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设设计计指指南南：：TIDEP-01010
使使用用具具有有集集成成封封装装天天线线的的毫毫米米波波传传感感器器的的区区域域扫扫描描仪仪参参考考设设计计

说说明明

TIDEP-01010 利用 TI 的单芯片毫米波 (mmWave) 技术

实现可在 3D 空间中进行检测和定位的区域扫描仪。毫

米波传感技术 对部署在 工业设施上的应用至关重要，

它在高温、高湿、灰尘多和照明条件差的情况下具备得

天独厚的可靠性。

此参考设计采用 IWR6843 毫米波传感器，并在器件中

集成了完整的雷达处理链。该处理链包含模拟雷达配

置、模数转换器 (ADC) 捕捉、低级 FFT 和信号处理。

该参考设计构建在 TI 毫米波 SDK 基础之上，用于实现

集中的软件体验，其中包括用于评估、开发和数据可视

化的 API、库和工具 。可使用 IWR6843ISK 或

IWR6843AOPEVM 评估模块对该参考设计进行评估。

具有 IWR6843 封装天线的毫米波传感器能降低设计和

制造成本，简化系统设计，使传感器尺寸更小并最终缩

短上市时间。

资资源源

TIDEP-01010 设计文件夹

IWR6843AOPEVM 工具文件夹

IWR6843ISK 工具文件夹

MMWAVEICBOOST 工具文件夹

IWR6843 产品文件夹

毫米波 SDK 工具文件夹

咨询我们的 E2E™ 专家

特特性性

• 演示了采用 TI 单芯片毫米波传感器的环境稳定型区

域扫描仪

• 可在 3D 空间中进行人员和物体检测与定位

• 使用了单一器件，支持以下检测范围：

– 距离为 0m 至 10m

– 使用 IWR6843ISK 时视场 (FOV) 方位角高达

120°

– 使用 IWR6843AOP 时 FOV 方位角和仰角均为

130°

• 引用根据毫米波软件开发套件 (SDK) 提供的处理链

源代码

• 基于成熟的 EVM 硬件设计，可缩短上市时间并支持

开箱即用演示

应应用用

• 区域扫描仪安全防护装置

• 接近传感器

• 光幕安全防护装置

http://www-s.ti.com/sc/techlit/TIDUEI1.pdf
http://www.ti.com.cn/tool/cn/TIDEP-01010
http://www.ti.com.cn/tool/cn/IWR6843AOPEVM
http://www.ti.com.cn/tool/cn/IWR6843ISK
http://www.ti.com.cn/tool/cn/MMWAVEICBOOST
http://www.ti.com.cn/product/cn/IWR6843
http://www.ti.com.cn/tool/cn/mmwave-sdk
http://e2echina.ti.com
http://e2e.ti.com/support/applications/ti_designs/
http://www.ti.com.cn/solution/cn/area_scanner_safety_guard
http://www.ti.com.cn/solution/cn/proximity_sensor
http://www.ti.com.cn/solution/cn/light_curtain_safety_guard
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该 TI 参考设计末尾的重要声明表述了授权使用、知识产权问题和其他重要的免责声明和信息。

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEI1.pdf
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1 System Description

The TIDEP-01010 provides a reference for creating a area scanner or safety guard application using TI’s
IWR6843, based on 60-GHz mmWave radio-frequency complementary metal-oxide semiconductor (RF-
CMOS) technology. Frequency-modulated continuous-wave (FMCW) radars enable accurate
measurement of distances and relative velocities. Thus, radars are useful for detection of occupancy and
whether an object or person has entered a space of interest.

In area scanner or light curtain safety-guard applications, where it is important to have precisely defined
"keep-out" zones, the ability of radar to accurately localize detected objects can be used to implement
multiple detection zones and trigger corresponding responses. A single radar deployed to equipment with
a critical "keep-out" perimeter could implement a multi-stage response, so that when an object or person
first approaches the perimeter, a moderate warning flag is raised. Then, if the perimeter is breached, a
critical response is triggered.

With the widespread growth of factory automation, there is a greater need for smarter incident
management solutions that can detect the movement of people and objects around heavy machinery while
maintaining productivity. Using TI's 60-GHz mmWave sensors, both presence detection and the ability to
gauge the object's trajectory and speed are enabled. Thus, a system can be created that can dynamically
adjust the safety zone's size depending on the object's speed of approach, alert before a safety zone is
breached while also ignoring objects whose trajectory is not towards the zone.

An important advantage of radars over camera and light-detection-and-ranging (LIDAR)-based systems is
that radars are relatively immune to challenging environmental conditions common in industrial facilities
such as dustsmoke. Because FMCW radars transmit a specific signal (called a chirp) and process the
reflections, they can work in both complete darkness and bright daylight (radars are not affected by glare).
When compared with ultrasound, radars typically have a much longer range and faster transit time for their
signals.

The IWR6843AOP variant features a short-range, wide field of view antenna-on-package (AOP), achieving
unprecedented levels of integration in an extremely small form factor.

The AoP sensor design addresses three main challenges for robotics or factory automation:

• Wide 3D coverage with a single sensor: The AoP antenna’s wide FoV configuration provides a 130-
degree view in the azimuth and elevation, which provides true 3D sensing enabling detection of the
object height and filtering out ground clutter. This maximizes a sensor’s accuracy and measurement
performance. The wide azimuth area coverage reduces the number of sensors used for area scanning
and hence reduces overall system cost.

• Small form factor: The smaller form factor of AoP sensors means that they can fit into smaller
enclosures, which is important for sleek, small autonomous robot designs such as autonomous guided
vehicles, delivery robots, and smaller robotic arms in factories for sense-and-avoid applications.

• Fast time to market: By eliminating expensive PCB substrates and RF expertise, AoP sensors simplify
the design and manufacturing process, enabling in-house designs and reducing time to market.

1.1 Key System Specifications

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEI1.pdf
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表表 1. Key System Specifications

PARAMETER SPECIFICATIONS DETAILS

Field of view (FOV)

IWR6843 ISK: 120°
azimuth, 40° elevation

The field of view of the sensor is determined by the antenna design of
the EVM. Both EVMs enable a 3D point cloud with elevation

information with the IWR6843ISK featuring greater azimuth resolution
while the IWR6843AOP features wider, symmetrical FOV in azimuth

and elevation.
IWR6843 AOP: 130°
azimuth, 130° elevation

Frame rate 10 Hz This parameter defines the data output and visualizer update rate.

Maximum range 12.79 m

The maximum range is defined by the radar chirp characteristics, and
can be configured to suit application requirements. The maximum

range defined for this reference design is with respect to the
dimensions of the testing site.

Range resolution 0.125 m 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 (m/s) 1.6 m/s
This is the native maximum velocity obtained using a two-dimensional

FFT on the frame data. Additional processing that can extend the
maximum trackable velocity by 3x the chirp maximum velocity

Velocity resolution 0.05 m/s This parameter represents the capability of the radar sensor to
distinguish between two or more objects at the same range that are

moving with different velocities.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEI1.pdf
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2 System Overview

2.1 Block Diagram

图图 1. Area Scanner Using mmWave System Block Diagram

2.2 Highlighted Products

This reference design can be implemented using either the IWR6843ISK or IWR6843AOP EVM. Using
either EVM, objects within the sensor's field of view are detected and represented as 3D point clouds.
Each point within the point cloud has an X, Y, and Z location coordinate as well as associated doppler and
SNR information.

2.2.1 IWR6843ISK or IWR6843AoP EVM

The IWR6843ISK andIWR6843AOPEVM are both easy-to-use evaluation module for the IWR6843
mmWave sensing device. The IWR6843 family of single-chip device features a 60-GHz mmWave Radar
transceiver, on-chip C67x DSP core and low-power ARM R4F controllers. For the IWR6843ISK variant,
antennas are etched on the PCB while the IWR6843AOP variant integrates the 4 receiver and 3
transmitter antennas on the device package.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEI1.pdf
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图图 2. IWR6843ISK + MMWAVEICVBOOST

图图 3. IWR6843AOPEVM

2.2.1.1 Key Features of IWR6843

• FMCW transceiver:

– Integrated PLL, transmitter, receiver, baseband, and A2D

– 60- to 64-GHz coverage with 4-GHz continuous bandwidth

– Four receive channels

– Three transmit channels

– Option for integration of 4 receiver and 3 transmitter antenna-on-package (AOP)

– Ultra-accurate chirp engine based on Fractional-N PLL

– TX power: 10 dBm

– RX noise figure: 14 dB

– Phase noise at 1 MHz: -92 dBc/Hz

• Built-in calibration and self-test:

– Arm® Cortex®-R4F-Based Radio Control System (RCS)

– Built-in firmware (ROM)

– Self-calibrating system across frequency and temperature

• On-Chip programmable core for embedded-user application:

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEI1.pdf
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– Integrated Arm® Cortex®-R4F Microcontroller clocked at 200 MHz

– On-Chip Bootloader supports Autonomous mode (Loading User application from QSPI Flash
memory)

• Integrated peripherals:

– Internal Memories With ECC

– ARM-R4F microcontroller for object detection, and interface control

• Supports autonomous mode (loading user application from QSPI flash memory)

– Radar Hardware Accelerator (FFT, Filtering, and CFAR processing)

– C674x DSP for advanced signal processing (IWR6843 or IWR6843 AOP only)

– I2C

– Two SPI ports

– CAN-FD interface

– Up to six general-purpose ADC ports

2.2.2 MMWAVEICBOOST

The MMWAVEICBOOST is an add-on board used with TI's mmWave sensor in all Starter Kits, to provide
more interfaces and PC connectivity to the mmWave sensors. The MMWAVEICBOOST board provides an
interface for the mmWave Studio tool to configure the radar device and capture the raw analog-to-digital
converter (ADC) data using a capture board, such as the DCA1000 evaluation module (EVM). It also
provides an interface to the MSP43xx boards through 40-pin LaunchPad™ / BoosterPack™ connectors.

2.3 System Design Theory

2.3.1 Operation

The IWR6843 is loaded with a flashed image that, when booted and initialized, receives a chirp
configuration specified using the area scanner visualizer. In the area scanner visualizer, the location and
dimension of the zones to monitor are set as well as other visualization properties. Then, using the
visualizer, the chirp configuration is loaded and sent to the sensor to start monitoring the area of interest
for zone occupancy.

The strongest reflections reported by the radar device are reported as detected objects to the host PC
through the UART. The detected objects collectively form a point cloud representation of the scene as
seen by the sensor. If an object generates a point cloud of at least 15 points within an area, the area is
considered breached and the visualizer updates to highlight the occupied area.

2.3.2 Use Case Considerations

This reference design is intended to demonstrate the detection of people or objects moving into a zone for
an indoor environment. Given this use case, the system implements static clutter removal so that other
permanent fixtures in the scene, such as walls, do not trigger a zone occupancy detection. The use case
drove the design of the chirp configuration in with primary considerations being achieving high doppler
resolution with sufficient range resolution and maximum velocity for localizing and tracking human
movement, including walking.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEI1.pdf
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表表 2. Chirp Configuration

KEY INPUT PARAMETERS
Antenna pattern Three Tx, Four Rx
Maximum range 12.79 m
Range resolution 12.5 cm
Maximum velocity 1.6 m/s
Velocity resolution 0.05 m/s
Frame duration 100 ms

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEI1.pdf
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3 Hardware, Software, Testing Requirements, and Test Results

3.1 Required Hardware and Software

3.1.1 Hardware

• One of the following mmWave EVM options:

– IWR6843ISK and MMWAVEICBOOST Boards

– IWR6843AOP EVM and optionally, MMWAVEICBOOST for debugging

• If using MMWAVEICBOOST, a 5-V, 3.0-A power supply

• A PC for Code Composer Studio™ (CCS) and the demonstration UART terminal

3.1.2 Software

For this reference design, software is provided for the IWR6843 device and the host PC.

The software required for the target IWR6843:

• Latest mmWave SDK. The SDK automatically installs the required component versions. These
components are listed in the SDK's release notes in the /docs folder of the software package. Install
the SDK and all required components before installing and building the demonstration source.

• Code Composer Studio (CCS). See the SDK release notes for the required version.

• Latest mmWave Industrial Toolbox. Using CCS, access and install the mmWave Industrial Toolbox
through the Resource Explorer. The Industrial Toolbox contains a quick start guide with precompiled
binaries for the device, the source code, and a detailed user's guide to run the demo as presented in
this reference design. When installed, the material specific to the reference design is located at under
the labs directory in Area Scanner.

The software required for the host PC:

• Latest mmWave Industrial Toolbox. The Area Scanner visualizer is packaged in the Industrial Toolbox.
The /gui folder includes the compiled executable and source code for the visualizer.

The application software used in this reference design is from the mmWave SDK version 3.0.0.8 and
mmWave Industrial Toolbox version 3.0.0. TI recommends getting the latest version of the demo software
from the mmWave Industrial Toolbox.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEI1.pdf
http://www.ti.com/tool/mmwave-sdk
http://processors.wiki.ti.com/index.php/Download_CCS#Code_Composer_Studio_Version_7_Downloads
http://dev.ti.com/tirex/#/?link=Software%2FmmWave%20Sensors%2FIndustrial%20Toolbox
http://dev.ti.com/tirex/#/?link=Software%2FmmWave%20Sensors%2FIndustrial%20Toolbox
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3.2 Testing and Results

The following results are using the IWR6843ISK with a MMWAVEICBOOST board. Similar results can
also be achieved for the IWR6843AOP EVM using the configuration provided in the software download.

3.2.1 Test Setup

Use case testing for implementing an area scanner and safety guard around equipment was carried out
using a IWR6843 EVM. The EVM was mounted to a forklift located in a warehouse dock as depicted in 图

4. The EVM was oriented towards the area of concern where people could walk into the scene and
approach the equipment.

A tower stack light was controlled by the output of the IWR6843 EVM. The top red light was used to
indicate the critical zone had been breached, the middle yellow light was used to indicate that an object
was in a cautionary zone, and the bottom green light was used to indicate that an object was detected in
the area but outside either the critical or cautionary zones. The tower stack light was configured to be off
entirely if the mmWave sensor had no detections in the field of view.

图图 4. IWR6843 EVM Mounting and Test Scene

3.2.2 Test Results

To test the area scanner implementation, a person walked towards the IWR6843EVM while the output of
the visualizer as well as the tower stack light was recorded. The ability of the mmWave based area
scanner system to detect the person within the areas specified are summarized in 表 3

表表 3. Area Configurations and Summary of Testing Results

Area Configured to be Triggered by
Detections Located Within:

Indicator Triggered by Person Walking
Into Area:

Critical Area Indicator (Red) 1-m radius from EVM Yes
Cautionary Area Indicator (Yellow) 1-m to 3-m radius from EVM Yes
Acceptable Area Indicator (Green) >3-m radius from EVM Yes

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEI1.pdf
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The images below depict the system as implemented, as well as the output of the mmWave sensor to the
visualizer. The visualizer plots the detected points and highlights the 1-m radius block area in which a
person or object is detected. The point cloud illustrates the 3D data provided from the mmWave sensor,
enabling X and Y localization as well as points in the elevation plane, to enable estimating the vertical
extent of the object.

图图 5. Acceptable Area

图图 6. Cautionary Area

图图 7. Critical Area

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEI1.pdf
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3.2.3 Observations and Conclusions

Using the IWR6843 EVM, the system demonstrated the ability to define and detect whether a human had
entered into three distinct areas. A tower stack light was also integrated with the sensor as a visual
warning indicator. With three transmitters on the IWR6843, elevation information is enabled and 3D point
clouds are generated. When the person is closer to the sensor, a rich and dense point cloud with elevation
information representative of the sensed object's height is generated. The area scanner system supports
configuration and customization for specific use cases. The size of the areas are fully configurable by
configuring the radial limits of each area. The detection range can be extended or reduced by designing
and loading a different chirp configuration. The mmWave Sensing Estimator tool can be used to design a
chirp configuration based on an application's sensing requirements.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEI1.pdf
http://www.ti.com/mmWaveSensingEstimator
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4 Design Files

4.1 Schematics

To download the schematics, see the design files at TIDEP-01010.

4.2 Bill of Materials

To download the bill of materials (BOM), see the design files at TIDEP-01010.

4.3 Altium Project

To download the Altium Designer® project files, see the design files at TIDEP-01010.

4.4 Gerber Files

To download the Gerber files, see the design files at TIDEP-01010.

4.5 Assembly Drawings

To download the assembly drawings, see the design files at TIDEP-01010.

5 Software Files

To download the software files, see the Area Scanner lab in the latest mmWave Industrial Toolbox.

6 Related Documentation
1. Texas Instruments, IWR6843 Data Sheet
2. Texas Instruments, IWR6843 Evaluation Module (IWR6843ISK + mmWaveICBoost) Singe-Chip

mmWave Sensing Solution, user's guide
3. Texas Instruments, IWR68xx/16xx/14xx Industrial Radar Family, technical reference manual
4. Texas Instruments, mmWave SDK, tools folder

6.1 商商标标

E2E, LaunchPad, BoosterPack, Code Composer Studio are trademarks of Texas Instruments.
Altium Designer is a registered trademark of Altium LLC or its affiliated companies.
All other trademarks are the property of their respective owners.

6.2 第第三三方方产产品品免免责责声声明明

TI 发布的与第三方产品或服务有关的信息，不能构成与此类产品或服务或保修的适用性有关的认可，不能构

成此类产品或服务单独或与任何 TI 产品或服务一起的表示或认可。

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEI1.pdf
http://www.ti.com/tool/TIDEP-01010
http://www.ti.com/tool/TIDEP-01010
http://www.ti.com/tool/TIDEP-01010
http://www.ti.com/tool/TIDEP-01010
http://www.ti.com/tool/TIDEP-01010
http://dev.ti.com/tirex/#/?link=Software%2FmmWave%20Sensors%2FIndustrial%20Toolbox
http://www.ti.com/lit/pdf/SWRS219
http://www.ti.com/lit/pdf/SWRU546
http://www.ti.com/lit/pdf/SWRU546
http://www.ti.com/lit/pdf/SWRU522
http://www.ti.com/tool/mmwave-sdk
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