits of the wrd specify the type of correction appli-
cable to thedult at the start of the distance associated with the dodescrip-
tion of the codes is sk in Table1-5.

Table 1-5. Defect Correction Codes

Length Code Function
X<3FFFy 00 “Sombrero” correction algorithm.
X<3FFFy 01 Insert bright pixel (Y=254).
X<3FFFy 10 Copy from left pixel.

X<3FFFy 11 Copy from right pixel.
0 X Last (of two) entry of defect list.

3FFFy 0 No fault, distance greater that 214,
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1.0 Functional Description Bt832
1.4 Video Engine CMOS Cameraideo Pocessor

1.4 Video Engine

1.4.1 Bayer Pattern Overview

Before describing the Bt83ZAdeo Engine, it is wrthwhile to describe the Bayer
Pattern. The Bayer Bttern is the xpected colorization pattern of Bt832 input
data. Instead of pwiding a trichromatic sample at eachglisite, the Bayera&-
tern pravides a single colorized samplEhis simplifies sensor layout, reduces
transmission bandwidths, and increases xadight-gathering area, at the cost of
reduced resolutiorthis reduction in resolution is not equally distitied aver the
three-color channels: one channel is chosen as ‘luminance represéraat is
rendered as a chemboard pattern, sub-sampled at 50 percEmé other to
channels, each sub-sampled at 25 percdin the spaces in the chemikboard,
alternating in ravs and columnsThe QuartzSight uses green as the luminance
representate, and red and blue as the other colbirgurel-6 shavs the funda-
mental tiling element of the Bayeattern.

Note that the manatturing processes may result in consistentlfexiht
responses in odd andem-rov greens. If ay correction applies, the Bayer output
should hae 4 channels, each sub-sampled at 25 perdenminimize time-
domain interference between transmitted samples, the sensor fiasskmaich
Bayer rav into two groups of contiguous constituent colors. By transmitting in
this colorbunched &shion, the sensor can eliminate cross-talk between the color
channels that carxist in the analog domain within the camera.

Figure 1-6. Bayer Colorization Pattern

Even Odd
Columns Columns
©,2 4,..) 1,3,5,..)
Even
Rows Green Red
0,2,4,..)
Odd
Rows Blue | Green
@,3,5,..)
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1.0 Functional Description

CMOS Cameraideo Pocessor 1.4 Video Engine

1.4.2 Function and Architecture

Input Processor

The Bt832Video Engine corerts data from a bayer input pattern format, into
YUV/YCrCb 4:2:2. 1t is highly programmable, althougkefil in terms of gross
function. The parameter set resides in a shadagister bank, accessible to the
serial interace.While most parameters are set by the host applicationwarpo

up, some are updatedgrdarly by the host applicatioihese dynamic parame-
ters can be further cajerized as usgrarameters (adjustable on user request) and
application parameters (adjusted automatically by the application, transparently
to the user)Figure 1-7illustrates the Block Diagram ¥ideo Engine.

The dataftiw (Figure 1-7 begins with an input processowhich corrects defec-
tive pixels by horizontal interpolation according to a lisivdbaded via the
recever. The input processor is also capable of applyingedfofset, and four
gains (one per Bayer channel). If the Bayaings denoted as c’, then eacfeef
tive gain can be calculated by the equation:

c'=2*(1+c/128)

where c is thealue programmed into the inpuaig register The \alue c is an
8-bit 2's complement ariable (-128 to 127All four default values are 0xC9

(hex), or c =55 and & 1.141.This dehult assumes a sensor output range of 16
to 240.

Figure 1-7. Block Diagram of Video Engine
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1.0 Functional Description

Bt832

1.4 Video Engine

Line Memories

Interpolation

Unsharp
Masking

Matrix/Gain

Gamma
Correction

Color Space Conversion

CMOS Cameraideo Pocessor

A 4-line memory lies between the input and main processors, capable of re-shuf-
fling input data to its original spatial diswiion. Access to line-history ales the
spatial neighborhood transforms (necessary for interpolation back to 100 percent
population) to be applied to incoming data.

The green channel (no longer containing responsevesf and odd ms) is
treated diferently from red and blue. It is interpolated int@tautput representa-
tions, one sharper (containing more detail) than the.other

Subtraction of these twgreen representations creates an unsharp mask, which
can be further processed before returning to the main colbor fl

The main color fiw results from a 3 x 3 matrix multiplication on the smooth
RGB channelsThey have two main roles to play: matrixing (mapping of Bayer
pixel taking chromaticities onto nominal display chromaticities) and color bal-
ance (channelains).The matrix is devied from \alues programmed in the MOO
through M22 rgistersThe host must compute thalues to program in thesegre
isters in one of tew ways, depending on whether the ¢méént is on-diagonal or
not (diagonals are MO0, M11, and M22). On-diagonalfodehts are calculated
as:

¢’ = 2*%(1+c/128)

where:c is the 8-bit Z complementariable (—128 to 127) in thegister In con-
trast, of diagonal codfcients are calculated as:

c' = 2*c/128

The on-diagonal coefficients have a default of OxCO (c = 0.5, ¢’ = 1).

A programmable gmma correction stage produces the non-linear distortion of
data amplitudes required foanous video communication standards. It also pro-
vides cosmetic enhancement of image detail under user cArieoBt832 pro-
vides 16 cures, all to 9-bit accurgc(seeFigurel-9), linear (GAMCOR = 0),
SMPTE-240M (GAMCOR = 8, approximating amgma of 2.2), an additional
se/en by interpolating between linear and SMPTE-240M, anda §&en by
extrapolation bgond SMPTE-240M. Se&SAMCOR [register 20]", page 38

Further cosmetic enhancement (of hue and saturation) is possible by reprogram-
ming the colorspace coversion matrix.The color space cearsion matrix is
derived from \alues programmed into the CSCO00 to CSCagsters.

18
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Some interpretation of the color space matrix ftcehts computed and trans-
mitted by the host is performed in the Bt83#gis is done to maximize the accu-
ragy of multiplications in the color space a@msion, while restricting co€ient
sizes to 8 bitsThe top rev of the matrix, which computes luminance according to
ITU-R-BT601, achiges this by multiplying @amma correctedalues Rss, G'o55
and Bgs by:

¢’ =c/256 + 0.25,

where: c is the 8-bit 8complementalue in the programmable csgigter and ¢’

is the efective coeficient. The other tw rows, which compute chrominances Cb
and Cy respectiely (or U and/), multiply gamma correctedalues Rjss, G'o55,
and B,255 by

¢’ = c/256,

where: ¢ is the 8-bit 8 complement number programmed into the CHSter

and c’is the efective coeficient. This supports wider number ranges for hue and
saturation control from the ho3the recommended ceersion matrix for gmma-
corrected RGB t¥CrCb is shavn in Figure1-8.

Figure 1-8. Recommended Conversion Matrix

. ) Y 16 66 129 25 R'os5

1) ITU-R-BT601 conversion equation cb - 128 + 1 .38 74 112 | Glos
Cr 128 256 112 94 18 B'2s5
) ) 0x02 0x41  0xD9 \ c

2) Recommended conversion matrix OXED OxDB 0x38 ' o

(8-bit, 2's complement coding) 0x38 OxD1  OxF7
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Figure 1-9. Video Processor’s 16 Selectable Gamma-Correction Curves

10}

08} SMPTE-240M

0.6 F

Luminance Data Out

04F

0.2} .
linear

0 0.2 0.4 0.6 0.8 7.0

Luminance Data In

Note: Luminance data normalized for maximum white = 1.00.

1.4.3 Level Accumulator

The level accumulator stores the luma samples, represented bywhone:
matrix) green channelThis sum is weighted according to the zoredug
ZONECODE]J3:0] set for each of the 16 zones in the image, and
scaled/rounded/winaeed according t6eCCSCALE.The result is found in ggs-
ter EXP_ACC.

The lesel accumulator is also programmed tathger statistics on the three
smooth color channels, post-matrihese statistics, named R&, GACC, and
BACC, consist of accumulations of signal samphesr @ set threshol@HRESH
and fnd use in color balance control.

A third level accumulator function, used to support safevbased ittker
reduction mode, athers line accumulationser 8 linesThey are spaced apart by
the LINESRACE bits in rgisterVP_CONTROL2. These accumulations reside in
registers LACCQ etc.

Finally the black lines are monitored and theiverage stored in
BLACK_ACC.
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1.4.4 Line Output Format

The sub-sampled 4:2:2 output associates a chrominance pair (Cb/Cryevith e
other luminance sample, as shoin Figure1-10 The chrominance pair is sub-
sampled only horizontallyNo line memory is required for computing of chromi-
nance alues. Chrominance sub-sampling is aebitby aeraging the tw origi-
nal samples co-sited with the pi®us and net luminance samples, then further
averaging with the current co-sited chrominance sample.

Indices inFigurel-11refer to the horizontal dimension of the appropriate out-
put image sizeAfter 4:2:2 sub-sampling(-image dimensions are twice those of

Cb and Cr
Figure 1-10. 4:2:2 Sampling
Line 0 B —m——m——’——®’—"}
Line 1 B | ] | L] L]
Line 2 B | | L] L] L
Line 3 B——a L L B}
Line 4 L L L L L L
Line 5 B {—m—{—m—{—’—{+H—®’7"}
B Y.CbCrsample [ ] Ysample

Figure 1-11. Bt832 Line Output

Y Output
index

VDATA[7:0] or
byte-swapped

data[7:0]

VCLK

X0 X1 X 2 X 3 X 4+ X

Xcblo] X Y[o] X cr[o] X Y[1] XCb[21X Y[2] X Cr[2] X Y[3] X Cb[4]X Y[4] X Cr[4] )
X y[o] XCb[o]X Y[1] X Crf0] X Y[2] X Cb[2]X Y[3] X Cr[2] X Y[4] X Cb[4] X Y[5] )
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1.0 Functional Description

Bt832

1.4 Video Engine

CMOS Cameraideo Pocessor

1.4.5 Operational Modes

Image Size (QCIF)

Matrix Coefficient
Interpretation
(RGBmatrix)

Bayer Pattern
Interpretation Controls
(HJOG, VJOG and
EVENFIRST)

Spacing of Line
Accumulations
(LINESPACE)

Automatic
Exposure Control

The Bt832 has seral distinct, operating modes, programmable via thesters
VP_CONTROLO andVP_CONTROL1.

The output image format can be CIF or QCdE shwn in Tablel-6. In both
cases, output images are ged by interpolation from an input 356 x 292 bayer
patterned imagé.he etra pixels in the input image are required to form a border
for interpolation, and input lines are delied in colobunched (shifed) form to
manage signals in the time domain.

Table 1-6. Output Image Format Selection

QCIF Y Image Size (col x row) Cb,Cr Image Size (col x row)
0 352 x 288 176 x 144
1 176 x 144 88 x 72

To sare on deice raisters, tvo sets of matrix coéitients (9 rgisters) share the
same address space: MO0 etc. One set is applied for color correction and color
balance, the other for color space v@&nsion and control of hue and saturation.
The RGBmatrix thg is the means by which the host ensures the correct destina-
tion for matrix codficient sets (Bit 1 of gister 40, sed@able2-6).

Some féxibility is provided for the interpretation of Bayer channélsy Bayer
channel as depicted Figurel-6 can represent the origin for purposes of inter
pretation.The QuartzSight and the Bt832 delt use 0,0 {een, green) as origin.
If HJOG is set, the interpretation origin wes horizontally by one pét. If VJOG

is set, the interpretation origin mes \ertically. If EVENFIRST is set, the rfit
half-color group in ayline is processed aven-indexed, if EVENFIRST is not
(default), as odd-inde=d.

The Bt832 is capable ofidkerreduction, gien suitable xposure and @n
parameters from the hodb allow the host to estimateidker, eight spaced sin-
gle-line accumulations are pided by the Bt832 on gisters LACCOQ, etc. The
spacing of these accumulations along theigal dimension of the image is con-
trolled by the 4-bit LINESRCE parameterwhich scans the range 1 to 16, as
coded with an increment.

The Bt832 has tevautomatic control mechanisms to adjust the picture brightness
and white color balance, according to lighting conditions. It computes a set of
accumulations of the pék values and modiis the settings ofxposure alues
(coarse, fie and gin on the camera) and the RGB matfike user may choose
to disable these adjustments andravrite the @alues either after reading the same
set of accumulations or by calculationgpthe image data.

The eposure algorithm reads the EXFCE& reagister which is the gerage of
all luma (Y) samplesThe luma (Y) are read before color spaceveosion and
weighted, using the zone cod@ONE 0-3) The total is diided by a pwer of
two (2"), which is determined by th®CCSCALE inVP_CONTROL2 (register
21). See alstMono Accumulation [rgister 30]", page 39
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1.0 Functional Description

CMOS Cameraideo Pocessor 1.4 Video Engine

Automatic (White)
Color Balance

By-Pass Mode

The aerage is then compared aigst two programmable thresholds
(AEC_TH andAEC_TL) and changes themosure by a small percentage, until a
certain aerage alue is reached (AEC_TCJhe &posure control algorithm is
activated agin when theerage is outside these thresholds.

The posure is increased or decreased by a programmable percentage of it’
current \alue (Auto-Exposure Condjuration [rgister 48]", page 43 if it lies
outside the threshold zone, and by 1/64 inside the zone, before crossingehe tar
value.

Analog @ain is used as part of theposure control, it it is alvays equal to or
less than theain limit in AEC_CONFIG [r@ister 48]. It can be disabled and
removed from the algorithm.

The Automatic Exposure Control (AEC) can be disabled by resetting bit 00
and bit 1 of théAEC rggister The user can thernverwrite the gposure/gin val-
ues. IfAEC is not disabled, it will eerwrite the programmedposure alues at
the nat odd frame boundary

The objectie of color balance is to mekvhite objects in the scene appear white,
regardless of ay color cast in the ambient scene lighting. Fheomatic Color
Balance (AB) algorithm is based on altering the RGB matrix in suclayaas to
balance the amount of eggrbeing collected by the thre@es-threshold color
accumulators REC, GACC, and B\CC.Access to the RGB matrixunlves use
of bit 1 of VP_CONTROL1 (RGB).

The performance &ACB is controlled by a number of parameters (€xdor
Balance Ragisters [rgister 44 —46]", page 32Like eposure control, the algo-
rithm reads the color accumulatorsf these are tdcted by th@HRESH (rgis-
ter 41) \alue. Zone weighting does not apply to these accumulations.

ACB_GNBASE [rggister 45] defies the taget level at which the algorithm
tries to leep the minimum of the three channaing.The position of this tget
has an déct on both thewerall brightness of the image andahmuch gin head-
room the color balance algorithm has torkvwith. The higher the tget the
brighter the imageui with less headroonThe actual &lue of the gin base is
((1+gnbase)/8)ACB_MU (register 46) is a time constant thafeets the speed of
the color balance algorithm @B_MU = 0 is the dstestACB_MU = 7 the slw-
est).

The user may either disable tAB algorithm and werwrite the RGB
matrix, or just freeze the current set afuesTheACB algorithm can be disabled
by resetting bit 0 oACB confguration.To freeze the alues, lege bit 0 set and
set bit 1 to one. See the descriptiod@B_CONFIG (rgister 44), if'Color Bal-
ance Rgisters [rgister 44 —46]", page 42

In by-pass mode, the Bt832 can be apunfed (VP_DMCODE]7] - rgister 45) to
supply the Bayer @&tern video data directly after defect correcticainfpfset,
and unshufe operations (sdeigure 1-10. The data stream isvailable using the
frame-grabber signals (FSTRLSTRT andVCLK).
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1.0 Functional Description Bt832

1.4 Video Engine CMOS Cameraideo Pocessor

1.4.6 Interrupts Generated

While routine Bt832-host communication is accomplished viaztﬁeinterface,
an interrupt line requests attention for more importaehts. The signal stays
active (high) until the host clears the appropriate bit oMReSTATUS ragister
by writing a zero (writing one does not change the state of the bit).

Video Data Error ~ This is an error condition in the video data stre@here are three ddrent types
of error The details are described in Error Conditions and Procedthreserror
type is stored iWVP_STATUS raister

Camera  Change in camera-present status detedfbd. condition of the connection is
Attached/Disconnected  reported in the CAM_SATUS register

Serial Communication ~ Bt832 serial intedice masterdiled to get an ackmdedge while attempting to
Error  write to the camera module.
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1.5 Video Output Timing

There are tw physical output intedices to connect the processor to a video
decoderVideo data is alays 8-bitYUV/YCrCb-4:2:2 and the image isvedys
non-interlacedThere are tw synchronization options for marking HSYNC and
VSYNC video &ents:

» Frame grabber signals (FSTR.STRT andVCLK)
» Embedded sequences (CCIR-656 control codes) and qualifying clock

1.5.1 Frame Grabber Signals

These modes ka a number of parameters programmable vi&/theDMCODE
(register 43).Although these modes are not mutualkclasive (signals alays
pulse and embedded codesa}s appear on the data stream) it is best to use only
one option, because there is no one-to-one correspondence between the features
of the two options.

The structure of the frame grabber signals is present&ihimel-12 The
term “pixel” refers to one period of the sensor clockidid by tw. In Figurel-
12, the horizontal axis represents time for @egiclock (VCLK) dvision. The
Bt832 video output is pairs of 8-bit samples MV/YCrCb-4:2:2 format.
Optionally the bytes of a pair can beapped (YUYV - as shen in Figuresl-
12, 1-13 and1-14, andTablel-7). See the/P_DMCODEregister bit 0.VCLK
falling edge should be used to sample each output byte.
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1.0 Functional Description

1.5 Video Output Timing

Figure 1-12. Embedded Code Video Output Structure

H .
<+————— 393/471 Pixels —_— fint I:I

CIF&QCIF -
CIF only -

FSTRT active

CIF &QCIF -

FSTRT when
15 Y Cb Y Cr vp_dmcode[3]=0

CIF&QCIF -
CIF only -

LSTRT active

CIF&QCIF -
CIF only I:I

Active Video

304 Lines

<—— 288 Lines

302
303

<—»<+———» 352 Pixels ———» <+—> 35/96 Pixels
6 Pixels

Note: The line numbering is not the same as in previous figures. Line numbers shown here are the ones encoded in the
SAV/EAV embedded sequences.

Figure 1-13. VCLK Relationship to System Clock

< Tc14-»]
S I I N N O I | |

VCLK clkdiv = 0 @ CIF
VCLK v =

| [ [ | clkdiv=0@ QCIF vp__dmeode(1] = 0
VeLK | | | | cikdiv=1@ciF
VCLK

| | | [ ckdiv=1@CIF  vp_dmcodef1] = 1
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Figure 1-14. Frame Grabber Signals (LSTRT/VCLK Free Running)

L1
! TI3(QCIF} . . High @
| TIBCIF) &) ! QCIF only
FSTRT® | |
(Standard) ; | :
(Frame Grabber) : TIL ™ Th | \ I
|
FSTRT® 1 : : :
(Custom) ! | I !
(Frame Grabber) ' I | !
LstrT 11 0 N @ n @ n @ n @
line# 13 14 15 16 302 303 0 3 6 —
High @
| Tpl ITp2I CIF only
VCLK giglgigipigigigigigiigigigigigigisigiigigigh
I
|
|
LSTART | | |
|

VDATA (10X 80X 10 X80X10 X80 X10X80 X 10X 80X10,X80 XFFX00 X 00)SAK Y X UX Y XV X_ )

YUYV, when VP_DMCODE[0] = 0

Notes: (1). VP_DMCODE[2]=1.
(2). VP_DMCODE[2]=0.

Figure 1-15. Frame Grabber Signals (LSTRT/VCLK Only on Active Video)

f int j Th
(Infernal) |_|_

' TI3(QCIF)= Sl —
: TI3(CIF) e—> o @
A | l nglF only
(Standard) !
(Frame Grabber) ! ) : : ;
FSTRT®@ i1 T | . |
(Custom) ' . |
(Frame Grabber) | ! |
| |
s 0 rn n n o 1 [ n §§
" 10 302 303 0 3 ot
High @
Tpl o2
:‘ P ,"E,- CIF only
| @,
VLK _ alsRssstininiginim
]
|
I |
LSTART I |
|

VDATA _ X10X80X10X80)X10 X80 X10X80 X 10X 80X10 X80 XFF X 00X 00)XSAW UX Y X VXY X >
UYVY, when VP_DMCODE[0]=1

Notes: (1). VP_DMCODE[2]=1.
(2). Custom frame grabber, VP_DMCODE[2]=0.
(3). Low when VP_DMCODE[2]=0.
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Table 1-7. Video Timing Parameters

Symbol Duration Description
Th 12*Tp2 High period of the LSTRT.
Tl 2*N*Tp2 One line period (N=393 @ 60 Hz, 471 @ 50 Hz).
TI3 3*TI1 High period of FSTRT (when VP_DMCODE[2]=1).
Tpl 16*Tp2 LSTRT to first active video sample.
Tp2 D*Tc14 Sample period, D=2 @ CIF & clkdiv = 0 (see Figure 1-13).
Tcl4 69.84128 ns Period of system clock (14.31818 MHz).

1.5.2 Embedded Code Sequences

Video eents are also maekl using CCIR656-l& embedded codes (8A&AV)
as shawn in Figurel-15

Field ID in the embedded codes may be constant (zem}er toggling eery
field/frame (se&P_TEST_CONT®LO rgyister in the Programmers Model). In
both cases, the video output is non-interlaced.

Figure 1-16. Embedded Code Video Output Structure

<«————  3093/471 pixels —»
I a N
c
line0l | o always -
;‘ SAV
CbYCrY line 13
line 14 vsolid =1 I:I
[%]
o line 15
< always
S| : " EAV
o Q
< £
S £
o [e0)
E 2 N
QCIF only I:I
Video/Sync
v , . line 300
<>(<— 352 pixels -
%) <
L
Note: The line numbering is not the same as in previous figures. Line numbers shown here are the ones encoded in the
SAV/EAV embedded sequences.
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1.6 Host Serial Control Bus

1.6.1 General Description

Writing configuration information to the video processor and reading processor
status and corfiration information is performed via the 2-wire hd& kerial
interface.

Communication using the seriald centers around a number ofjisters
internal to the video process@hese rgisters store status, set-ugpesure, and
system information. Most of the gisters are read/write alling the host to
change their contents. Others (such as the chip ID) are read only

The main features of the serial ingé include:

» Variable length read/write messages

» Indexed addressing of information source or destination within the sensor
» Automatic update of the ingdeafter a read or write message

* Message abort with not ackmlzdge (MCK) from the master

» Byte-oriented messages

» Pin programmable sla address

In order to use the serial intade, the system clock must be running.

1.6.2 Serial Communication Protocol

The host must perform the role of a communications magterBt832 acts as
either a slae receier or transmitterThe communications takthe form of 8-bit

data with a maximum serial clock frequgrg 400 kHz.The serial clock (HSCL)

is generated by the host, which determines the data transfériraté-bit defwult

I°C address for the Bt832 is 1000100b, or a transmitted byte of 0x88 for writes
and 0x89 for read#é\n alternate serial address can be chosen by adding a pull-up
resistor to the FSTRpin. The pin is read during reset before the outpwedris
enabled. By werriding the internal pull-den with an eternal pull-up resistor

(25 k for 5V pull-up, or 10 k for 3.3/ pull-up), one can select a serial address of
10001010b, or a transmitted byte of Ox8A for writes and 0x8B for rddus.
serial protocol for the?C kus is shen in Figure1-17.

Figure 1-17. Serial Interface Data Transfer Protocol

HSDA

HSCL

Start Condition Acknowledge Sub-Address +
[0 to Maximum]
Additional Data
- - Bytes
—\/xxxxxxx_\i/—
MSB LSB
S AN AW AW AW AW AN AW AUEE AV pn
1 2 3 4 5 6 7 ? A
Device Address Byte R/\T\I/ Bit Stop Condition

Note: For more information, request Rockwell’s “2C Reference Guide”.
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Bt832

1.6 Host Serial Control Bus

1.6.3 Data Format

CMOS Cameraideo Pocessor

Information is packd in 8-bit packts (bytes) avays folloved by an acknal-
edge (ACK). The internal data is produced by sampling ASiD a rising edge of
HSCL. The eternal data must be stable during the high period of HIGE.
exceptions to this are start (S) or stop (P) conditions whenAHSls or rises
respectiely, while HSCL is high.

A message contains at leasothwytes preceded by a start condition, and fol-
lowed by either a stop or repeated s{8r), followed by another message.

The frst byte contains the diee address byte which includes the data direc-
tion (RW) bit. The LSB of the address byte indicates the direction of the message.
If the LSB is set high, then the master will read data from tlve slithe LSB is
reset lov, then the master will write data to thevelaAfter the RAW bit is sam-
pled, the data direction cannot be changed, until tkieadglress byte when awme
R/ bit is receied.

The byte follaving the address byte contains the address of iedfita byte
(also referred to as the INDEXJhe serial intedce can address up to 128 byte
registers. If the MSB of the second byte is set, the automatic increment feature of
the address indds selected.

Figure 1-18. Serial Interface Data Format

Bt832 Acknowledges Valid Address Acknowledge From Slave
S ADDRESS[7:1] | RW [A | INC INDEX[6:0] A | DATA[7:(] A
1000100Q \ \
. e o o
S(IESSL?T Pin RiBit Auto Increment
Index Bit DATA[7:0] Alp
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1.6.4 Message Interpretation

All serial interfice communications with the Bt832 musgibewith a start condi-
tion. If the startcondition is follaved by a alid address byte, then further com-
munications can tak place.The Bt832 ackneledges the receipt of aahd
address by pulling 8 HSDA line low. The state of the REABVWRITE bit (LSB

of the address byte) is stored and the bgte of data, sampled by H8Dcan be
interpreted.

During a write sequence, the second byte veceis an address inkland is
used to point to one of the internagjisters.The most-signitiant bit of the fol-
lowing byte is the inde auto increment fhg. If this fag is set then the serial
interface will automatically increment the indaddress by one location after
each slae acknwvledge.The master can therefore send data bytes continuously
to the slae until the slae fails to prowide an acknaledge, or the master termi-
nates the write communication with a stop condition or sends a repeated start (Sr).
If the auto increment feature is used, the master oidsave to send indices to
accompan the data bytes.

As data is receed by the shee it is written bit by bit to a serial/parallelgis-
ter. After each data byte has been reediby the shee, an acknweledge is gener
ated.The data is then stored in the internajister addressed by the current
index.

During a read message, the current inderead out in the byte folldng the
device address bytdhe net byte read from the sla device are the contents of
the reister addressed by the current idEhe contents of this géster are then
parallel loaded into the serial/parallefigter and clookd out of the déce by
HSCL

At the end of each byte, in both read and write message sequences, an
acknavledge is issued by the reeigig device. Although the Bt832 is alays a
slave device, it acts as a transmitter when this Imaster requests a read.

At the end of a sequence of incremental reads or writes nélaridex value
in the rgister will be one greatéhan the last location read from or writtenAo.
subsequent read will use this imde begin retrieving data from that internal ge
ister.

A message can only be terminated by the imastereither by issuing a stop
condition, a repeated start condition, or by not ackedging (NMCK) after
reading a complete byte during a read operation.
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CMOS Cameraideo Pocessor

1.7 Camera Serial Control Bus

The Bt832 communicates to the QuartzSight camera and optiGR&O,
which contains the senssrtlefect map\@r a 2-wire C serial interfice.The
Bt832 tales the role of lis masteroverseeing serial communication. Only the
QuartzSight camera, 2PROM, and Bt832 can reside on the sens® hus
(SSCL and SSA). The data protocol is identical to the Host Serial liateaef

1.7.1 Usage of the Camera Registers with Auto Exposure Enabled

With Auto Exposure Control (AEC) enabled, there is a periodic camera serial
interface message generatedry two image frameslhis message is gen bytes
long (slare address, internal indeand fve data bytes) and is initiated at the end
of the appropriate fram&he messagerfishes before the frame interrupt signal is
generated and the host may attempt to writeafrthe camera gsters (&cept
those in Bunch 0) a short time after INTR risésshort time” is defied as dst
enough so that both the host and the camera serialitgeniessages complete
before the last video line is output.

In this case both the camerajister andAEC exposure rgister updates can
take place in an interlead manner

If the host cannot guarantee absence of updatgtattwards the end of odd
frames, theAEC should be turned Hfthe desired mgisters updated, andEC
turned on agin. See “Note” opage 43
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2.0 Control Registers

2.1 The Programmers Model

There are 64 8-bit gisters within the Bt832, accessible by the host via the serial
interface. The primary catgories are listed bela

» Status rgisters (read only)

» Setup rgisters with bit signifiant functions

» Exposure parameters that irdhce output image brightness
» System functions and analog test bit sigaifit rgisters

Any internal rgister that can be written to can also be read fiidrere are a
number of read only gésters that contain dize status information (foxample,
CAM_DEVICEH, reyister 54).There is also another type ofyister where the
bits can only be cleared as yhare set by the hardwe (VP_SATUS, raister
52).

A detailed description of eachgister follovs. The address indices are sl
as binary numbers in braets.

As a general rule, unused bits are located at the most-cagnignd of an
byte.
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CMOS Cameraideo Pocessor

2.2 Parameter Bunches and Parameter Cache

Some parameters (in particular thepesure and gn parameters) must be trans-
ferred in a block for continuous correct system operaflonavoid situations
where a parameter transfer igedalen by the onset of a wevideo frame, a
mechanism xsts whereby the host can writeifthes to a 10-byte temporary
store (the parameter cach&he host may indicate completion of parameter trans-
fer by writing data of 255 and address of 63 to the Bt832, at which time the cache
flushes, and the lastparameters written (where 0 ¥== 10) are queued for dis-
tribution. If more than 10alues are written, the tentllue is @erridden by the
last \alue.

The Bunch column ofable2-1 shavs which parameters should be grouped.

Table 2-1. Device Registers (1 of 3)

Decimal Hex . Default -
Addr Addr Bunch Name Bits | R/W (in Hex) Description
0 00 OFFSET 8 R/W 10 Video level offset
% 1 01 RCOMP 8 R/W C9 R input compensation gain
o
o . . .
= 2 02 G1COMP 8 R/W C9 G (in R row) compensation gain
é. 3 03 G2COMP 8 R/W C9 G (in B row) compensation gain
4 04 BCOMP 8 R/W c9 B input compensation gain
5 05 FINEH 1 R/W 00 9-bit fine exposure; max value
0 360 (30Hz mode) or 438 (25Hz
6 06 FINEL 8 RIW 00 mode)
[}
§ 7 07 COARSEH 1 RIW 00 9-bit coarse exposure; max
£ 8 08 COARSEL 8 | RW 00 value 302
9 09 CAM GAIN 3 R/W 00 External gain; effectively 1 + x
where x is setting coded as a 3-
bit unsigned integer
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Table 2-1. Device Registers (2 of 3)

2.2 Parameter Bunches and Parameter Cache

Decimal Hex . Default —
Addr Addr Bunch Name Bits | R/W (in Hex) Description
10 0A MO00/CSCO00 8 R/W C0/02 mXy:-row X col y matrix
component
11 0B MO01/CSC01 8 R/W 00/41
12 oc M02/CSC02 8 R/W 00/D9
See VP_CONTROL1, hit [1] for
§ 13 0D M10/CSC10 8 R/W 00/ED RGB/YUV/YCICh matrix
2 14 0E ! M11CSC11 8 RIW Co/DB selection.
<} Default value R/C:-
= 15 OF M12/CSC12 8 RIW 00/38 | RGB component initialized to R
g 16 10 M20/CSC20 8 | RW | o038 YUVAYCICb initialized to C
DUAL-Purpose register set
17 11 M21/CSC21 8 R/W 00/D1
18 12 M22/CSC22 8 R/IW CO/F7
19 13 APCOR 8 R/W 14 Aperture Correction parameters
20 14 GAMCOR 4 R/W 08 Gamma Correction parameters
21 15 VP_CONTROL2 8 R/W 14 Line accumulation spacing
2 and scaling
g
g 22 16 ZONECODEO 8 R/W 00
% 23 17 ZONECODE1 8 R/IW 28
£ 2 Zone weights
g 24 18 ZONECODE2 8 R/IW 28
<
25 19 ZONECODE3 8 R/W 00
26 1A RACC 8 RO R channel accumulation
27 1B GACC 8 RO G channel accumulation
28 1C BACC 8 RO B channel accumulation
29 1D BLACK_ACC/ ACB0O 8 RO Black level accumulation
“ 30 1E EXP_ACC 8 RO mono (pre-matrix)
é accumulation
S 31 1F LACCO/ACBO1 8 | RO
o
g 32 20 LACC1/ACBO02 8 RO
1S
3 33 21 LACC2/ACB10 8 RO
< Line accumulations 0 - 7
34 22 LACC3/ACB11 8 RO or
35 23 LACC4/ACB12 8 RO Auto. Color Balance
calculated RGB matrix
36 24 LACC5/ACB20 8 RO
37 25 LACC6/ACB21 8 RO
38 26 LACC7/ACB22 8 RO
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2.2 Parameter Bunches and Parameter Cache

Table 2-1. Device Registers (3 of 3)

CMOS Cameraideo Pocessor

Decimal Hex . Default .
Addr Addr Bunch Name Bits | R/W (in Hex) Description
39 27 VP CONTROLO 8 RIW 01
Processor mode settings
40 28 VP_CONTROL1 8 RIW 27
41 29 THRESH 8 RIW EO RGB accumulation threshold
42 2A VP_TESTCONTROLO R/W 0 Test modes
43 2B VP_DMCODE 8 R/W 1C Video output configuration
e 44 2C ACB_CONFIG 8 R/W 01 Auto. color balance
[} configuration and parameters
23 45 2D ACB_GNBASE 8 R/W 08
wn
46 2E ACB_MU 8 R/W 04
47 2F CAM TESTO 8 R/W 00 Camera system test
48 30 AEC_CONFIG 8 R/W 17 AEC configuration bits
49 31 AEC_TL 8 RIW 50 Lower average threshold
50 32 AEC_TC 8 RIW 64 Target average value
51 33 AEC_TH 8 R/W 78 Upper average threshold
52 34 VP_STATUS 8 R/W 02 Processor status
53 35 VP_LINECOUNT 8 RO Top 8 bits of 9-bit current
processor line count
3 (lowest bit is in vp_status)
o
@ 54 36 CAM_DEVICEL 8 RO Camera identification number
including revision counter
55 37 CAM_DEVICEH 8 RO
56 38 CAM_STATUS 8 RO Camera status
57 39 CAM_SETUPO 8 R/W 09 Low-power & mains freq. setup
g ‘é’_ 58 3A CAM_SETUP1 8 R/W C1l Diagnostics setup
E -+
3 » 59 3B Reserved 8 R/W 08 Do not write this register
60 3C Reserved 8 R/W 00 Do not write this register
c 61 3D DEFCOR 8 R/W 08 Defect correction
‘?7,; 62 3E Reserved 1 R/W 00 Do not write this register
wn
63 3F DEVICE ID 8 R/W 31 See also parameter bunches
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Bt832

2.0 Control Registers

CMOS Cameraideo Pocessor 2.3 Key Registers in Detail

Offset
[register 0]

Bayer Gains
[registers 1-4]

Camera Exposure & Gain
[registers 5-9]

2.3 Key Registers in Detail

Some of the 64 gisters require further detailegipanation, which follas.

Digital control of input dset. The QuartzSight camera outputs digital video with
a nominal black el of 16.The alue of OFFSE]Tcoded as an 8-bit s com-
plement intger between —128 and +127, is subtracted from the imug by the
camera. Nominally 16ffsetmay be adjusted by the host faré correction or
for digital black-lerel compensation (seegister 29).

Digital control of input Bayer channehips. Can be altered relatito each other
to equalize channel responses (calependent gn) or in ensembleathion
(colorindependent gin). See “1.4.1Bayer Rittern Owervien” on pagel6 for
more information.

NOTE: At least one gin value should be written to thepmosure binch (rgisters
5-9) because camenrgp@sure andgn values are not stored in the param-
eter cache.

Along with the Bayer gins (rgisters 1 through 4), this set of programmabtg re
isters controls the ffctive sensitrity of the sensorThese rgisters comprise

Bunch 0 along with the Bayer Gairgisters (1-4)The eposure rgisters are as

follows:

1 Fine posure time
2 Coarse gposure time
3 Cameragin

The final parameter does notfexdt the intgration period. It amplifis the
video signal at the output stage of the sensor core.

NOTE: At the camera, thexposure (coarse,rfé, and gin) values do not tak
effect immediatelyThey are written via the camera serial ingexé, loit
they will be applied laterThe eposure is updated on thexheven frame
and the gin is applied one frame after thepesure. If the user reads an
exposure @alue via the host serial intade the alue reported will be the
previous posure data read from the sensatr the bginning of each
frame.

Between writing the »@osure data and the point at which the data is con-
sumed by thex@osure logic, bit 0 of the CAM_&WTUS raister is setThe @ain
value is updated a frame later than the coarse aagérameter3.he reason for
this is because theam is applied directly at the video output stage and does not
require the long set up time of the coarse amel ékposure (see “Note” opage
43).

To eliminate the possibility of the sensor array seeing only part of the ne
exposure andajn setting, thesealues are stored temporarily in the camera serial
cache and transferred to themdi destination at frame boundaries, as described
above.

The range of some parametaitues is limited and grvalue programmed out-
side this range will be clipped to the maximuma#d \alues.
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2.0 Control Registers

Bt832

2.3 Key Registers in Detail

MATRIX/CSC
[registers 10-18]

APCOR
[register 19]

GAMCOR
[register 20]

CMOS Cameraideo Pocessor

Two different sets of gisters can be accessed depending on the state of bit{1} of
VP_CONTROL1. The \alues in rgisters 10-18 are all 8-bit,22tomplement for

mat. [MO0-M22] are used to ceert RGB data after the smooth interpolation
stage into an RGB output which iswadjusted to imperfections in the camera
response to diérent lighting conditions.

APCOR is an acrgm for aperture correction, the Bt832heans of enhancing
edge detail in image3his is achiged by dering an unsharp mask, which is the
difference between twinterpolated green signals, one of which contains more
high-frequeng detail than the othefFirst, the unsharp mask is coredal(es
belov a programmable threshold are set to zero ahaes abee the threshold
have the threshold subtracted in an absolute sensg), iNis amplified by a pro-
grammable intensityactor Coring is a simple means of noise reduction.

Table 2-2. Apcor [register 19]

Bits Function Default Description

3:0 Apcor Intensity 0100 4-bit gain factor applied to cored unsharp
mask signal, spans the range 0 to 15 in steps
of 1.

7:4 Apcor Threshold 0001 4-bit coring threshold, spans the range 0 to
3.75 in steps of 0.25 relative to RGB signal
values.

GAMCOR is an acroym for gamma correction, the \ierse-&ponential distor

tion of signal amplitudes. Some video standards requirararmg of 2.2, corre-
sponding to f(x) = %4 A recent subtle modifation (SMPTE-240M) specifs

f(x) = 4x (x <= .0228), else f(x) = 1.1118-%>- 0.1115, and Bt832 pvales this

cune as a basic function. Gamma correction has further use for cosmetic image
enhancement.df this purpose, we pvale 16 cures of increasingagnma , rang-

ing from O (linear) through 8 (SMPTE-240M) to 15. Only Gamcaues of O

and 8 produce &l gamma cures; others are degd by interpolation and corre-
spond to a broad linear span dieefive gpmma cures.

Table 2-3. Gamcor [register 20]

Bits Function Default Description

3.0 Gamcor 1000 4-bit gamma code. Gamma = 2.2 for
Gamcor = 1000.

7:4 Unused
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Bt832

2.0 Control Registers

CMOS Cameraideo Piocessor

ZONECODE 0,1,2,3
[register 22-25]

RGB Accumulation
[registers 26-28] and
Threshold [register 41]

Black Level
Accumulation
[register 29]

Mono
Accumulation
[register 30]

Line Accumulations 0-7
[registers 31-38]

Color Balance Effective
RGB Matrix
[registers 29 & 31-38]

2.3 Key Registers in Detail

For exposure monitoring purposes, the sensor area carvioedlinto 16 zones.
These zones are arranged in a 4 x 4 pattern, asmshdable2-4, referenced to
the displayed image. Each zone carries a 2-bit weight, interpreted assfollo
00=0, 01=1, 10=2, 11=4.This facilitates centeweighted &posure control.

Table 2-4. Zonecode 0,1,2,3 [register 22-25]

zonecodeO[1:0] zonecodeO[3:2] zonecode0[5:4] zonecodeQ[7:6]

zonecodel[1:0] zonecodel[3:2] zonecodel[5:4] zonecodel[7:6]

zonecode2[1:0] zonecode2[3:2] zonecode2[5:4] zonecode2[7:6]

zonecode3[1:0] zonecode3[3:2] zonecode3[5:4] zonecode3[7:6]

To assist in thexdéernal control of color balance, the Bt832 accumulateggrier
the 3 main color channelShe parameteFHRESH (register 41) acts as a thresh-
old for accumulation, and signakiues belw this threshold are not accumulated.
Note that these accumulations are not zoned.

To control black leel without interfering with sensor operation, the Bt832 out-
puts the aerage input black el over two lines transmitted prior to the main
image frameTwo extra bits belav the binary point is transmitted, so that if the
nominal \alue of 16 is measured, the BCK_ACC (register 29) parameter
returned will be 64The host may adjust OFFSET dister 0) to compensate for
imperfect black calibration. See al%0olor Balance Bective RGB Matrix [rg-
isters 29 & 31-38]", page 39

To assist in thex@ernal control of gposure and front-enda, the Bt832 accu-
mulates engy in the rav (pre-matrix, post-interpolation) color channel,
weighted according to ZONECODE settingscumulation is to 22-bit precision.
The input is up-shifted bk CCSCALE bits (rgister 21), then denshifted 4 bits.
The EXP_ACC (register 30) praides the 8 most-signdant bits of a 22-bit accu-
mulator For example, with zone weights of 1 throughout, &@CSCALE=1,
full-scale input (i.e. all pigls at the maximumalue - OxFF) gies an internal
accumulation of 255 * (((352 * 288) * 1 * 2) / 16) = 3231360, resulting in
EXP_ACC =197, as the eight most-sigcifit bits.

To facilitate the computation of optimakmosure wlues in fickerreduction
mode, the Bt832 returns eight accumulations of line gee®r spaced
LINESPACE (bits [3:0] ofVP_CONTROL2) lines apartThis forms a series of
eight scaled samples oicker pattern in the image, and host must analyze current
and past series to minimizécker pattern cnal.

The ACB algorithm calculates a set ofilues that is applied internally on the
video processing engin&he user may wish to read thesdwes which are in
locations shared with BLBK_ACC, LACCO0-7, andAEC_CONFIG[3] to select
which of the tvo sets are read in these locations. In order¢orme the internal
RGB matrix, theACB has to be turnedfolusingACB_CONFIG[0].
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2.0 Control Registers Bt832
2.3 Key Registers in Detail CMOS Cameraideo Pocessor

VP_CONTROLO [register ~ The processor has\aral diferent operating mode¥hese operating modes are
39], VP_CONTROL1 independent.
[register 40], and
VP_CONTROL2
[register 21]
Table 2-5. VP_CONTROLO [register 39]

Bits Function Default Description

1.0 clkdiv[1:0] 01 Frame Rate Division, used for selecting frame
rates lower than 30/25 Hz.
00: divide frame rate by 1
01: divide frame rate by 2
10: divide frame rate by 4
11: divide frame rate by 8

3:2 Phase[1:0] 00 Phase of processor clock with regards to incom-
ing data.
4 Phase_Override 0 Phase of processor clock externally set to value
in Phase[1:0] register.
5 hjog 0 Bayer pattern horizontal jog.
6 vjog 0 Bayer pattern vertical jog.
7 evenfirst 0 Bayer pattern group interpretation.

Table 2-6. VP_CONTROL1 [register 40]

Bits Function Default Description

0 Unused 1

1 RGBmatrix 1 1: Processor interprets matrix data as matrix/gain
0: Processor interprets matrix as color space
conversion

2 QCIF 1 1: QCIF mode
0: CIF mode

3 zoom mode 0 When in QCIF mode, the QCIF image comes from

cropping the image to display just the center of
the frame, rather than scaling the entire image
down. Warning: This mode produces non-stan-
dard timing on the video output bus.

4 YUVNOT 0 YUV/YCrCb conversion from 24-bit RGB data is
disabled.
6:5 Camera clock 01 00: three-state both drivers
pin drive 01: enable 120 Q driver
strength 10: enable 240 Q driver
11: enable both drivers, ~ 80 Q drive
7 Three-state 0 VDATA[7:0], FSTRT, LSTRT, VCLK are three-
video output stated if this bit = 1.
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Bt832

2.0 Control Registers

CMOS Cameraideo Piocessor

VP_TEST_CONTROLO
[register 42]

2.3 Key Registers in Detail

Table 2-7. VP_CONTROLZ [register 21]

Bits Function Default Description

3.0 Linespace 1000 Spacing of the eight lines used in line accumula-
tion for flicker-reduction.

6:4 Accscale 001 3-bit code controlling accumulator scaling.

7 f_int mask 0 When set, disables (or masks) the internal

frame interrupt (f_int) from causing an interrupt
on the INTR pin.

The processor hasvaal diferent test modes.
Self-timing is required if the camera is not attached or put inte-dower
modes. Selftiming is also required four frames afidtirgy low-power mode or

reset.

Speed-up serial master will increase the serial exterspeed ale 100kHz,
but the camera head is not guaranteed to respond, unless connected via an ideal
wire (no noise or siw).
If bit 6 is set to one, the SBand SSCL signals can ben zero or left free
to be pulled up by the pad resistors. Reading from these bits reports the actual
state of the wires, which are possiblyeén by the camera head.

Table 2-8. VP_TEST _CONTROLO [register 42]

Bits Function Default Description
0 color_bars 0 Generates NTSC System ‘M’ bars.
1 self_timing 0 Generates frame timing internally.
2 Mask receiver errors 0 For test purposes.
3 Speed-up serial 0 For test purposes.
master
54 SSCL, SSDA 00 Bit5=SSDA, hit6=SSCL.
6 Access SSDA,SSCL 0 If this flag is set (= 1), software control of
signals sensor 12C can occur through [6:5].
7 Unused 0
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2.0 Control Registers Bt832

2.3 Key Registers in Detail CMOS Cameraideo Pocessor

VP_DMCODE  Video output hasarious programmable features to allcompatibility with a
[register 43]  number of video capture dees.
If bit 4 is zero, the qualifd output samples are dependent on bit 2 and bit 3
(STANDARD andVSOLID).

Table 2-9. VP_DMCODE [register 43]

Bits Function Default Description

0 uyvy 0 Default is YUYV.

1 CCIR-656 clock edge 0 Data change at positive edge of VCLK, if
zero.

2 Standard mode 1 Custom frame grabber spec, if zero.

3 Vsolid 1 Only one blank line (with SAV/EAV), if
zero.

4 Free-running VCLK 1 Only active video + codes qualified, if
zero.

5 Pairs always 0 Skip every other output sample if set.

6 Toggling field ID 0 If zero, the field ID is always O (i.e., even).

7 Enable by-pass 0 Raw Bayer data output, if set.

Color Balance Registers ~ The automatic color balance is canfied by these gistersACB_CONFIG is a
[register 44 —46]  bit-significant register and the function of each bit is described@able2-10
The other tw registers (ACB_GNBASE & ACB_MU) defne the basic an
and the rate of update of the internal balaradaes.The calculated RGB matrix
may be read by hostgmsters 29 and 31-38, when bit 3 of thigister is set (=1).

Table 2-10. Automatic Color Balance Configuration [register 44]

Bits Function Default Description
0 ACB 1 Zero disables ACB.
1 Freeze values 0 Suspends CB algorithm.
2 Pregain 0 If set, gray-preserving RGB matrix
enabled.
3 Access calculated RGB 0 Registers 29 and 31-38 are read-
matrix values only if set.
7:4 Unused 0000
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Bt832

2.0 Control Registers

CMOS Cameraideo Pocessor 2.3 Key Registers in Detail

Camera System Test
[register 47]

Auto-Exposure
Configuration
[register 48]

The sensor haseeral diferent test modeJ.hese test modes deteatfts in the
sensor pigl array and the supporting analog circui®yly one test mode can be
enabled at a time.

NOTE:  These features arexausively for use during design delopment and are
not intended to be used either by production test or an end user

Table 2-11. Camera System Test [register 47]

Bits Function Default Description
0 Bitline test 0 0 will be read from this register.
1 Black image test 0 0 will be read from this register.
2 White image test 0 0 will be read from this register.
3 Linear Test 0 0 will be read from this register.
4 Short frame enable 0 Short video frames (only one blank
line).
5 57 lines per frame 0 Default is 13 lines per frame.
7:6 Unused 00

This ragister is bit-signitant and the bit functions are describedable2-12

Table 2-12. Auto-Exposure Configuration [register 48]

Bits Function Default Description

0 Enable auto-exposure control 1 Turns on AEC if set to one.

1 Enable use of gain 1 Allows AEC hardware to modify
gain in addition to exposure
time.

3:2 Step size 01 00:1/8
01:1/16
10:1/32
11:1/64
5:4 Gain upper limit 01 Limits the maximum gain value
that the hardware can write.
7:6 Unused 00

noTe: Bit 1 of the Auto-Exposure Condjuration rgister does not properly
control the update of theamn register In order to modify the CAM_GAIN
register through the?C port, theAEC enable bit (bit 0) must be enabled
while the AGC enable bit (bit 1) is left bfIn cases where softwe is
implementing the full autox@osure control algorithm, it will k& to be
careful that it does not alls the hardare to modify the xgposure
registers by setting th&EC bit in order to modify the CAM_GAIN
register
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2.0 Control Registers

Bt832

2.3 Key Registers in Detail

Auto-Exposure
Thresholds
[registers 49-51]

VP_STATUS
[register 52]

CMOS Cameraideo Pocessor

These thresholds deé the rgion in which the automaticxposure algorithm
will try to drive the picture werage alue (calculated in EXP_@C, ragister 30).
They must be ordered #£C_TL <AEC_TC <AEC_TH and maintaining ade-
gquate distance between them will y@et instability on some types of scenes
(example: fat gray).

An error condition generates an interrupt to the host and sets the appropriate bit in
this register The host can clear the bit by writing to thigister location a binary
value with zero at the corresponding position.

The phase_errord indicates communication problems encountered on start-
up. This situation may arise under unusual circumstances, such as the use of a
faulty camera cable.

The data_corrupt and byte_erroadgs indicate loss of synchronization with
the camera, possibly because of noise on the camera cable.

The serial_error 8g (bit 3) indicates communication problems encountered
between the camera and Bt832 at run-tiftes situation may arise after avitee
reset, when a camera is not connected, when there is no defect liSDEERR
finally, from a fiwulty camera cable.

The odd_line #ig is required by the host to interpret processor ourpig.bit
is set for odd-inde=d lines which contain both luminance and chrominance,
while it is reset for een-indexed lines which contain luminance data only
Odd_line will not generate an interrupt. Skme Output Format", page 21

The efective phase may be €d#rent from the one programmed in
VP_CONTROLL, if the Phase_@ride (bit 4 oVP_CONTROLO reggister) bit is
zero.

Table 2-13. VP_STATUS [register 52]

Bits Function Default Description
0 phase_error 0 Sampling phase selection failed.
(generates interrupt/INTR = 1)
1 nibble_error 0 Line sync error between the
(generates interrupt/INTR = 1) camera and Bt832 detected.
2 byte_error 0 Illegal value from the sensor
(generates interrupt/INTR = 1) received by Bt832.

3 serial_error 0 Serial communications error
between the camera and Bt832
detected.

4 camera_x 0 Camera head connection
changed.

5 odd_line 0 Current output line is odd-
indexed.

7:6 effective phase [1:0] 00 The value used by the receiver.
See “Receiver Operational
Mode” section for more detail.
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Bt832

2.0 Control Registers

CMOS Cameraideo Piocessor

Camera DeviceH
[register 54] and
Devicel [register 55]

Camera Status

[register 56]

2.3 Key Registers in Detail

These rgisters proide read only information that iden&f the sensor type that
has been coded as a 12-bit number and a 4-bit maskvstomadentifer. The
initial mask reision identifer is 0 i.e. 000 The deice identifcation number

for QuartzSight camera is 0x194.

Table 2-14. Camera DeviceH [register 54]

Bits Function Default Description
7:0 Device type identifier 0001 Most-significant 8 bits of 12 bit code
1001, identifying the chip type.
Table 2-15. Camera Devicel [register 55]
Bits Function Default Description
3:0 Mask set revision identifier 0000, Specifies mask revision number.
7:4 Device type identifier 0100, Least significant 4 bits of 12 bit
code identifying the chip type.
SeeTable2-16for camera status.
Table 2-16. Camera Status [register 56]
Bits Function Default Description
0 Exposure value update 0 Exposure value sent but not yet con-
pending sumed by the exposure controller.
1 Gain value update pending 0 Gain value sent but not yet consumed
by the exposure controller.
2 Clock divisor update 0 Not used by Bt832.
pending
3 BCAL in progress 0 Black calibration of custom DACs in
progress.
4 Odd frame 0 This flag will toggle state on alternate
frames. 1 denotes odd frame.
5 camera_present 1 A camera is present by the Bt832 if 1.
6 VP_busy 1 Bt832 is busy writing to the camera.
7 Unused 0
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2.0 Control Registers

Bt832

2.3 Key Registers in Detail

Camera Setup0 and 1
[registers 57-58]

CMOS Cameraideo Pocessor

SeeTable2-17 and2-18for pertinent camera setup information.

Table 2-17. Camera SetupO [register 57]

Bits Function Default Description

0 Low-Power Mode: 1 Powers down the sensor array. The
Off/On output databus goes to FFy, .(Y

1 Sleep Mode: 0 Puts the sensor array into reset. The
Off/On output databus goes to FFy .

2 Soft Reset: 0 Setting this bit resets the sensor to
Off/On its power-up defaults. This bit is also

reset.
3 Frame Rate select: 1 Setting this bit chooses 30
25 fps or 30 fps frames/second.

4 Three-state camera output 0 Default value (= 0) means camera
output (SDATA[3:0]) is not three-
stated.

75 Unused

Notes: (1). After a reset, the camera is in low-power mode.

Table 2-18. Camera Setupl [register 58]

Bits Function Default Description
0 Automatic black calibration: 1 Enables or disables automatic black
Off/On level calibration. Current black DAC
values are frozen when disabled.
1 Force black calibration: 0 When set (= 1), the sensor is forced
Off/On to repeatedly re-calibrate the black
level.
3:2 Reserved
4 Enable immediate gain update: 0 Allow manual change of gain to be
Off/On applied immediately.
5 Reserved
6 Border rows and columns: 1 When set (=1), pixels in the border
Masked or Output rows and columns are output by
camera over SDATA[3:0].
7 Pixel readout order: 1 Must be set to 1 for normal
Unshuffled or Shuffled operation.
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Bt832

2.0 Control Registers

CMOS Cameraideo Pocessor 2.3 Key Registers in Detail

DEFCOR [register 61]

DEFCOR is an acrgm for defect correction, the Bt832nethod of eliminating
pixel defects if presenThe mechanism used is a 4-tap predéfilter on the
Bt832 input which computes the function [(1+m)NmN,], where N is the sum
of the immediate left and right neighbors of a tagged defeet, g is the sum
of the neat-nearest left and right neighbors, and m is a 5-bit ficoemt
defcor_coef [bit 4:0] spanning the range 0 to 0.96875 in steps of 0.08h25.
m = 0, prediction is a simple linear interpolatidMalues of m > 0 pnade bi-
directional, lav-pass fiering to eploit the properties of inherently band-limited
signals.

Table 2-19. DEFCOR [register 61]

Bits Function Default Description
4.0 defcor_coef 01000 Coefficient m. Default value is 0.25.
7.5 Unused
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Bt832

2.3 Key Registers in Detail

CMOS Cameraideo Pocessor
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3.1.1 Capacitors

3.1.2 Ground Plane

3.0 PC Board Layout Considerations

3.1 Layout Considerations

The PC board layout should be optimized favdst noise on the Bt832 wer
and ground lines. Route digital tracegag from analog tracesll shields must
be connected to the ground plane witv ionpedance connection. Use shielded
connectors.

From the follaving pins to ground, place bypass capacitors as close to the Bt832
as possible (using QUE ceramic capacitors):

VDD pin 9

VDD pin 17
VDD pin 30
VDD5 pin 25

Wheneer possible, place traces from allw®y pins to a bypass capacitor on
the component side, in addition toyaieedthrough. Finallyplace traces from all
ground pins to a bypass capacitor on the component side, in additiog to an
feedthrough, when possible.

Ensure that there is ample ground plane under the Bt832% Muale paths of
copper under and around the Bt832 if possibl@id creating a cut in the plane
with feed-throughs: instead, disperse thAtao ensure that there is amplenay
plane under the Bt832. Makvide paths of copper under and around the Bt832 if
possible Avoid creating a cut in the plane with feed-throughs: instead, disperse
them.

To fill:

» Copper fil ground on the component side ofoMayer boards.
» Pawer fill on the circuit side of te-layer boards.
» Ground fil on both sides of 4-emore-layer boards.
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3.0 PC Board Layout Considerations Bt832

3.2 Latchup Avoidance CMOS Cameraideo Pocessor

3.2 Latchup Avoidance

Latchup is possible with all CMOS wees. It is triggered when wrsignal pin
exceeds theasltage on the pger pins associated with that pin by more thanvD.5
or falling belav the ground pins associated with that pin by more thav0.5
Latchup can occur if theoltage on ap power pin &ceeds the altage on an
other pover pin by more than 0\a.

To avoid latchup of the Bt832, folle these precautions:

» Apply power to the deice before or at the same time as you applygro
to the inter&ce circuit.

» Connect aliVDD pins together through adimpedance plane.

* Connect alVSS pins together through alémpedance plane.

» If a voltage rgulator is used on the digitalyer plane, a protection diode
must be used. Refer Eigure3-1.

Figure 3-1. Optional Regulator Circuitry

System Power (VDD5) VDD

+5V +3.3V
—"( ) < —"( )
In Out

GND

%7 Ground
Suggested part numbers:
Regulator Micrel MIC5201-3.3BM

3.3 Camera Interface

To provide the best emissions and susceptibility pepfihe follaving camera
connection guidelines are pided:

» Attach the connector shield to chassis ground.

» Make the connections from the Bt832 as short as possible.

» Keep the traces on the circuit side until the trace connects tostheofin-
ponent.

* Provide ample grounding as described in Section 3.1.
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Bt832 3.0 PC Board Layout Considerations
CMOS Cameraideo Pocessor 3.4 Bt832 Crystal Circuit

3.4 Bt832 Crystal Circuit

Crystals are specdd as follovs:

» 20 pF load capacitance

* Frequeng temp char 30 ppm @ 2%
» Shunt capacitance max 7 pF

» Series resistance & max

» Fundamental cut

» 14.31818 MHz

* 20 ppm

* Parallel resonant

Figure 3-2shavs the clock options. Recommended crystals for use with the
Bt832 are listed ifable3-1

Figure 3-2. Bt832 Clock Options

Bt832

XTI *
14.31818 MHz

1M Y1 I —

Inl

22 pF

XTO : i ’_‘}

22 pF

Table 3-1. Recommended Crystals

Manufacturer Part Number
Horray Electronics Inc. H1431-20
Raltron AS-14.31818-20
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3.0 PC Board Layout Considerations Bt832
3.4 Bt832 Crystal Circuit CMOS Cameraideo Pocessor

3.4.1 Sample Schematics

Figures3-3athrough3-3d are &ample schematics which detail the inéed of
the Bt832 to the Bt878.
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3.0 PC Board Layout Considerations

Bt832

3.4 Bt832 Crystal Circuit

CMOS Cameraideo Piocessor

Figure 3-3a. Sample Schematic (Bt878)
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3.0 PC Board Layout Considerations Bt832
3.4 Bt832 Crystal Circuit CMOS Cameraideo Pocessor

Figure 3-3b. Sample Schematic (Bt832)
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Bt832 3.0 PC Board Layout Considerations
CMOS Cameraideo Pocessor 3.4 Bt832 Crystal Circuit

Figure 3-3c. Sample Schematic (PCI Connector)

g £
Ela B g3 B3
g i 5
]
s
=
H
HEEEER
. = =
. £z
2 g2
A
A
8 4
z
£ Bgs
o ?EE%
g 25
==
b dgz
E ook
R
o 7| L =4 e
g8 §| 85 3 q 44 4 EEREE
g 8 B ERER g

o
g
8
1
0] 2
: D
g
8
o Ad d dd 4 Jdd
P d o4 o 4d9 4 4
ER g 883 188 a4 494
1
g
g
L A L
R 2
< T = T = T =

’N Rockwell D832DSA 55


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

3.0 PC Board Layout Considerations

Bt832

3.4 Bt832 Crystal Circuit

Figure 3-3d.

Sample Schematic (Power)

CMOS Cameraideo Pocessor
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4.0 Parametric Information

Table 4-1. Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply, 5 V—Output, pin 25 VDD5 4.75 5.0 5.25 \Y
Power Supply—3.3 V CMOS VDD 3.0 3.3 3.6 Vv
Ambient Operating Temperature Ta 0 +25 +70 °C

Table 4-2. Absolute Maximum Ratings

Parameter Symbol Min Max Units
VDD5 VDD5 5.25 \Y
Voo VDD 3.6 Vv
Voltage on any signal pin(® GND -0.5 VDD5 +0.5 %
Ambient Operating Temperature Ta 0 +70 °C
Storage Temperature Tg 0 +60 °C
Junction Temperature Ty +150 °’C
Vapor Phase Soldering (15 Seconds) TysoL +210 °’C

than 0.5 V can induce destructive latchup.

Notes: (1). This device employs high-impedance CMOS devices on all signal pins. It must be handled as an ESD-sensitive device.
Voltage on any signal pin that exceeds the power supply voltage by more than +0.5 V or drops below ground by more

2. Stresses above those listed may cause permanent damage to the device. This is a stress rating only, and functional
operation at these or any other conditions above those listed in the operational section of this specification is not im-
plied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.
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4.0 Parametric Information Bt832

4.1 DC Characteristics CMOS Cameraideo Pocessor

4.1 DC Characteristics

Table 4-3. DC Characteristics

Parameter Symbol Min Typ Max Units

5 V-tolerant TTL Inputs, all except SDATA[3:0]

Input Leakage Low I -10 HA
Input Leakage High I1H 10 HA
Input High Voltage VIH 2.0 VDD5 + 0.5 \Y
Input Low Voltage VIL -05 0.8 \Y

5 V-tolerant Inputs with Hysteresis, SDATA[3:0]

Input Leakage Low I -10 HA
Input Leakage High I1H 10 HA
Input High Voltage VIH 0.7*VDD VDD5 + 0.5 \Y
Input Low Voltage VIL -05 0.3*VDD v
Input Capacitance (V = 1 MHz, Vin = 2.4 V) 10 pF

3.3V outputs, all but SCLK, XTO, FSTRT

Output High Voltage (IOH = 4 mA) VOH 24V v

Output Low Voltage (IOL = -4 mA) VOL 0.4 \Y

3.3V outputs, XTO and FSTRT

Output High Voltage (IOH = 1.5 mA) VOH 24V \Y

Output Low Voltage (IOL = 1.5 mA) VOL 0.4 \Y

5V output, SCLK

Output High Voltage (IOH = 1.5 ma) VOH VDD5 -0.4 v

Output Low Voltage (IOL = -1.5 ma) VOL 0.4 \Y
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Bt832

4.0 Parametric Information

CMOS Cameraideo Piocessor 4.2 AC Characteristics

Table 4-4. AC Characteristics

4.2 AC Characteristics

Parameter Symbol Min Typ Max Units
XTAL Frequency (+ 50 ppm) futal 14.31818 MHz
VCLK Cycle time tyeyc 139.68 ns
VCLK Duty cycle tyduty 45 50 55 %
VCLK (edge programmable) to VDATA, FSTRT, td 30 ns
LSTRT, INTR (CL = 50 pf)
12C Timing Consult I1°C Bus Reference Guide

Table 4-5. Power Supply Current Parameters

Parameter Symbol Min Typ Max Units
Supply Current |
VDD TBD TBD mA
VDD5 TBD TBD mA

4.2.1 Processor Latency

The sensor and processwrhile working synchronously at clockJel, do not
start and stop output image generation simultaneotlklyg is due to processor
lateng: the time diference between the appearance of ths iinput pixel of a
frame and the appearance of thstfoutput piel.

Processor lateydhas seeral components:

* Four lines of image data to pride line history for ertical fitering.
* One half-line of image data for the undhinfy operation.
» Several clock gcles to account for pipeline latgnof the processor itself.

Before the processor commences output, a time duration no less than the pro-
cessor latenc must hae elapsed since the sensor consumes parameter
updates.
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4.0 Parametric Information Bt832

4.3 Package Information CMOS Cameraideo Pocessor

4.3 Package Information

Figure 4-6illustrates the 32-piMQFP mechanical spediétions of the Bt832.

Table 4-6. 32-Pin TQFP Mechanical Specifications
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Bt832 4.0 Parametric Information

CMOS Cameraideo Pocessor 4.3 Package Information
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