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TX4964 Reference Board Video Capture

Highlights

* Learn about the
technical details of video
capture, rotation,
performance, image
artifacts, non-blocking
rotation and how to
improve display rate.

» Learn how to write
benchmark graphics
programs using
Toshiba’s graphics
library for the TX4964
driver information
display controller.

» Learn how to use the
Toshiba TX4964 single-
chip solution that
integrates the CPU,
hardware-graphics
engine, digital-camera
interface and frame-
buffer memory in a
compact 176-pin QFP
package.
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Introduction

The purpose of this application note is to
describe the key technical considerations
of a TX4964 video capture demo program.
This application note attempts to cover the
technical details on video capture, rotation
performance, image artifacts, nonblocking
rotation and improvement of display rate.

Block Diagram

The following picture is a video capture
block diagram using the TX4964. The
input format of the video stream is NTSC,
which has a resolution of 720x480. The
Frame Grabber (FG) captures the video
frames, scales them down by 1/4 and
saves them into the system memory. The
pictures are then rotated by 90 degrees by
the Graphics Accelerator (GA), and dis-
played on the monitor by the Graphics
Display Controller (GDC).

Development Environment
Hardware

 RBTX4964 reference board

* RBTX4964EX-CVBS daughter board
with ADV7180 video decoder

* NTSC video camera

* Green Hills Probe
* Monitor
* Windows host machine

Software

¢ Green Hill MULTI software development
environment

e TX4964 video capture program

Video Capture

The analog video source (NTSC Format) is
converted to digital video format (ITU656)
using the RBTX4964 daughter board’s video
decoder chip, the ADV7180.

ITUB56 uses the YCbCr 4:2:2 color mode and
the HSYNC and VSYNC signals are provided
inside the data stream. The chip is set to 16-
bit output mode. All of the configurations to
the ADV7180 are made via the 12C bus
connection to the TX4964.

ITUBS6 video data is then input into the
TX4964FG. The input data stream is captured
pixel-by-pixel and converted to 16-bit RGB
format. The picture can be processed during
the capture, for example, scaling or cropping
can be performed. Afterwards, the data is
written into capture buffers in system memaory.
The whole process has no MPU intervention.

Key FG configuration settings for the video
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Figure 1. Video Capture Overview
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put data is interlaced

* ITU-R 656 input mode

* No de-interlace output. The interlaced picture is
output in each video capture buffer

 16-bit RGB output mode

Rotation

Basic Operation

The rotation engine is embedded in the GA. Itis
triggered by the Command Scheduler. In order to
execute rotation operation, it is necessary to establish
a command list that includes rotation related
parameters. Figure 2 gives an explanation of the
rotation operation.
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Figure 2. Rotation Operation

Performance

Figure 3. shows the execution time of the rotation for a
360x240 sized image.

Figure 3. Execution Time of Rotation

."'I'He rotation engine takes around 31.60 msec, which is

too long and the system does not have enough time to
perform other graphics functions within one frame time.
To solve the issue, we can utilize the GA read Cache
Buffer.

The idea of the Cache Bulffer is to provide a very high-
speed working storage area for the graphics accelerator
unit. The Cache Buffer is organized in 64 cache lines.
Each cache line holds 32 bytes. The Cache Buffer only
performs burst accesses to memory. On a cache miss, a
complete cache line is fetched via an aligned 32 bytes
burst read from memory and stored in the cache buffer.
If the source image can be divided into small pieces that
can fit inside the Cache Buffer, the rotation operation will
complete faster because the Rotation Engine loads
these pixel's data from the Cache Buffer directly instead
of from the memory. By breaking a rotation operation up
into a series of piecewise rotations, the overall execution
time can be reduced. Figure 4 shows this optimal
rotation operation. The source image is divided into
40x40 pixel blocks. Figure 5 shows the execution time of
the optimal rotation.
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Figure 5. Execution Time of Optimized Rotation
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Artifacts

Artifacts are distortions in the captured video frames
that are a side-effect of the frame-grabbing process.
The TX4946FG offers several ways to deal with these
artifacts, allowing the programmer to make tradeoffs
between memory size and artifact suppression.

Single Capture Buffer Mode

Single Capture Buffer mode has lower memory
requirements. The video data is simply transferred
directly into the memory location of the Capture Buffer
area and is then rotated by the Rotation Engine. This
scenario might show artifacts since the data in the
Capture Buffer may contain a portion of the new video
frame and a portion of the old video frame at the
moment when the Rotation Engine fetches the data
from the Capture Buffer, see Figure 6 for the image
artifact.
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Figure 6. One Capture Buffer — Image Artifact

Single Frame Buffer

Similarly, the Single Frame Buffer might show some
artifacts too, since the Rotation Engine keeps sending
rotated data into the Frame Buffer. On the other hand,
GDC keeps scanning the Frame Buffer starting at
every V-sync. So at the moment V-sync occurs, the
frame buffer might contain some portion of the new
rotated video frame and some portion of an old frame.
See Figure 7 for the artifact.
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Figure 7. One Frame Buffer —image Artifacts

Double Capture Buffers and Frame Buffers

To solve the above artifacts, double capture buffers
and double frame buffers can be used.

With two capture buffers, FG gets two capture buffer
start addresses, which are automatically switched after
the reception of each complete frame. The Rotation
Engine waits for the completion of a frame, then

rotation operation. A (
completes, the data is output into a write frame buf
the input capture buffer can be released for the futur
capture, and the Rotation Engine waits for the next
capture buffer available.

At the next GDC v-sync, the frame buffers are switched,
the write frame buffer becomes the display buffer, and
the old display frame buffer becomes the write frame
buffer for filling in a new rotated video frame. Figure 8
illustrates this principle.
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Figure 8. Double Capture Buffers and Double Frame
Buffers
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Frame Rate

30Hz

To show 30 frames per second, we can only choose one
field (odd field, for example) of input image and get rid of
the other field.

The input video is NTSC format. It has a refresh rate of
60 interlaced fields per second. This means there are 30
odd fields and 30 even fields per second. Since the
output image is required to be downscaled by 1/4 of the
input image, and for each field, the height is 1/2 of the
original size, so we can only choose one field, down-
scale its horizontal side by 1/2 and the output image will
be the required size, and output frame rate is 30 Hz.

To implement this, the de-interlace mode has to be
turned off in FG, odd and even fields are captured into
two separate buffers and only one buffer of data (odd or
even) is used for rotation and display.

60Hz

In the above section, only one field is used, this leads to
a loss of information. To keep all information, we used
two display layers, one for each field, two sets of frame
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: Vo sets of capture buffers,
en in Figure 9. The alpha-blending
algorithm will calculate the final output

Actually the command list can be as long
as possible. The command scheduler
could synchronize all activities within one

image. command list. So in order to decrease the
View CPU overhead and save CPU time, the
most optimal scenario is to have a long

e E command list for one frame, which means
: A /ﬁ;’,f,’{};,g all of the piecewise rotations within one

D R frame are in only one list. Figure 10 shows

rotation execution time for the long
command list.
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Non-blocking Rotation

For piecewise rotation (see Figure 4), if
one command list of rotation is used for
each piece, the CPU needs to keep
checking the status of the rotation engine
and make sure the execution of the
previous list is finished before starting the
execution of the next command list. This
increases the CPU overhead. Also the
command scheduler has to be initialized
for every command list.

Figure 10. Rotation Execution Time for
aLong Command List

RESTRICTIONS ON PRODUCTS USE

« The information contained herein is subject to change without notice. 021023_D

« TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in general can
malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when
utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire system, and to avoid situations
in which a malfunction or failure of such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most
recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the “Handling Guide for
Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc. 021023_A

» The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal equipment,
office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products are neither intended
nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a malfunction or failure of which may
cause loss of human life or bodily injury (“Unintended Usage™). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments, medical instruments, all
types of safety devices, etc. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer’s own risk.
021023_B

« The products described in this document shall not be used or embedded to any downstream products of which manufacture, use and/or
sale are prohibited under any applicable laws and regulations. 060106_Q

« The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by
TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of TOSHIBA or others. 021023_C

* R4000/R4400/R5000 are a trademark of MIPS technologies, Inc. 06116_X

« The products described in this document are subject to foreign exchange and foreign trade control laws. 060925_E

* Please use this product in compliance with all applicable laws and regulations that regulate the inclusion of use of controlled substances.

« Toshiba assumes no liability for damage or losses occurring as a result of noncompliance with applicable laws and regulations.
060925-AF

« The products described in this document my include products subject to the foreign exchange and foreign trade control laws. 060925_F

« The products described in this document may contain components made in the United States and subject to export control of the U.S.
authorities. Diversion contrary to the U.S. law is prohibited. 021023_H

The technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S.
Department of Commerce prior to export. Any export or re-export directly or indirectly, in contravention of the U.S. Export
Administration regulations, is strictly prohibited. The cost analysis and predictions in this report are based on customer feedback and
knowledge gained in the industry. Actual costs may vary based on your project and market conditions.
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