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Medical Diagnostic Ultrasound Software v1.0.1

1 Introduction

The purpose of the Medical Ultrasound Software Toolkit is to facilitate and ease development of
ultrasound systems using Texas Instruments SoCs that contain leading edge programmable C64x+™
Digital Signal Processor (DSP) cores. You are encouraged to visit the following links for medical
application offerings from Texas Instruments:

* Medical: www.ti.com/medical

e Medical Imaging: www.ti.com/medicalimaging

This toolkit consists of optimized C64x+ Little Endian implementation of the following modules:

» Optimized kernel implementations of Doppler Processing functions for 1D flow, 2D flow, Wall Filter and
Power Estimator

» Optimized kernel implementations of RF demodulation and detection

e Optimized kernel implementations of DAS (Delay and Sum) receive beamforming

e Optimized system implementation of Scan Conversion on DSP (C64x+) of DM6437, DM6446 and
OMAP3530 SoCs

* Optimized math utilities

Relevant white papers/application reports can be found at the following links:

» Using TI's Embedded Processor Software Toolkit for Medical Diagnostic Ultrasound (SPRAB33)
» Ultrasound Scan Conversion on TI's C64x+ DSPs (SPRAB32)

« Efficient Implementation of Ultrasound Color Doppler Algorithms on Texas Instruments’ C64x™

Platforms (SPRAB11)
» Signal Processing Overview of Ultrasound Systems for Medical Imaging (SPRAB12)

» Digital Signal Processor (DSP) for Portable Ultrasound (SPRAB18)

Project collateral discussed in this document can be downloaded from the following URL:
http://www-s.ti.com/sc/techlit/sprugq?.zip.

2 Documentation

Table 1 lists components and types of delivery (object/source) of the components for full or evaluation
release and links to the corresponding documentation. A component may contain more than one module.
The component abbreviation is the top-level directory name and used as the API prefix. The dpu
component consists of modules dpucolorld, dpucolor2d, dpuwallfiltercolor and dpupower.

Table 1. Evaluation Links to Corresponding Documentation

Type of Delivery for Type of Delivery for

Component Production Release Evaluation Release Documentation Links Within
Abbreviation Name (Source or Object) (Source or Object) the Package
dpu Doppler Processing Source dpuwallfiltercolor as « Doppler Color Flow
Unit source, Estimator (1D) Product Brief
rest as object « DPU.chm
rfdemod RF demodulator Source Object « RF Demodulator Product
Brief

¢ rfdemod.chm
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Table 1. Evaluation Links to Corresponding Documentation (continued)

Type of Delivery for Type of Delivery for

Component Production Release Evaluation Release Documentation Links Within

Abbreviation Name (Source or Object) (Source or Object) the Package

scu Scan Conversion Unit Source Object « Scan Converter Product
Brief

* Scan Converter Software the
Release Notes

* scu.chm
rxbf DAS Receive Source Source » Receive Beamformer
Beamformer (RXBF) Product Brief
e rxbf.chm
util Math utilities Source Object « Four Quadrant Inverse

Tangent (Low Precision)
Product Brief

* util.chm

iface Interface among some Source Source « APIs, source, etc
modules to share
common structure
definitions

types Portable base type Source Source « APlIs, source, etc
definitions

sdk Supportive software for Source Source « APIs, source, etc
testing

General directory organization under a component (<comp>) is as follows. The scu may differ somewhat;
refer to its release notes for more information.

Directory Description

<comp> Top level component directory, may contain data sheet and release notes

<comp>/<moduleX>.h Public API headers of modules (may be more than one).

<comp>/make_c64P_lib/<modul Directory containing Code Composer Studio™ project to build library in <comp>/c64P/ for source

eXlib.pjt> deliveries

<comp>/c64P/<moduleX>.lib C64+ little endian object libraries. The library of scu is named scu.l64P instead of scu.lib for
XDAIS compliance.

<comp>/src/c64p/ Contains C64+ specific sources containing optimized implementation for modules that are
delivered as source. May be C with intrinsics or linear assembly files.

<comp>/test/ Top level directory for component’s testing, may contain multiple module tests.

<comp>/test/src Source code tree for test.

<comp>/test/Inkr/c64p/ Linker command files

<comp>/test/ccsProj_c64p/ Test project to build and run test in Code Composer Studio

<comp>/test/vectors/inp Input test vectors containing signal and configuration files

<comp>/test/vectors/out Placeholder directory where output vectors will be generated when executing the test

<comp>/test/vectors/refOut Fixed point reference output that is expected to match /out/

3 Device Support

* dpu, rfdemod, util, rxbf: Any SoC containing C64x+ DSP core configured in Little Endian. Test projects
provided in the release are limited to running on the C64x+ CPU Cycle Accurate Simulator and C6455
EVM targets, the same test project can be used for either target. All components except rxbf are
expected to show good cycle performance on C6455 EVM. The rxbf shows optimal cycle performance
only for the simulator target.

* scu: DM6437, DM6446, OMAP3530 and C6455 SoCs, C64x+ DSP core configured in Little Endian.
Note the C6455 platform is only supported for convenience of being able to run the scan conversion
functionally like other components, the scu implementation is not optimized for cycle performance on
this platform.
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4 Tools and Infrastructure Software Dependencies
e Code Composer Studio Version 3.3

* C64x+ Code Generation Version 6.1.12. Note Code Compser Studio v.3.3 comes with code generation
version 6.0.8 by default. Must upgrade compiler to 6.1.12 through the standard component update
process in Code Composer Studio.

e IQMath library, version 2.1.3 (scu dependency only). For more information, see the scu release notes.
« DSP BIOS 5.33.03 (scu dependency only). For more information, see the scu release notes.

» Framework components release 2.24.1 (scu dependency only on XDAIS and ACPY3). For more
information, see the scu release notes.

5 Validation Information

All kernel modules of dpu, rfdemod, util and rxbf are validated on the following platforms:
» Code Composer Studio C64x+ little endian CPU cycle accurate simulator
e (6455 EVM board (http://focus.ti.com/docs/toolsw/folders/print/tmdsdsk6455.html).

Scan conversion (scu) software has been validated on the following platforms:

 DM6437 EVM (http://focus.ti.com/docs/toolsw/folders/print/tmdsvdp6437.html)
 DM6446 EVM (http://focus.ti.com/docs/toolsw/folders/print/tmdxevm6446.html)

* OMAP3530 Mistral EVM (http://focus.ti.com/docs/toolsw/folders/print/tmdxevm3503.html)
e C6455 EVM (http://focus.ti.com/docs/toolsw/folders/print/tmdsdsk6455.html)

6 New in Release v1.0.1 (previous release v1.0)
e API changes in dpu, rfdemod to improve clarity and simplicity and improvement in APl documentation.
« Implementation of programmable Q formats for dpu’s wall filter and power
» Correction in implementation of Q formats for rfdemod

» Small improvement in accuracy by rounding and proper scaling for dpucolorld’'s autocorrelation and
power

« Wall filter removal of saturation in internal 32-bit accumulation

» Representation of pi at full scale (Q7 for 8-bit and Q15 for 16-bit version) in util module’s atan2 APIs
(8-bit Q7 version used for velocity estimation in dpucolorld)

» Documentation of test bench file formats to facilitate creation of custom test cases
* Improvement in padding logic in test benches of dpu to better demonstrate non-multiplicity cases

» Changes in scu to remove usage of EDMA3 and provide compliance with iDMAS3 interface using
ACPY3. Changes in scu test bench to illustrate use of DSKT2 and DMAN3 framework components.
Support for IUNIVERSAL interface for usage in Codec Engine. Generation of scu.tar and types.tar
packages for consumption in Codec Engine for back-end devices like OMAP™ and DaVinci™.
Addition of test case to demonstrate non-zero output stride. Fix of defect related to large radius
causing artifacts.

» Upgrade to 6.1.12 compiler

7 Upgrade and Compatibility Information

Not API compatible with MED-STK 1.0 release for dpu, rfdemod, scu and util's atan2 API. APl compatible
with MED-STK1.0 release for rxbf and util's div and cplxMag APls.

8 Benchmarks

Refer to the device-specific data sheets.
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9 Known Issues
» Significant degradation in dpucolor2d performance due to upgrade to 6.1.12 compiler version.
» Power and input Q-formats not used (not implemented) for dpucolor2d; this was also the case in STK
1.0, but found after making the release.

10 Technical Support and Product Updates

Send e-mail to medical-imaging-support@list.ti.com.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

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

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl 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 TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers pmplifier.ti.com Audio [vww.1r.com/audid

Data Converters Automotive [vww Tr.com/automofiv
DLP® Products [vww .dIp.comn] Broadband [pww i.com/broadband
DSP Fspicom Digital Control [pww ir-com/digitalcontrol
Clocks and Timers [yww Ti.com/cloc Medical [pww Ti.com/medical
Interface [nferfacedico Military [pww ir-com/military
Logic [oaicTiconi Optical Networking [xww Ti.com/opficalnetwor
Power Mgmt powerfr.com Security vww Tr.com/securt
Microcontrollers nicrocontroller.fi.conj Telephony lvww.tr.com/telephony
RFID [wWwiiirfid-co Video & Imaging [pww i-com/vided

RF/IF and ZigBee® Solutions | {r.com/prl Wireless [vww fi.com/wirelesy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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