
PC GUI AWR1642 EVM

UART port-1

UART port-2 TX a

R

Copyright © 2017, Texas Instrument

1JAJU300B–April 2017–Revised January 2018

TIDUD36 翻訳版 — 最新の英語版資料 http://www-s.ti.com/sc/techlit/TIDUD36
Copyright © 2017–2018, Texas Instruments Incorporated

AWR1642を使用した短距離レーダーのリファレンス・デザイン

参参考考資資料料

TI Designs: TIDEP-0092
AWR1642をを使使用用ししたた短短距距離離レレーーダダーーののリリフファァレレンンスス・・デデザザイインン

概概要要

TIDEP-0092では、AWR1642評価モジュール(EVM)を使

用する短距離レーダー(SRR)アプリケーションの基盤を紹

介します。このデザインは、最大80mの視野にある物体の

位置(水平面)と速度を推定し、追跡できます。

リリソソーースス

TIDEP-0092 デザイン・フォルダ

AWR1642 プロダクト・フォルダ

TCAN1042 プロダクト・フォルダ

TMP112 プロダクト・フォルダ

LP87524 ツール・フォルダ

E2Eエキスパートに質問

特特長長

• SRRアプリケーション用の、シングル・チップFMCW
の無線検出および範囲測定(レーダー)

• 最大80mの距離にある物体(車やトラックなど)を、

35cmの距離分解能で測定、距離20mの物体は4.3cm
の分解能で検出可能

• 検出した物体のクラスタ化と追跡

• アンテナの視野角は±60°で、角度分解能は約15°

• 高速フーリエ変換(FFT)処理および検出のソースコード

は、mmWaveソフトウェア開発キット(SDK)に付属

• AWR1642によるデザインのデモンストレーション

• レーダーのフロントエンドおよび検出構成についての十

分な説明

アアププリリケケーーシショョンン

• 車線変更支援(LCA)

• 自動駐車

• クロス・トラフィック・アラート(CTA)

• 死角検知(BSD)

使用許可、知的財産、その他免責事項は、最終ページにあるIMPORTANT NOTICE(重要な注意事項）をご参照くださいますようお願いい
たします。 英語版のTI製品についての情報を翻訳したこの資料は、製品の概要を確認する目的で便宜的に提供しているものです。該当す
る正式な英語版の最新情報は、www.ti.comで閲覧でき、その内 容が常に優先されます。TIでは翻訳の正確性および妥当性につきましては
一切保証いたしません。実際の設計などの前には、必ず最新版の英語版をご参照くださいますようお願いいたします。
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1 System Description

Autonomous control of a vehicle provides quality-of-life and safety benefits in addition to making the
relatively mundane act of driving safer and less difficult. The quality-of-life features include the ability of a
vehicle to park itself or to determine whether a lane change is possible and provide features like automatic
cruise control—where a vehicle maintains a constant distance with respect to the car ahead of it,
essentially tracking the velocity of the car in front of it. Autonomous breaking and collision avoidance are
safety features that prevent accidents caused by driver inattention. These features work by observing the
area in front of a car and alerting the autonomous driving subsystems if obstacles are observed that are
likely to hit the car. Implementing these technologies require a variety of sensors to detect obstacles in the
environment and track their velocities and positions over time.

1.1 Why Radar?

Frequency-modulated continuous-wave (FMCW) radars allow the accurate measurement of distances and
relative velocities of obstacles and other vehicles; therefore, radars are useful for autonomous vehicular
applications (such as parking assist and lane change assist) and car safety applications (autonomous
breaking and collision avoidance). An important advantage of radars over camera and light-detection-and-
ranging (LIDAR)-based systems is that radars are relatively immune to environmental conditions (such as
the effects of rain, dust, and smoke). Because FMCW radars transmit a specific signal (called a chirp) and
process the reflections, they can work in complete darkness and also bright daylight (radars are not
affected by glare). When compared with ultrasound, radars typically have a much longer range and much
faster time of transit for their signals.

1.2 TI SRR Design

The TIDEP-0092 is an introductory application that is configured for short range applications (that is to
detect as many as 200 objects up to a distance of 80 m (260 feet) and track as many as 24 of them
travelling as fast as 90 kph, which is approximately 55 mph). In the short range application, the AWR1642
sensor is configured as a multi-mode radar, which means that it can simultaneously track objects at 80 m
while generating a rich point cloud of objects at 20 m, so that approaching vehicles and closer small
objects can be detected at the same time. This reference design can be used as a starting point to design
a standalone sensor for a variety of SRR automotive applications. A range of more than 80 m can be
achieved with the design of an antenna with higher gain than the one included in the AWR1642.

1.3 Key System Specifications

This reference design has two sets of specifications because the radar is used as a multi-mode radar. The
first specification is for the short range radar (SRR), which has a range of 80 m. The second specification
is for the ultra-short-range radar (USRR), which has an effective range of only 20 m.

表表 1. Key System Specifications

PARAMETER SPECIFICATIONS DETAILS

Maximum range 80 m (SRR), 2 0m (USRR) This represents the maximum distance that the radar can detect an object
representing an RCS of approximately 10 m2.

Range resolution 36.6 cm (SRR), 4.3 cm (USRR) Range resolution is the ability of a radar system to distinguish between
two or more targets on the same bearing but at different ranges.

Maximum velocity 90 kph (SRR), 36 kph (USRR)

This is the native maximum velocity obtained using a two-dimensional
FFT on the frame data. This specification will be improved over time by
showing how higher-level algorithms can extend the maximum
measurable velocity beyond this limit.

http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD36.pdf
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表表 1. Key System Specifications (continued)
PARAMETER SPECIFICATIONS DETAILS

Velocity resolution 0.52 m/s (SRR), 0.32 m/s (USRR)
This parameter represents the capability of the radar sensor to distinguish
between two or more objects at the same range but moving with different
velocities.

http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD36.pdf
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2 System Overview

2.1 Block Diagram

図図 1. SRR System Block Diagram

2.2 Highlighted Products

2.2.1 AWR1642 Single-Chip Radar Solution

The AWR1642 is an integrated single-chip, frequency modulated continuous wave (FMCW) sensor
capable of operation in the 76 to 81 GHz frequency band. The device is built with TI’s low-power, 45-nm
RFCMOS processor and enables unprecedented levels of analog and digital integration in an extremely
small form factor. The device has four receivers and two transmitters with a closed-loop phase-locked loop
(PLL) for precise and linear chirp synthesis. The sensor includes a built-in radio processor (BIST) for RF
calibration and safety monitoring. Based on complex baseband architecture, the sensor device supports
an IF bandwidth of 5 MHz with reconfigurable output sampling rates. The presence of ARM® Cortex® R4F
and Texas Instruments C674x Digital Signal Processor (DSP) (fixed and floating point) along with 1.5MB
of on-chip RAM enables high-level algorithm development.

http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD36.pdf
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2.2.2 AWR1642 Features

The AWR1642 has the following features:
1. AWR1642 radar device
2. Power management circuit to provide all the required supply rails from a single 5-V input
3. Two onboard TX antennas and four RX antennas
4. Onboard XDS110 that provides a JTAG interface, UART1 for loading the radar configuration on the

AWR1642 device, and UART2 to send the object data back to the PC

図図 2. AWR1642 Block Diagram

For more details on the hardware, see AWR1642 Evaluation Module (AWR1642BOOST) Single-Chip
mmWave Sensing Solution. The schematics and design database can be found in the following
documents: AWR1642 Evaluation Board Design Database and AWR1642BOOST Schematic, Assembly,
and BOM.

http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD36.pdf
http://www.ti.com/lit/pdf/SWRU508
http://www.ti.com/lit/pdf/SWRU508
http://www.ti.com/lit/pdf/SPRR261
http://www.ti.com/lit/pdf/SPRR251
http://www.ti.com/lit/pdf/SPRR251
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2.3 System Design Theory—Chirp Configuration

2.3.1 Antenna Configuration

The TIDEP-0092 uses four receivers and the two transmitters in two different chirp configurations. The
first configuration (SRR) uses a simple non-multiple-input and multiple-output (MIMO) configuration with
only TX1 transmitting. The second configuration (USRR) uses a time division multiplexed MIMO
configuration (that is, alternate chirps in a frame transmit on TX1 and TX2 respectively.). The MIMO
configuration synthesizes an array of eight virtual RX antennas, as shown in 図 3. This technique
improves the angle resolution by a factor of two (compared to a single TX configuration).

図図 3. MIMO Antenna Configuration

http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD36.pdf
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2.3.2 Chirp Configuration and System Performance

To achieve the specific SRR use case with a visibility range of approximately 80 m and memory
availability of AWR1642, the chirp configuration in 表 2 is used.

表表 2. Chirp Configuration

PARAMETER SPECIFICATIONS
Idle time (µs) 3 (SRR), 7 (USRR)

ADC start time (µs) 3 (SRR), 5 (USRR)
Ramp end time (µs) 56 (SRR), 87.3 (USRR)

Number of ADC samples 256 (SRR), 512 (USRR)
Frequency slope (MHz/µs) 8 (SRR), 42 (USRR)

ADC sampling frequency (ksps) 5000 (SRR), 6250 (USRR)
MIMO (1→yes) 0 (SRR), 1 (USRR)

Number of chirps per profile 128 (SRR), 64 (USRR)
Effective chirp time (usec) 51 (SRR), 82 (USRR)

Bandwidth (MHz) 409 (SRR), 3456 (USRR)
Frame length (ms) 7.3 (SRR), 6.03 (USRR)

Memory requirements (KB) 512 (SRR and USRR)

(1) Though not implemented in the current SRR design, note that there are several approaches that can improve the maximum detectable
velocity several multiples beyond this native maximum.

The 表 2 configuration is selected to achieve the system performance shown in 表 3. The primary goal
was to achieve a maximum distance of about 80 m. Note that the product of the frequency slope and the
maximum distance is limited by the available IF bandwidth (6.25 MHz for the AWR1642). Thus, a
maximum distance of 85 m locks down the frequency slope of the chirp to about 8 MHz/µs. See
Programming Chirp Parameters in TI Radar Devices for more details. The choice of the chirp periodicity is
a trade-off between range resolution and maximum velocity. This design uses a range-resolution of about
0.3 m, which leaves a native maximum velocity of about 55 kph (1) . For details on the connection between
the system performance and the chirp parameters, see Programming Chirp Parameters in TI Radar
Devices. Through high-level algorithms, the maximum unambiguous velocity that can be detected is
90 kph.

A larger maximum distance translates to a lower range resolution (due to limitations on both the L3
memory and the IF bandwidth). A useful technique to work around this trade-off is to have multiple
configurations with each tailored for a specific viewing range. For example, it is typical to have the SRR
radar alternate between two modes: a low resolution mode targeting a larger maximum distance (such as
85 m with 0.3-m resolution) and a high resolution mode targeting a shorter distance (such as 20 m with a
4-cm resolution). This multi-mode capability is implemented in the current SRR design.

表表 3. System Performance Parameters

PARAMETER SPECIFICATIONS
Range resolution (m) 0.36 (SRR), 0.043 (USRR)

Maximum distance (m) 80 (SRR), 20 (USRR)
Native maximum velocity (kph) 90 (SRR), 36 (USRR)

http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD36.pdf
http://www.ti.com/lit/pdf/SWRA553
http://www.ti.com/lit/pdf/SWRA553
http://www.ti.com/lit/pdf/SWRA553
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2.3.3 Configuration Profile

To meet the requirements for both USRR and SRR use cases, this reference design makes use of the
‘advanced frame config’ application programming interface (API) of the AWR1642 device. This API allows
the construction of a frame consisting of multiple subframes, with each subframe being tuned to a
particular application. Such a design is referred to as multi-mode radar. Each of these subframes tune to
one application. In the case of the SRR configuration, use two subframes. One subframe is dedicated to
the USRR context and the other to the SRR context.

The frame configuration utilizes the ‘advanced frame config’ API to generate two separate subframes: the
SRR subframe and the USRR subframe (with the subframes being named after their principle design
requirement). 図 4 shows the frame configuration.

図図 4. Frame Configuration

注注: The design uses a fixed profile and changing the parameters requires the user to update the
code. The main configuration header is /common/srr_config_consts.h. Find the SRR
configuration in /common/srr_config_chirp_design_SRR80.h and the USRR configuration is
available in /common/ srr_config_chirp_design_USRR20.h. The design (and intent) of the
two subframes are provided as follows.

• SRR subframe

This subframe consists of two kinds of chirps (fast chirps and slow chirps). Both fast and slow chirps
have the same slope; however, the slow chirp has a slightly higher ‘chirp repeat periodicity’ than the
fast chirp. As a result, the slow chirps (when processed after 2D fast-Fourier transform (FFT)) have a
lower maximum unambiguous velocity as compared to the fast chirps. Note that the fast and slow
chirps do not alternate; instead, the fast chirp is repeated a certain number of times, followed by the
slow chirp, which is again repeated an equal number of times.

The purpose of this chirp design is to use the two separate estimations of target velocity from the ‘fast
chirp’ and the ‘slow chirp’ along with the ‘Chinese remainder theorem’ to generate a consistent velocity
estimate with a much higher max-velocity limit.

• USRR subframe

This subframe consists of two alternating chirps. Each chirp utilizes one of the two Txs available on the
AWR1642 device. Combined processing of this subframe allows the generation of a virtual Rx array of
eight Rx antennas, which consequently has better angular resolution (approximately 14.3°) than the 4
Rx antenna array.

2.3.4 Data Path

The block diagram in 図 5 shows the processing data part to the SRR application.

http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD36.pdf
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図図 5. SRR Data Path or Processing Chain

http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD36.pdf
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2.3.5 Chirp Timing

図 6 shows the timing of the chirps and subsequent processing in the system.

図図 6. Top Level Data Path Timing

図 6 shows the data path processing, which is described as follows.

• The RF front end is configured by the BIST subsystem (BSS). The raw data obtained from the various
front end channels is taken by the C67x DSP subsystem (DSS) for processing.

• Processing during the chirps as seen in 図 6 consists of:

– 1D (range) FFT processing performed by the C674x that takes input from multiple receive antennae
from the ADC buffer for every chirp (corresponding to the chirping pattern on the transmit
antennae)

– Transferring transposed output into the L3 RAM by enhanced direct memory access (eDMA)

• Processing during the idle or cool down period of the RF circuitry following the chirps until the next
chirping period, shown as Inter frame processing time in 図 6. This processing consists of:

– 2D (velocity) FFT processing performed by C674x that takes input from 1D output in L3 RAM and
performs FFT to give a (range, velocity) matrix in the L3 RAM. The processing also includes the
CFAR detection in Doppler direction. CFAR detection in range direction uses the mmWave library.

– Peak grouping (for both Doppler and range) for the SRR subframe and Doppler for the USRR
subframe

– Direction of arrival (azimuth) estimation to map the X-Y location of object

– Additional pruning based on the SNR and the 2D-FFT magnitude of the object to avoid ground
clutter

– Clustering of detected objects using the dBScan algorithm for both SRR and USRR

– Tracking of clusters using an extended Kalman filter for the SRR

For more details on the application flow and processing, see mmWave SDK User's Guide.

Clustering

Clustering is performed using the dBscan algorithm [9] which is applied on the detected objects of both the
SRR and the USRR subframes. The output of the clustering algorithm is the mean location of a cluster
and its dimensions (assuming the cluster is a rectangle).

http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD36.pdf
http://www.ti.com/tool/mmwave-sdk
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For the USRR subframe, the clustering output is sent as is to the graphical user interface (GUI). USRR
clusters allow the grouping of dense point clouds to rectangles. In cross-traffic scenarios, these clusters
can be used to identify vehicles crossing the field of vision (FoV) of the radar.

For the SRR algorithm, the clustering output is used as the basis for the input to the tracking algorithm.
The strongest object in the cluster is provided as the representative object to the tracking algorithm. The
intention here is essentially reduce the number of objects provided to the tracking algorithm and introduce
hysteresis, so that the trackers only track strong reflectors, and do not switch between adjacent reflectors.

Tracking

The tracker is a fairly standard Extended Kalman Filter (EKF with four states [x, y, vx, vv] and three inputs
[r, v, sin(θ)] or range, relative velocity, and sin of the azimuth). Compute the associated variances for the
inputs using the associated signal-to-noise ratio (SNR) for each input. Use the Cramer-Rao lower bound
(CRLB) formula for frequency variance to convert the SNR to a variance. The variance is lower-bounded
by the resolution of the various inputs.

While the tracker is quite standard for an EKF, there are two functions in the tracker that can be modified
based on the requirements. The first is the ‘track initialization function’ (initNewTracker), where the initial
parameters of the track are populated. In the SRR design, the assumption is that the velocity of the object
is only along the longitudinal axis. In other words, a vehicle with a relative velocity v is assumed to be
travelling towards the radar with vx = 0 , and vv = v , which works well in long-range highway traffic, but is
less effective in cross-traffic situations.

The second function is the ‘data association function’ (isTargetWithinDataAssociationThresh), which
associates new measurements with existing tracks. Association essentially requires assumptions on the
movement of objects in the scene, including maximum velocities, directions of motion, accelerations when
close to the radar, and so forth.

eDMA configuration

Large-scale data movement between memories is accomplished in both the out-of-box (OOB) demo of the
mmWave SDK and the SRR using the eDMA. Using the eDMA is more efficient than using the processor
to move data because, while the data movement is being completed, the DSP can continue to process
data. The major data transfers necessary in the OOB demo include:

• Movement of ADC data from the ADC buffer to the DSP L2/L1 memory

• Movement of 1D-FFT data from the DSP L1/L2 memory to the L3 memory to form the ‘radarcube
matrix’

• Fetching the 1D-FFT data from L3 to do 2D FFT

• Movement of the ‘sumAbs’ array from the L2/L1 to L3 to form the detection matrix

• Movement of slices of the detection matrix in L3 to L2/L1 to do detection

• Movement of 1D-FFT data from L3 to do angle estimation (after 2D-DFT)

Most of the eDMAs work on a ping-pong buffer, which means that as the ping buffer is being filled, the
pong buffer can be used by the DSP for processing. The eDMA configuration in the SRR demo is very
similar to the eDMA configuration on the OOB demo. The differences relate to the processing of two
different subframes, and the processing of the SRR subframe.

http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD36.pdf
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In order to process the two different subframes, the SRR demo simply doubles the number of number of
assigned eDMAs so that each subframe has its own subset of eDMAs to perform the necessary transfers.
This method will not scale as the number of subframes increase, and it is recommended that if more than
3 subframes are to be programmed, then one should reprogram the eDMAs after a frame is processed (as
is done in the OOB demo).

To process the ‘max velocity enhancement’ subframe, the eDMAs listed as 2, 3, and 6 must be changed,
so that they transfer twice as many chirps.

Memory allocation

The AWR1642 (PG 2.0) has the following memories on the DSP.
1. L3 RAM of 768kB (PG 1.0 has 640 kB)
2. L2 RAM of 256kB
3. L1 RAM of 32kB each

The R4F has 512kB of code and data RAM. In the SRR design, the R4F is used only for configuration and
for the universal asynchronous receiver/transmitter (UART) or loop-voltage differential-signaling (LVDS)
communication. The RF4 memory consumption and allocation are not of any concern to the design. The
DSP, therefore, is the main consumer of memory, for which the allocations are discussed below.

Of the 32KB for the available L1P RAM and L1D RAM, half (16kB) of the L1P RAM and half (16kB) of the
L1D RAM are reserved for code and data storage. The remaining are used as cache. The code stored in
L1P is typically algorithms like the FFTs or the CFAR, or some of the kernels of more complex algorithms
like clustering and tracking. Storing these in L1 allows faster execution of these kernels as well as saving
some space (in the case of this design, approximately 16kB) in the remaining memories. The L1D is used
as fast RAM for certain commonly-used buffers.

L2 RAM is used for code-storage as well as scratch buffers and state information for the different
algorithms, as well as the configuration information of the SRR. The scratch buffer is 49KB, of which about
20kB is free. Additionally, the L2 has approximately 70kB free. Therefore, In total. there is approximately
90kB available in L2 for the code and data.

L3 RAM is used for storing the ‘Radar cube’ as well as the ‘Detection Matrix’. Some single-use
initialization code is also stored in L3. When the code is used, L3 is cleared. The radar cube consumes
512kB and the detection matrix takes 32kB. The free space in L3 is approximately 224kB.

Processing radar signals require a large number of scratch buffers for each step each of the processing
stages whether that be 1D-FFT, 2D-FFT, 3D-FFT, detection, angle estimation, or so forth. Efficiently using
the 1.0MB available is important and is aided by the fact that the memory assigned to a scratch buffer
used in a previous stage can be re-used in the current stage. In other words, memory locations can be
overlaid for efficient memory utilization.

There are two subframes per frame, and both subframes are processed separately and in sequence;
therefore, nearly every scratch buffer memory location can be overlaid between the two. The creation of
the scratch buffer pointers for the two subframes is done in MmwDemo_dataPathConfigBuffers.

mmWave configuration: minimal mode with isolation

In contrast to the OOB demo, where the mmWave module runs in both DSS and MSS and maintains
synchronization between them, in the SRR design, mmWave is configured to run in ‘minimal mode with
Isolation’ on the master subsystem (MSS) only. The DSS does not include the mmWave or the
mmWavelink modules.

http://www.tij.co.jp
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注注: The mmWave API is a set of high-level APIs used to program the radar and the mmWavelink
is a set of lower-level APIs that are used to program the radar. For further detail, see
AWR1642 mmWave sensor: 76–81-GHz radar-on-chip for short-range radar applications.

What this configuration means is that the MSS and the DSS exist as separate processors communicating
only through explicit calls by their applications. Information of the fixed-chirp configuration used by the
SRR is stored in srr\common\srr_config_consts.h and is used by both the MSS (to program the radar) and
by the DSS (to process the radar signals). The DSS is then only capable of processing the radar signals
(but unable to control the radar). The MSS is solely responsible for configuring the chirp and starting the
sensor.

This divison of labor between the two processor necessitates that the chirp configuration must be known
in advance and cannot be changed on the fly. However, this restriction is not absolute and it is possible to
use the mailbox to convey messages from the MSS to the DSS for minor variations of the chirp
configuration, which will be demonstrated in a forthcoming update to the reference design.

http://www.tij.co.jp
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Maximum velocity disambiguation in SRR subframe

The SRR subframe achieves a maximum unambiguous velocity of 90 kph by using signal processing
techniques that help disambiguate velocity. This method works by using two different estimates of velocity
from the two kinds of chirps (‘fast chirps’ and ‘slow chirps’) transmitted in the SRR subframe. If the two
velocity estimates do not agree, then velocity disambiguation is necessary. To disambiguate, it is
necessary to rationalize the two velocity measurements and find out the disambiguation factor, k. If the
native maximum unambiguous velocity of the 'fast chirp' is vf , and that of the 'slow chirp' is vs, then after
the disambiguation process, the disambiguated velocity would be 2kvf + v, where v is the native estimated
velocity from the ‘fast chirps’.

The disambiguation process works by using the 'fast chirp' velocity to compute different disambiguated
velocity hypotheses. This computation works by taking the 'fast chirp' velocity and adding 2kvf, where
k ∈ {–1,0,1} (an unwrapping process on the velocity estimate). These hypotheses are then converted to
indices of the 'slow chirp' by finding the equivalent estimated velocities in the 'slow chirp' configuration
(essentially, undoing the unwrapping using vs as the maximum unambiguous velocity).

If the index corresponding to one of the hypotheses has significant energy, then that hypothesis is
considered to be valid. Disambiguation of up to 3x of the naive max-velocity is possible with this method;
however, testing has only been done up to 90 kph.

http://www.tij.co.jp
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3 Hardware, Software, Testing Requirements, and Test Results

3.1 Required Hardware and Software

The AWR1642 BoosterPack™ from Texas Instruments is an easy-to-use evaluation board for the
AWR1642 mmWave sensing devices.

The short-range radar application runs on the AWR1642 EVM and connects to a visualization tool running
on a PC connected to the EVM over USB.

For details regarding usage of this board, see AWR1642 Evaluation Module (AWR1642BOOST) Single-
Chip mmWave Sensing Solution.

For details regarding the visualization tool, see mmWave SDK User's Guide.

3.1.1 Hardware

The AWR1642 core design includes:

• AWR1642 device: A single-chip, 77-GHz radar device with an integrated DSP

• Power management network using a low-dropout linear regulator (LDO) and power management
integrated circuit (PMIC) DC/DC supply (TPS7A88, TPS7A8101-Q1, and LP87524B-Q1)

• The EVM also hosts a device to assist with onboard emulation and UART emulation over a USB link
with the PC

3.1.2 Software and GUI

The associated software is hosted as the mmWave Demo in mmWave SDK distribution.

The GUI for the SRR TI design is located in the
\ti\mmwave_sdk_01_01_00_02\packages\ti\demo\xwr16xx\gui path and is written in the Matlab
programming language. As such, the GUI requires a specific Matlab runtime engine (v8.5.1 32-bit) to
properly install. The executable provided only works in a Windows operating system.

The first tab allows the user to configure the demo (see 図 7). In the first tab (UART port options), UART
ports can be configured (based on the device manager settings). If the radar is already running, there is
no need to load the configuration, so the ‘reload configuration’ is not necessary when restarting the GUI;
otherwise, set it to start the radar.

The second tab configures the ranges on the GUI. Note that it only configures the GUI and not the radar.

The final tab has a list of record and replay options that allow the user to record and then replay UART
recordings.

http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD36.pdf
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図図 7. GUI Configuration

The default GUI starts as soon as the user presses the OK button. See 図 8 for a screenshot of the GUI
with the different components labelled.

図図 8. GUI

http://www.tij.co.jp
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The Matlab GUI consists of five components.

• X-Y scatter plot – Displays the positions of the point clouds, the tracks, and the cluster.

• Doppler range plot – Displays the Doppler-range coordinates of the point cloud and the clusters.

• Frame parameters – Displays the (fixed) parameters of the SRR reference design.

• Legend – Description of the different kinds of points being displayed on the screen.

• Display options – The features of the SRR reference design can make the display crowded and
sometimes difficult to understand. As such, different types of the point cloud can be enabled and
disabled at the user's discretion during demonstration. For example, during long stretches of open
highway, the user may only need to see the trackers. In heavy traffic, the USRR cloud makes more
sense. In cases where there is cross traffic, the cluster output generates a better display of the traffic
crossing over. In general, TI recommends to leave on the trackers and the parking grid.

3.2 Testing and Results

3.2.1 Test Setup

表 4 summarizes the time complexity of key building blocks in the processing chain (running on a C674x
DSP hosted in the AWR1642).

表表 4. Software Algorithm Processing Characteristics

ALGORITHM CYCLES TIMING (AT 600 MHz) SOURCE AND FUNCTION NAME
128-point FFT (16 bit) 516 0.86 µs DSPLIB (DSP_fft16x16)
256-point FFT (16 bit) 932 1.55 µs DSPLIB (DSP_fft16x16)
128-point FFT (32 bit) 956 1.59 µs DSPLIB (DSP_fft32x32)

Windowing (16 bit) 0.595N + 70 0.37 µs (for N=256) mmwavelib
(mmwavelib_windowing16x16)

Windowing (32 bit) N + 67 0.32 µs (for N=128) mmwavelib
(mmwavelib_windowing16x32)

Log2abs (16 bit) 1.8N + 75 0.89 µs (for N=256) mmwavelib (mmwavelib_log2Abs16)
Log2abs (32 bit) 3.5N + 68 0.86 µs (for N=128) mmwavelib (mmwavelib_log2Abs32)
CFAR-CA detection 3N + 161 0.91 µs mmwavelib (mmwavelib_cfarCadB)
Max of a vector of length 256 70 0.12 µs DSPLIB (DSP_maxval)
Sum of complex vector of
length 256(16 bit I,Q) 169 0.28 µs —

Multiply two complex vectors of
length 256 (16 bit) 265 0.44 µs —

This system was used in field tests and a few observations are shown in 3.2.2, where a small car is
continuously visible up to 80 m of distance and a motorcycle is detected up to 50-m away.

http://www.tij.co.jp
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3.2.2 Test Results

The following results were obtained by performing field tests on the SRR system where a single small
vehicle and motorcycle were driven away from the system while the results were being logged.

The second test involved driving on a highway and observing the max-velocity improvement. Natively, the
SRR chirp supports a maximum velocity of 55 kph; however, in the test below, observe that it is able to
track cars traveling as fast as 100 kph.

図図 9. Tracking a Car at 80 m on Highway

図図 10. Max Velocity Test (Tracking a Vehicle Moving at 100 kph)

http://www.tij.co.jp
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4 Software Files

To download the software files, see the design files at TIDEP-0092.

5 Related Documentation

1. Texas Instruments, AWR1642 Evaluation Module (AWR1642BOOST) Single-Chip mmWave Sensing
Solution

2. Texas Instruments, Programming Chirp Parameters in TI Radar Devices
3. Texas Instruments, AWR1642 Single-Chip 77- and 79-GHz FMCW Radar Sensor
4. Texas Instruments, AR14xx/16xx Technical Reference Manual
5. Texas Instruments, AWR1642 Evaluation Board Design Database
6. Texas Instruments, AWR1642BOOST Schematic, Assembly, and BOM
7. Texas Instruments, mmWave SDK User's Guide
8. Texas Instruments, AWR1642 mmWave sensor: 76–81-GHz radar-on-chip for short-range radar

applications

5.1 商商標標

BoosterPack is a trademark of Texas Instruments, Inc..
ARM, Cortex are registered trademarks of ARM Limited.
すべての商標および登録商標はそれぞれの所有者に帰属します。
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for the radar processing chain. Anil has been with TI since 2008 and has been involved in the design of
various products related to wireless communication.

http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD36.pdf
http://www.ti.com/tool/TIDEP-0092
http://www.ti.com/lit/pdf/SWRU508
http://www.ti.com/lit/pdf/SWRU508
http://www.ti.com/lit/pdf/SWRA553
http://www.ti.com/lit/pdf/SWRS203
http://www.ti.com/lit/pdf/SWRU520
http://www.ti.com/lit/pdf/SPRR261
http://www.ti.com/lit/pdf/SPRR251
http://www.ti.com/tool/mmwave-sdk
http://www.ti.com/lit/pdf/SPYY006
http://www.ti.com/lit/pdf/SPYY006


リビジョンBの改訂履歴 www.tij.co.jp

20 JAJU300B–April 2017–Revised January 2018

TIDUD36 翻訳版 — 最新の英語版資料 http://www-s.ti.com/sc/techlit/TIDUD36
Copyright © 2017–2018, Texas Instruments Incorporated

Revision History

リリビビジジョョンンBのの改改訂訂履履歴歴
資料番号末尾の英字は改訂を表しています。その改訂履歴は英語版に準じています。

Revision A (May 2017) かからら Revision B にに変変更更 ................................................................................................................. Page

• 「特長」の下にある一覧項目から「オートバイ」を削除、「トラック」を追加 ................................................................. 1
• 「特長」に文章「距離20mの物体は4.3cmの分解能で検出可能」を追加................................................................ 1
• 「特長」に項目を追加: 「検出した物体のクラスタ化と追跡」 追加 ........................................................................ 1
• more specific details and values regarding the TI SRR design in 1.2 追加....................................................... 2
• Updated values and added specifications for both SRR and USRR in Key System Specifications ........................... 2
• Updated values and added specifications for both SRR and USRR in 表 2 ...................................................... 7
• stated primary goal of a maximum distance from 85 m to 80 m 変更.............................................................. 7
• stated available IF bandwidth from 5 MHz to 6.25 MHz for the AWR1642 変更 ................................................. 7
• the stated native maximum velocity of 30 mph to 55 kph 変更 ..................................................................... 7
• the stated maximum unambiguous velocity for detection from 90 mph to 90 kph 変更.......................................... 7
• Updated to specify that multi-mode capability has (since release) been implemented in the SRR design ................... 7
• Updated values and added specifications for both SRR and USRR in 表 3 ...................................................... 7
• Updated all content in 2.3.3; added 図 4 .............................................................................................. 8
• details to 'Peak grouping' list item: (for both Doppler and range) for the SRR subframe and the Doppler for the USRR

subframe 追加 ............................................................................................................................ 10
• content for "Clustering" 追加 ........................................................................................................... 10
• content to "Tracking" 追加 .............................................................................................................. 11
• content for "eDMA configuration" 追加................................................................................................ 11
• content for "Memory allocation" 追加.................................................................................................. 12
• content for "mmWave configuration: minimal mode with isolation" 追加 ......................................................... 12
• content for "Maximum velocity disambiguation in SRR subframe" 追加.......................................................... 14
• Updated 3.1.2 title to Software and GUI and added content addressing the GUI.............................................. 15
• 図 7 追加 .................................................................................................................................. 16
• 図 8 追加 .................................................................................................................................. 16
• Updated 図 9 ............................................................................................................................. 18
• Updated 図 10............................................................................................................................ 18

http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD36.pdf


www.tij.co.jp リビジョンAの改訂履歴

21JAJU300B–April 2017–Revised January 2018

TIDUD36 翻訳版 — 最新の英語版資料 http://www-s.ti.com/sc/techlit/TIDUD36
Copyright © 2017–2018, Texas Instruments Incorporated

Revision History

リリビビジジョョンンAのの改改訂訂履履歴歴

2017年年4月月発発行行ののももののかからら更更新新 ............................................................................................................................................... Page

• 5 変更..................................................................................................................................... 19

http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD36.pdf


TIのの設設計計情情報報おおよよびびリリソソーーススにに関関すするる重重要要なな注注意意事事項項

Texas Instruments Incorporated ("TI")の技術、アプリケーションその他設計に関する助言、サービスまたは情報は、TI製品を組み込んだア
プリケーションを開発する設計者に役立つことを目的として提供するものです。これにはリファレンス設計や、評価モジュールに関係する
資料が含まれますが、これらに限られません。以下、これらを総称して「TIリソース」と呼びます。いかなる方法であっても、TIリソース
のいずれかをダウンロード、アクセス、または使用した場合、お客様(個人、または会社を代表している場合にはお客様の会社)は、これら
のリソースをここに記載された目的にのみ使用し、この注意事項の条項に従うことに合意したものとします。
TIによるTIリソースの提供は、TI製品に対する該当の発行済み保証事項または免責事項を拡張またはいかなる形でも変更するものではな
く、これらのTIリソースを提供することによって、TIにはいかなる追加義務も責任も発生しないものとします。TIは、自社のTIリソースに
訂正、拡張、改良、およびその他の変更を加える権利を留保します。
お客様は、自らのアプリケーションの設計において、ご自身が独自に分析、評価、判断を行う責任がお客様にあり、お客様のアプリケー
ション(および、お客様のアプリケーションに使用されるすべてのTI製品)の安全性、および該当するすべての規制、法、その他適用される
要件への遵守を保証するすべての責任をお客様のみが負うことを理解し、合意するものとします。お客様は、自身のアプリケーションに関
して、(1) 故障による危険な結果を予測し、(2) 障害とその結果を監視し、および、(3) 損害を引き起こす障害の可能性を減らし、適切な対
策を行う目的での、安全策を開発し実装するために必要な、すべての技術を保持していることを表明するものとします。お客様は、TI製品
を含むアプリケーションを使用または配布する前に、それらのアプリケーション、およびアプリケーションに使用されているTI製品の機能
性を完全にテストすることに合意するものとします。TIは、特定のTIリソース用に発行されたドキュメントで明示的に記載されているもの
以外のテストを実行していません。
お客様は、個別のTIリソースにつき、当該TIリソースに記載されているTI製品を含むアプリケーションの開発に関連する目的でのみ、使
用、コピー、変更することが許可されています。明示的または黙示的を問わず、禁反言の法理その他どのような理由でも、他のTIの知的所
有権に対するその他のライセンスは付与されません。また、TIまたは他のいかなる第三者のテクノロジまたは知的所有権についても、いか
なるライセンスも付与されるものではありません。付与されないものには、TI製品またはサービスが使用される組み合わせ、機械、プロセ
スに関連する特許権、著作権、回路配置利用権、その他の知的所有権が含まれますが、これらに限られません。第三者の製品やサービスに
関する、またはそれらを参照する情報は、そのような製品またはサービスを利用するライセンスを構成するものではなく、それらに対する
保証または推奨を意味するものでもありません。TIリソースを使用するため、第三者の特許または他の知的所有権に基づく第三者からのラ
イセンス、もしくは、TIの特許または他の知的所有権に基づくTIからのライセンスが必要な場合があります。
TIのリソースは、それに含まれるあらゆる欠陥も含めて、「現状のまま」提供されます。TIは、TIリソースまたはその仕様に関して、明示
的か暗黙的かにかかわらず、他のいかなる保証または表明も行いません。これには、正確性または完全性、権原、続発性の障害に関する保
証、および商品性、特定目的への適合性、第三者の知的所有権の非侵害に対する黙示の保証が含まれますが、これらに限られません。
TIは、いかなる苦情に対しても、お客様への弁護または補償を行う義務はなく、行わないものとします。これには、任意の製品の組み合わ
せに関連する、またはそれらに基づく侵害の請求も含まれますが、これらに限られず、またその事実についてTIリソースまたは他の場所に
記載されているか否かを問わないものとします。いかなる場合も、TIリソースまたはその使用に関連して、またはそれらにより発生した、
実際的、直接的、特別、付随的、間接的、懲罰的、偶発的、または、結果的な損害について、そのような損害の可能性についてTIが知らさ
れていたかどうかにかかわらず、TIは責任を負わないものとします。
お客様は、この注意事項の条件および条項に従わなかったために発生した、いかなる損害、コスト、損失、責任からも、TIおよびその代表
者を完全に免責するものとします。
この注意事項はTIリソースに適用されます。特定の種類の資料、TI製品、およびサービスの使用および購入については、追加条項が適用さ
れます。これには、半導体製品(http://www.ti.com/sc/docs/stdterms.htm)、評価モジュール、およびサンプル(http:/
/www.ti.com/sc/docs/sampterms.htm)についてのTIの標準条項が含まれますが、これらに限られません。
IMPORTANT NOTICE

Copyright © 2018, Texas Instruments Incorporated
日本語版 日本テキサス・インスツルメンツ株式会社

http://www.ti.com/sc/docs/stdterms.htm
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/sc/docs/sampterms.htm
http://www.ti.com/sc/docs/sampterms.htm

	AWR1642を使用した短距離レーダーのリファレンス・デザイン
	1 System Description
	1.1 Why Radar?
	1.2 TI SRR Design
	1.3 Key System Specifications

	2 System Overview
	2.1 Block Diagram
	2.2 Highlighted Products
	2.2.1 AWR1642 Single-Chip Radar Solution
	2.2.2 AWR1642 Features

	2.3 System Design Theory—Chirp Configuration
	2.3.1 Antenna Configuration
	2.3.2 Chirp Configuration and System Performance
	2.3.3 Configuration Profile
	2.3.4 Data Path
	2.3.5 Chirp Timing


	3 Hardware, Software, Testing Requirements, and Test Results
	3.1 Required Hardware and Software
	3.1.1 Hardware
	3.1.2 Software and GUI

	3.2 Testing and Results
	3.2.1 Test Setup
	3.2.2 Test Results


	4 Software Files
	5 Related Documentation
	5.1 商標

	6 About the Author

	リビジョンBの改訂履歴
	リビジョンAの改訂履歴
	Important Notice

