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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to
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information to verify, before placing orders, that information being relied on is current and complete. All
products are sold subject to the terms and conditions of sale supplied at the time of order acknowledgment,
including those pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its products to the specifications applicable at the time of sale in accordance with
TI's standard warranty. Testing and other quality control techniques are utilized to the extent Tl deems
necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

Customers are responsible for their applications using TI components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards ought to be provided by the customer so as to minimize inherent or procedural hazards.

TI assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right of Tl covering or relating to any combination, machine, or process in which such
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service, is an unfair and deceptive business practice, and Tl is neither responsible nor liable for any such use.

Resale of TI's products or services with statements different from or beyond the parameters stated by Tl for
that product or service voids all express and any implied warranties for the associated Tl product or service, is
an unfair and deceptive business practice, and Tl is not responsible nor liable for any such use.

Also see: Standard Terms and Conditions of Sale for Semiconductor Products.
www.ti.com/sc/docs/stdterms.htm
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1 Introduction

Vision Software Development Kit (Vision SDK) is a multi-processor software
development package for TI's family of ADAS SoCs. The software framework
allows users to create different ADAS application data flows involving video
capture, video pre-processing, video analytics algorithms, and video display. The
framework has sample ADAS data flows which exercises different CPUs and HW
accelerators in the ADAS SoC and demonstrates how to effectively use different
sub-systems within the SoC. Frame work is generic enough to plug in application
specific algorithms in the system.

Vision SDK demonstrates 3D surround view on TDA3xx via demo application
(usecase). This document details various aspects of establishing 3D Surround
View on TDA3xx & EVM. SRV refers to 3D surround view in this document.

This document is applicable for Vision SDK versioned 2.9 and greater.

1.1 References
Refer the below additional documents for more information about Vision SDK
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2 System Requirements

VisionSDK_UserGuide_TDA3xx.pdf documents detailed pre-requisites to use Vision
SDK, the following sections lists SRV demo application specific requirements.

2.1 Hardware

2.1.1 Camera Modules

Below listed are the camera modules supported in 3D SRV demo application. SRV
application would require 4 number of camera modules. Note that all camera
modules used should be same. (i.e. it's not possible to have 2 TIDA-00262
modules and 2 IMI OV10640 modules)

2.1.1.1 TIDA-00262

Is based on Aptina’s AR0140AT sensor and uses TI's FPD Link III to transmit
uncompressed digital data (uses DS90UB913A-Q1). http://www.ti.com/tool/TIDA-
00262

2.1.1.2 IMI OV10640 (RDACM24A)

Is based on Omnivision’s OV10640 sensor and uses TI's FPD Link III to transmit
uncompressed digital data (DS90UB913A-Q1). http://www.global-
imi.com/media/2015/10/Generic-Minicube-Catalogue-1020151.pdf

2.1.2 Aggregator

Above described camera modules terminate into a aggregator (UB960/UB964
EVM), which receives 4 independent uncompressed video stream via FPD Link III
and encodes the same into 4 virtual channels on a single mipi CSI2 interface.

Please contact your Texas Instruments representative for details.

2.1.3 MicroSD

These demo application stores, retrieve multiple look up table (LUT’s) to / from
mmc/sd. A micro MMC/SD would be required and holds couple of LUT’s. The
details of LUT’s are detailed in following pages. Refer section 3 for details. It's
recommended to use mmc/sd with speed rating UHS 1 or greater.

2.1.4 Mounting of Camera modules

The cameras are to be mounted at 4 end points of a car, as show in picture below
Figure 1. Note that each of cameras is approx. at the center of side of the jeep
and facing the ground plane. It's recommended that the camera be inclined at
45°, Also ensure the following mapping is maintained.

Camera | Channel
Front 0
Right 1
Back 2
Left 3

Calibration use case could be used to visually identify and map the channel. Please
refer section 5 for details.
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Figure 1 Camera Mounted on a Toy Jeep

It's not mandatory to mount these cameras on a car; the car could be a rectangular block, as shown
below. Camera could be mounted as show, while doing so, please ensure the length/width is

maintained.
; . 21 Inches S
9 Inches
v 6 Inches
Back 3 ) @ Front
"N\ ron
Camera N 6 Inches Camera
Left
Camera
2.1.5 Connecting UB960/UB964 with TDA3xx EVM

2.1.6

Please refer the TDA3xx user guide, the procedure to connect and configuring
UB960 EVM/UB964 EVM to source 9 volts on the FPD Link III is detailed.

Calibration Chart

To caliber the SRV, cameras require reference points / images to determine
required corrections. A reference chart is provided in
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2.2

221

222

3.1

vision sdk\apps\tools\surround vision tools\docs\poster calib chart.p
df, please print the chart and place the jeep in specified position.

Software

This section list the optional software required for calibrating SRV. These are in
addition to software requirements specified in the TDA3xx user guide.

Turn on Lens Shading Correction (LSC)
By default the LSC is turned OFF, for optimal image quality (of the stitched
output), LSC requires to be turned ON, steps below details changes required.

e Infolder vision sdk\apps\src\rtos\iss\src\sensor\ov10640

e Copy the file 0v10640 dcc lscEnabled.h to ov10640 dcc.h

e Re Build vision SDK, ensure to set the flag BUILD DEPENDANCY ALWAYS to
yes in Rules.make

PC based calibration tool (Optional)

1. When calibrating SRV, offline intervention might be necessary. This is done
via a PC based tool. Calibration tool is available as part of Vision SDK
release under the folder
\vision sdk\apps\tools\surround vision tools\3d calibration too

1. Detailed Instructions for offline calibration are provided in
"VisionSDK_UserGuide_3D_SurroundView_Manual_CalibTool.pdf” under

"\vision sdk\docs\SurroundView\”.

Various Tables stored in mmc/sd

Please follow the steps prescribed in TDA3x user guide to format the mmc/sd card
and create a folder named TDA3X.

All the required LUTs are present in the Vision SDK release under
\vision sdk\apps\tools\surround vision tools\Srv_ LUTs\TDA3X, please
copy the LUTs required for the demo in mmc/sd under TDA3X folder.

Note: If you are working with a 128MB DDR build you need to use
\vision sdk\apps\tools\surround vision tools\Srv_ LUTs\TDA3X 128MB_DDR.
This is because only 15 view points can be supported with the available memory.

SRV Demo

The SRV demo requires tables to be stored in mmc/sd under the folder TDA3X,
namely. Please ensure that these tables are present, before demo is started.

1. LUT_IDX.BIN: This file defines the number of view-points, set details,
offset and size for each view point parameter defined in LUT_SETx.BIN

2. LUT_SETx.LZ4: These files contain the following compressed information
for the view points in a particular set.

o Width, height, block width, block height and other configurations
o LDC LUT, for each camera
o Blend Table

3. CARIMAGE_IDX.BIN: This file defines the size, offset and set details for
all view point that are compressed and stored in sets of some user-defined
size.
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3.2

3.3

3.4

4. CARIMAGE_SETx.LZ4: These files contain the compressed Car Image for
each view point which lies within that set.

Calibration Demo

The Calibration Demo would require minimum 2 tables to be stored in mmc/sd
under the folder TDA3X. Please ensure that these tables are present, before demo
is started.

1. V2W_IDX.BIN: This file defines the number of view-points and offset for
each view point. These offsets are used to read various view point
parameters in V2W.LZ4

2. V2W.LZ4: This file contains the following compressed information for each
view point
o View 2 World Table, for each camera
o Width, height, block width, block height and other configurations

Calibration Demo in Manual mode

When manual / PC based tool is used for the calibration, there could two more
files present/required in mmc/sd

1. FRONT_O0.YUV, RIGHT_0.YUV, BACK_0.YUV & LEFT_0.YUV: These are

frames captured from respective cameras. These would be written by demo
application and would be required by the PC based tool for the calibration.

2. CALMAT.BIN: Written by the PC based calibration tool. Once the PC based
calibration is successful, CALMAT.BIN would be generated. Please copy the
same to mmc/sd in TDA3X folder.

Calibration Demo in Auto Mode

For Auto Calibration the jeep/car with the four cameras mounted on it is required
to be placed at the center of the life size print of the calibration chart. The sample
chart ‘poster_calib_chart.pdf’ is present in
‘vision sdk\apps\tools\surround vision tools\docs’ directory.

The ‘TDA3X’ directory on the MMC/SD card should contain the CHARTPOS.BIN file.
This file should have the following format with the actual dimensions of the
chart used for calibration:

e 4 bytes :Number of cameras

e 124 bytes :Header

e 4 bytes :Size of the square in mm

e 8 bytes :Co-ordinates of the bottom left corner of Chart 1 in mm
e 8 bytes :Co-ordinates of the bottom left corner of Chart 2 in mm
e 8 bytes :Co-ordinates of the bottom left corner of Chart 3 in mm
e 8 bytes :Co-ordinates of the bottom left corner of Chart 4 in mm
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Place Jeep
Here

SIZE OF SQUARE

A sample CHARTPOS_HUMMER.BIN used for Hummer jeep is provided at
“\vision sdk\apps\tools\surround vision tools\Srv LUTs\TDA3X’
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3.5 Format of V2W.LZ4 and V2W_IDX.BIN files
The V2W.LZ4 file contains the following data sections for every view point.
e 1024 bytes header of the view point
e 150 KB (Max) of V2W table of the view point

Header: 1024 bytes
V2W table:

/ View Point 0

150 KB (Max) View Point 1
1 View Point
(uncompressed) Compressed V2W
Table
V2W.LZ4
(compresssed)

View Point N

V2W Table (uncompressed)

The View Point Header has the following structure format defined in the
“\vision_sdk\apps\include\alglink_api\algorithmLink_srvCommon.h’ file:

typedef struct
{
UInt32 viewPointId;
/**< An unique ID identifying the view point */
UInt32 numCameras;
/**< Number of cameras from which video is being captured */
UInt32 srvOutputWidth;
/**< Surround View Output Width */
UInt32 srvOutputHeight;
/**< Surround View Output Height */
UInt32 srvSubSample;
/**< Surround View LUT sub sample */
UInt32 1dcOutFrameWidth[ALGLINK SRV_COMMON MAX CAMERAS] ;
/**< Expected width of output frame, after LDC correction

for each view point */
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/**< Blend Table Address */

} AlgorithmLink SrvCommonViewPointParams;

The V2W_IDX.BIN file has the following format:

e 4 bytes : No of view points

e 4 bytes : Uncompressed V2W Table Size
e 4 bytes : Number of sets

e 116 bytes : Header (currently empty)

e List of Offset (4 bytes) and Size (4 bytes) values of data sections into the
uncompressed V2W Table for each view point.

3.6 Notations Used and Concept of Sets
The following notations are used here:
S - set size : number of view point per set
M - index of last set : number of sets the view points have been divided into
N - no. of View Points: total number of View Points.

The LUTs such as CARIMAGE, LDC and BlendTable are compressed to save space
on the non-volatile storage by using the LZ4 compression technique.

The sets are created in such a way as to optimize the Surround View and ensure
that the first view comes up as fast as possible.

So the sets are defined as:

Set 0 : contains the View Point 0, decompress just 1 view point for the first view
point to be displayed asap

Set 1 : contains the View Point 1 to S-1, decompress the data for the first
transition to happen asap

Set 2+: and henceforth all the sets contain one transition data
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3.7 Format of CARIMG_IDX.BIN and CARIMG_SETx.LZ4 files
CARIMG_SETx.LZ4 contains the compressed car image files.

Car Image Set 0
(1 View Point)
(Actual Car Size)

Car Image O

CARIMG_SETO0.LZ4

Car Image 1

Car Image Set 1
(S-1 View Point)
(Actual Car Size)

Car Image 2

Car Image 3

CARIMG_SET1.LZ4

Car Image S-1

Car Image S

Car Image Set 2
(S View Point)
(Actual Car Size)

Car Image S+1

Car Image S+2

CARIMG_SET2.LZ4

Car Image 2*S-1

Car Image Set M
(S View Point)
(Actual Car Size)

Car Image (M-1)*S

Car Image (M-1)*S+1

Car Image (M-1)*S+2

Page 15 of 43

Car Image N

CAR IMAGE
(uncompressed)

CARIMG_SETm.LZ4

CAR IMAGE FILES
(compressed)



i
INSTRUMENTS

The CARIMG_IDX.BIN file has the following format:

e 4 bytes : No of view points

e 4 bytes : Total Uncompressed CARIMG Size
e 4 bytes : Number of sets

e 4*%(M+1) bytes : Per set uncompressed size

e 116-4*(M+1) bytes : Header (currently empty)

e List of Offset (4 bytes) and Size (4 bytes) values of data sections into the
uncompressed Car Image for each view point.

3.8 Format of LUT_SETx.LZ4 and LUT_IDX.BIN files
The LUT_SETx.LZ4 file contains the following data sections for every view point:
e 1024 bytes header of the view point
e 4 LDC LUTs for each camera of size 80 KB (Max)

e Blend Table of size (Surround View Width x Surround View Height) of the
view point
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LUT Set 0 LUT_SETO0.LZ4
(1 View Point) LUT 0

LUT 1

LUT 2
LUT Set 1 LUT 3 LUT_SETL.LZ4
(S-1 View Point)

LUT S-1

LUT S

LUT S+1
LUT Set 2 LUT S+2 LUT_SET2.LZ4
(S View Point)

LUT 2*S-1

LUT (M-1)*S
LUT §et M | LUT (M-1)*S+1 LUT_SETm.LZ4
(S View Point) LUT (M-1)*S+2

LUT N

LUTS LUT FILES
(uncompressed) (compressed)

Each View Point LUT has the following structure:

Header: 1024 bytes

4 LDC LUT for each
camera:

89472 x 4 bytes (Max)
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Blend Table

(SRV_OUTPUT_WIDTH x
SRV_OUTPUT_HEIGHT)
bytes

LUT x

The header is of the same format as V2W.BIN file.

The LUT_IDX.BIN file has the following format:

e 4 bytes : No of view points

e 4 bytes : Total Uncompressed LUT Size
e 4 bytes : Number of sets

e 4*%(M+1) bytes : Per set uncompressed size

e 116-4*%(M+1) bytes : Header (currently empty)

e List of Offset (4 bytes) and Size (4 bytes) values of data sections into the
uncompressed LUT for each view point.

4 3D SRV

This provides a brief overview of the sample application or use case present in the
SDK and procedure to run it.

4.1 Demo Application

The 3D SRV application is implemented in
\vision sdk\apps\src\rtos\usecases\iss mult capture isp dewarp 3dsv_t
da3xx

This demo application would read compressed LDC LUTs present in LUT_SETx.LZ4
(indexed by LUT_IDX.BIN), decompress them on the DSP, use DeWarp algorithm
to correct lens distortion and project to get individual images for a given view
point, use synthesis algorithm to stich individual images to get SRV. 3D SRV is
achieved by switching through multiple view-points at capture frame rate.

In the case that the output resolution was changed during the generation of the
V2W tables, the standalone surroundview use case will use the parsed information
from the V2W table to set the output resolution. If modifying the rearview + 3D
surroundview or the 2D + 3D surroundview use case, the SRV_UC_3D_
SYNTH_OUTPUT_WIDTH_MAX and SRV_UC_3D_SYNTH_OUTPUT_HEIGHT_MAX
values must be modified to correspond to the desired output resolution height.

Note: The output resolution for these additional use cases must not overlap with
the additional views (i.e., rearview and 2D surroundview).
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4.2

5.1

Execution of demo application

Follow the steps detailed in TDA3xx user guide to build, load binaries and required
connectivity with EVM (only serial terminal would be required).

e Ensure mmc/sd card has folder named TDA3X and it contains valid
LUT_IDX.BIN & LUT_SETx.LZ4

e Ensure mmc/sd is not hot swapped, i.e. while board is powered up and
running Vision SDK binary, DO NOT remove / insert mmc/sd card.

1. Depending on the sensor used in the setup, instruct demo app to use the
same

o In Main Menu, select “s” settings
o Choose “Capture Settings”

o Choose either "0OV10640 Sensor for SV — IMI (TDA3x ONLY)” OR
“"AR0140 Sensor for SV - TIDA00262 (TDA3x ONLY)”

2. Choose to run ISS based demos
o In Main Menu select “"ISS Use-cases, (TDA3x ONLY)"”

3. Choose to run 3D SRV "3D SRV 4CH ISS capture + ISS ISP + DeWarp +
Synthesis (DSP1) + Display”
o Log should indicate the status of LDC LUTs read “SRV_MEDIA:
Reading LDC LUT for view point 0”
o Once message “[IPU1-0] 140.434362 s: ISSCAPTURE: Start
Done 1" is displayed
o 3D SRV should be visible on connected TV

Calibration

Position of camera has significant effect on SRV, if and when camera positions are
altered, calibration application could be used to fine tune camera positions.

Calibration application is implemented in
\vision sdk\apps\src\rtos\usecases\srv_calibration

Before attempting calibration, please ensure all the software requirements
specified in section 2 is addressed and required LUTs are available in mmc/sd,
refer section 3.2

There are 2 options to caliber the 3D SRV on TDA3x, Automatic mode and manual
mode

Auto

Make sure the following files are already present in the MMC/SD card inside the
‘TDA3X’ directory:

e CHARTPOS.BIN

e V2W.LZ4
e V2W_IDX.BIN
e LENS.BIN

e LENS_2D.BIN

The ™“\vision sdk\apps\tools\Lens params’ directory contains the Ilens
parameters for the following lens modules:
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1. Equisolid : LENS_equisolid_455focallength.BIN

2. Imi : LENS_imi.BIN

3. Sunex : LENS_sunex_dsI218.BIN

4. 2D : LENS_2D.BIN

5. DSL219 with IMX290 sensor: LENS_SunexDSL219_imx290.BIN

6. DSL267 with 0V10640 sensor (Newer TDA3X RVP boards):

LENS_SunexDSL267_ov10640.BIN

‘LENS_2D.BIN’ should be copied to TDA3X folder on MMC/SD card.

Based on the lens module used in the system the corresponding LENS_xxx.BIN
should be renamed to 'LENS.BIN’ and copied to TDA3X folder on MMC/SD card.

Once the jeep/car is placed on the calibration chart, run this usecase. When the
mosaic display comes up, TWO bounding boxes in each of the four windows can
be seen as shown in the following Figure:

These boxes indicate the Region of Interest (ROI) within which the TWO squares
of the Calibration chart should be confined to. Now select option # 1 - “Auto
Calibration”, the Auto Calibration is done in 2 steps without user intervention:

1. Calibration Matrix (CalMat) Generation:

Input: The YUV images from the FOUR cameras.
The Chart Position read from CHARTPOS.BIN file.
Output: CalMat which is also dumped to CALMAT.BIN file.
2. LDC Look Up Table (LUT) Generation
Input: CalMat generated in step # 1.
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View to World table for each view point read from the
V2W.LZ4 file after decompression.

Output: LDC LUTs for each view point are compressed and
written into LUT_SETx.LZ4 and LUT_IDX.BIN files.

If the step # 1 is successful then the user can see the detected corner points
plotted on to the display as shown in the following Figure:

W

_ CH O:FRONT

If the Step # 1 fails and if CALMAT.BIN file is present in the MMC/SD card then
calibration will resume with step # 2 by reading the CALMAT.BIN file, else it will
be aborted.

52 Manual

This is 3 step processes where in this usecase is used to dump frames into
mmc/sd, PC based tool is used to generate CALMAT.BIN and this usecase is used
to generate LUT_IDX.BIN & LUT_SETx.LZ4

1. Dump 1 frame from each camera into mmc/sd

2. Provide these dumped images to PC based tool and generate CALMAT.BIN
3. Generate LUT_IDX.BIN & LUT_SETx.LZ4

4. When 3SRV demo is run, these tables are read and 3D SRV is rendered

5.2.1 Steps to run Manual mode calibration
Once the “"Manual Calibration” is chosen, manual mode menu is shown
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6.1.1

6.1.2

2. Select option “Save ISP output frames (Will be saved in MMC/SD : All
channels)”

o This will dump FRONT_0.YUV, RIGHT_0.YUV, BACK_0.YUV &
LEFT_0.YUV into mmc/sd.

3. Choose to remove mmc/sd with option "Unmount File System before
removing MMC/SD card” remove the mmc¢/sd card after this option is used.

4. With the PC based tool and using FRONT_0.YUV, RIGHT_0.YUV,
BACK_0.YUV & LEFT_0.YUV as input, generate CALMAT.BIN. Refer
“manual_TI_3D_SurroundVision_CalibTool” under ../ 3d_calibration_tool
for detailed instructions.

5. Copy the CALMAT.BIN to mmc/sd in TDA3X folder

6. Insert the mmc/sd and remount the mmc/sd using option “Mount File
System after inserting MMC/SD card”

7. Generate LDC LUTs using option "Compute LDC LUTs for 3D SRV (All view
points)”

8. Re-Run 3D SRV demo.
Development Guide

Compression of LUTs

There is an additional support of LZ4 compression technique provided with the
usecase where the LUTs such as V2W, LDC, Blend Table can be compressed to
save the storage space on the non-volatile memory such as SD Card, Flash, etc.
Such compression and decompression happens on the DSP of choice.

Selection of DSP to run the decompression for SRV usecase

The DSP to run decompression algorithm can be selected by changing the value
of the macro SYSTEM LINK ID LzZ4 DSP to SYSTEM LINK ID DSP1  oOr
SYSTEM LINK ID DSP2 depending upon the need in the
vision sdk/apps/src/include/chains common srv calib.h file.

Compression Ratio vs Decompression Time

There is a choice depending upon the requirement of compression ratio vs the
time taken to decompress on the DSP. This can be tuned using the LZ4 memory
usage tuning parameter in the file
vision sdk/apps/src/rtos/modules/lz4CompDecomp/lz4.h by tuning the value
of the macro Lz4 MEMORY USAGE which is briefly defined below:

LZ4_MEMORY_USAGE :
Memory usage formula : N->2/~N Bytes (examples : 10 -> 1KB; 12 -> 4KB ; 16 -> 64KB; 20 -> 1MB; etc.)

Increasing memory usage improves compression ratio
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Reduced memory usage can improve speed, due to cache effect
Default value is 14, for 16KB, which nicely fits into Intel x86 L1 cache

Changing the seam angle and it’s limitation

The seam angles are defined in the following

manner with respect to the car body

Quadrant 0 Quadrant 1

Quadrant 3 Quadrant 2

The bigger limitations on the seam angle are that all the seam angles
must lie between 0° and 90°

There are also a few limitations where the output might have some

imperfections for some particular angles. This usually does not happen at
normal angles.

The seam angles can be changed from default angles in the file:
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vision sdk/apps/src/rtos/alg plugins/surroundview/svBlendTableGen If.c
To change the seam angles, change this:

#1f 0
seamAngle[0] = 45.0;
seamAngle[1l] = 45.0;
seamAngle[2] = 45.0;
seamAngle[3] = 45.0;
#else
seamAngle[0] = seamAngle[l] = seamAngle[2] = seamAngle[3] =

(atanf ((float) svSynthObj.SVOutDisplayHeight/ (float) svSynthObj.SVOutDi
splayWidth) * 180.0f)/M PI;

#endif
to
#if 1
seamAngle[0] = <specify angle of choice>;
seamAngle[l] = <specify angle of choice>;
seamAngle[2] = <specify angle of choice>;
seamAngle[3] = <specify angle of choice>;
#else
seamAngle[0] = seamAngle[l] = seamAngle[2] = seamAngle[3] =

(atanf ((float) svSynthObj.SVOutDisplayHeight/ (float) svSynthObj.SVOutDi
splayWidth) * 180.0f)/M PI;
fendif

Doing this recompile the code and recreate the AppImage and rerun the
calibration usecase to generate new LUTs.

Sample LOGs

Select the camera used
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7.2 Calibration Use case selection
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7.3  Auto Calibration Selection
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Manual Calibration Selection
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7.5 Surround View Use Case selection
Ensure to re-select the camera, refer section 7.1
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Revision History

Version Date Revision History

0.1 1™ March 2016 Draft

0.2 11™ March 2016 Updated for 2.9 Release

0.3 6" July 2016 Updated for 2.10
Release

0.4 27" January 2017 Updated for 2.12
Release

0.5 29" June 2017 Updated for 3.0 Release

0.6 16" October 2017 Updated for 3.1 Release

0.7 28" November 2017 Updated for 3.2 Release
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