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1. Product Introduction

HLK-LD2420 is a high-performance 24 GHz radar module with a transmit-receive antenna from Hilink. Its human body sensing algorithm uses millimeter wave

Radar distance measurement technology and the S3 series chip's advanced proprietary signal processing technology enable accurate perception of motion, micro-movement and standing human bodies.

HLK-LD2420 is mainly used in indoor scene sensing to see if there is a moving or slightly moving human body in the area, and to refresh the detection results in real time.

The maximum sensing distance of a moving human body is 8 m. The sensing distance range, sensing sensitivity in different intervals and refresh time can be easily configured.

GPIO and UART interfaces are plug-and-play and can be flexibly applied to different smart scenarios and terminal products.

1.1. Main features

y Equipped with single-chip intelligent millimeter wave sensor SoC and intelligent algorithm firmware

y Ultra-small module size: 20 mm x 20 mm

y Load the default human body sensing configuration, plug and play

y 24 GHz ISM band, can pass FCC, CE, and RF spectrum regulations certification

y 3.3 V power supply, supports 3.0 V ~ 3.6 V wide voltage range

y Average operating current 50 mA

y Detection target is moving or slightly moving human body

¥ Report detection results in real time

y Provides visualization tools to support configuration of detection distance intervals, setting sensitivity within intervals and result reporting time

y Supports sensing range division, completely shielding any interference outside the range

y Short distance sensing of 0.2 m, no blind spot

§ Maximum distance of human motion sensing: 8 m

y Large detection angle, coverage range up to +60°

¥ Support various installation methods such as ceiling hanging and wall hanging

¥ Trigger and hold states are configured independently, with strong anti-interference capability

Page 1 of 26
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1.2. Application scenarios

HLK-LD2420 human body sensing sensor can detect and identify moving, standing and stationary human bodies, and is widely used in various AloT

Scenarios, covering the following types:

Smart Home

Sense the presence and distance of human body and report the detection results for the main control module to intelligently control the operation of home appliances.

Smart Business

Identify when a person is approaching or moving away within the set distance range; light up the screen in time and keep the device lit when a person is present.

Smart Security

Induction access control, building intercom, electronic cat's eye, etc.

Smart Lighting

Identify and sense the human body, accurately detect the position, and can be used for lighting equipment in public places (induction lamps, bulbs, etc.).

2. System Description

HLK-LD2420 is an intelligent and accurate human body sensing sensor developed based on the Hilink S3 series millimeter wave sensor chip.

Use FMCW frequency modulated continuous wave, combined with radar signal processing and built-in intelligent human body sensing algorithm to detect human targets in the set space

And update the detection results in real time. Using the Hilink intelligent millimeter wave sensor reference solution, users can quickly develop their own precise human body sensing products.

Product.

The hardware of HLK-LD2420 is mainly composed of the fully integrated Hilink intelligent millimeter wave sensor SoC, 24 GHz one-transmit-one-receive antenna and main control

MCU; the software part is equipped with firmware and visual configuration tools released by Hilink, which can flexibly configure the sensing distance, sensitivity and

Human body sensing function for reporting time.

Page 2 of 26
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The specifications of HLK-LD2420 are shown in Table 2-1.

parameter Remark Minimum Typical maximum unit
Hardware specifications
‘Supported frequency bands 24 24.25 GHz
Comply with FCC, CE, and NFPA certification standards -
Supports maximum sweep bandwidth 0.25 GHz
Maximum equivalent isotropic radiated power 1 dBm
Supply voltage 3.0 33 3.6 In
size 20 x 20 mm?
Ambient temperature -40 85 °C
System Performance
Sports human target 8 m
Distance detection range (wall
Micro-motion human target 6 m
Moving human target (diameter) 5 m
Distance detection range (ceiling mounted)
Micro-motion human target (diameter) 4 m
Distance detection accuracy Moving targets within 8m of the radar straight line distance - +0.35 m
Average operating current 50 m.a.
Data refresh rate 10 Hz

Page 3 of 26
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3. Hardware Description

The following figure shows the front and back of the module. The module has 5 reserved pin holes (not equipped with pins when leaving the factory) called J2, which is used for power supply and communication; J1 is

SWD interface, used for MCU program burning and debugging.

front Ontho other hand

Figure 3-1 Module front and back pictures

Table 3-1 J1 pin description

J#PIN# Name Function I illustrate
J1Pin1 GND Grounding

J1Pin2 PART SWD interface data cable 0 3.3V
J1Pin3 CLK SWD interface clock line 0 3.3v
J1Pin4 3v3 power input 3.0v 3.6VyTyp.3.3V

Table 3-2 J2 pin description

J#PIN# name Function illustrate
J2Pin1 3v3 Power Input 3.0V i 36V, Typ.3.3V
J2Pin2 GND | Grounding 1

J2Pin3 . oT1 | UART_TX | o 33V
J2Pin4 RX | UART_RX | 0 ) 3.3V
J2Pin5 QoT2 1 10, used to report detection status: high level means someone is there, low level means no one is there 0 i 3.3V

Note: The pin spacing between J1 and J2 interfaces is 2.54 mm.

Page 4 of 26
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4. Software Description

This chapter introduces the firmware debugging of HLK-LD2420 and the use of host computer tools.

HLK-LD2420 has been pre-installed with system firmware. For details on the firmware version, please refer to the module packaging.

The visual host configuration tool software makes it convenient for developers to configure the parameters of HLK-LD2420 according to the usage scenarios and optimize the sensing effect.

4.1. Firmware Configuration

This section introduces the debugging method of HLK-LD2420 radar module firmware.

Step 1: Connect the host computer and radar module through the USB to TTL serial port adapter board. The pin connection method is shown in Table 4-1 and Figure 4-1.

shown.

Table 4-1 The corresponding relationship between the pins when the radar is connected to the USB serial port adapter board

Radar module Serial port adapter board
RX TXD
O_T1 RXD
i
3Vv3 VCCIO
! |
GND GND

Figure 4-1 Connection between HLK-LD2420 hardware and USB serial port adapter board

Step 2: Open the device manager of the host computer and check the serial port number of the radar module.
Step 3. Open the serial port tool, select the serial port number of the radar module, set the serial port baud rate to 115200, and then click the "Open Serial Port" button.

button to view the detection results of the current radar at the output end of the tool interface.

Page 5 of 26
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4.2.Use of host computer

This section introduces the use of the host computer tool that comes with the HLK-LD2420 module to help users understand the meaning of related parameters and related parameters.
Method of obtaining .
Step 1: Get the host computer tool "HLK-2420_TOOL.exe" for HLK-LD2420 from the official website of Hilink .
Step 2: Use the serial port adapter board to connect the radar module and the host computer according to Figure 4-1.
Step 3: Open the host computer tool, select the serial port number of the radar module, enter the baud rate 115200, and click the "Connect Device" button.

Read and write parameters (Note: serial port tools and host computer tools cannot be used at the same time).

4.2.1. Parameter settings

The upper computer tool interface is shown in Figure 4-2.
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Figure 4-2 HLK-LD2420_Tool interface
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Figure 4-3 After the device is connected

For detailed explanation of the parameters involved in the host computer tool interface, please see Table 4-2.

Table 4-2 Parameter explanation of the host computer tool interface

Parameter name explain Parameter range

Used to set the minimum distance gate for radar detection.
Minimum distance 0~15
The resolution of the range gate is 70 cm.

Used to set the maximum distance gate for radar detection. 0~15
Maximum distance

The resolution of the range gate is 70 cm.
(must be no less than the minimum distance)

The target state needs to be switched from occupied to unoccupied for a period of time T: during this period, if

3 (Corresponding to the host computer setting) 0-90
Target disappears If a person is detected, the timer for this period will be restarted.

Delay time The state of no one will switch to no one after it lasts for a full T time. (C ing to serial port configuration) 0~1

Human status, report no one.

e . ; . (Corresponding to the host computer setting) 0-90
Used to set the sensitivity from no-man to manned state. It is recommended to set it at 5 times the energy.

Trigger threshold " . . .
(Corresponding to serial port configuration) 0~1000000000
For energy scanning and data viewing, please refer to 4.2.2 and 4.2.3.

(Corresponding to the host computer setting) 0-90
The sensitivity used to detect human micro-movement and maintain the status of people is recommended to be set at 2~5
Keep Threshold

. . (Corresponding to serial port configuration) 0~1000000000
times the background noise. For energy scanning and data viewing, please refer to 4.2.2 and

423y
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Threshold parameter description: Assume that N is the parameter configured by the host computer and M is the parameter configured by the serial port.

N

The parameter conversion re|ati0nship isN = (1 0 y |og1 0 ) M = 10 10, for example, the serial port configuration distance gate 0 threshold value is 65536,

The host computer should be (1 0 y |Og1 0 65536 y y 48.16. For example, if the host computer parameter is 70, the corresponding serial port configuration

70
The parameter is 10 10 § 10000000, the instruction converts to hexadecimal, with the little end first: 0X80969800

Page 8 of 26
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Lo Lt L5 wilg
FOFCFBEFA 2T DA 54 04 03 02 01
B Sl ACK B IEER AT
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52 HEa$5ACK
521 ENEMFERESY
iR mEE SRR,
B sE . Ox0000
®EH: £
ELH: EESKE (237 + ESFETR
HEIE
Byte 1 ~ 4 Byta 5,6 Byte 7.8 Byta 9 ~12
FO FC FB FA 0200 00 00 04 (3 020
Bix ACK{RZTH):
Byte1-4 Byle56 | Byte7. 8 | Byte9.10 | Byie 11,12 Byte 13~18 Byte 19 - 24
FO FC FE FA ac oo | 00 0 0o oa 0a 00 763V ZE 35 E 35 0 {3 3 O
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Byte 1~ 4 Byte 5,6 Byte 7,8 Byte 9, 10 Byte 11~ 14
FOFCFBFA 04 00 FF 00 o1 00 04 03 02 01
BiE ACK(RET):
Byte 1~ 4 Byta 5.6 Byt 7,8 Byte 9,10 | Byte11,12 Byta 13,14 Byto 15 ~ 18
FD FC FB FA 08 00 FF 01 00 00 02 0o 20 00 04 03 02 01
523 #WRNHGT
ERENSST. HITERENETFET. ORFITERGS, REEYEPEERSS.
&% 0x00FE
SeH: T
ECE: 2 9 ACK thas (0 AETh, 1 %M
BRI
Byte 1 ~4 Byte 5, & Bye 7.8 Byte 8 =12
FO FC FB FA 02 0o FE 00 04 03 02 01
B3k ACK{ERIH):
Byte 1 -4 Byle 5,6 Byte 7,8 Byte 9,10 Byle 11 =14
FO FCFEFA 04 00 FE 0N 00 00 04 DZ 02 01
524 ENENEHS
lad: gt 4 (gl 200
g9 =001
&%¥H: T
EEM: 2 Y ACK &35 (0 fTh, 1M
HiEE:
Byto 1 ~4 Byte 5.6 Byl 7B Byte 9 ~ 12
FD FC FB FA 0200 1100 04 0302 01
WX ACK{RLTH):
Bye1~4 Byte 5,6 Byte 7.8 Byl %, 10 Byte 11,12 Byte 13,14 Byle 16~ 18
FO FC FE FA 08 00 1101 00 a0 0Z oo Co A8 04 03 02 01
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@S 0x0010
@l SNEE (2FP) +SNFETE
EE: 2 FF ACK B8 (0 [, 1%K)
EMME:  (FO0
Byte1~4 Byte 5. 6 Bye 7.8 Byte 9=12 Byte @ ~ 12
FOFC FB Fa 06 00 1000 02 0b CD AB 0a 03 G207
BiE ACK{ERIN):
Byte1~4 Byle 56 Byle7.8 Byle 9,10 Byte 11 =14
FIO FC FB F& 0400 10 0 e 04 O3 02 0
526 EHMEHGHST
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HEE
Byte 1 ~ 4 Byw 5,6 Byte 7, 8 Byt ~ 12 Byt 13~ 16
FOFCFBFA s 12 00 4000 4000 04 03 02
BiE ACK{RETH):
Bytel~4 Byte 5.6 Byte 7.8 Byte9,10 | Hye11,12 Byte 13~ 16
FO FC FB FA i & 00 oz o1 oo on o7 az 04 03 02 01

527 EEREHSEEGT

e EARENETFE.

#EFF 020001

SFH 2FDNORE + (2FTMEL) N
EEl: 257 ACK £ (0 AETh, 1 &M
L,

Page 16 of 26



Machine Translated by Google

-LINK | 58 s8a7aRAE —
Byto 1~ 4 Byte 5,6 Byta 7,8 Byte910 | Byel1~14 | Byw15~18
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6. Installation and detection range

HLK-LD2420 supports two installation methods: ceiling-mounted and wall-mounted. The recommended method is ceiling-mounted installation.

The orientation of the radar is shown in Figure 5-1. The Y axis is 0°, the X axis is 90°, and the Z axis is perpendicular to the XY plane (also called the

line direction).

Figure 5-1 Radar module orientation diagram

6.1. Ceiling installation
The recommended ceiling installation height is 2.7~3 m. The maximum motion sensing range of the ceiling-mounted HLK-LD2420 radar module under the default configuration is

A conical three-dimensional space with a bottom radius of 5m is shown in Figure 5-2.
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Figure 5-2 Schematic diagram of the detection range of the HLK-LD2420 radar module (ceiling mounted)

The schematic diagram of the motion and micro-motion detection range of this reference solution when the ceiling installation height is 2.7m is shown in Figure 5-3.

180

5-3 Ceiling Mounting Sensing Range

6.2. Wall Mounting

The recommended wall-mounted installation height is 1.5~2 m. When mounted on the wall, the X-axis of the radar module (see Figure 5-1) points horizontally and the Y-axis points upward.
The Z axis points to the detection area. The maximum motion sensing range of the wall-mounted HLK-LD2420 radar module in the default configuration is 8 m in radius and horizontal

A three-dimensional fan-shaped space with an angle of +60° with the pitch direction, as shown in Figure 5-4.
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The detection range diagram of this reference solution when the wall-mounted installation height is 1.5 m is shown in Figure 5-5.

an
18=3m

Figure 5-4 Schematic diagram of the detection range of the HLK-LD2420 radar module (mounted on the wall)
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Figure 5-5 Wall-mounted sensing range

6.3. Detection range test

The test methods for radar triggering and maintaining detection range are introduced as follows:

y Trigger range:
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The target person approaches the radar from a distance when the radar reports no person. When the radar starts to report that there is a person, it stops moving forward. The current position is

The boundary of the radar trigger detection range; the area enclosed by the detection boundaries in all directions is the radar trigger detection range.

y Keep range:

When the target person keeps a small movement at the position to be detected, such as shrugging or raising his hand, the radar will detect the person within 60 seconds.

If there is someone reported all the time, the current position is within the radar detection range; otherwise, the detection position is outside the detection range.

7. Mechanical dimensions

Figure 6-1 shows the mechanical dimensions of the module, all units are in millimeters. The module board thickness is 1.2 mm, with a tolerance of £10%.

=4 But kasl

Figure 6-1 Hardware mechanical dimensions

8. Installation Instructions

Radar enclosure requirements
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If the radar needs to be installed in a housing, the housing must have good wave-transmitting properties in the 24 GHz band and must not contain metal or electromagnetic

Wave shielding

For more information, see the mmWave Sensor Radome Design Guide.

Installation environment requirements

This product needs to be installed in a suitable environment. If used in the following environment, the detection effect will be affected:
§ There are non-human objects that are in continuous motion in the sensing area, such as animals, continuously swinging curtains, and large green plants facing the air vents.
y There is a large area of strong reflective plane in the sensing area. Strong reflective objects facing the radar antenna will cause interference.

y When wall-mounted, external interference factors such as air conditioners and electric fans on the ceiling of the room need to be considered.

Notes on installation

§ Try to ensure that the radar antenna is facing the area to be detected and that there is an open area around the antenna.

y Ensure that the sensor is installed firmly and stably. The shaking of the radar itself will affect the detection effect.

y Ensure that there is no movement or vibration behind the radar. Since radar waves are penetrating, the antenna back lobe may detect the radar back.
A metal shield or metal back plate can be used to shield the radar back lobe and reduce the impact of objects behind the radar.
The impact of the.

¥ When there are multiple 24 GHz frequency band radars, please avoid direct beam alignment and install them as far away as possible to avoid possible mutual interference.

Power Supply Considerations

¥ The power input voltage range is 3.0 V~3.6 V, and the power ripple has no obvious spectrum peak within 100 kHz. This solution is a reference design.

Users need to consider the corresponding electromagnetic compatibility design such as ESD and lightning surge.

9. Notes

Maximum detection distance

The maximum range of the radar to detect a target is 8 m in radial distance. Within the detection range, the radar will report the straight-line distance of the target from the radar.

It can only output the distance information of moving human bodies within 8 m, and does not currently support the close-range distance measurement function of stationary human bodies.
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Maximum distance and accuracy

Theoretically, the radar ranging accuracy of this reference scheme is 0.35 m. Due to the differences in body shape, state and RCS of human targets, the ranging accuracy

There will be fluctuations, and the maximum detection distance will also fluctuate to a certain extent.

Target disappearance delay

When the radar module detects that there is no human presence in the target area, it will not immediately report the "no one" status in the area, but will be delayed.

The delayed reporting mechanism is: once no human target is detected within the test range, the radar module will start counting, and the duration is the duration of no one

If no one is detected during the timing, the "no one" status will be reported after the timing ends; if someone is detected during this time period

If yes, it will end immediately, update the timing, and report the target information.

10. Version History

Version ti Changes
]
V1.0 2023/2/15 Initial draft.
" ' 1
V11 2023/3/23 The pin function of the module has changed, the default baud rate has changed to 115200, and the host computer version has been updated
V1.2 2023/8/15 Added serial port description, new version host computer usage instructions, serial port command protocol
V1.3 2023/12/11 Modify parameter description
V1 3.1 2024/3/21 Modify parameter description
V1.3.2 2024/11/22 Modify parameter description
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Important Notice

Hilink provides technical and reliability data (including data sheets), design resources (including reference designs), applications or other designs "as is"
recommendations, web tools, safety information and other resources (hereinafter referred to as "these resources"), are not guaranteed to be with all faults and without any express or
implied warranties, including but not limited to express or implied warranties of merchantability, fitness for a particular purpose or non-infringement of any third party intellectual property rights.

We specifically disclaim any liability, including but not limited to, for any consequential or incidental damages arising out of the application or use of any of our products and circuits.

be responsible for any

Hilink reserves the right to modify the information published in this document (including but not limited to indicators and product descriptions) and any changes to the company's products involved.

This document automatically supersedes and replaces all information provided in previous versions of documents with the same part number without prior notice.

These resources are intended for use by skilled developers designing with Hilink products. You will assume all responsibility for: (1)

Choose the right Hilink product for your application, (2) design, verify, and operate your application and product throughout the entire life cycle, and (3) ensure your application

to meet all applicable standards, specifications and laws, as well as any other functional safety, information security, regulatory or other requirements.

Hailingke authorizes you to use these resources only for the research and development of Hailingke products described in these resources. Without Hailingke's permission, any unit may

Individuals may not excerpt or copy these resources in part or in whole without authorization, and may not disseminate them in any form. You have no right to use any other

intellectual property or any third party intellectual property. You shall fully indemnify Hailingke and its representatives for any claims,

Hailingke is not responsible for any damages, costs, losses and liabilities.

The products provided by Hailingke are subject to Hailingke's terms of sale or other applicable terms accompanying Hailingke products.

The Resources do not expand or otherwise alter applicable warranties or warranty disclaimers issued by Hilink for Hilink products.
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