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PGA460-Q1 in Ultrasonic Park Assist (UPA)

Brian Rodriguez and Akeem Whitehead, Sensor Products
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Ultrasonic park assist is also known as a parking
assist system, parking guidance system and reverse
park assist. These systems vary from simply detecting
an object’s presence and alerting the driver with a
noise to autonomously parking the car with little to no
driver interaction. Typically, these systems have
between four and 16 sensors placed strategically
around the car to provide the desired detection
coverage, see Figure 1.

Figure 1. Ultrasonic Park Assist Star Configuration
Using The PGA460-Q1

Engineers designing these types of applications should
seek out integrated circuits (ICs) driving an ultrasonic
transducer (transmitter) while receiving, conditioning
and processing the ultrasonic echo that determines the
distance of an object from the vehicle. For example,
the PGA460-Q1 can reliably detect an International
Organization for Standardization (ISO) pole (polyvinyl
chloride [PVC] pipe used in ultrasonic park assist as a
performance standard) up to 5m away. The device has
also passed stringent electrostatic discharge (ESD)
and bulk-current injection (BCI) testing — common
tests performed during ultrasonic park assist system
developments.

Ultrasonic park assist cost pressures will continue to
increase over the next several years as original
equipment manufacturers (OEMs) face the need to
add more ultrasonic sensors per vehicle. The
PGA460-Q1 supports a competitive cost structure for
high-volume Tier-1 suppliers.

Common requirements in today’s ultrasonic park assist
modules include:

* Object detection from 30cm to 5m (for today’s UPA
systems)

» Time command interface (TCI) or Local
Interconnect Network (LIN) communication from

the module to a local electronic control unit (star
configuration) or directly to the body control module
(BCM) (LIN bus configuration).

« Low average active current

« Adigital processing engine such as a state
machine

* Automotive gqualification with ambient temperature
ratings for 40°C - 105°C

In order to meet the needs of autonomous vehicles,
short-and long-distance object-detection standards will
become more stringent. In longer term platform
developments, ultrasonic modules will be required to
detect objects from <10cm to 7m+ away.
Improvements in analog front end (AFE) sensitivity
and advanced digital processing by semiconductor
ASIC suppliers will be crucial in meeting these
distance requirements.

TCl and LIN are the two most common communication
interfaces in ultrasonic park assist systems today.
However, as vehicles advance in their advanced
driver-assistance system (ADAS) vision-processing
abilities, expect the use of higher-speed protocols like
Peripheral Sensor Interface (PSI) 5, Distributed
Systems Interface (DSI) 3 or Controller Area Network
(CAN) to communicate larger amounts of ultrasonic
echo data.

Performance Considerations

The ability for the ultrasonic system to accurately
convert a time-of-flight measurement to a one-way
distance is based on temperature, humidity, transducer
sensitivity, emitted sound pressure level, transmission
medium, and target characteristics. In automotive
systems, hermetically sealed transducers with minor
drift in resonant frequency and decay time across
temperature and humidity are necessary to maintain
the quality and robustness of the sensor’s
performance as it is exposed to various climates,
severe weather scenarios, hot-and-cold seasons, and
road debris. Tl has worked closely with several
transducer manufacturers, such as muRata
Electronics, to test and ensure the PGA460-Q1 is able
to function properly in conjunction with passively tuned
automotive grade transducers to provide a completely
optimized and partnered ultrasonic parking assist
solution.
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Due to the additional protection offered by automotive
grade transducers, the emitted sound pressure level
(SPL) is weaker in magnitude when compared to
standard ultrasonic transducers. A loss in SPL results
in the ultrasonic echo attenuating to an undetectable
level much sooner as the echo travels through the
medium of air. For this reason, PGA460-Q1 ranging is
typically limited to a maximum of 5 to 7m when
targeting the ISO pole object. The ISO-pole is
considered to be a worst-case target due to its single
axis of sonar cross section returning the echo towards
the immediate direction of the transducer.

When maximum ranging requirements are less
stringent (sub-3m), automotive ultrasonic sensor
modules can substitute the traditional boost-
transformer with a bridge-driver solution to excite the
transducer. Since the boost-transformer is used to
excite the automotive transducer with a sinusoidal
drive voltage equivalent to the maximum rated drive
voltage of the transducer (>100Vp-p) in order emit the
maximum amount of SPL, a bridge-driver will suffice
when only a fraction of the maximum SPL is required.
The percentage of maximum SPL rises logarithmically
as a function of excitation voltage, thus transducer
excitation can be controlled by driver type and
referenced voltage.
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Figure 2. Transducer Sound Pressure Level as a
Function of Excitation Voltage

Transducer manufacturers are advancing piezoelectric
technology to produce next generation automotive
transducers. These transducers will be more sensitive
and require lower maximum drive voltages to generate
maximum SPL for use with bridge-driver types to
achieve ranging beyond 7m and minimize decay
ringing to sub-10cm. At present, the transformer driven
solution offers superior long distance ranging and the
ability to fine-tune the transducer decay ring time due
to the inductance introduced by the transformer’s
secondary side. Thus, the transformer driven solution
is recommended for most ultrasonic parking assist
applications today (2017).
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Figure 3. PGA460-Q1 Transformer Driven
Schematic

PGA460-Q1 Automotive Ultrasonic Signal
Processor and Transducer Driver

The PGA460-Q1’s system on-chip approach
incorporates all the requirements of an SoC for
ultrasonic park assist solution. The output driver can
be used to set the number of pulses and limit the drive
current to control the amount of SPL generated. By
optimizing both variables, the user is able to balance
the ringing decay time while maximizing the signal-to-
noise (SNR) of the return echo amplitude at long
distances. Simply maximizing the number of pulses
and drive current limit will saturate the SNR for
maximum ranging, but will extend the ringing decay
time, dissipate excess excitation energy as heat, and
reduce the lifetime of the transducer. Therefore,
limiting these variables is recommended to optimize
overall module performance.
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Figure 4. PGA460-Q1 Block Diagram
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When receiving the returning ultrasonic echo, the low
noise amplifier (LNA) and programmable gain amplifier
(PGA) at the analog front end ensure the return echo
strength’s magnitude is large enough to be digitized for
digital signal processing. The implementation of a time
variable gain allows for both short and long range
reflections to be captured in a single window without
saturating or attenuating the amplitude of either. The
digital signal processing block attempts to extract and
compare the ultrasonic echo details to a user
configured threshold. This threshold comparator is
used to indicate when a reflected echo has been
detected, and records the time-of-flight, peak
amplitude, and width of the echo. The user is able to
read the resulting ultrasonic measurement values, or
read and plot the echo data.

For automotive implementations using the PGA460-
Q1’s One-Wire UART (OWU) interface, or LIN
equivalent, the aforementioned means of data
extraction must be used. However, when using the
Time Command Interface (TCI), the threshold
comparator forces a real time response on the
PGA460-Q1’s 10 pin by pulling the pin low while the
return echo signal exceeds and crosses the threshold
level. TCl is limited to a star topology implementation,
while OWU can be either star or 8-device bus topology
since the PGA460-Q1’s 3-bit UART address is utilized
in this communication mode.
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Figure 5. Time Command Interface and Threshold
Comparator

The PGA460-Q1 offers an on-chip temperature sensor
to monitor changes in temperature to inform the user
that the speed of sound must be updated and set as a
function of the current temperature. In addition to
temperature, the PGA460-Q1 includes system
diagnostics to monitor the transducer’s resonant
frequency, ringing decay time, excitation voltage and
ambient ultrasonic noise level to determine if the
ultrasonic sensor module is operating as intended or if
the sensor is obstructed with a foreign substance,
such as ice, mud, or dirt on the bumper.

Due to the flexibility in driver and receiver
configuration, as well as the ability to monitor and
diagnose the health of the sensor module, the
PGA460-Q1 can be paired with most automotive
transducers to enable the ultrasonic parking assist
module.

Additional Resources

e Order the PGA460-Q1 Evaluation Module (EVM).
e Watch PGA460-Q1 EVM Training Video Series.

« Download the PGA460 Frequently Asked
Questions (FAQ) and EVM Troubleshooting Guide.

* Download the PGA460 Ultrasonic Module
Hardware and Software Optimization application
report.
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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