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LUPA-300 Slave Mode Operation - AN5091

When working in slave mode the timing for windowing
and different exposure times is not very straightforward.
This application note tries to explain the different
possible timing in more detail. The explanation is split up
in 4 different scenarios:

No Windowing, Integration Time <= Readout 
Time
When no windowing is used the entire pixel array (640x480) is
read out so the readout time is 4 ms (fixed). The following
signals should also be fixed:
• Reset of pixel array: the pixel array is reset by making 

int_time1 go low for a fixed period of 160 clock cycles (2 s 
at 80 MHz)

• Frame overhead time: During the FOT the image is being 
sampled on the internal storage nodes. This FOT should 
be 600 clock cycles (7.5 s at 80 MHz) and is achieved 
by making all three int_time signals go low at the same 
time.

The exposure time will start at the rising edge after the 160
clock cycles (see Figure 1).

After the desired integration time one should make int_time
signals (all three of them!) low for 600 clock cycles. This is
what we call the FOT.

The readout will start (frame valid will go high) during the FOT
(frame transfer) and last 4 ms (until the next FOT of 600 clock
cycles). 

The time between two FOTs is constant (4 ms). Only the time
between the rising of FOT and the falling of internal reset (both
controlled by int_time signals) should be adjustable. It is the
time between these two events that specifies the exposure
time. Frame and Line_valid signals can be used to
synchronize the FPGA.

No Windowing, Integration Time > Readout 
Time
When no windowing is used the entire pixel array (640x480) is
read out so the readout time is 4 ms (fixed). The following
signals should also be fixed:
• Reset of pixel array: the pixel array is reset by making 

int_time1 go low for a fixed period of 160 clock cycles (2 
us at 80 MHz)

• Frame overhead time: During the FOT the image is being 
sampled on the internal storage nodes. This FOT should 
be 600 clock cycles (7.5 s at 80 MHz) and is achieved 
by making all three int_time signals go low at the same 
time.

Integration time will start at the rising edge after these 160
clock cycles (see Figure 18 in the data sheet).

After the desired integration time one should make the int_time
signals (all three of them!) low for 600 clock cycles (7.5 s at
80 MHz). This is what we call the FOT.

The readout will start (frame valid will go high) during the FOT
(frame transfer) and last 4 ms.

Right after the FOT you can make int_time_1 go low again (for
160 clock cycles) to reset the pixels again. This means a new
exposure cycle will start.

Different from the scenario above, the time between two FOTs
is not constant. In this case the time between two FOTs is
longer than 4 ms. It is the time between the reset (immediately
after the previous FOT) and the next FOT that specifies the
exposure time in this scenario. In this scenario one should
use only the line valid pulses (count them) to synchronize your
FPGA. The rising edge of Frame_valid can be used to arm this
counter but don't use the falling edge of Frame_valid.
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Figure 1. No Windowing, Integration Time <= Readout Time
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AN5091
Windowing in Y, Integration Time <= Readout 
Time
Windowing in startX, startY and nb pix is straightforward (just
upload the registers). Only for Ysize is the configuration more
difficult.

In this case, the readout time is <4 ms. The following signals
should be fixed:
• Reset of pixel array: the pixel array is reset by making 

int_time1 go low for a fixed period of 160 clock cycles (2 s 
at 80 MHz)

• Frame overhead time: During the FOT the image is being 
sampled on the internal storage nodes. This FOT should 
be 600 clock cycles (7.5 s at 80 MHz) and is achieved 
by making al three int_time signals go low at the same 
time.

In this scenario one should start by making all int_time signals
go low at the same time for 600 clock cycles (7.5 s at
80 MHz). The Y size is now determined by the moment you
make them all go low again (for 600 clock cycles). This means
that if you have 2 ms (4 ms/2) between 2 FOTs, your Ysize will
be 240 lines (480/2).

Somewhere between these FOTs inttime_1 signal should go
low for 160 clock cycles (2 s at 80 MHz) to reset all pixels.

Integration time will start at the rising edge after these 160
clock cycles and end when all three int_time signals go low
together (for 600 clock cycles).

The readout will start (frame valid will go high) during the FOT
(frame transfer). 

The time between two FOTs is constant for a certain window.
Only the time between the rising of FOT and the falling of
internal reset (both controlled by int_time signals) should be

adjustable. It is the time between these two events that
specifies the exposure time in this scenario. Only Line_valid
signals can be used to synchronize the FPGA—use the rising
edge of Frame_valid to arm your counter but don't use the
falling edge. It is important to count the line_valids because too
many line valids will be coming out.

Windowing in Y, Integration Time > Readout 
Time
Windowing in startX, startY and nb pix is straightforward (just
upload the registers). Only for Ysize is the configuration more
difficult.

In this case, the readout time is <4 ms. The following signals
should be fixed:
• Reset of pixel array: the pixel array is reset by making 

int_time1 go low for a fixed period of 160 clock cycles (2 s 
at 80 MHz)

• Frame overhead time: During the FOT the image is being 
sampled on the internal storage nodes. This FOT should 
be 600 clock cycles (7.5 s at 80 MHz) and is achieved 
by making al three int_time signals go low at the same 
time.

In this scenario you should start by making all int_time signals
go low at the same time for 600 clock cycles (7.5 s at
80 MHz). Right after this FOT one can make int_time_1 go low
(for 160 clock cycles) to reset the pixels. This means a new
exposure cycle will start.

Integration time will start at the rising edge after these 160
clock cycles and end when all three int_time signals go low
together (for 600 clock cycles).

The readout will start (frame valid will go high) during the FOT
(frame transfer). 
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Figure 2. No Windowing, Integration Time > Readout Time
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Figure 3. Windowing in Y, Integration Time <= Readout Time
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AN5091
The time between two FOTs is not constant. In this case the
time between two is longer than the readout time. It is the time
between the reset (immediately after the previous FOT) and
the next FOT that specifies the exposure time in this
scenario. In this scenario only the line valid pulses (count
them) should be used to synchronize your FPGA and create
the Ysize. You can use the rising edge of Frame_valid to arm
your counter but don't use the falling edge of Frame_valid. It
is important to count the line_valids because too many line
valids will be coming out.

All product and company names mentioned in this document are the trademarks of their
respective holders.
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Figure 4. Windowing in Y, Integration Time > Readout Time
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