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Livox-SDK2 O *1jg

https://github.com/Livox-SDK/Livox-SDK2

2> 5 Releases v1.2.5 ® Source code x X v vu—FL, fEHT 5,
DT TND BT 2 X 51T 5, BARRICIE,
Livox-SDK2-1.2.5¥samples¥CmakelLists.txt

iR L. W% D add_subdirectory Z2HH L, D& DX 5 ICEHET 5,

VI H
add_subdirectory(livox_lidar_quick_start) add_subdirectory(livox_lidar_quick_start)
add_subdirectory(multi_lidars_upgrade) add_subdirectory(livox_lidar_quick_startv5s)

add_subdirectory(logger)
add_subdirectory(debug_point_cloud)
add_subdirectory(lidar_cmd_observer)
add_subdirectory(livox_lidar_rmc_time_sync)

SELT ALY P IEDA A=Y &R d, BN - BIES 2 EATTH 5,

¥Livox-SDK2-1.2.5

—sdk_core

—samples

CMakeLists.txt

—1livox_lidar_quick_start
l:CMakeLists.txt
config.json

l:main .cpp
sharedmem2.c

—1livox_lidar_quick_startv5s

IECMakeLists.txt

main.cpp
sharedmemv5.cpp
—include
—build
—samples
livox_lidar_quick_start
LRelease
livox_lidar_quick_start.exe
config.json
livox_lidar_quick_startv5s
LRelease
livox_lidar_quick_startv5.exe
config.json
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** Visual Studio 2022 Developer Command Prompt v17.8.3

** Copyright (c) 2022 Microsoft Corporation
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C:¥Program Files¥Microsoft Visual Studio¥2022¥Community>

Developer Command Prompt 7> 5 Livox-SDK2 7 4 L 2 b VIicHEh L. build 7 # » X' %

gerox.com © 2024 2024/7/27


https://github.com/Livox-SDK/Livox-SDK2

BRI T AR AR ERE 2024 /IMR—TIFRE
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> cd Livox-SDK2-1.2.5
> mkdir build

> cd build
CMake IC&k 2703 7 FDAER
> cmake .. -A x64

msbuild (C K B2E1T7 7 A4 L DERL

> msbuild livox_sdk2.sln /p:Configuration=Release /p:Platform=x64 /p:RuntimeLibrary=MultiThreadedDLL

TV NA NI T B L, Release 7 ANV ERHNICETZ7 7 A ANBTX 3B,

Livox-SDK2-1.2.5¥build¥samples¥livox_lidar_quick_start¥Release

v IATa s T L, config 77 ANDBRELRDOT, UTO 7+ A0 XI1THh 5
config.json % Release 7 # L XL a b —TF 5%,

Livox-SDK2-1.2.5¥samples¥livox_lidar_quick_start¥config.json

config.json 7 7 A L DfFREE

host_net_info ® IP 7 FL A %{EIET %, &EB, TITOIP T FLA (192.168.1.1)
. Mid-360 D IP 7 FL A TiZ7e<, FAFPCDOIPT FLATH 3,

config.json DXEH]

{
"MID360": {

"lidar_net_info" : {
"cmd_data_port": 56100,
"push_msg_port": 56200,
"point_data_port": 56300,
"imu_data_port": 56400,
"log_data_port": 56500

s

"host_net_info" : {
"cmd_data_ip" : "192.168.1.1",
"cmd_data_port": 56101,
"push_msg_ip": "192.168.1.1",
"push_msg_port": 56201,
"point_data_ip": "192.168.1.1",
"point_data_port": 56301,
"imu_data_ip" : "192.168.1.1",
"imu_data_port": 56401,
"log_data_ip" : "192.168.1.1",
"log_data_port": 56501

}

}
}

¥ v I Ta s LAOEEMED
I Nl w2l N N

> livox_lidar_quick_start.exe config.json
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MATLAB & Livox SDK2 D#Efn

MATLAB & Livox SDK2 DI, W DD fHFEREZ NS,

1. MEXBA¥(2H1ERE Y v 7 L 7= Static Library MU 3

2. Dynamic DLL #§fE%Zf\>, DLL library Z EHFEUNHS

3. WAXAEYVAHWCTHAEIIL T =20 VD 23 CT% 2 MEX BAf L 7 — 2D AR T
077 LEEKT %

%1 OKEIE. MATLAB L2 b 1EH:, #7477 ) 2O TN R L TH 5,
MEX BIELN <X, BEHEH )1 D stdout,stderr ZFEUNHIL T3 L 27T v v o LEFEKRT
LTLZE I, 2D/, stdout 7 &% 5 fprintf BAEZ: &I X 70\ 72 . mexPrintf
Bk LI B E a2 20 EDH 5, EBE Livox SDK2 DT 4 77 Y YV —RZa— FTHY
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FIEDBEE
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https://livox-wiki-en.readthedocs.io/en/latest/tutorials/new product/mid360/livox eth protocol mid360.html#point-cloud-imu-data-
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Data Type
0
1
2

3

Sampling Type
IMU data

Point cloud data 1
Point cloud data 2

Point cloud data 3

Echo Mode

Single echo mode
Single echo mode

Single echo mode
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Coordinate Mode

Cartesian coordinates(32bit)
Cartesian coordinates(16bit)

Spherical coordinates

7 AT, DataType & A M ELoBIfRIZ,

DataType | Bytes
uint8_ t 1
int16_t 2
int32.t |4
float 4

TERINTVWEDT, LB AEY) 4 XL,

96

96

96

INR—TTIFRE

Field Offset (bytes) Data Type
BYro_x 4] float
gyro_y 4 float
gyro_z 8 float
acc_x 12 float
acc_y 16 float
acc_z 20 float

IMU data(6*4=24 bytes)

Description
Unit: rad/s
Unit: rad/s
Unit: rad/s
Unit: g
Unit: g

Unit: g

Field Offset (bytes) Data Type
X 4] int32_t
Y 4 int32_t
z 8 int32_t
Reflectivity 12 uint8_t
Tag 13 uint8_t

Data Typel(1l4 bytes*96=1536 bytes)

According to the poin
field, match the speci

Description

X axis, Unit: mm
Y axis, Unit: mm
Z axis, Unit: mm

Reflectivity

Field Offset (bytes) Data Type
X 0 intlé_t
v 2 intlé t
z 4 intlé6_t
Reflectivity 6 uint8_t
Tag 7 uint8_t

Data Type2(8 bytes*96 = 768 bytes)

Description (10mm is Field Offset (bytes) Data Type
X axis, Unit: 10mm depth 0 uint32_t
Y axis, Unit: 10mm theta 4 uintlé t
Z axis, Unit: 10mm phi 6 uint16_t
Reflectivity Reflectivity 8 uint8_t
According to the point Tag 9 uint8 t

field, match the specifi

Data Type3(10 bytes*96 = 960 bytes)

According to the point
field, match the specifi

Description (10mm is
Depth, Unit: mm

Zenith angle[0. 18000
Azimuth[0, 36000], Ur

Reflectivity

LEMETX %, Data Typel 237 74 L P HIITH Y, —F bytes BB KZE WD T, &
4 RTFHF

435,

Livox SDK2 D> 7L 707 T LAAD#EEEN
Livox SDK2 D% v IV 7 u 77 naifmE L. E ATV ICT — X 2 H ZAGKAEZ BN
3%, BAAMITIE, Livox SDK2 74 77 U bW viAEn-T—2%2> V774 XLk
AAEYVICEZAGaI - FE2EET 2, 8K, 22007077 4 THEO~y X774 110C
HEAE) OMERTERT 22, 22T, BFlEEZEE L 2EE%2E 2, 77 v MIC
YUV T AR LTCEREL,

DY

| int SHMEMSIZE = 96*3*4+6*4+1;

|

H7) D MATLAB 17411%., 317 (2+96)FICHIN T2 b ZEL, UTo XS icGE A2 Y @
TFLRDOEOIRY 21T o 72,
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Data Field Type shmem  (i=0~95) MATLAB 17%l|

Data Typel | x int32_t [0,1,2,3]+i*12 1,i
y int32_t [4,5,6,7]+i*12 2,i
z int32_t [8,9,10,11]+i*12 3,i

IMU Data gyro_x float 12*96+[0,1,2,3] 1,97
gyro_y float 12*%96+[4,5,6,7] 2,97
gyro_z float 12*%96+[8,9,10,11] 3,97
acc_X float 12*%96+[12,13,14,15] | 1,98
acc_y float 12*96+[16,17,18,19] | 2,98
acc_z float 12*%96+[20,21,22,23] | 3,98
data->dot_num uint8 t 12*96+24

T—=2Dv VT 7A4AXIIE, bh T LEFHEREZ T2 - oBERIETICIE, 7 M
BAZflioz ke, float BIZEHLITIZ, union Z{H o 727K TEEL T3,

¥Livox-SDK2-1.2.5¥samples¥livox_lidar_quick_start¥main.cpp

//

// The MIT License (MIT)

//

// Copyright (c) 2022 Livox. All rights reserved.

//

// Permission is hereby granted, free of charge, to any person obtaining a copy
// of this software and associated documentation files (the "Software"), to deal
// in the Software without restriction, including without limitation the rights
// to use, copy, modify, merge, publish, distribute, sublicense, and/or sell

// copies of the Software, and to permit persons to whom the Software is

// furnished to do so, subject to the following conditions:

//

// The above copyright notice and this permission notice shall be included in
// all copies or substantial portions of the Software.

//

// THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
// IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,

// FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
// AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER

// LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
// OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
// SOFTWARE.

//

#include "livox_lidar_def.h"
#include "livox_lidar_api.h"

#ifdef _WIN32

#include <winsock2.h>
#telse

#include <unistd.h>
#include <arpa/inet.h>
#tendif

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <thread>
#include <chrono>
#include <iostream>

LPCTSTR 1lpName = "(c)2024 www.gerox.com";
int SHMEMSIZE = 96*3*4+6*4+1;

static int initialized = ©;

static uint8_t *shmem;

static HANDLE hFile;

void PointCloudCallback(uint32_t handle, const uint8_t dev_type, LivoxLidarEthernetPacket* data, void*
client_data) {
if (data == nullptr) {
return;

// printf("point cloud handle: %u, data_num: %d, data_type: %d, length: %d, frame_counter: %d¥n",
// handle, data->dot_num, data->data_type, data->length, data->frame_cnt);

7

gerox.com © 2024 2024/7/27



BRI T AR AR ERE 2024 /IMR—TIFRE

if (data->data_type == kLivoxLidarCartesianCoordinateHighData) {
shmem[ SHMEMSIZE-1] = (uint8_t) data->dot_num;
LivoxLidarCartesianHighRawPoint *p_point_data = (LivoxLidarCartesianHighRawPoint *)data->data;
for (uint32_t i = @;i < data->dot_num;i++) {
int32_t tmp = p_point_data[i].x;
printf(" %d ",tmp);
shmem[ @ + i * 12] = (unsigned char) (tmp & Oxff);
shmem[ 1 + i * 12] = (unsigned char)((tmp >> 8) & Oxff);
shmem[ 2 + i * 12] = (unsigned char)((tmp >> 16) & Oxff);
shmem[ 3 + i * 12] = (unsigned char)((tmp >> 24) & Oxff);
tmp = p_point_data[i].y;
printf(" %d ",tmp);
shmem[ 4 + i * 12] = (unsigned char)( tmp & oxff);
shmem[ 5 + i * 12] = (unsigned char)((tmp >> 8) & Oxff);
shmem[ 6 + i * 12] = (unsigned char)((tmp >> 16) & Oxff);
shmem[ 7 + i * 12] = (unsigned char)((tmp >> 24) & Oxff);
tmp = p_point_data[i].z;
printf(" %d¥n",tmp);

* X K X

* X K %

shmem[ 8 + i * 12] = (unsigned char)( tmp & oxff);
shmem[ 9 + i * 12] = (unsigned char)((tmp >> 8) & Oxff);
shmem[10 + i * 12] = (unsigned char)((tmp >> 16) & Oxff);
shmem[11 + i * 12] = (unsigned char)((tmp >> 24) & Oxff);
}
else if (data->data_type == kLivoxLidarCartesianCoordinatelLowData) {

LivoxLidarCartesianLowRawPoint *p_point_data = (LivoxLidarCartesianLowRawPoint *)data->data;
} else if (data->data_type == kLivoxLidarSphericalCoordinateData) {
LivoxLidarSpherPoint* p_point_data = (LivoxLidarSpherPoint *)data->data;

}

union F2B {

float f;

uint8_t bytes[sizeof(float)];
s

void ImuDataCallback(uint32_t handle, const uint8_t dev_type, LivoxLidarEthernetPacket* data, void*
client_data) {
if (data == nullptr) {
return;

// printf("Imu data callback handle:%u, data_num:%u, data_type:%u, length:%u, frame_counter:%u.¥n",
// handle, data->dot_num, data->data_type, data->length, data->frame_cnt);
if (data->data_type == kLivoxLidarImuData) {
LivoxLidarImuRawPoint *p_point_data = (LivoxLidarImuRawPoint *)data->data;
// printf("%1f ",p_point_data[@].gyro_x);
// printf("%1f ",p_point_data[@].gyro_y);
// printf("%1f ",p_point_data[@].gyro_z);
// printf("%1f ",p_point_data[@].acc_x);
// printf("%1f ",p_point_data[@].acc_y);
// printf("%1f¥n",p_point_data[@].acc_z);
shmem[@] = (uint8_t) data->data_type;
union F2B f2b;

int i;

f2b.f = p_point_data[@].gyro_x;for(i = @; i < 4;i++) shmem[12*96 + i] = f2b.bytes[i];
f2b.f = p_point_data[@].gyro_y;for(i = @; i < 4;i++) shmem[12*96 + 4 + i] = f2b.bytes[i];
f2b.f = p_point_data[@].gyro_z;for(i = @; i < 4;i++) shmem[12*96 + 8 + i] = f2b.bytes[i];
f2b.f = p_point_data[@].acc_x;for (i = @; i < 4;i++) shmem[12*96 + 12 + i] = f2b.bytes[i];
f2b.f = p_point_data[@].acc_y;for (i = ©; i < 4;i++) shmem[12*96 + 16 + i] = f2b.bytes[i];
f2b.f = p_point_data[@].acc_z;for (i = ©; i < 4;i++) shmem[12*96 + 20 + i] = f2b.bytes[i];

¥
¥

// void OnLidarSetIpCallback(livox_vehicle_status status, uint32_t handle, uint8_t ret_code, void*) {
// if (status == kVehicleStatusSuccess) {

// printf("lidar set ip slot: %d, ret_code: %d¥n",
// slot, ret_code);

// } else if (status == kVehicleStatusTimeout) {

// printf("lidar set ip number timeout¥n");

//

//}

void WorkModeCallback(livox_status status, uint32_t handle,LivoxLidarAsyncControlResponse *response, void
*client_data) {
if (response == nullptr) {
return;
}
printf("WorkModeCallack, status:%u, handle:%u, ret_code:%u, error_key:%u",
status, handle, response->ret_code, response->error_key);

8
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void PclDataTypeCallback(livox_status status, uint32_t handle,LivoxLidarAsyncControlResponse *response, void
*client_data) {
if (response == nullptr) {
return;

printf("PclDataTypeCallack, status:%u, handle:%u, ret_code:%u, error_key:%u",
status, handle, response->ret_code, response->error_key);
}

void RebootCallback(livox_status status, wuint32_t handle, LivoxLidarRebootResponse* response, void*
client_data) {
if (response == nullptr) {
return;

}
printf("RebootCallback, status:%u, handle:%u, ret_code:%u",
status, handle, response->ret_code);

}

void SetIpInfoCallback(livox_status status, uint32_t handle, LivoxLidarAsyncControlResponse *response, void
*client_data) {
if (response == nullptr) {
return;

printf("LivoxLidarIpInfoCallback, status:%u, handle:%u, ret_code:%u, error_key:%u",
status, handle, response->ret_code, response->error_key);

if (response->ret_code == @ && response->error_key == 0) {
LivoxLidarRequestReboot(handle, RebootCallback, nullptr);
3
3

void QueryInternalInfoCallback(livox_status status, uint32_t handle,
LivoxLidarDiagInternalInfoResponse* response, void* client_data) {
if (status != kLivoxLidarStatusSuccess) {
printf("Query lidar internal info failed.¥n");
QueryLivoxLidarInternalInfo(handle, QueryInternalInfoCallback, nullptr);
return;

}

if (response == nullptr) {
return;

}

uint8_t host_point_ipaddr[4] {0};
uintl6_t host_point_port = 0;
uintlé_t lidar_point_port = 0;

uint8_t host_imu_ipaddr[4] {0};
uintl6_t host_imu_data_port = 0;
uintl6_t lidar_imu_data_port = 0;

uintl6e_t off = 0;
for (uint8_t i = @; i < response->param_num; ++i) {
LivoxLidarKeyValueParam* kv = (LivoxLidarKeyValueParam*)&response->data[off];
if (kv->key == kKeyLidarPointDataHostIpCfg) {
memcpy (host_point_ipaddr, &(kv->value[@]), sizeof(uint8_t) * 4);
memcpy (&(host_point_port), &(kv->value[4]), sizeof(uintl6_t));
memcpy (&(lidar_point_port), &(kv->value[6]), sizeof(uintl6_t));
} else if (kv->key == kKeyLidarImuHostIpCfg) {
memcpy (host_imu_ipaddr, &(kv->value[@]), sizeof(uint8_t) * 4);
memcpy (&(host_imu_data_port), &(kv->value[4]), sizeof(uintle_t));
memcpy (&(lidar_imu_data_port), &(kv->value[6]), sizeof(uintl6_t));

off += sizeof(uintl6_t) * 2;
off += kv->length;
}

printf("Host point cloud ip addr:%u.%u.%u.%u, host point cloud port:%u, lidar point cloud port:%u.¥n",
host_point_ipaddr[o], host_point_ipaddr[1], host_point_ipaddr[2], host_point_ipaddr[3],
host_point_port, lidar_point_port);

printf("Host imu ip addr:%u.%u.%u.%u, host imu port:%u, lidar imu port:%u.¥n",

host_imu_ipaddr[@], host_imu_ipaddr[1], host_imu_ipaddr[2], host_imu_ipaddr[3], host_imu_data_port,
lidar_imu_data_port);

¥

void LidarInfoChangeCallback(const uint32_t handle, const LivoxLidarInfo* info, void* client_data) {
if (info == nullptr) {

9
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printf("lidar info change callback failed, the info is nullptr.¥n");
return;

printf("LidarInfoChangeCallback Lidar handle: %u SN: %s¥n", handle, info->sn);

// set the work mode to kLivoxLidarNormal, namely start the lidar

SetLivoxLidarWorkMode(handle, kLivoxLidarNormal, WorkModeCallback, nullptr);
SetLivoxLidarPclDataType(handle, kLivoxLidarCartesianCoordinateHighData, PclDataTypeCallback, nullptr);
QueryLivoxLidarInternalInfo(handle, QueryInternalInfoCallback, nullptr);

// LivoxLidarIpInfo lidar_ip_info;

// strcpy(lidar_ip_info.ip_addr, "192.168.1.10");

// strcpy(lidar_ip_info.net_mask, "255.255.255.0");

// strcpy(lidar_ip_info.gw_addr, "192.168.1.1");

// SetLivoxLidarLidarIp(handle, &lidar_ip_info, SetIpInfoCallback, nullptr);
}

void LivoxLidarPushMsgCallback(const uint32_t handle, const uint8_t dev_type, const char* info, void*
client_data) {

struct in_addr tmp_addr;

tmp_addr.s_addr = handle;

std::cout << "handle: " << handle << ", ip: " << inet_ntoa(tmp_addr) << ", push msg info: " << std::endl;
std::cout << info << std::endl;
return;

}

int main(int argc, const char *argv[]) {

// if (argc != 2) {

// printf("Params Invalid, must input config path.¥n");
// return -1;

//

// const std::string path = argv[1];

// REQUIRED, to init Livox SDK2

if (!LivoxLidarSdkInit("config.json")) {
printf("Livox Init Failed¥n");
LivoxLidarSdkUninit();
return -1;

}

// REQUIRED, to get point cloud data via 'PointCloudCallback"’
SetLivoxLidarPointCloudCallBack(PointCloudCallback, nullptr);

// OPTIONAL, to get imu data via 'ImuDataCallback’
// some lidar types DO NOT contain an imu component
SetLivoxLidarImuDataCallback(ImuDataCallback, nullptr);

SetLivoxLidarInfoCallback(LivoxLidarPushMsgCallback, nullptr);

// REQUIRED, to get a handle to targeted lidar and set its work mode to NORMAL
SetLivoxLidarInfoChangeCallback(LidarInfoChangeCallback, nullptr);

HANDLE hFile = CreateFileMapping(INVALID_HANDLE_VALUE,NULL,PAGE_READWRITE,®,SHMEMSIZE,lpName) ;
if(hFile == NULL) {
printf("Could not open file mapping object¥n");

}
shmem = (uint8_t *)MapViewOfFile(hFile,FILE_MAP_ALL_ACCESS,9,0,SHMEMSIZE);

#ifdef WIN32
Sleep(300000);

#else
sleep(300);

#endif
LivoxLidarSdkUninit();
UnmapViewOfFile(shmem);
CloseHandle(hFile);
printf("Livox Quick Start Demo End!¥n");
return 0;

¥
BIEL 726, msbuild itk Y 2 v 4 g3,

> msbuild livox_sdk2.sln /p:Configuration=Release /p:Platform=x64 /p:RuntimeLibrary=MultiThreadedDLL
IV NNV TE/ L, Release 7 A VX ICHBI L, FEfTT 5,
FRELDETE Tl config.json ZEEIEEL T2, 2Dk, a~wv V7w v 7+ LT,
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> 1livox_lidar_quick_start.exe

ELTHEITTES, S ELFTWwIEAE, 2ok RifHrfrInsg,

7 Developer Command Prompt| X

MATLAB MEX 704 5 L OER
MATLAB 11> /%4 5 DIETE
22 MATLABOa2~<w v FY 4 v Py

>> mex -setup C++
MEX (¥ C++ SFED I ¥ ¥4 VT 'Microsoft Visual C++ 2022' ZffHT 2 X 5FEI LTS,

L L7,

MEX 7 7 A )LD/ A )L
ALY P T7AVZICTEROC TR T T LERIFEL,
>> mex sharedmem2.c
Ta v i i3,

ZO7urI7LTIE, YT 74 XEN7, Point Cloud & imu DIEH % MATLAB 1741 (3
X (96+2)) L LCTHIWIAL T v/ I L TH D,
¥Livox-SDK2-1.2.5¥samples¥livox_lidar_quick start¥sharedmem2.c

#include"mex.h"
#include <stdio.h>
#include <windows.h>

LPCTSTR 1lpName = "(c)2024 www.gerox.com";
int SHMEMSIZE = 96*3*4+6*4+1;

static int initialized = 0;

static unsigned char *shmem;

static HANDLE hFile;

void cLeanup(void) {
if(initialized != 0) {
mexPrintf("MEX-file is safely terminated.¥n");
UnmapViewOfFile(shmem);
CloseHandle(hFile);
initialized = ©0;

}
}
void mexFunction(int nlhs,mxArray *plhs[],int nrhs,const mxArray * prhs[]) {
int i;
if(nrhs != @) {mexErrMsgTxt("zero input must be required for shared memory.");return;}

if(initialized == @) {
mexPrintf("Shared Memory Access for MATLAB by Gerox(c) 2024¥n");

11
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mexPrintf("http://www.gerox.com Build %s¥n",_ DATE__);
hFile =
CreateFileMapping(INVALID HANDLE_VALUE,NULL,PAGE_READWRITE,®,SHMEMSIZE,lpName);
if(hFile == NULL) {
mexErrMsgTxt("Could not open file mapping object¥n");
return;
}
shmem = (unsigned char *)MapViewOfFile(hFile,FILE_MAP_ALL_ACCESS,0,0,SHMEMSIZE);
initialized = 1;
mexMakeMemoryPersistent(shmem);
mexAtExit(cLeanup);

}
if(nlhs == 1) {
plhs[@] = mxCreateDoubleMatrix(3,96+2,mxREAL);
double *data = mxGetPr(plhs[@]);
for(i = 0;i < 96;i++) {
int tmp;
tmp = 0;
tmp |= ( shmem[ @ 12] & oxff);

i* &
tmp |= ((shmem[ 1 + i * 12] & Oxff) << 8);
i* &

&

+ 4+ +

tmp |= ((shmem[ 2 12] & oxff) << 16);
tmp |= ((shmem[ 3 + i * 12] & Oxff) << 24);
data[i * 3] = (double)tmp;

// mexPrintf("%lg ", (double)tmp);
tmp = 0;
tmp |= ( shmem[ 4 + i * 12] & oxff);
tmp |= ((shmem[ 5 + i * 12] & Oxff) << 8);
tmp |= ((shmem[ 6 + i * 12] & Oxff) << 16);
tmp |= ((shmem[ 7 + i * 12] & Oxff) << 24);
data[i * 3 + 1] = (double)tmp;

// mexPrintf("%lg ", (double)tmp);

tmp = 0;

tmp |= ( shmem[ 8 *

tmp |= ((shmem[ 9 + i * 12] & Oxff) << 8);
tmp |= ((shmem[10 + i * 12] & Oxff) << 16);
tmp |= ((shmem[11 + i * 12] & Oxff) << 24);
data[i * 3 + 2] = (double)tmp;

12] & oxff);

+ + +
He e

// mexPrintf("%lg¥n", (double)tmp);
union _f2b {
float f;
unsigned char bytes[sizeof(float)];
} f2b;
for(i = 0; i < sizeof(float); it++) f2b.bytes[i]=shmem[96*3*4 +
i];data[96*3+0]=f2b.f;
for(i = ©; 1 < sizeof(float); i++) f2b.bytes[i]=shmem[96*3*4 + 4+
i];data[96*3+1]=f2b.f;
for(i = ©; 1 < sizeof(float); i++) f2b.bytes[i]=shmem[96*3*4 + 8 +
i];data[96*3+2]=Ff2b.f;
for(i = ©; i < sizeof(float); i++) f2b.bytes[i]=shmem[96*3*4 + 12 +
i];data[96*3+3]=Ff2b.f;
for(i = ©; i <« sizeof(float); i++) f2b.bytes[i]=shmem[96*3*4 + 16 +
i];data[96*3+4]=f2b.f;
for(i = ©; i <« sizeof(float); i++) f2b.bytes[i]=shmem[96*3*4 + 20 +
i];data[96*3+5]=Ff2b.f;
return;
mexPrintf(M-----mmmmm e ¥n");
mexPrintf("Usage: sharedmem2 ¥n");
mexPrintf("data=sharedmem2; ¥n");

mexPrintf("Shared Memory Access for MATLAB by Gerox(c) 2024¥n");
mexPrintf("http://www.gerox.com Build %s¥n",_ DATE__);
mexPrintf("-------------mmmiee e ¥n");

mexErrMsgTxt("One input and one output must be required.");

}
MATLAB D a2~y Fv 4 v F U CT—EETT 2L, A2V ICHEET S, BT 3 12iE. clear

all a~ v FafES,

>> a=sharedmem2;

>> clear all

MEX-file is safely terminated.

12
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MATLAB h 5 DT — L HUH A
a=sharedmem2 TV AE N7 — &k, THIEE a ic A%, lidar=a(:,1:96) T Point
Cloud 7 — %, imu=a(:,97:98) Cimu 7 — X ZM VAL Z L TE 3,
a=sharedmem2 THU{ Y iA ¥ 7 — % |3 Developer Command Prompt T ¥Livox-SDK2-

1.2.5¥build¥samples¥livox_lidar_quick_start¥Release ®
>> livox_lidar_quick start.exe
ZFEITL TR LEDYTARA LT —ZZMWYIAL TS, Z D7 mid360 ICHfi L

Fitoa<wy FEETLZRETTRI O a2~y F % MATLAB TEITT 2,
¥Livox-SDK2-1.2.5¥samples¥livox_lidar_quick_ start¥untitled2.m

clear all;close all
a=sharedmem2;
lidar=a(:,1:96);
imu=a(:,97:98);
plot3(lidar(1,:),lidar(2,:),1lidar(3,:),"'.");
axis equal;
hold on
for i=1:1000
a = sharedmem2;
lidar=a(:,1:96);
imu=a(:,97:98)
plot3(lidar(1,:),lidar(2,:),lidar(3,:),".");

drawnow
end
(Ej—z)o
imu =
-0.0016 0.0649
-0.0046 -0.0765
-0.0057 1.0135
imu =
-0.0048 0.0644
0.0050 -0.0757
-0.0057 0.9830
imu =
-0.0016 0.0646
-0.0046 -0.0753
-0.0089 1.0140
imu =
-0.0069 0.0619
0.0061 -0.0760
-0.0046 0.9823

13
gerox.com © 2024 2024/7/27



BRI T AR AR AR 2024 /MR —1TIFEE

4 Figure 1 = (=] X

774UD \EE FTTV BAO V-UD FTAIMWTD 21YEOW)  ALTH) >
DNede @ 0EKE

Point Cloud 7 — &I, 96 MFIC, (A Z X CRRNIN D, imu(1:3,1)208 3l v 4 v,
imu(1:3,2) 0%, 3EHIMEE AR L CTWwW5b, &b, imu(3,2)1d. 121, 1[g]ZRL T3 D
T, 2%V, 2B FAZRIETH LI L HEKRL TS, (IMUIL. NED JBEER (x-north,
y-east,z-down) ?) T, —Ib. BIfFEES CTE 0T, WBLHE 2 EH L 2 REE 1T
> TWw{,
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JUAME. S b #ZE L7- Livox SDK2 OY > L7107 < Lo(EE

HEAEY)VOHETHFA v
IMU & LiDAR @ Timestamp DB/

IMU & LiDAR (%, JEFHAEL D AR TH 3729, Timestamp (I ZNZTNER D, Z D729,
ZZ 4 IMU, LiDAR 7*5H Callback BA¥(23MEI$417- & % pupdate, imupdate ICv —7 v
AR ZREET 2 L 5 1cF 5, v —7 v R, nsec i T, 64y b T —XTH 5 7=
O, HHAE)FA X8 NA FEHIERT 2,
int SHMEMSIZE = 1+8+8+(3+3)*4+1+(4*3+1+1)*96;

timestamp_type data_type time type

1 uint&4_t ns

Timestamp @ Data type l¥.uint64_t TH % 23, Livox D~y X7 7 A VATl uint8[8]

ELTEREINTVWEIDOT, MGFOMMPLT 7R TEL LI

union _Data8Union {
uint64_t u64;
uint8_t u8[8];

s
ZBIT %, MATLAB D1 Tl 517(2+96)5CTH1 T2 2 & #4E L. shmem %L T D
LOICEERT 5,

Data Field Type shmem  (i=0~95) MATLAB
741
Data Type uint8_t 0 1,1
pupdate uint8 t[8] |1,2,3,4,5,6,7,8 2,1
imupdate uint8 t[8] | 9,10,11,12,13,14,15,16 | 4,2
IMU Data gyro_x float 17,18,19,20 3,1
gyro_y float 21,22,23,24 4,1
gyro_z float 25,26,27,28 5,1
acc_X float 29,30,31,32 1,2
acc_y float 33,34,35,36 2,2
acc_z float 37,38,39,40 3,2
reserved 5,2
Data Typel X int32_t 41+i*14 1,3+1
y int32_t 41+i*14+4 2,3+1
z int32_t 41+1*14+8 3,3+1
reflectivity | uint8_t 41+i*14+12 4,3+1
tag uint8_t 41+i*14+13 5,3+1
Data Type2 X intl6e_t 41+i*8 1,3+1
y intl6_t 41+i*8+2 2,3+1
z intl6_t 41+i*8+4 3,3+1
reflectivity | uint8_t 41+i*8+6 4,3+1
tag uint8_t 41+i*8+7 5,3+i
Data Type3 depth int32_t 41+i*10 1,3+i
15
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theta intl6_ t 41+i*10+4 2,3+1
phi intl6_t 41+i*10+6 3,3+1
reflectivity | uint8_t 41+i*10+8 4,3+1
tag uint8_t 41+i*10+9 5,3+1

¥lLivox-SDK2-1.2.5¥samples¥livox_lidar_quick_startv4¥main.cpp

//

// The MIT License (MIT)

//

// Copyright (c) 2022 Livox. All rights reserved.

//

// Permission is hereby granted, free of charge, to any person obtaining a copy
// of this software and associated documentation files (the "Software"), to deal
// in the Software without restriction, including without limitation the rights
// to use, copy, modify, merge, publish, distribute, sublicense, and/or sell

// copies of the Software, and to permit persons to whom the Software is

// furnished to do so, subject to the following conditions:

//

// The above copyright notice and this permission notice shall be included in
// all copies or substantial portions of the Software.

//

// THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
// IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,

// FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
// AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER

// LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
// OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
// SOFTWARE.

//

#include "livox_lidar_def.h"
#include "livox_lidar_api.h"

#ifdef _WIN32

#include <winsock2.h>
#telse

#include <unistd.h>
#include <arpa/inet.h>
#tendif

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <thread>
#include <chrono>
#include <iostream>

#include <mutex>
#include <condition_variable>
#include <map>

#include <csignal>
#include <stdint.h>

std::condition_variable quit_condition;
std::mutex mtx;

LPCTSTR 1lpName = "(c)2024 www.gerox.com v5";
int SHMEMSIZE = 1+8+8+(3+3)*4+(4*3+1+1)%*96;
static int initialized = 0;

static uint8_t *shmem;

static HANDLE hFile;

union _Data2Union {
int16_t i16;
uintl6_t ul6;
uint8_t u8[2];
}s

union _DatadUnion {
float f;
int32_t i32;
uint32_t u32;
uint8_t u8[4];

b
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union _Data8Union {
uint64_t u6b4;
uint8_t u8[8];
s

union _Data8Union Uint64Bytes;
union _Datad4Union FloatBytes;
union _Datad4Union Int32Bytes;
union _Datad4Union Uint32Bytes;
union _Data2Union Intl6Bytes;
union _Data2Union Uintl16Bytes;

void PointCloudCallback(uint32_t handle, const wuint8_t dev_type, LivoxLidarEthernetPacket* data, void*
client_data) {
if (data == nullptr) {

return;
}
// printf("point cloud handle: %u, data_num: %d, data_type: %d, length: %d, frame_counter: %d¥n",
// handle, data->dot_num, data->data_type, data->length, data->frame_cnt);

if (data->data_type == kLivoxLidarCartesianCoordinateHighData) {
shmem[@] = (uint8_t) data->data_type;
shmem[1] = (uint8_t) data->timestamp[0];
shmem[2] = (uint8_t) data->timestamp[1];
shmem[3] = (uint8_t) data->timestamp[2];
shmem[4] = (uint8_t) data->timestamp[3];
shmem[5] = (uint8_t) data->timestamp[4];
shmem[6] = (uint8_t) data->timestamp[5];
shmem[7] = (uint8_t) data->timestamp[6];
shmem[8] = (uint8_t) data->timestamp[7];
LivoxLidarCartesianHighRawPoint *p_point_data = (LivoxLidarCartesianHighRawPoint *)data->data;
for (int i = 0;i < 96;i++) {
int ind = 41 + i * 14;
Int32Bytes.i32 = p_point_data[i].x;
shmem[ ind ] = (uint8_t) Int32Bytes.u8[0];
shmem[ind + 1] = (uint8_t) Int32Bytes.u8[1];
shmem[ind + 2] = (uint8_t) Int32Bytes.u8[2];
shmem[ind + 3] = (uint8_t) Int32Bytes.u8[3];
// printf("%lg ", (double)Int32Bytes.value);
Int32Bytes.i32 = p_point_data[i].y;
shmem[ind + 4] = (uint8_t) Int32Bytes.u8[0];
shmem[ind + 5] = (uint8_t) Int32Bytes.u8[1];
shmem[ind + 6] = (uint8_t) Int32Bytes.u8[2];
shmem[ind + 7] = (uint8_t) Int32Bytes.u8[3];
// printf("%lg ", (double)Int32Bytes.value);
Int32Bytes.i32 = p_point_data[i].z;
shmem[ind + 8] = (uint8_t) Int32Bytes.u8[0];
shmem[ind + 9] = (uint8_t) Int32Bytes.u8[1];
shmem[ind +10] = (uint8_t) Int32Bytes.u8[2];
shmem[ind +11] = (uint8_t) Int32Bytes.u8[3];
// printf("%lg ", (double)Int32Bytes.value);
shmem[ind +12] = (uint8_t) p_point_data[i].reflectivity;
shmem[ind +13] = (uint8_t) p_point_data[i].tag;

// printf("%x %x¥n", p_point_data[i].reflectivity, p_point_data[i].tag);
}
} else {
if (data->data_type == kLivoxLidarCartesianCoordinateLowData) {

shmem[@] = (uint8_t) data->data_type;
shmem[1] = (uint8_t) data->timestamp[0];
shmem[2] = (uint8_t) data->timestamp[1];
shmem[3] = (uint8_t) data->timestamp[2];
shmem[4] = (uint8_t) data->timestamp[3];
shmem[5] = (uint8_t) data->timestamp[4];
shmem[6] = (uint8_t) data->timestamp[5];
shmem[7] = (uint8_t) data->timestamp[6];
shmem[8] = (uint8_t) data->timestamp[7];
LivoxLidarCartesianLowRawPoint *p_point_data = (LivoxLidarCartesianLowRawPoint *)data->data;
for (int i = 0;i < 96;i++) {
int ind = 41 + i * 8;
Intl16Bytes.il6 = p_point_data[i].x;
shmem[ind 1 = (uint8_t) IntleBytes.u8[0];
shmem[ind + 1] = (uint8_t) Intl6Bytes.u8[1];
Intl6Bytes.il6 = p_point_data[i].y;
shmem[ind + 2] = (uint8_t) Intl6Bytes.u8[0];
shmem[ind + 3] = (uint8_t) Int32Bytes.u8[1];
Intl16Bytes.il6 = p_point_data[i].z;

shmem[ind + 4] = (uint8_t) Intl6Bytes.u8[0];
shmem[ind + 5] = (uint8_t) Intl6Bytes.u8[1];
shmem[ind + 6] = (uint8_t) p_point_data[i].reflectivity;
shmem[ind + 7] = (uint8_t) p_point_data[i].tag;
¥

17
gerox.com © 2024 2024/7/27



BRI T AR AR ERE 2024 /IMR—TIFRE

void ImuDataCallback(uint32_t handle, const uint8_t dev_type, LivoxLidarEthernetPacket* data, void*

client_data) {
if (data == nullptr) {
return;
}
// printf("Imu data callback handle:%u, data_num:%u, data_type:%u, length:%u, frame_counter:%u.¥n",
// handle, data->dot_num, data->data_type, data->length, data->frame_cnt);

/*

/)

} else {
if (data->data_type == kLivoxLidarSphericalCoordinateData) {
shmem[@] = (uint8_t) data->data_type;
shmem[1] = (uint8_t) data->timestamp[e];
shmem[2] = (uint8_t) data->timestamp[1];
shmem[3] = (uint8_t) data->timestamp[2];
shmem[4] = (uint8_t) data->timestamp[3];
shmem[5] = (uint8_t) data->timestamp[4];
shmem[6] = (uint8_t) data->timestamp[5];
shmem[7] = (uint8_t) data->timestamp[6];
shmem[8] = (uint8_t) data->timestamp[7];
LivoxLidarSpherPoint* p_point_data = (LivoxLidarSpherPoint *)data->data;
for (int i = 0;1i < 96;i++) {
int ind = 41 + i * 10;
Uint32Bytes.u32 = p_point_data[i].depth;
shmem[ ind 1 = (uint8_t) Uint32Bytes.u8[0];
shmem[ind + 1] = (uint8_t) Uint32Bytes.u8[1];
shmem[ind + 2] = (uint8_t) Uint32Bytes.u8[2];
shmem[ind + = (uint8_t) Uint32Bytes.u8[3];
Uint16Bytes.ul6 = p_point_data[i].theta;
shmem[ind + 4] = (uint8_t) Uint16Bytes.u8[0];
shmem[ind + 5] = (uint8_t) Uint16Bytes.u8[1];
UintléBytes.ul6 = p_point_data[i].phi;
shmem[ind + 6] = (uint8_t) Uint16Bytes.u8[0];

w
—
1

shmem[ind + 7] = (uint8_t) Uint16Bytes.u8[1];
shmem[ind + 8] = (uint8_t) p_point_data[i].reflectivity;
shmem[ind + 9] = (uint8_t) p_point_data[i].tag;
}
}

}
}

if (data->data_type == kLivoxLidarImuData) {

shmem[@] = (uint8_t) data->data_type;
shmem[9] = (uint8_t) data->timestamp[0];
shmem[10] = (uint8_t) data->timestamp[1];
shmem[11] = (uint8_t) data->timestamp[2];
shmem[12] = (uint8_t) data->timestamp[3];
shmem[13] = (uint8_t) data->timestamp[4];
shmem[14] = (uint8_t) data->timestamp[5];
shmem[15] = (uint8_t) data->timestamp[6];
shmem[16] = (uint8_t) data->timestamp[7];
LivoxLidarImuRawPoint *p_point_data = (LivoxLidarImuRawPoint *)data->data;

printf("%1f ",p_point_data[@].gyro_x);
printf("%1f ",p_point_data[@].gyro_y);
printf("%1f ",p_point_data[@].gyro_z);
printf("%1f ",p_point_data[@].acc_x);
printf("%1f ",p_point_data[@].acc_y);
printf("%1f¥n",p_point_data[@].acc_z);

FloatBytes.f = p_point_data[@].gyro_x;
shmem[17] = FloatBytes.u8[@];
shmem[18] = FloatBytes.u8[1];
shmem[19] = FloatBytes.u8[2];
shmem[20] = FloatBytes.u8[3];
FloatBytes.f = p_point_data[@].gyro_y;
shmem[21] = FloatBytes.u8[@];
shmem[22] = FloatBytes.u8[1];
shmem[23] = FloatBytes.u8[2];
shmem[24] = FloatBytes.u8[3];
FloatBytes.f = p_point_data[@].gyro_z;
shmem[25] = FloatBytes.u8[0];
shmem[26] = FloatBytes.u8[1];
shmem[27] = FloatBytes.u8[2];
shmem[28] = FloatBytes.u8[3];
FloatBytes.f = p_point_data[@].acc_x;
shmem[29] = FloatBytes.u8[0];
shmem[30] = FloatBytes.u8[1];
shmem[31] = FloatBytes.u8[2];
shmem[32] = FloatBytes.u8[3];
FloatBytes.f = p_point_data[@].acc_y;
shmem[33] = FloatBytes.u8[@];
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shmem[34] = FloatBytes.u8[1];
shmem[35] = FloatBytes.u8[2];
shmem[36] = FloatBytes.u8[3];
FloatBytes.f = p_point_data[@].acc_z;
shmem[37] = FloatBytes.u8[@];
shmem[38] = FloatBytes.u8[1];
shmem[39] = FloatBytes.u8[2];
shmem[40] = FloatBytes.u8[3];
}
}

// void OnLidarSetIpCallback(livox_vehicle_status status, uint32_t handle, uint8_t ret_code, void*) {
// if (status == kVehicleStatusSuccess) {
// printf("lidar set ip slot: %d, ret_code: %d¥n",

// slot, ret_code);

// } else if (status == kVehicleStatusTimeout) {
// printf("lidar set ip number timeout¥n");
/1

/1}

void WorkModeCallback(livox_status status, uint32_t handle,LivoxLidarAsyncControlResponse *response, void
*client_data) {
if (response == nullptr) {
return;

printf("WorkModeCallack, status:%u, handle:%u, ret_code:%u, error_key:%u",
status, handle, response->ret_code, response->error_key);

void PclDataTypeCallback(livox_status status, uint32_t handle,LivoxLidarAsyncControlResponse *response, void
*client_data) {
if (response == nullptr) {
return;

printf("PclDataTypeCallack, status:%u, handle:%u, ret_code:%u, error_key:%u",
status, handle, response->ret_code, response->error_key);

}

void RebootCallback(livox_status status, wuint32_t handle, LivoxLidarRebootResponse* response, void*
client_data) {
if (response == nullptr) {
return;

}
printf("RebootCallback, status:%u, handle:%u, ret_code:%u",
status, handle, response->ret_code);
}

void SetIpInfoCallback(livox_status status, uint32_t handle, LivoxLidarAsyncControlResponse *response, void
*client_data) {
if (response == nullptr) {
return;

printf("LivoxLidarIpInfoCallback, status:%u, handle:%u, ret_code:%u, error_key:%u",
status, handle, response->ret_code, response->error_key);

if (response->ret_code == @ && response->error_key == 0) {
LivoxLidarRequestReboot(handle, RebootCallback, nullptr);
}
}

void QueryInternalInfoCallback(livox_status status, uint32_t handle,
LivoxLidarDiagInternalInfoResponse* response, void* client_data) {
if (status != kLivoxLidarStatusSuccess) {
printf("Query lidar internal info failed.¥n");
QueryLivoxLidarInternalInfo(handle, QueryInternalInfoCallback, nullptr);
return;

}

if (response == nullptr) {
return;

¥

uint8_t host_point_ipaddr[4] {0};
uintl6_t host_point_port = 0;
uintl6_t lidar_point_port = 0;

uint8_t host_imu_ipaddr[4] {0};
uintl6_t host_imu_data_port = 0;
uintl6_t lidar_imu_data_port = 0;
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uintle_t off = 0;
for (uint8_t i = @; i < response->param_num; ++i) {
LivoxLidarKeyValueParam* kv = (LivoxLidarKeyValueParam*)&response->data[off];
if (kv->key == kKeyLidarPointDataHostIpCfg) {
memcpy (host_point_ipaddr, &(kv->value[@]), sizeof(uint8_t) * 4);
memcpy (&(host_point_port), &(kv->value[4]), sizeof(uintl6_t));
memcpy (&(lidar_point_port), &(kv->value[6]), sizeof(uintl6_t));
} else if (kv->key == kKeyLidarImuHostIpCfg) {
memcpy (host_imu_ipaddr, &(kv->value[@]), sizeof(uint8_t) * 4);
memcpy (&(host_imu_data_port), &(kv->value[4]), sizeof(uintl6_t));
memcpy (&(lidar_imu_data_port), &(kv->value[6]), sizeof(uintlé_t));
}
off += sizeof(uintl6_t) * 2;
off += kv->length;
}

printf("Host point cloud ip addr:%u.%u.%u.%u, host point cloud port:%u, lidar point cloud port:%u.¥n",
host_point_ipaddr[@], host_point_ipaddr[1], host_point_ipaddr[2], host_point_ipaddr[3],
host_point_port, lidar_point_port);

printf("Host imu ip addr:%u.%u.%u.%u, host imu port:%u, lidar imu port:%u.¥n",
host_imu_ipaddr[@], host_imu_ipaddr[1], host_imu_ipaddr[2], host_imu_ipaddr[3], host_imu_data_port,
lidar_imu_data_port);

}

void LidarInfoChangeCallback(const uint32_t handle, const LivoxLidarInfo* info, void* client_data) {
if (info == nullptr) {
printf("lidar info change callback failed, the info is nullptr.¥n");
return;

}
printf("LidarInfoChangeCallback Lidar handle: %u SN: %s¥n", handle, info->sn);

// set the work mode to kLivoxLidarNormal, namely start the lidar

SetLivoxLidarWorkMode(handle, kLivoxLidarNormal, WorkModeCallback, nullptr);

SetLivoxLidarPclDataType(handle, kLivoxLidarCartesianCoordinateHighData, PclDataTypeCallback, nullptr);
// SetLivoxLidarPclDataType(handle, kLivoxLidarCartesianCoordinatelLowData,PclDataTypeCallback, nullptr);
// SetlLivoxLidarPclDataType(handle, kLivoxLidarSphericalCoordinateData,PclDataTypeCallback, nullptr);

QueryLivoxLidarInternalInfo(handle, QueryInternalInfoCallback, nullptr);

// LivoxLidarIpInfo lidar_ip_info;

// strcpy(lidar_ip_info.ip_addr, "192.168.1.10");

// strcpy(lidar_ip_info.net_mask, "255.255.255.0");

// strcpy(lidar_ip_info.gw_addr, "192.168.1.1");

// SetLivoxLidarLidarIp(handle, &lidar_ip_info, SetIpInfoCallback, nullptr);
}
void Stop(int signal) {

quit_condition.notify_all();

¥

void LivoxLidarPushMsgCallback(const wuint32_t handle, const uint8 t dev_type, const char* info, void*
client_data) {
struct in_addr tmp_addr;
tmp_addr.s_addr = handle;
std::cout << "handle: " << handle << ", ip: " << inet_ntoa(tmp_addr) <<
std::cout << info << std::endl;
return;

}

, push msg info: << std::endl;

int main(int argc, const char *argv[]) {

// if (argc != 2) {

// printf("Params Invalid, must input config path.¥n");
// return -1;

/1 }

// const std::string path = argv[1];

HANDLE hFile = CreateFileMapping(INVALID_HANDLE_VALUE,NULL,PAGE_READWRITE,®,SHMEMSIZE,1pName) ;
if(hFile == NULL) {
printf("Could not open file mapping object¥n");

}
shmem = (uint8_t *)MapViewOfFile(hFile,FILE_MAP_ALL_ACCESS,0,0,SHMEMSIZE);

// REQUIRED, to init Livox SDK2

if (!LivoxLidarSdkInit("config.json")) {
printf("Livox Init Failed¥n");
LivoxLidarSdkUninit();
return -1;

}
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// REQUIRED, to get point cloud data via 'PointCloudCallback"’
SetLivoxLidarPointCloudCallBack(PointCloudCallback, nullptr);

// OPTIONAL, to get imu data via 'ImuDataCallback’
// some lidar types DO NOT contain an imu component
SetLivoxLidarImuDataCallback(ImuDataCallback, nullptr);

SetLivoxLidarInfoCallback(LivoxLidarPushMsgCallback, nullptr);

// REQUIRED, to get a handle to targeted lidar and set its work mode to NORMAL
SetLivoxLidarInfoChangeCallback(LidarInfoChangeCallback, nullptr);

// capture Ctrl + C signal.
std::signal (SIGINT, Stop);

std::unique_lock<std: :mutex> lock(mtx);
quit_condition.wait(lock);

LivoxLidarSdkUninit();
UnmapViewOfFile(shmem);
CloseHandle(hFile);

printf("Livox Quick Start Demo End!¥n");
return 0;

}
=y 32
IR DELD
SetLivoxLidarPclDataType(handle, kLivoxLidarCartesianCoordinateHighData, PclDataTypeCallback, nullptr);

// SetLivoxLidarPclDataType(handle, kLivoxLidarCartesianCoordinateLowData,PclDataTypeCallback, nullptr);
// SetLivoxLidarPclDataType(handle, kLivoxLidarSphericalCoordinateData,PclDataTypeCallback, nullptr);

DaRry bEEETLE, UYiAL Data Type DEHERTE 5,

MATLAB MEX 'O 7' 5 L DFEHT

ALY P T7AAVZICTROC T 0T T LEEREL,

>> mex sharedmemv5.cpp

TaAavANT L, 2OTRT T LTlR, VT 74 XI N7z, Point Cloud & imu 7 —
£ % MATLAB {751l & L THLY 1A T,

¥Livox-SDK2-1.2.4¥samples¥livox_lidar_quick_ startv3¥sharedmemv5.cpp

#include"mex.h"

#include <stdio.h>

#include <windows.h>

#include <stdint.h>

#define _USE_MATH_DEFINES

#include <math.h>

LPCTSTR lpName = "(c)2024 www.gerox.com v5";
int SHMEMSIZE = 1+8+8+(3+3)*4+(4*3+1+1)*96;
static int initialized = ©;

static uint8_t *shmem;

static HANDLE hFile;

union _Data2Union {
int1l6_t i16;
uintl6_t ul6;
uint8_t u8[2];
s

union _DatadUnion {
float f;
int32_t i32;
uint32_t u32;
uint8_t u8[4];
¥

union _Data8Union {
uint32_t u32;
uint64_t u64;
uint8_t u8[8];
s

union _Data8Union Uint64Bytes;
union _Datad4Union FloatBytes;
union _Data4Union Int32Bytes;
union _Data4Union Uint32Bytes;
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union _Data2Union Inti16Bytes;
union _Data2Union Uint16Bytes;

void cLeanup(void) {
if(initialized != @) {
mexPrintf("MEX-file is safely terminated.¥n");
UnmapViewOfFile(shmem);
CloseHandle(hFile);
initialized = 0;
}
}
void mexFunction(int nlhs,mxArray *plhs[],int nrhs,const mxArray * prhs[]) {
int i;
if(nrhs 1= 0) {
mexErrMsgTxt("zero input must be required for shared memory.");
return;

}
if(initialized == 0) {

mexPrintf("Shared Memory Access for MATLAB by Gerox(c) 2024¥n");
mexPrintf("http://www.gerox.com Build %s¥n",_DATE_ );

hFile = CreateFileMapping(INVALID_HANDLE_VALUE,NULL,PAGE_READWRITE,®@,SHMEMSIZE,1lpName);
if(hFile == NULL) {

mexErrMsgTxt ("Could not open file mapping object¥n");

return;

shmem = (uint8_t *)MapViewOfFile(hFile,FILE_MAP_ALL_ACCESS,0,0,SHMEMSIZE);
initialized = 1;

mexMakeMemoryPersistent(shmem);

mexAtExit(cLeanup);

}

if(nlhs == 1) {

plhs[@] = mxCreateDoubleMatrix (5,96 + 2,mxREAL);

double *data = mxGetPr(plhs[0]);

data[@] = (double) shmem[@];// DataType

switch ((int)data[e]) {
case 0:
Uint64Bytes.u8[0] = (uint8_t) shmem[1];
Uint64Bytes.u8[1] = (uint8_t) shmem[2];
Uint64Bytes.u8[2] = (uint8_t) shmem[3];
Uint64Bytes.u8[3] = (uint8_t) shmem[4];
Uint64Bytes.u8[4] = (uint8_t) shmem[5];
Uint64Bytes.u8[5] = (uint8_t) shmem[6];
Uint64Bytes.u8[6] = (uint8_t) shmem[7];
Uint64Bytes.u8[7] = (uint8_t) shmem[8];
data[1] = (double)Uint64Bytes.u64;
Uint64Bytes.u8[0@] = (uint8_t) shmem[9];
Uint64Bytes.u8[1] = (uint8_t) shmem[10]
Uint64Bytes.u8[2] = (uint8_t) shmem[11]
Uint64Bytes.u8[3] = (uint8_t) shmem[12]
Uint64Bytes.u8[4] = (uint8_t) shmem[13]
Uint64Bytes.u8[5] = (uint8_t) shmem[14]
Uint64Bytes.u8[6] = (uint8_t) shmem[15]
Uint64Bytes.u8[7] = (uint8_t) shmem[16]
data[8] = (double)Uint64Bytes.u64;
FloatBytes.u8[@] = (uint8_t) shmem[17];
FloatBytes.u8[1] = (uint8_t) shmem[18];
FloatBytes.u8[2] = (uint8_t) shmem[19];
FloatBytes.u8[3] = (uint8_t) shmem[20];
data[2] = (double)FloatBytes.f;
FloatBytes.u8[@] = (uint8_t) shmem[21];
FloatBytes.u8[1] = (uint8_t) shmem[22];
FloatBytes.u8[2] = (uint8_t) shmem[23];
FloatBytes.u8[3] = (uint8_t) shmem[24];
data[3] = (double)FloatBytes.f;
FloatBytes.u8[@] = (uint8_t) shmem[25];
FloatBytes.u8[1] = (uint8_t) shmem[26];
FloatBytes.u8[2] (uint8_t) shmem[27];
FloatBytes.u8[3] = (uint8_t) shmem[28];
data[4] = (double)FloatBytes.f;
FloatBytes.u8[0] = (uint8_t) shmem[29];
FloatBytes.u8[1] = (uint8_t) shmem[30];
FloatBytes.u8[2] (uint8_t) shmem[31];
FloatBytes.u8[3] = (uint8_t) shmem[32];
data[5] = (double)FloatBytes.f;
FloatBytes.u8[0] = (uint8_t) shmem[33];
FloatBytes.u8[1] = (uint8_t) shmem[34];
FloatBytes.u8[2] = (uint8_t) shmem[35];
FloatBytes.u8[3] = (uint8_t) shmem[36];
data[6] = (double)FloatBytes.f;
FloatBytes.u8[@] = (uint8_t) shmem[37];

Ce M Me b we we G
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FloatBytes.u8[1]
FloatBytes.u8[2]
FloatBytes.u8[3]

(uint8_t)
(uint8_t)
(uint8_t)

data[7] = (double)FloatBytes.

break;
case 1:

Uint64Bytes.u8[0] =

Uint64Bytes.u8[1]
Uint64Bytes.u8[2]
Uint64Bytes.u8[3]
Uint64Bytes.u8[4]
Uint64Bytes.u8[5]

Uint64Bytes.u8[6] =

Uint64Bytes.u8[7]

data[1] = (double)Uint64Bytes.

Uint64Bytes.u8[0]
Uint64Bytes.u8[1]
Uint64Bytes.u8[2]
Uint64Bytes.u8[3]
Uint64Bytes.u8[4]
Uint64Bytes.u8[5]
Uint64Bytes.u8[6]
Uint64Bytes.u8[7]

data[8] = (double)Uint64Bytes.

(uint8_t)
= (uint8_t)
= (uint8_t)
= (uint8_t)
= (uint8_t)
= (uint8_t)
(uint8_t)
= (uint8_t)

= (uint8_t)
= (uint8_t)
= (uint8_t)
= (uint8_t)
= (uint8_t)
= (uint8_t)
= (uint8_t)
= (uint8_t)

for (i = 0;1i < 96;i++) {

int ind = 41 + i
Int32Bytes.u8[0]
Int32Bytes.u8[1]
Int32Bytes.u8[2]
Int32Bytes.u8[3]
data[10 + i * 5

Int32Bytes.u8[0]
Int32Bytes.u8[1]
Int32Bytes.u8[2]
Int32Bytes.u8[3]

* 14,

= (uint8_t)
= (uint8_t)
= (uint8_t)
= (uint8_t)

= (uint8_t)
= (uint8_t)
= (uint8_t)
= (uint8_t)

shmem[38];
shmem[39];
shmem[40];
3

shmem[1];
shmem[2];
shmem[3];
shmem[4];
shmem[5];
shmem[6];
shmem[7];
shmem[8];
ués;

shmem[9];
shmem[10]
shmem[11]
shmem[12]
shmem[13]
shmem[14]
shmem[15]
shmem[16]
u6bs;

Mo Me be Ml We Wl we

shmem[ind

15

shmem[ind + 1];
shmem[ind + 2];
shmem[ind + 3];
] = (double)(Int32Bytes.i32);

shmem[ind
shmem[ind
shmem[ind
shmem[ind

+
+
+

+

a];
515
61;
715

data[10 + i * 5 + 1] = (double)(Int32Bytes.i32);
= (uint8_t) shmem[ind + 8];
= (uint8_t) shmem[ind + 9];
= (uint8_t) shmem[ind +10];
Int32Bytes.u8[3] = (uint8_t) shmem[ind +11];
data[10 + i * 5 + 2] = (double)(Int32Bytes.i32);
data[10 + i * 5 + 3] = (double) shmem[ind +12];
data[10 + i * 5 + 4] = (double) shmem[ind +13];

Int32Bytes.us[0]
Int32Bytes.u8[1]
Int32Bytes.u8[2]

break;
case 2:

Uint64Bytes.u8[0] =

Uint64Bytes.u8[1]
Uint64Bytes.u8[2]
Uint64Bytes.u8[3]
Uint64Bytes.us[4]
Uint64Bytes.u8[5]

Uint64Bytes.u8[6] =

Uint64Bytes.u8[7]

data[1] = (double)Uint64Bytes.

Uint64Bytes.u8[0]

Uint64Bytes.us[1] =

Uint64Bytes.u8[2]
Uint64Bytes.u8[3]
Uint64Bytes.u8[4]
Uint64Bytes.u8[5]

Uint64Bytes.u8[6] =

Uint64Bytes.u8[7]

data[8] = (double)Uint64Bytes.

(uint8_t)
= (uint8_t)
= (uint8_t)
= (uint8_t)
= (uint8_t)
= (uint8_t)
(uint8_t)
= (uint8_t)

= (uint8_t)
(uint8_t)
= (uint8_t)
= (uint8_t)
= (uint8_t)
= (uint8_t)
(uints_t)
= (uint8_t)

for (i = 0;1i < 96;i++) {
int ind = 41 + i * 8;

Intl6Bytes.u8[0]
Intl6Bytes.u8[1]
data[10 + i * 5

= (uints_t)

shmem[1];
shmem[2];
shmem[3];
shmem[4];
shmem[5];
shmem[6];
shmem[7];
shmem[8];
u6s;
shmem[9];
shmem[10];
shmem[11];
shmem[12];
shmem[13];
shmem[14];
shmem[15];
shmem[16];
u6bs;

shmem[ind

1;

= (uint8_t) shmem[ind + 1];

] = (double)(Intl6Bytes.il6);
Int16Bytes.u8[0@] = (uint8_t) shmem[ind + 2];
Int16Bytes.u8[1] = (uint8_t) shmem[ind + 3];
dataf[10 + i * 5 + 1] = (double)(Intl6Bytes.il6);
Intl6Bytes.u8[@] = (uint8_t) shmem[ind + 4];
Intl6Bytes.u8[1] = (uint8_t) shmem[ind + 5];
data[10 + i * 5 + 2] = (double)(Intl6Bytes.il6);
data[10 + i * 5 + 3] = (double) shmem[ind + 6];
data[10 + i * 5 + 4] = (double) shmem[ind + 7];
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break;

case 3:

Uint64Bytes.u8[0]
Uint64Bytes.u8[1]
Uint64Bytes.u8[2]
Uint64Bytes.u8[3]
Uint64Bytes.u8[4]
Uint64Bytes.u8[5]

(uint8_t) shmem[1];

(uint8_t) shmem[2];

(uint8_t) shmem[3];

(uint8_t) shmem[4];

(uint8_t) shmem[5];

(uint8_t) shmem[6];
Uint64Bytes.u8[6] (uint8_t) shmem[7];
Uint64Bytes.u8[7] (uint8_t) shmem[8];

data[1] = (double)Uint64Bytes.u64;
Uint64Bytes.u8[0] (uint8_t) shmem[9];
Uint64Bytes.u8[1] (uint8_t) shmem[10];
Uint64Bytes.u8[2] (uint8_t) shmem[11];
Uint64Bytes.u8[3] (uint8_t) shmem[12];
Uint64Bytes.u8[4] (uint8_t) shmem[13];
Uint64Bytes.u8[5] (uint8_t) shmem[14];
Uint64Bytes.u8[6] (uint8_t) shmem[15];
Uint64Bytes.u8[7] = (uint8_t) shmem[16];

data[8] = (double)Uint64Bytes.u64;

for (i = 0;1i < 96;i++) {

int ind = 41 + i * 10;

Uint32Bytes.u8[0] (uint8_t) shmem[ind 1s
Uint32Bytes.u8[1] (uint8_t) shmem[ind + 1];
Uint32Bytes.u8[2] (uint8_t) shmem[ind + 2];
Uint32Bytes.u8[3] (uint8_t) shmem[ind + 3];
dataf[10 + i * 5 = (double) (Uint32Bytes.u32);
Uint16Bytes.u8[0] (uint8_t) shmem[ind + 4];
Uintl6Bytes.u8[1] (uint8_t) shmem[ind + 5];
data[10 + i * 5 + 1] (double) (Uint16Bytes.ul6);
Uintl6Bytes.u8[0] = (u1nt8 t) shmem[ind + 6];
Uint16Bytes.u8[1] = (uint8_t) shmem[ind + 7];
dataf[10 + i * 5 + 2] (double) (Uint16Bytes.ul6);
dataf[10 + i * 5 + 3] (double) shmem[ind + 8];
data[1@0 + i * 5 + 4] (double) shmem[ind + 9];

—

break;

default:

mexPrintf ("xkrkrkrckrkrkrkynknown data formath*¥*kxkyn™);

}

return;
mexPrintf(M-----mmm e ¥n");
mexPrintf("Usage: sharedmemv5 ¥n");
mexPrintf("data=sharedmemvs; ¥n");

mexPrintf("Shared Memory Access for MATLAB by Gerox(c) 2024¥n");
mexPrintf("http://www.gerox.com Build %s¥n",_ DATE__);
mexPrintf("-----------c-cmmee e ¥n");

mexErrMsgTxt("one output must be required.");

MATLAB DT — ZHUY AHZ 7 1) 7

IMU 7 — % &, Point Cloud 7 — % I3, ;HEIEJEH@ CallBack WU I N5, MU
N BHEIC Callback LT O N7z T — X 2 LY AT I iE, ILHE SRR L, Y IABED
BHRAETDL, 2070, num a5 & ® T, Point Cloud T — X Z BV iAAK D > THh 5,
ML 7 — 5”3:53'73?’5 oneshot BI%L % 3% L 72, Point Cloud 7 — X ZHU D I AA TV 3
i, FEFIAC MU 7 —2 bV AEN D720, Kk, 200F 8T CHNT 2L
IC LT\ 3, oneshot BA¥IICO—[ElDH v 7L C Point Cloud 7 — & IF. 96*num D
T =2 HD AD B, KB WEAE, (0,0,0)DFEIEARIRT /20, B i EET —

Zld, HIBR L. 7— 2 BoHREE . WHEEZ DR Ex Ko T, IMU & Y 3 OJFEEER IE
zﬁmmm)a\ NEDT‘JZ’P%%“G‘%é LEZOLNDD, Lvox D7 7 =LV = TRED L HICHE

HINT0E»ik, FBRCT— 22N LF =2y 73 20ERH S, . Bl ICM-
40609 O ¥ x 4 D@Hjjjﬂi\ deg/sec TH 5 DITHF L. Livox D 7 7 — L7 = 7 T, rad/sec
ICEIIN TN IN TV 720, PRI EIE, ZEINTW2A[REELD 5,
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LiDAR JiEE % & ROS D JERE R L — v (ENU R (x-east, y-north, z-up) & Hifir) I
L Cwd, 22 TZ Tl WHHREOAMEZHZR L., A 2T ) NTORAZEE, H
BEREEIIITH T, oneshot BIEIANTHEEE L 72, Oneshot BI#AI TlE, Data Type ic X D
HENHAF 2720, BHODBEZ RV, BhdDT -2 24 TDT =2 %W ARz 0EGE
IClE. main.cpp ZEXHaZ T, Va v SA AN LETTEIHLERD B,

main.cpp MATLAB 175l
HHEAEY (oneshot BB D H /1)
Data Type Gyro_x[rad/s] Gyro_x[rad/s]
Gyro_y[rad/s] Gyro_y[rad/s]
Gyro_z[rad/s] Gyro_z[rad/s]
Acc_x[g] -Acc_x[m/s”2]
Acc_y[g] -Acc_y[m/s”2]
Acc_z[g] -Acc_z[m/s"2]
Data Type X[mm] X[m]
Y[mm] Y[m]
Z[mm] Z[m]
Reflectivity Reflectivity
Tag Tag
Data Type X[cm] X[m]
Y[cm] Y[m]
Z[cm] Z[m]
Reflectivity Reflectivity
Tag Tag
Data Type Depth[mm] X[m]
Theta[0.01 deg] Y[m]
Phi[@.01 deg] Z[m]
Reflectivity Reflectivity
Tag Tag
25
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oneshot.m
function [lidar,imu]=oneshot(num)
pupdate = 0;
imupdate = 0;
pclent = 0;
imu=[1;
lidar=[];

loopcount=100000000;
for i=1:loopcount
data=sharedmemvs;
datatype = data(1,1);
if(datatype == @)
if(data(4,2) ~= imupdate)
imupdate = data(4,2);
% order gyro acc
imu=[imu, [data(3:5,1);data(1:3,2);imupdate]];
end
continue;
else
if(data(2,1) == pupdate)
continue
end
pclent = pclent + 1;
pupdate = data(2,1);
d96=data(:,3:end);
% minimum detection range 1@cm, more than 1@[cm]->100[mm]
% maximum detection range 100m, less than
% 108[m]->10000[cm]->100000[mm]
if(datatype == 3)
d96idx=(d96(1,:) > 100) & (d96(1,:) < 100000);
lidar=[1lidar,[d96(:,d96idx);ones(1,sum(d96idx))*pupdate]];
if(pclent >= num)
% unit from gyro[rad/s] and acc[g] to gyro[rad/s] and acc[m/s"2]
imu(4:6,:)= - 9.8 * imu(4:6,:);
r = lidar(1,:) / 1000;% unit [m]
% from 0.01[deg] to [rad]
theta=lidar(2,:) * 19 / 108862;% * pi / 180 /100 [rad]
phi=lidar(3,:) * 19 / 108862;% * pi / 180 /100 [rad]
lidar(1,:)=r.*sin(theta).*cos(phi);
lidar(2,:)=r.*sin(theta).*sin(phi);
lidar(3,:)=r.*cos(theta);
break;
end
elseif(datatype == 2)
d96idx=(max(abs(d96(1:3,:))) > 10) & (max(abs(d96(1:3,:))) < 10000);
lidar=[1lidar,[d96(:,d96idx);ones(1,sum(d96idx))*pupdate]];
if(pclent >= num)
% unit from gyro[rad/s] and acc[g] to gyro[rad/s] and acc[m/s"2]
imu(4:6,:)= - 9.8 * imu(4:6,:);
% from [cm] to [m]
lidar(1:3,:) = lidar(1:3,:) / 100;% unit [m]
break;
end
elseif(datatype == 1)
d96idx=(max(abs(d96(1:3,:))) > 100) & (max(abs(d96(1:3,:))) < 100000);
lidar=[1lidar,[d96(:,d96idx);ones(1,sum(d96idx))*pupdate]];
if(pclent >= num)
% unit from gyro[rad/s] and acc[g] to gyro[rad/s] and acc[m/s"2]
imu(4:6,:)= - 9.8 * imu(4:6,:);
% from [mm] to [m]
lidar(1:3,:) = lidar(1:3,:) / 1000;% unit [m]
break;
end
end
end
end
if(i == loopcount)
fprintf('WARNING: time out. Please increase loopcount.');
end
end

HIEHEIPHIZ, 10[cm]-100[m] T % DHipH L7 — 2 1ZHIFR L T\ %, Data Type 1,2 ¥, #
2720 CH 5 53, MR CHIJI 2415 Data type 3 (3.
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X = rxsin(@)xcos(¢)
~ Y = rxsin(@)xsin(¢)
Z = rxcos(6)

FigoXick v IMU 57— %, Point Cloud 7 — 4 %

Developer Command Prompt T

EAIERARE 2024 NVR—1TIFFEE

HELTW3S,

¥Livox-SDK2-1.2.5¥build¥samples¥livox_ lidar quick startv5¥Release O

>> livox_lidar_quick_startv5.exe
EETLEALITI.,

MATLAB |- T

>>untitled8.m

ZEHE I TR TL %,

¥lLivox-SDK2-1.2.5¥samples¥livox_lidar quick_startv5¥untitled8.m

clear all;close all

num=150;

figure

[onelidar,imu] = oneshot(num);
subplot(2,2,1);

xlabel('x");ylabel('y"');zlabel('z");
axis([-5,5,-5,5,-0.5,2]);grid on;
view(162,32)
subplot(2,2,2);p2=plot((imu(1:6,:)+[0;0;0;0;0;9.8]1)"');
1egend('g_x', 'sy','g_z','ax','ay’, 'a_z');
for i=1:100

tic;

[onelidar,imu] = oneshot(num);

toc

subplot(2,2,2);plot((imu(1:6,:)+[0;0;0;0;0;9.8])");

legend('g x','g_y','g_z","'a_x","'a_y",'a_z");

subplot(2,2,3);plot(onelidar(4:5,:)")

imuind=[];

for j=1:length(imu(7,:))
[~,ind]=min(abs(onelidar(6,:)-imu(7,3)));
imuind=[imuind;ind];

end

subplot(2,2,4);

plot(1:1length(onelidar(6,:)),onelidar(6,:),imuind,imu(7,:),

drawnow;

end

pl=plot3(onelidar(1,:),onelidar(2,:),onelidar(3,:),"'.");axis equal

set(pl, 'XData',onelidar(1,:), " 'YData',onelidar(2,:), 'ZData’',onelidar(3,:));

'rx")
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fe b2 Point Cloud 7— 4. A E2S, IMU T — X OREELA Y v~ 7 v Bk, #edhos, 3 @
Yxfu, MEEERL TS, 7P, LIDAR 7 — & %, ENUERER & LTIk D C &R TE
% o ENU 5K 5% O HEEE D z Wk sy 13, MR -9.8[m/s 2] 034 7y F & LTAST
LTI, 7—42FRTlE, zEiDIC 9.8 2MELTCOffETRANE LSICLTWwW3,
FET X, HiHih2S Point Cloud D ¥ v 7V B L it CH TR, KRB X T T — X %K
LTwb, G TOHELEDNY OEMD 7 Z 713, Biflindy v 7 v s, feih23 femmgh
fiins) #RKL T3, HHL Point Cloud 23HX VA F N2 HERTC, ARX2S IMU 7 — &2 A°
Y AEnzIRflZR L T 5,

pcshow B840 (2 Computer Vision Toolbox)

Lidar Toolbox T i L T\ % pcshow BA%{C Point Cloud 7 — & @ G I8 % 1%
L. SfictaxBiNL CA7z, bk, MOVIE=1 & 3% &, Bl untitled8pcl.avi &
LCRFEI N2,

PointCloud @ KYFIHEIC DWW T

Target reflectivity: expressed by a number from 0 to 255. 0 to 150 corresponds to the reflectivity within
the range of 0 to 100% in the Lambertian reflection model. 151 to 255 corresponds to the reflectivity of
target objects with retroflection properties. When the target is less than 2 m from the Mid-360, it may
result in a large reflectivity error. The data should only be used to distinguish whether the target is total
reflective or diffuse reflective.
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10% Reflectivity
Unit: m

Effective Detection Range inside FOV of the Mid-360
Tag IFMDIEA

Tag (IS OMOBEMEREZ RS, Ml 8 vy PORSARLERELT~—23h

THEH, Ey MG L TEEOMHEIRICH T O TWw 5, FEikiE, W, #1320, FHiEW

MloEEbitn s, mHEEOEEZE L Twd, ZOH T, Confidence L~ L 3RH A D

fEEEZRLCEB Y, BH, EFEailie (BWEEME) ©h 2, (RWFEM X, BitA

WG 2B K E R Z T, RHEEROEHEESMENC L 2RLTwE, REICGL
T, ZOHRICESOCTEBE 7 ANZ ) VT LT ENTE B,

Tags: Indicates additional information about the detected points. Point cloud tags are 8-bit unsigned
integers, which are divided into several groups. Each group indicates one property of the detected
point, including rain, fog, dust, and dragging noise between objects, etc. The confidence level
indicates the credibility of the detected points. “0” stands for normal point cloud data (high confidence
level); low confidence level indicates that the detected point is highly affected by the corresponding
type of noise, and as a result the detection result has low credibility. Filter the point cloud based on
the tag information.

The format of the tag is as shown below:
Bit[7-6] Bit[5-4] Bit[3-2] Bit[1-0]

) Detected points property: )
D d IE ty: Detected points property:

etected points property Atmospheric particles like ) P ) property
Other rain. foa. and dust Dragging noise between
0: High confidence level 100, ) objects:

: High confi level
(normal points) 0: High confidence leve 0: High confidence level

Reserved normal points
1: Moderate confidence ( P ) . (normal points)
1: Moderate confidence )
level level 1: Moderate confidence level
Vi
2: Low confidence level eve . 2: Low confidence level
2: Low confidence level
3: Reserved 3: Reserved
3: Reserved
29
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Bit Description
bit 6~7 Reserved

Properties of Detection Points: other
0: High confidence (normal point)
bit 4~5 1: Medium confidence
2: Low confidence
3: Reserved

Properties of Detection Points: Rain, fog, dust and other tiny particles
0: High confidence (normal point)
bit 2~3 1: Medium confidence
2: Low confidence
3: Reserved

Properties of Detection Points: Glue point cloud between adjacent objects
0: High confidence (normal point)
bit 0~-1 1: Medium confidence
2: Low confidence
3: Reserved

Bl zZiX, A2 V7 T, Confidence L~ DRV HZFRET 5121,
ind=logical(ones(size(othrMid))- (othrLow+rainLow+gluelow));

720 We, 13TV ETFRRET 21T,
ind=logical(ones(size(othrMid))-(rainLow+gluelLow)-(rainMid+glueMid));
EEBEFT TG TE 5,

Untitled8pcl % MATLAB L CTETTNIZTOMAHTL %, Untitled8pcl D H % H &

Rz 5 ETWAWARENEE,

¥Livox-SDK2-1.2.5¥samples¥livox_lidar quick startv5¥untitled8pcl.m

clear all;close all
num=150;
[onelidar,imu] = oneshot(num);
pl=pcshow(onelidar(1:3,:)"',uint8(onelidar(4,:))", '"MarkerSize',50);
xlabel('x"');ylabel('y"');zlabel('z");
axis([-5,5,-5,5,-0.5,2]);
view(162,83)
view(-37.5,30.0)
colorbar;
loops = 10000;
MOVIE=0;
if MOVIE
M(loops) = struct('cdata',[], 'colormap',[]);
end
for i=1:loops
tic;
[onelidar,imu] = oneshot(num);
toc
othrMid=bitand(onelidar(5,:),2%4)==2"4;
othrLow=bitand(onelidar(5,:),275)==2"5;
rainMid=bitand(onelidar(5,:),2"2)==2"2;
rainLow=bitand(onelidar(5,:),2"3)==2"3;
glueMid=bitand(onelidar(5,:),2%0)==2"0;
glueLow=bitand(onelidar(5,:),2/1)==2"1;
ind=logical(ones(size(othrMid)));
% ind=logical(othrMid+othrLow);
% ind=logical(rainMid+rainLow);
% ind=logical(rainMid);
% ind=logical(glueMid+gluelLow);
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% ind=logical(othrMid+rainMid+glueMid);
% ind=logical(othrLow+rainLow+gluelLow);
% ind=logical(othrMid+rainMid+glueMid+othrLow+rainLow+gluelow);
% 1ind=logical(ones(size(othrMid))-(rainLow+rainMid));
% ind=logical(ones(size(othrMid))-(othrLow+rainLow+gluelow));
% ind=logical(ones(size(othrMid))-(othrLow+rainLow+glueLow)-(othrMid+rainMid+glueMid));
onelidar=onelidar(:,ind);
pl.Children.XData=onelidar(1,:);
pl.Children.YData=onelidar(2,:);
pl.Children.zZData=onelidar(3,:);
pl.Children.CData=uint8(onelidar(4,:))";
drawnow;
if MOVIE
M(i)=getframe(gcf);

end

end

if MOVIE
v = VideoWriter("untitled8pcl.avi","Indexed AVI");
v.VideoCompressionMethod
open(v)
writevideo(v,M)
close(v)
end

[= 1

J74)UF) FBEE) FTRV) BAN V-IUT) FAZRYTD) 24YEIW)  AILT(H) iy

D de | @068 k[E

IMU & > ¥ D&

Mid-360 ® Point Cloud 7— X ® z #iliid, L% TH 223, Mid-360 D 3 dilifiliEE o4 H
3. +i[glEiccH I E NG, (oF Y, EINE F%%@“ziﬁh@l@ﬁﬁi TrHE) &
o TCWb, 20770 EEL Yy F L v [ ey FoEiizic L35 CIFEL2ET 5,
723, oneshot BA#KIZ. ENU BEAE %~ DAL T2 %: Lt%@%fﬁo’CTX]\ L7
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Mid-360 @ LiDAR EEiR3R & IMU EEIR 3R DHERD

Livox View2 % ffi o T MATLAB ®F — & & g - 384 5,

b @ & G WD G G | Pointsize: 1pixel - Color: Refle FrameTime : 100ms ~

Reflectivity
255

I 204
153

I 102

51

0

Points n: 0(0%)

Livox View2 THF¥ 7 F ¥ L7zl T — 22K R L7 DTH 5, D 720 1 R %
EbHETERLTVS, S X, IMU Y3 ERICHE 2 L CHE A2 iR+ 3,

imubasictest.m

clear all;close all

num=1500;

while(1)
[onelidar,imu] = oneshot(num);
subplot(6,1,1);plot(imu(1,:));title('g_x");ylim([-2,2]);
subplot(6,1,2);plot(imu(2,:));title('g_y");ylim([-2,2]);
subplot(6,1,3);plot(imu(3,:));title('g_z");ylim([-2,2]);
subplot(6,1,4);plot(imu(4,:));title('a_x");ylim([-10.5,10.5]);
subplot(6,1,5);plot(imu(5,:));title('a_y"');ylim([-10.5,10.5]);
subplot(6,1,6);plot(imu(6,:));title('a_z"');ylim([-10.5,10.5]);
if(max(abs(imu(1,:)))>2)break;end
if(max(abs(imu(2,:))>2))break;end
if(max(abs(imu(3,:))>2))break;end
drawnow;

end

NED JEAE % & . ENU R D&\ 1T,

32
gerox.com © 2024 2024/7/27



BRI T AR AR ERE 2024 /IMR—TIFRE

- ZHEfom & DFE N
- FEHE L 70 2 EST T 1A D E

Bd 5,
PLTFICZxDA A= %8T, TO%HE, ZioE %X, Lidar FEIE% & ENU FEIE R CHE L
TH D0, EITHA (22 TlE, Mid-360 Z L DA X ICKETEI2ICH K508 - +)

T ZCUE, Lidar BEESR D X TlTH2SHTT & L7286 ENU SR @ y dilild. 7205 23 1E
L7505, NED JEAER D yilild, GHMABIEE RS, DE V., LOBERZINEICLY,
3WhY v A v, 3EMIHE D DTS %KD 5,
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Mid-360 T L T3 IMU & ¥ 3%, ICM40609 TH D, ~=—a T ik B &,

Gyro Noise: 4.5mdps/VHz

Gyro Offset Stability TC: +10mdps/C
Gyro Sensitivity Error: +0.5%

Gyro Sensitivity/temp: £0.045%/C
Accel Noise: 100pg/VHz

Accel Offset Stability TC: £0.15mg/C
Accel Sensitivity Error: 20.5%

Accel Sensitivity/temp: +0.007%/C
Gyro + Accel Combo current: 0.77mA
Extended Accel Full Scale Range: 32g
Improved ODR Latency: 32KHz

CENWCTH D, CIHLOLAALTY T ANZRE[FIZDDANT A —X

AR EIT I

Gyro noise

1 [mdeg/s] = ©.001Xpi/180 [rad/s] %= DT
4.5[mdps/sqrt(Hz)]=4.5%x0.001Xpi/180 [rad/s/sqrt(Hz)]

0.0045*pi/180[rad/s/sqr
t(Hz)]

Accel
noise

1 [pg] = 107-6[m/s*2] =D T

0.0001 [m/s”2/sqrt(Hz)]

100 [pg/sqrt(Hz)] = 100X10”-6[m/s”2/sqrt(Hz)]

poseplot B3 (Z & % IMU D aJ481k (2 Navigation Toolbox)

2T, IMU & v Y DEER RS 5 729 1T, Navigation Toolbox @ poseplot [
BAaflio CTHERL TAH B, bAaRIT, poseplot BAKD T 7 + v + DFEIER TDHRIRIL,
North East Down(NED)ZTH 3, ZhITH L, F# L7~ oneshot B D HI /113, East
North Up (ENU) 2 TH % D THERET 5, binAIC, poseplot BI#IZ. A7 > 3 vick v,
NED JHEHF% &\ ENU BEERRICHIGL TWwd, MZER 2 thbrs X dic, zilddbAATH
20, yHiomEbEDbYRRIND,

4 Figure .

e _ =
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Dede | @08 R[E
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REAMEX T 2 imufilter BAEUX. 77 44 P Tld NED FEEER CRIHEL T30 T
FEZYS 5, (Quaternion & 5o Th, MWIERIY TIC X o TEVZE D 5 D THEE) T
1790 W MR, ¥ v A4 vt vy, BIRRETFHIIL, ZofEz v, % 4 i,
A7y bFr vk, MEEX, BOMEE 9.8[m/s] T/ —~v 74 X LT,
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¥Livox-SDK2-1.2.5¥samples¥livox_lidar_quick_ startv5¥untitled9a.m

clear all;close all

num=150;

GyroscopeNoiseMPU9250 = 3.0462e-06; % GyroscopeNoise (variance) in units of rad/s
AccelerometerNoiseMPU9250 = 0.0061; % AccelerometerNoise (variance) in units of m/s”~2
GyroscopeNoiseICM40609 = 0.0045 * pi / 180; % GyroscopeNoise (variance) in units of rad/s
AccelerometerNoiseICM40609 = 0.0001; % AccelerometerNoise (variance) in units of m/s”2

FUSE = imufilter('SampleRate',200, 'ReferenceFrame', 'ENU');
FUSE.GyroscopeNoise=GyroscopeNoiseICM40609*10000;
FUSE.AccelerometerNoise=AccelerometerNoiseICM40609;
FUSE.GyroscopeDriftNoise = 3.0462e-13; %(rad/s)"2
FUSE.LinearAccelerationNoise = 0.0096236; %(m/s"2)"2
[~,imu] = oneshot(num);
imu@=mean(imu(1:3,:),2);
acco=mean(9.8./sqrt(sum(imu(4:6,:).72)))
% requires R2021b () Sensor Fusion and Tracking Toolbox
pp = poseplot('ENU");
xlabel('x");ylabel('y"');zlabel('z");
for i=1:10000

tic;

[~,imu] = oneshot(num);

toc

gyro=1.25*(imu(1:3,:)-imu@)";

accel=(imu(4:6,:)*acco)";

rotators = FUSE(accel,gyro);

for ii=1:size(imu(1,:))

set(pp,"Orientation"”,rotators(ii))

drawnow limitrate
end
end
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27 L ROS DR & NED, ENU JFEFR%
RIVERE 2] O HE. v v P OMEPCHE, MEICK Y, BIERPERIGAERDH 5D
T, MODTEENLBETH 5, b7rAIC, ROS T,
https://www.ros.org/reps/rep-0103.html
ICHEERZERL T 5,

Coordinate Frame Conventions

All coordinate frames should follow these conventions.

Chirality

All systems are right handed. This means they comply with the right hand rule [4].

Axis Orientation
In relation to a body the standard is:
x forward
y left
z up
For short-range Cartesian representations of geographic locations, use the east north up [5] (ENU)
convention:
X east
Y north
Z up
To avoid precision problems with large float32 values, it is recommended to choose a nearby origin such
as your system's starting position.
Suffix Frames
In the case of cameras, there is often a second frame defined with a
slightly different convention:
z forward
x right
y down
For outdoor systems where it is desirable to work under the north east down [6] (NED) convention, define
an appropriately transformed secondary frame with the "_ned" suffix:
X north
Y east
Z down
Rotation Representation
There are many ways to represent rotations. The preferred order is listed below, along with rationale.
1. quaternion
Compact representation
No singularities
2. rotation matrix
No singularities
3. fixed axis roll, pitch, yaw about X, Y, Z axes respectively
No ambiguity on order
Used for angular velocities
4. euler angles yaw, pitch, and roll about Z, Y, X axes respectively
Euler angles are generally discouraged due to having 24 ‘'valid' conventions with different domains
using different conventions by default.

_optical" suffix. This uses a

By the right hand rule, the yaw component of orientation increases as the child frame rotates counter-
clockwise, and for geographic poses, yaw is zero when pointing east.

FEwdE,

ROS “Cfifi 5 FEEER H AT Tl S R FEAVERSE Ol 5 AR R
frame defined with a "_optical” suffix [ frame with the " _ned" suffix

x forward z forward x forward

y left x right y left

z up y down z down

the east north up [5] (ENU) the north east down [6] (NED)

X east X north

Y north Y east

Z up Z down

HENTTRLDIA o 72556, ENU & NED Tid, x i, y B ANE 2. fiORF5 032D 5 1]
Bt H 2 0C, FEZET 3, SHoflcii, iRt vy HidRh o T, ZonE itk
Wy
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Mid-360 & IMU Dt >3 72— 3>~

F¥aAy Mok, Lidar & IMU & V3 DR R > TWBEDT, FET 5,
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The position of the IMU chip in the point cloud coordinates is x=11.0 mm, y=23.29 mm, z=-44.12 mm.

Z OHITIE. IMU DEBE A 7EH L. Point Cloud 7 — & O JFEFEZS % T\ >, MID-360
DR Y 5T, PIHZRE D F FCPoint Cloud T— 22 FRRTB2L5ICLTWB,

¥Livox-SDK2-1.2.5¥samples¥livox_lidar_quick_startv5¥untitled9b.m

clear all;close all

num=150;

GyroscopeNoiseICM40609 = 0.0045*pi/180; % GyroscopeNoise (variance) in units of rad/s
AccelerometerNoiseICM40609 = 0.0001; % AccelerometerNoise (variance) in units of m/s”2

FUSE = imufilter('SampleRate',200, 'ReferenceFrame', 'ENU');
FUSE.GyroscopeNoise=GyroscopeNoiseICM40609;
FUSE.AccelerometerNoise=AccelerometerNoiseICM40609;
FUSE.GyroscopeDriftNoise = 3.0462e-13; %(rad/s)"2
FUSE.LinearAccelerationNoise = 0.0096236; %(m/s"2)"2

[onelidar@,imu] = oneshot(num);
imu@=median(imu(1:3,:),2);
acc@=median(9.8./sqrt(sum(imu(4:6,:).72)));

% requires R2021b () Sensor Fusion and Tracking Toolbox

figure;% default is NED frame
subplot(2,4,1);pp = poseplot('ENU");
xlabel('x");ylabel('y");zlabel('z");
subplot(2,4,2);ppl = poseplot('ENU");
xlabel('x");ylabel('y"');zlabel('z");
view([0,90]);

subplot(2,4,3);pp2 = poseplot('ENU");
xlabel('x");ylabel('y");zlabel('z");
view([90,0]);

subplot(2,4,4);pp3 = poseplot('ENU");
xlabel('x");ylabel('y");zlabel('z");
view([@,0]);

subplot(2,4,5);pll=plot3(onelidare(1,:),onelidare(2,:),onelidare(3,:),"'.");
axis equal;axis([-5,5,-5,5,-5,5]);grid on;
xlabel('x");ylabel('y");zlabel('z");
subplot(2,4,6);pl2=plot3(onelidare(1,:),onelidare(2,:),onelidare(3,:),"'.");
axis equaljaxis([-5,5,-5,5,-5,5]);grid on;
xlabel('x"');ylabel('y"');zlabel('z");view([0,90]);
subplot(2,4,7);p13=plot3(onelidare(1,:),onelidare(2,:),onelidare(3,:),"'.");
axis equaljaxis([-5,5,-5,5,-5,5]);grid on;
xlabel('x");ylabel('y");zlabel('z");view([90,0]);
subplot(2,4,8);pld=plot3(onelidare(1,:),onelidare(2,:),onelidare(3,:),"'.");
axis equal;axis([-5,5,-5,5,-5,5]);grid on;
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xlabel('x");ylabel('y"');zlabel('z");view([0,0]);
for i=1:10000
tic;
[onelidar,imu] = oneshot(num);
toc
gyro=(imu(1:3,:)-imu@)";
accel=(imu(4:6,:)*acco)’;
rotators = FUSE(accel,gyro);
for ii=1:size(imu(1,:))
set(pp,"Orientation",rotators(ii))
set(ppl,"Orientation”,rotators(ii))
set(pp2,"Orientation”,rotators(ii))
set(pp3,"Orientation”,rotators(ii))
drawnow limitrate
end
rotatorsl = FUSE(mean(accel),mean(gyro));
R=quat2rotm(rotatorsl);
if o
eul=quat2eul(rotatorsi, 'ZYX");
R=eul2rotm(eul, 'ZYX');
end
if o
axang=rotm2axang(quat2rotm(rotatorsl));
R=axang2rotm(axang);
end
% change from NED to ENU coordinate for rotation axis
onelidar@=R*[onelidar(1:3,:)-[11;23.39;-44.12]/1000];
set(pll, 'XData',onelidare(1,:), 'YData',onelidare(2,:), 'ZData',onelidare(3,:));
set(pl2, 'XData',onelidare(1,:), 'YData',onelidare(2,:), 'ZData',onelidare(3,:));
set(pl13, 'XData',onelidare(1,:), 'YData',onelidare(2,:), 'ZData',onelidare(3,:));
set(pl4, 'XData',onelidare(1,:), 'YData',onelidare(2,:), 'ZData',onelidare(3,:));
end

Mid-360 D ¥ Y [ElERIC X Y AU 2 iRE)

>> tic;[lidar,imu]=oneshot(25000);toc,save imu imu lidar
FEERER 12 28.819904 BT,

TY VY INLIeT — R ERT,
IMU D% v 7 RSB,

plot(1./diff(imu(7,:)/1079))
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imubasictest3.m

%tic;[lidar,imu]=oneshot(25000);toc,save imu imu lidar
%tic;[lidar,imu]=oneshot(25000);toc,save imux imu lidar
%tic;[lidar,imu]=oneshot(25000);toc,save imuy imu lidar
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close all
load imu

figure

figure
fftgx=Ffft(gx);
fftgy=Ffft(gy);
fftgz=Ffft(gz);
fftax=fft(ax);
fftay=fft(ay);
fftaz=fft(az);
f=1./tt;

pause
for i=1:6

end
figure

f=tt/tt(end)*200;

num=length(gx)/2;

subplot(6,1,1);plot(f(2:
subplot(6,1,2);plot(f(2:
subplot(6,1,3);plot(f(2:
subplot(6,1,4);plot(f(2:
subplot(6,1,5);plot(f(2:
subplot(6,1,6);plot(f(2:

%tic;[lidar,imu]=oneshot(25000);toc,save imuz imu lidar

plot(1./diff(imu(7,:)/1079))
t= (imu(7,:)-imu(7,1))/10"9;
tt=t(1):1/200:t(end);

gx=interpl(t,imu(1,
gy=interpl(t,imu(2,
gz=interpl(t,imu(3,
ax=interpl(t,imu(4,
ay=interpl(t,imu(5,
az=interpl(t,imu(6,

1),tt,"spline");
1), tt,"spline");
1), tt,"spline");
1), tt,"spline");
1), tt,"spline");
1), tt,"spline");

subplot(6,1,1);plot(tt,gx);title('gx");
subplot(6,1,2);plot(tt,gy);title('gy");
subplot(6,1,3);plot(tt,gz);title('gz");
subplot(6,1,4);plot(tt,ax);title('ax");
subplot(6,1,5);plot(tt,ay);title('ay"');
subplot(6,1,6);plot(tt,az);title('az");

subplot(6,1,1i);x1im([27,30])

plot3(lidar(1,:),1lidar(2,:),1lidar(3,:),"

end/2),abs(fftgx(2:end/2))/num, 'linewidth',3);title('gx");ylim([0,0.01]);
end/2),abs(fftgy(2:end/2))/num, 'linewidth',3);title('gy"');ylim([0,0.01])
end/2),abs(fftgz(2:end/2))/num, 'linewidth',3);title('gz");ylim([0,0.01])
end/2),abs(fftax(2:end/2))/num, 'linewidth',3);title('ax"');ylim([0,0.4])
end/2),abs(fftay(2:end/2))/num, 'linewidth',3);title('ay"');ylim([0,0.4])
end/2),abs(fftaz(2:end/2))/num, 'linewidth',3);title('az");ylim([0,0.4])

')

%) 28Hz D gx,gy,ay,az ICHHEIC X 2 IRE) O ED FFEBBI R 5N 5,
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