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Introduction

As new applications have emerged, so has the requirement for camera systems to be
able to switch quickly between two imaging tasks. For example, some forward looking
camera systems are being used in automobiles to capture an image of lane markers in a
lane departure warning system, then quickly switch to capture an image of the horizon
in an adaptive head lamp control system. The ideal image sensor operating conditions
for capturing these two images vary greatly in exposure time and video gain settings.
Therefore, the sensor chosen needs to predictably switch between these two sets of
operating conditions.

This technical note discusses and diagrams the latencies involved in the Aptina
MT9V024 CMOS digital image sensor’s response to a change of either the exposure or
gain registers. With an understanding of this latency, a sequence of register settings can
guarantee that the intended exposure time and video gain settings are matched with the
correct frame readout.

While this document describes the latencies associated with the exposure and gain
registers, it can be applied universally to all other registers that are described in the
image sensor data sheet.

Frame-Start and AEC/AGC-Sample Descriptions

The MT9V024 image sensor explicitly prevents certain registers from changing in the
middle of a readout sequence. If these registers were to change during readout, it would
result in a corrupted image showing either inconsistent LINE_VALID (LV) behavior or a
change in signal intensity within the same image. These registers are buffered (shad-
owed) and do not become active until a fixed point in time, referred to as “frame-start,”
“AEC-sample,” or “AGC-sample.” These are internally generated timing signals which
serve to latch-in, or make active, the shadowed registers. Depending on the exposure
mode selected (master, snapshot, or slave [refer to description of ROx07 in MT9V024
datasheet for details]), the frame-start, AEC-sample, and AGC-sample signals will occur
at different times in the data output sequence.

* Inmaster mode, under default register settings, the frame-start occurs four row-times
before the rising edge of the FRAME_VALID (FV) signal (start of data readout).

* In master mode, under default register settings, the AEC-sample and AGC-sample
signals occur simultaneously, four row-times after the falling edge of the FV signal
(end of data readout).

e In snapshot or slave modes, under default register settings, the frame-start occurs
four row-times after the falling edge of the FV signal (end of data readout).

PDF:1122455339/Source:3106261532

TN-09-226 - Rev. A, Pub. 6/10 EN

Aptina reserves the right to change products or specifications without notice.
1 ©2010 Aptina Imaging Corporation. All rights reserved.

Products and specifications discussed herein are for evaluation and reference purposes only and are subf'ect to change by Aptina without

notice. Products are only warranted by Aptina to meet Aptina’s production data sheet specifications. Al

information discussed herein is
provided on an “as is” basis, without warranties of any kind.



Aptina Confidential and Proprietary

@ ADtthl TN-09-226 : Latency of Exposure or Gain Switch

Mode Sequences

Mode Sequences

Master Mode Sequence

The sequence of steps for changing the exposure value and seeing this change reflected

in a new image at the output of the sensor in master mode (as shown in Figure 1 on

page 4) is:

1. Change the exposure setting from A to B by writing a new exposure value to the expo-
sure register using the two-wire serial interface bus in frame n.

2. AEC-sample writes the new exposure value to the shadow register near the end of
frame n.

3. Frame-start activates the new exposure value at the start of frame n + 1.

4. The image reflecting this new exposure value is available at the sensor output in
frame n + 2.

Similarly, the sequence of steps for changing the gain value and seeing this change

reflected in a new image at the output of the sensor in master mode (as shown in

Figure 2 on page 4) is:

1. Change the gain setting from A to B by writing a new gain value to the gain register
using the two-wire serial interface bus in frame n.

2. AGC-sample writes the new gain value to the shadow register near the end of frame n.

. Frame-start activates the new gain value at the start of frame n + 1.

4. The image reflecting this new gain value is available at the sensor output in frame
n+l.

w

Snapshot Mode Sequence

The sequence of steps for changing the exposure value and seeing this change reflected

in a new image at the output of the sensor in snapshot mode (as shown in Figure 3 on

page 5) is:

1. Change the exposure setting from A to B by writing a new exposure value to the expo-
sure register using the two-wire serial interface bus in frame n.

2. Frame-start activates the new exposure value at the beginning of frame n + 1.

The new exposure value is used by the sensor to capture a new image in frame n + 1.

4. Later in frame n + 1, the image reflecting this new exposure value is available at the
sensor output.

w

Similarly, the sequence of steps for changing the gain value and seeing this change

reflected in a new image at the output of the sensor in snapshot mode (as shown in

Figure 4 on page 5) is:

1. Change the gain setting from A to B by writing a new gain value to the gain register
using the two-wire serial interface bus in frame n.

2. Frame-start activates the new gain value at the beginning of frame n + 1.

The new gain value is used by the sensor in frame n + 1.

4. Later in frame 7 + 1, the image reflecting this new gain value is available at the sensor
output.

i
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Mode Sequences

Slave Mode Sequence

The sequence of steps for changing the gain value and seeing this change reflected in a

new image at the output of the sensor in slave mode (as shown in Figure 5 on page 6) is:

1. Change the gain setting A to B by writing a new gain value to the gain register using
the two-wire serial interface bus in frame 7.

2. Frame-start activates the new gain value at the beginning of frame n + 1.

. The new gain value is used by the sensor in frame 7 + 1.

4. Later in frame 7 + 1, the image reflecting this new gain value is available at the sensor
output.

w
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Master Mode Sequences

Figure 1:
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Snapshot Mode Sequences

Figure 3: Latency of Exposure Register in Snapshot Mode
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Slave Mode Sequence

Figure 5: Latency of Gain Register in Slave Mode

Two-wire
serial interface
(Input)

EXPOSURE
(Input)

LED_OUT
(Output)

FRAME_VALID
(Output)

write new gain value (Gain “B")

frame n
A

framen + 1
N

~

~

idle

[

S

/ idle
T
D

]

| Readout Gain “A” |

Readout Gain "A" |

frame-start

frame-start activates/
new gain value “B”

new image
available at
output

|\ Readout Gain “B”|1

punadv @

UY23IMS ulen Jo ainsodx3 Jo Aoualet : 97z-60-N1

saxuanbas apowy

Kieyaudoud pue jerjuapiyuo) eunydy



@ Aptina

Conclusion

Aptina Confidential and Proprietary

TN-09-226 : Latency of Exposure or Gain Switch
Conclusion

With an understanding of the latency involved in making changes to exposure and gain
register settings, a system can be designed to predictably switch between two disparate
imaging applications in the same camera head.

For more information on register latencies, or for more information on this and other
features, refer to the MT9V024 1/3-inch Wide-VGA CMOS digital image sensor data
sheet on Aptina’s web site at www.aptina.com.
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