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Abstract: In this paper, an intelligent blind guide system based on 2D LiDAR and RGB-D camera sensing is 

proposed, and the system is mounted on the smart cane. The intelligent guide system relies on 2D LiDAR, 

RGB-D camera, IMU, GPS, Jetson nano B01, STM32 and other hardware. The main advantage of the intelligent 

guide system proposed by us is that the distance between the smart cane and obstacles can be measured by 2D 

LiDAR based on Cartographer algorithm, thus achieving Simultaneous localization and mapping (SLAM). At 

the same time, through the improved yolov5 algorithm, pedestrians, vehicles, pedestrian crosswalks, traffic 

lights, warning posts, stone piers, tactile paving and other objects in front of the visually impaired can be 

quickly and effectively identified. Laser SLAM and improved yolov5 obstacle identification tests were carried 

out inside a teaching building on the campus of Hainan Normal University and on a pedestrian crossing on 

Longkun South Road in Haikou City, Hainan Province. The results show that the intelligent guide system 

developed by us can drive the wheels and omnidirectional wheels at the bottom of the smart cane, and give 

the smart cane a self-leading blind guide function like a "guide dog", which can effectively guide the visually 

impaired to avoid obstacles and reach the predetermined destination, and can quickly and effectively identify 

the obstacles on the way out. The laser SLAM speed of this system is 25~31FPS, which can realize the short-

distance obstacle avoidance and navigation function both in indoor and outdoor envionments. The improved 

yolov5 helps to identify 86 types of objects, the recognition rate for pedestrian crosswalks and for vehicles are 

84.6% and 71.8%, respectively; the overall recognition rate for 86 types of objects is 61.2%, and the obstacle 

recognition rate of the intelligent guide system is 25-26FPS. 

Keywords: smart cane; Jetson nano (B01); 2D LiDAR; RGB-D camera; laser SLAM; target recognition; 

cartographer; improved yolov5 

 

1. Introduction 

The problem of visual impairment is very common, and there is a growing trend. According to 

a 2015 survey of visual impairment, an estimated 253 million people worldwide suffer from visual 

impairment. Of these, 36 million are blind and 217 million suffer from moderate to severe visual 

impairment [1]. According to the World Outlook Report released by the World Health Organization 

(WTO) in 2019, at least 2.2 billion people in the world are visually impaired or blind [2]. By 2020, the 

number of blind people worldwide is estimated to have grown to 43.3 million[3]. It is estimated that 

61 million people worldwide will be blind by 2050[3]. According to data from the official website of 

the Blind Association, China is the country with the largest number of blind people in the world, and 

the number of visually impaired people exceeds 17.3 million, of which 8 million are completely blind. 

About 1 in every 120 Chinese people suffer from visual impairment diseases, and about 450,000 

visually impaired people are added in China every year. At present, due to the small number of guide 
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dogs in China, most visually impaired people choose to move around with the help of a white cane. 

However, the traditional white cane is composed of a simple cane body and handle, which realizes a 

very single function and has a limited range of detection. In recent years, with the continuous 

maturity of autonomous driving technology, robot autonomous navigation technology, object 

detection and recognition technology and the rising of intelligent hardware, a new solution to the 

travel problem of the visually impaired has been provided. 

Researchers around the world have made great contributions to the laser and vision sensing 

smart guide system [4–12]. The laser and vision sensing smart canes with laser SLAM, visual SLAM, 

capable of recognizing the obstacles in front of the visually impaired, recognizing faces and daily 

necessities, with tracking functions, have been developed and constantly updated. Each type of laser 

and vision sensing smart cane has its own advantages and disadvantages. 

Some smart cane systems have fewer obstacle recognition types, lack of targeted recognition of 

obstacles on the road, and the system response speed is slow. In this regard, Slade P et al. (2021) [13] 

proposed an active smart cane based on laser SLAM technology, which was equipped with 

RPLIDAR-A1 LiDAR, Raspberry PI monocular camera, IMU and GPS. The smart cane uses A* 

algorithm to plan routes and uses the model yolov3 Tiny to identify stopping traffic signs. An 

omnidirectional wheel driven by a motor is installed at the bottom of the smart cane, driving the 

smart cane to swing left and right to guide the visually impaired to bypass obstacles and reach the 

destination. The smart cane can increase the walking speed of the visually impaired by 18±7%. The 

main control module of the smart cane is Raspberry PI 4B, and the monocular camera used is the 

official camera of Raspberry PI, so the real-time target recognition ability and recognition efficiency 

of the smart cane are not high, and it can recognize less objects. A Carranza et al. (2022) [14] proposed 

a smart guide system consisting of Raspberry PI 4, Raspberry PI official camera, ultrasonic sensor 

and speaker. The smart guide system uses TensorFlow Lite deep learning framework, OpenCV vision 

open source library and yolo algorithm to carry out real-time target detection, and can identify the 

vehicle in front of the visually impaired person. However, the accuracy rate of the intelligent cane for 

vehicle recognition is 55%-56%, and the recognition types are few and the recognition accuracy is 

low. TK Chuang et al. (2018) [15] proposed a Guide Dog Smart Cane with three Raspberry PI 2B, one 

NVIDIA Jetson TX1 and three cameras installed on the system. Three cameras are used for 

environmental data collection, with one camera input used to perform predictive tasks. The Guide 

Dog Smart Cane uses a deep convolutional neural network (CNN) to identify preset tracks to guide 

the visually impaired to their destination. But the system lacks the ability to identify other obstacles, 

and its ability to work is weakened when deviating from the preset trajectory. In terms of targeted 

obstacle recognition, Y Jin et al. (2015) [16] proposed a smart cane with face detection and recognition 

functions. The system is equipped with a camera mounted on eyeglasses and uses an Adaboost 

iterative algorithm to detect and recognize the faces of strangers around the visually impaired person 

and generate a unique vibration pattern of each person's face to feed back to the visually impaired 

person, helping him or her to know who is in front of him. But the system can only recognize faces 

and only a limited number of people. K Jivrajani et al. (2022) [17] proposed an AIoT-based smart cane, 

which uses Raspberry PI 3 as the main control module and OmniVision OV5647 as the camera 

module. A new network structure combining mobilenetv2 and yolov5s is proposed, and the obstacle 

detection rate is 91.7%. The system can identify some daily necessities, but the system lacks the ability 

to identify obstacles on the road. To solve the problem of slow system response, H Hakim et al. (2019) 

[18,19] proposed an indoor visually impaired assistance device based on two-dimensional laser 

SLAM. The smart cane uses Raspberry PI 3B+ as the main control module to fix the Neato XV-11 

LiDAR, Raspberry PI camera and ultrasonic sensor to the cane. The smart cane uses LiDAR Hector 

SLAM to build a two-dimensional map of the environment around the visually impaired person, and 

uses A* path planning algorithm to generate the optimal path on the two-dimensional map. At the 

same time, yolov2 algorithm was used to identify obstacles such as indoor tables and chairs, but the 

identification process ran online in the cloud, and the detection frame rate was only 0.6FPS, making 

the recognition rate of the system low. B Kumar (2021) [20] proposed a ViT Cane, a visual assistant 

for the visually impaired. The system consists of Raspberry PI 4B, Raspberry PI original camera V2 
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and four motors, and uses Vision Transformer architecture to detect obstacles such as garbage cans, 

street signs, bicycles and traffic cones in front of the visually impaired. Because the ViT Cane cannot 

recognize fast moving vehicles on real roads, the system's response rate is slow, so it does not have 

the ability to be used on real roads. N Kumar et al. (2022) [21] proposed a smart guide system based 

on YOLOv5, which uses Raspberry PI 3 as its main control. The time required for image data analysis 

and processing varies from less than 1s to 3s, so there is a certain delay in the work process. 

Some smart cane systems lack the function of actively guiding the visually impaired. In this 

regard, Z Xie et al. (2022) [22] proposed a multi-sensory navigation system that combines yolo and 

ORB-SLAM. The system consists of Raspberry PI 4B, RealSense RGB-D camera and vibration motor 

array, where the RGB-D camera receives real-time color image information and depth information, 

activating the improved ORB-SLAM in ROS system for map construction and global path planning, 

using yolov3 algorithm and DarkNet53 network to detect obstacles encountered by the visually 

impaired while walking. The system can obtain a relatively high mAP value, up to 55.3, while 

maintaining 35 FPS performance. However, the smart cane lacks a driving device, the navigation 

ability of the motor array tactile feedback navigation is weak, and lacking the function of actively 

guiding the visually impaired. L Udayagini et al. (2023) [23] proposed a smart cane with Raspberry 

PI 3 as the main control board, combining HCSRCO4 ultrasonic sensor, Raspberry PI official camera 

module, and acceleration sensor and humidity sensor. The smart cane adopted yolov3 algorithm to 

recognize the faces of relatives of the visually impaired and surrounding vehicles and other obstacles. 

However, the design of the smart cane is too simple, with weak objects recognition capability and no 

active navigation function. Cang Ye et al. (2014) [24] proposed a smart cane named CRC, using 

Gumstix Overo computer as the main control board and SR4000 3D-TOF camera for attitude 

estimation and object recognition. The object recognition method is based on Gaussian mixture model 

(GMM), which can effectively detect building structures such as indoor stairs, corridors and rooms, 

as well as objects such as tables and computer monitors. CRC smart cane is equipped with an active 

rolling tip with encoder servo motor and electromagnetic clutch that can change direction, but the 

active rolling tip can only provide navigational steering, and lacks the function of actively guiding 

the visually impaired to avoid obstacles and navigate. S Agrawal et al. (2022) [25] proposed a visual 

SLAM smart cane with tactile navigation. The system is equipped with RealSense D455 with RGB-D 

sensing and RealSenseT265 with IMU for target location and path planning. The smart cane can 

identify empty chairs in public indoor spaces that meet common social preferences, and passively 

guide visually impaired people to and sit on these empty chairs in the form of touch. On average, the 

smart cane was able to find a seat within 45 seconds, and found an empty chair that matched social 

preferences 83.3% of the time. However, the Visual SLAM smart cane lacks the ability to obtain other 

information in the environment, so the smart cane cannot measure the distance such as to the 

obstacles ahead, without navigation guide function, and can not actively guide the visually impaired 

person to the empty chair. H Zhang and C Ye et al. (2017-2018) [26,27] developed an indoor visual 

SLAM real-time path finding navigation system for visually impaired people based on SR4000 3D-

TOF camera, and proposed a new two-step pose image SLAM method. The two-step pose image 

SLAM method can reduce the 6-DOF attitude error of the device and shorten the calculation time. 

The system uses A* algorithm for global path planning to find the shortest path from the starting 

point to the end point, and uses attitude estimation and floor plans to locate the visually impaired 

indoors, as well as to recognize three-dimensional objects. However, the smart cane guides users 

through voice interface navigation commands, so it lacks the function of actively guiding the visually 

impaired. H Zhang et al. (2019) [28] proposed a visual inertial SLAM navigation aid smart cane for 

the visually impaired combined with the RealSense R200 camera and VectorNav VN100 IMU 

module, whose appearance is similar to that of [24]. Jin et al. (2009) [29] proposed EYECane guide 

system, which notifies the visually impaired through auditory information and enables them to 

passively listen to the path information planned by the system to walk. Based on Viola Jones and 

TensorFlow algorithm, U Masud et al. [30] proposed a smart cane composed of Raspberry PI 4B and 

Raspberry PI camera (V2) that can recognize faces and surrounding obstacles. But the smart cane 

lacks a driving device, so it can only navigate passively. K Suresh (2022) et al. [31] proposed a smart 
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cane with image recognition function with Arduino as the main control module. The smart cane uses 

yolov4 algorithm to identify people, mobile phones and stairs, and the recognition accuracy rate is 

above 90%, and the movement speed of the visually impaired can be increased by 15% to 20%. But 

the smart cane still lacks active guidance. 

Some smart cane systems need to be assisted by electronic mobile devices and need an external 

computer as the main control. In terms of the smart cane system that needs to be assisted by electronic 

mobile devices, Q Chen et al. (2017) [32] proposed a smart cane system named CCNY, which is based 

on the built-in camera, gyroscope and accelerometer of Google Tango device to realize the visual-

inertial SLAM function of path planning. The sense of touch is then used to feed navigation 

instructions back to the visually impaired to help them navigate to their destination in unfamiliar or 

complex indoor environments. L Jin et al. (2020) [33] proposed a CIP-VMobile navigation-assisted 

smart cane based on the iPhone 7 smartphone Visual Inertial odometer (VIO), which uses iPhone 7 

as a sensing and computing platform. The iPhone 7's rear camera and LSM6DSR-iNEMO inertial 

measurement unit are used as imaging and motion sensors to enable visual inertial fusion SLAM, 

enabling the system to plan the shortest path to a destination based on the location of the visually 

impaired and a pre-stored 2D floor plan. The system uses a DC motor to drive a smart cane rolling 

tip to guide the visually impaired along a planned path to a destination. As the smart cane system 

requires an external computer as the main control, PF Alcantarilla and A Rodriguez et al. (2012) 

[34,35] proposed the combination of visual SLAM and dense scene flow to improve the positioning 

ability of the guide system in a dynamic environment. However, the hardware part of the system 

needs to be worn on the visually impaired, and external communication cables need to be connected 

to the laptop, making it difficult to walk with the visually impaired. In addition, if the system is 

operating without moving target detection, the error between the camera's estimated motion 

trajectory and the actual trajectory will be large. H Takizawa et al. (2015) [36] proposed a system 

consisting of a Kinect depth camera, numeric keypad and haptic feedback device. The system uses 

the Kinect depth camera to obtain color images and depth data around the visually impaired, identify 

objects such as floors, chairs and stairs near the smart cane, search for objects the visually impaired 

wants to look for, and then feed the search results back to him through the haptic device. However, 

the smart cane is connected to the laptop through a wire, and there may be a risk of wire 

disconnection when the visually impaired person uses too much tension with the smart cane. EJ 

Taylor (2017) [37] proposed an obstacle avoidance system for the visually impaired based on three-

dimensional point cloud processing. The system is based on the Robot Operating System (ROS) and 

Open source Point Cloud Library (PCL), with the Asus Xtion Pro Live depth camera and wireless Wii 

remote installed on the smart cane. The depth camera uses ROS PointCloud2 to obtain a semantic 

image of the visually impaired person. However, the system is unable to detect objects above the 

waist, and the visually impaired people need to touch objects when navigating. Although the system 

can be operated wirelessly, the visually impaired need to carry a laptop when using it. 

In summary, the current laser and vision sensing smart cane has the following problems: (1) 

There are few obstacle recognition types, and lack of targeted identification of obstacles on the road, 

and the system response is slow; (2) Lack of active guidance for the visually impaired; ③ Need an 

external computer as the main control and need to be assisted by electronic mobile devices. Therefore, 

in view of the above problems, our starting point is to increase the identification types of obstacles 

on the road, improve the real-time response speed of the system, improve the actively guiding 

capability for the visually impaired without external devices, and develop our smart guide system 

by combining Cartographer and improved yolov5 algorithm. 

In this paper, we propose a smart cane guide system based on 2D LiDAR and RGB-D camera 

sensing. The blind guide system combines Cartographer and the improved yolov5 algorithm to 

realize navigation and target recognition functions. We have transformed the commonly used travel 

AIDS (white cane) for the visually impaired, endowed them with intelligence, and equipped the 

intelligent guide system on the guide cane to better solve problems such as obstacle avoidance, 

navigation and obstacle recognition encountered by the blind in the process of travel. Our work can 

be summarized as follows: 
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(1) The Cartographer algorithm was used to enable the smart cane to acquire laser SLAM 

function to achieve navigation capabilities, and the improved yolov5 algorithm was used to enable 

the smart cane to identify obstacles in front of the visually impaired person. 

(2) The smart cane system and structure has been designed based on by 2D LiDAR sensing and 

RGB-D camera, and the intelligent blind guide system was equipped on the smart cane for actual 

function testing. 

(3) The field test shows that the intelligent guide system is real-time and effective in helping the 

visually impaired to navigate indoors and outdoors and identify obstacles. 

2. System design 

This work develops an intelligent guide system with navigation and object recognition functions 

to help the visually impaired navigate to the preset destination and identify obstacles on the road. 

The intelligent guide system is composed of four parts: data acquisition module, central processing 

module, driving module and power supply module. The framework of the intelligent guide system 

is shown in Figure 1. 

 

Figure 1. Intelligent guide system frame diagram. 

2.1. Smart cane structure design 

The smart cane in literature [13] moves forward through the left and right swing of the 

omnidirectional wheel. Its way of moving forward is based on the process of the visually impaired 

person holding the ordinary blind cane swinging left and right and tapping the ground to detect the 

obstacles ahead. This way of moving forward is conducive to the visually impaired who have been 

used to the ordinary cane to quickly master the use of this intelligent cane, but in the case of the smart 

cane already has a sensor to detect the road and obstacle information in front of the smart cane, the 

efficiency of moving forward will be affected. The smart cane robot in literature [38] and [39] uses a 

rod similar to a white cane to connect to a robot car, and drives the rod through the movement of the 

robot car to drive the visually impaired person to walk. At this time, the robot car with two wheels is 

equivalent to acting as an "intelligent guide dog" to pull the visually impaired person to walk, but 

this way of moving will make the visually impaired person who is used to holding the ordinary white 

cane not adapt to being pulled. Inspired by the literatures [13], [38] and [39], we combined their 

advantages and designed the laser and vision sensing smart cane structure by using the 

omnidirectional wheel and two differential wheels to cooperate with each other. 

In this paper, Soildworks-2021 3D CAD software is used to design the appearance structure of 

the laser and vision sensing smart cane, and its appearance design is shown in Figure 2. The smart 

cane adopts lightweight and easy to carry and replace components, mainly composed of data 

acquisition and processing devices (LiDAR, RGB-D camera, IMU, GPS), white cane, bracket, 

omnidirectional wheel, coding motor, wheel, lithium battery. The omnidirectional wheel and two 

main wheels of the smart cane are in contact with the ground and jointly support the whole smart 
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cane, which can ensure that the smart cane can be in a stable state without interference from external 

forces, and the omnidirectional wheel and main wheels give the smart cane active navigation ability. 

In addition, the height and center of gravity of the smart cane can be adjusted according to the height 

of the visually impaired, so that he/she can use the smart cane more easily. 

  

(a) (b) 

Figure 2. Laser and vision sensing smart cane structure appearance design: (a) Smart cane 3D solid 

model; (b) Smart cane CAD diagram. 

2.2. Smart cane system hardware 

The hardware design of the smart cane system includes: main control module: NVIDIA Jetson 

Nano B01 (4GB); Data acquisition module: M10P TOF 2D LiDAR, Gemini binocular depth camera, 

N100N 9-axis inertial navigation module, G60 GPS Beidou dual-mode positioning module; Drive 

module: STM32F407VET6 microcontroller, 500-wire AB phase GMR(Giant Magnetoresistance) 

encoder, double bearing 75mm diameter omnidirectional wheel, two 85mm diameter non-slip rubber 

tires; Power module: 12V-9800MAH lithium battery. The hardware parameters of the intelligent 

guide system are shown in Table 1. 

The central processing module Jetson Nano B01(4GB) can receive the environmental information 

data of the data acquisition module and analyze and process the data. After data analysis and 

processing, the instructions are transmitted to the driving module STM32F407VET6, so as to drive 

the smart cane walking. The LiDAR can obtain the position and distance information of the obstacles 

ahead, achieve synchronous positioning and composition (SLAM) function, and enable the smart 

cane to avoid obstacles and go to the destination according to the small-range planned route. The 

depth camera can identify what object is the obstacle in front of the smart cane, identify the tactile 

paving, pedestrian crossing, traffic lights, warning posts and stone pillars around the visually 

impaired person, and can detect the ground potholes, steps and low height obstacles that the LiDAR 

cannot detect. The Inertial Measurement Unit (IMU) is composed of three-axis gyroscope, 

accelerometer and magnetometer. The IMU module can detect the attitude information during the 

movement of the smart cane and prevent the deviation caused by the accumulated error during the 

movement of the smart cane. The GPS module can detect the geographical location of the smart cane 

in real time, provide a large range and long distance navigation information for the smart cane, and 

record the moving trajectory of the smart cane. The microcontroller STM32F407VETb is used to accept 

the instructions transmitted by the central processing module and drive the GMR high-precision 
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coding motor to drive the non-slip wheel and the omnidirectional wheel. The physical appearance 

structure of the laser and vision sensing smart cane is shown in Figure 3, and the hardware structure 

of the intelligent blind guide system is shown in Figure 4. 

Table 1. Hardware parameters of intelligent guide system. 

Hardware  Hardware type parameters and dimensions 

Main control module Jetson Nano B01(4GB) 
CPU:ARM Cortex-A57  

GPU:128-core Maxwell 

2D LiDAR 
Leishen Intelligent System 

M10P TOF 

Detection distance radius: 0-25m  

Measurement accuracy: ±3cm  

Detection Angle: 360°  

Scanning frequency: 10HZ 

RGB-D camera ORBBEC Gemini Pro 
Detection accuracy :1m±5mm  

Detection field of view: H71.0°xV56.7° 

IMU WHEELTECN 100N 
Static accuracy: 0.05°RMS  

Dynamic accuracy: 0.1°RMS 

PGS WHEELTEC G60 Positioning accuracy :2.5m 

Microcontroller STM32 STM32F407VET6 

Encoding motor WHEELTECN GMR 500 line、AB phase GMR 

Omnidirectional 

wheel 
WHEELTEC omni wheel 

Diameter :75mm  

Width: 25mm 

Wheel WHEELTEC 85mm 

Diameter :85mm  

Width: 33.4mm  

Coupling aperture: 6mm 

Battery 12V-9800MAH Size: 98.6×64×29mm3 

White cane j&x White cane 
Length: 116cm  

Diameter: 1.5cm 

 

Figure 3. The physical appearance structure of the laser and vision sensing smart cane. 
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Figure 4. Hardware structure of intelligent guide system. 

2.3. Working process of the intelligent guide system 

The working process of the smart cane is as follows: When the visually impaired person uses the 

smart cane, he/she turns on the power switch of the smart cane to supply power to each module of 

the smart cane, so that the smart cane can enter the working state. The visually impaired person can 

input the destination to the smart cane system through the voice module; The central processing 

module starts the data acquisition module to collect the obstacle distance and image data of the 

environment around the visually impaired person. After the data processing and analysis, the central 

processing module transmits the instructions to the drive module, so that the smart cane can realize 

positioning, obstacle avoidance, navigation, attitude detection and other functions in real time 

indoors and outdoors, and identify the obstacles ahead. The visually impaired person is guided by 

the smart cane to get around the pedestrians and obstacles on the road and reach the destination. At 

the same time, GPS will record the time node and travel trajectory of the visually impaired when they 

go out. When the visually impaired person stops using the smart cane, the charger can be plugged 

into the smart cane to charge the battery. 

3. Materials and Methods 

3.1. Cartographer algorithm 

The commonly used LiDAR based simultaneous localization and mapping (SLAM) technology 

can accurately measure the distance and angle of the obstacle point of the visually impaired and 

generate an environment map that is convenient for the navigation of the intelligent guide 

system,which has become an indispensable technology in the field of guide blindness. The two-

dimensional laser SLAM scheme currently applied in the field of blindness includes Gmapping[40], 

Hector SLAM[41], Cartographer[42]. Compared with other 2D laser SLAM schemes, Cartographer 

provides accurate solutions for positioning and map construction, using global map optimization 

cycles and local probabilistic map updates. This makes the application Cartographer's laser SLAM 

system more robust to environmental changes [43]. Therefore, in this paper, we use Cartographer 

algorithm to realize the positioning, obstacle avoidance and navigation functions of the intelligent 

guide system. 

Cartographer[44] is an open source algorithm of laser SLAM based on optimization methods 

developed by Google. The Cartographer algorithm consists of two independent but related 

subsystems: the local SLAM (front-end architecture) and Global SLAM (back-end architecture). In 

order to generate better subgraphs, the front-end architecture is designed to generate better 

subgraphs. Back-end structure for better closed loop constraints on subgraphs. The Cartographer 
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algorithm is mainly used to improve the accuracy of drawing construction and the efficiency of back-

end optimization. Its algorithm architecture is shown in Figure 5. 

 

Figure 5. Architecture of two-dimensional laser SLAM Cartographer algorithm. 

3.2. Improved yolov5 algorithm 

Yolo(You Only Look Once)[45–47] is an object detection algorithm. Yolov5[48] was proposed by 

Ultralytics, and yolov5 algorithm has been widely used in the assistance system for the visually 

impaired with target recognition function. It is used to identify objects such as pedestrian crossings 

[49,50], traffic lights [51], buses [52], straight or left and right paths [53], clothing defects [54], stairs 

and roads [55], faces and money [56], and indoor fires [57]. Since the official model of yolov5 alone 

cannot meet the requirements of this work to identify all obstacles on the road and improve the 

training speed of yolov5 model, in this paper, we increased the training set of the guide system model 

and added the attention machine [58] system to the yolov5 algorithm to make improvements. We 

replace C3 layer in the Backbone of yolov5 algorithm with CBAM (Convolutional Block Attention 

Module) [59]. CBAM Attention mechanism is composed of Channel Attention Module (CAM) and 

Spatial Attention Module (SAM). Channel attention is used to deal with the distribution relationship 

of feature graph channels. Spatial attention can make the neural network pay more attention to the 

pixel region that plays a decisive role in image classification and ignore other unimportant pixel 

regions. CBAM attention mechanism allocates attention to both channel and space, which enhances 

the effect of attention mechanism on the overall model performance. The improved yolov5 algorithm 

architecture is shown in Figure 6. 
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Figure 6. Improved yolov5 algorithm architecture (C3 layer replaced with CBAM). 

4. Experiment and Results 

4.1. Simulation experiment 

The computer processor used in the simulation experiment of this work is Intel(R) Core(TM)i5-

11300H. We installed the Ros-Nocetic open source robot operating system under Ubuntu 20.04 

Linux64-bit operating system on virtualbox 6.1.16 open source virtual Machine software in the 

calculator processor. 

In Ros-Nocetic simulation experiment, URDF file was used to create a simulated intelligent cane 

model, and Xacro (XML Macros) file was used to optimize the macro encapsulation of URDF file, so 

as to optimize the code structure of URDF file and improve the code reuse rate of URDF file. Then 

the motor control board Arbotix function is invoked to realize the movement of the simulated smart 

cane model in Gazebo and RVIZ in Ros-Nocetic. The smart cane model is composed of two 

environmental information sensors, LiDAR and RGB-D camera, blind cane, data acquisition and 

processing device, support, all-directional wheel and two main wheels. The simulated smart cane 

model is designed similarly by referring to the appearance design of the smart cane in Chapter 2.1 of 

this paper. The simulated URDF model design drawing and the side view of all sides are shown in 

Figure 7, and the simulated URDF model hierarchical relationship is shown in Figure 8. 

We created the simulation environment of the smart cane system in Ros-Nocetic's Gazebo, 

added several simulated obstacles of different shapes to the simulation environment, and then 

displayed the simulation environment and the simulated smart cane URDF model in Ros-Nocetic's 

RVIZ. We set the target point through 2D Nav Goal in RVIZ, and constructing the simulated 

environment map with the simulated smart cane URDF model by LiDAR sensor and planned the 

route by Cartographer algorithm. The simulated environment picture information in front of the 

simulated smart cane was obtained by RGB-D camera. By avoiding obstacles and following the path 

planned by the system (green dotted line) to the preset destination, the simulated laser SLAM is 

implemented at a speed of 26-27FPS. The simulation of smart cane to achieve laser SLAM is shown 

in Figure 9. 
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Figure 7. Simulated URDF model of smart cane: (a) Main view; (b) Rear view; (c) Vertical view; (d) 

Bottom view ; (e) Left view; (f) Right view. 

 

Figure 8. The simulated URDF hierarchical diagram of smart cane. 
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Figure 9. Simulation of smart cane to achieve laser SLAM (green dotted line is the path of system 

planning). 

4.2. Laser SLAM experiment 

In our laser SLAM experiment, Ubuntu 18.04 LTS64-bit operating system is deployed on Jetson 

nano B01, the main control module of the smart cane, and then Melodic-ROS is installed on the 

Ubuntu system. And the Jetson nano B01 was externally  connected to the M10P TOF 2D Lidar. We 

used Cartographer algorithm on Melodic-ROS to realize the laser SLAM function, and set target 

points through 2D Nav Goal in RVIZ in Melodic-ROS, so that the smart cane can sense and avoid 

obstacles, and plan the route to the preset destination. 

We simulated the scene of visually impaired person walking in the corridors and floor passages 

of teaching buildings in the campus of Hainan Normal University. The testers closed their eyes and 

held the smart cane in their hands to simulate the field test of visually impaired person using the 

smart cane. The laser SLAM field test of the smart cane is shown in Figure 10. The smart cane system 

builds the map and realizes the navigation function of the surrounding environment on the corridor 

and floor passage of the teaching building. In the field test, the laser SLAM rate of the smart cane 

system is 25~31FPS. Although there is some delay in the process of field mapping and navigation, it 

does not affect the real-time mapping of the surrounding environment. The test results show that the 

smart cane system can indeed realize laser SLAM by using Cartographer algorithm on 2D LiDAR, 

thus realizing map construction of the environment around the visually impaired person and 

realizing short-distance obstacle avoidance navigation. 

 

Figure 10. The smart cane uses the Cartographer algorithm to implement laser SLAM: (a) 

Experimental site (Corridor and floor passages); (b) Smart cane to achieve laser SLAM. 
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4.3. The improved yolov5 algorithm realizing obstacle detection 

In this work, an improved yolov5 algorithm is used to achieve obstacle detection. The computer 

processor used in the training experiment of the improved yolov5 obstacle detection model is Intel(R) 

Core(TM)i5-11400F, and the GPU graphics card is NVDIA GeForce RTX 2060. We conducted yolov5 

obstacle detection model training on the collected and labeled obstacle data set in cuda 11, 

minicancanda 3 environment management tool, python 3.10, pytorch 2.0.1 and other environments. 

We added the Convolutional Block Attention Module (CBAM) to the official code of the yolov5 

algorithm V6.0. CBAM is a lightweight and general feedforward convolutional neural network 

attention module. It focuses on the target object information that is more critical to the current task, 

reduces the attention to other non-target object information, and can even filter out irrelevant 

information to improve the efficiency and accuracy of task processing, so as to improve the overall 

performance of obstacle recognition model. 

First, 104 videos were collected on multiple sections of Longkun South Road, Qiongshan District, 

Haikou City, Hainan Province, and 5337 pictures containing effective obstacle information were 

captured from the collected videos (including 4137 in the training set and 1200 in the test set). 

LabelImg software was used to label all the pictures in the obstacle training set. A total of 13,193 

annotation boxes ( 6 types) of self-made data sets "traffic lights (green light state), traffic lights (red 

light state), pedestrian crossings, warning columns, stone pillars, tactile paving" were labled. Our 

overall guide data set uses COCO 2017 official data set (80 categories: pedestrians, vehicles, etc.) plus 

self-made obstacle data set (6 categories), with a total of 86 categories of objects and 121,308 images. 

The total data set of this intelligent guide system is shown in Figure 11. 

 

Figure 11. Total data set of improved YOLOv5 for Intelligent Guide System (COCO 2017 Dataset + 

Obstacle Dataset). 

Then, the total data set of the intelligent guide system was trained with the improved yolov5 

algorithm. The initial training design was 300 training rounds (epoch =300), and four pictures (epoch 

size=4) were input into the neural network each time. The final result was a total of 300 rounds of 

training (epoch=300), each training round lasted about 35 minutes and 30 seconds, and the total 

training time was 182.709 hours. The improved yolov5 obstacle recognition model of the guide 

system we need is obtained through training. The obstacle recognition model results trained by the 

improved yolov5 are shown in Figure 12. Therefore, the obstacle model trained in this work can 
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identify 86 types of objects. It can effectively recognize the target of pedestrians, motorcycles, cars, 

warning posts, stone piers, pedestrian crossings, traffic lights (green and red), tactile paving, among 

others. According to the analysis of the trained improved yolov5 model, the recognition rate of the 

improved yolov5 model for pedestrian crossing is 84.6% and the recognition rate for vehicles is 

greater than 71.8%. The overall recognition rate of the system for 86 types of objects is 61.2%. The 

recognition rate, recall rate, mAP and mAP50-95 of obstacle targets on some roads of the improved 

yolov5 model are shown in Table 2. 

Next, we conducted training on the improved yolov5 obstacle recognition model on the 

computer processor Intel(R) Core(TM)i5-11400F, GPU graphics card is NVDIA GeForce RTX 2060, 

The inference was carried out in cuda 11, minicancanda 3 environmental management tool, python 

3.10, pytorch 2.0.1 and other environments, and the inference results showed that the intelligent guide 

system could effectively identify objects such as pedestrians, vehicles, tactile paving, pedestrian 

crossings, and traffic lights on the road. The reasoning results of the improved yolov5 obstacle 

recognition model are shown in Figure 13. 

 

Figure 12. Results of obstacle recognition model trained by improved yolov5. 

Table 2. The recognition rate, recall rate, mAP and mAP50-95 of obstacle targets on the road of the 

improved yolov5. 

Class precision recall mAP50 mAP50-95 

person 0.667 0.634 0.67 0.388 

car 0.718 0.685 0.738 0.259 

motorcycle 0.61 0.447 0.505 0.473 

bus 0.72 0.625 0.666 0.488 

truck 0.798 0.666 0.75 0.481 

bicycle 0.543 0.389 0.392 0.183 

traffic light 0.583 0.361 0.374 0.176 

Greenlight 0.608 0.619 0.572 0.164 

Redlight 0.616 0.516 0.572 0.354 

Crossing 0.846 0.644 0.827 0.357 

Warningcolumn 0.783 0.856 0.724 0.51 

Stonepier 0.692 0.633 0.669 0.42 

Tactilepaving 0.74 0.807 0.839 0.533 
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Figure 13. The improved yolov5 model identifies obstacles such as pedestrians, vehicles, Tactile 

paving, pedestrian crossings, and traffic lights. 

Next, we deployed the trained and improved yolov5 obstacle recognition model to the Jetson 

nano B01 system. We installed Ubuntu18.04 Linux 64-bit operating system on Jetson nano B01 and 

performed environment configuration. The environment versions deployed by Jetson nano B01 

system are shown in Table 3. Then, the improved yolov5 obstacle recognition model deployed on 

Jetson nano B01 was converted into TensorRT format to optimize the obstacle recognition model and 

improve the speed of the obstacle recognition model running on the Jetson nano B01 GPU. 

Table 3. Jetson nano B01 system deployment environment version parameters. 

Environment version 

Ubunut 18.04 

Python 3.6.9 

Pytorch 1.10.0 

Cuda 10.2.300 

CuDNN 8.2.1.8 

Opencv 4.1.1 

TensorRT 8.2.1 

Jetpack 4.6.1 

Machine aarch64 

Finally, we attached an ORBBEC Gemini RGB-D camera to the Jetson nano B01, and mounted 

the guide system on the smart cane. We carried the smart cane to the entrance of the library of Hainan 

Normal University and carried out field tests on several sections of Longkun South Road in Haikou 

City, Hainan Province, to simulate the process of visually impaired people identifying obstacles in 

front of them during walking. The tests of improved yolov5 obstacle recognition on campus and on 

the road are shown in Figures 14 and 15. 
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Figure 14. Improved yolov5 obstacle recognition for field tests on campus: (a) Field test map on 

campus; (b)The improved yolov5 obstacle recognition can identify objects such as pedestrians, 

motorcycles, and cars. 

 

Figure 15. Field testing of improved yolov5 obstacle recognition on the road: (a) Field test on the road; 

(b)Improved yolov5 obstacle recognition, which can recognize objects such as cars, trucks, pedestrian 

crossings, traffic lights (red light and green light). 

The test results show that: (1) The intelligent guide system developed by us can effectively 

identify the objects in front of the visually impaired person, such as pedestrians, cars, motorcycles, 

trucks, pedestrian crossings, traffic lights, etc. The recognition rate of the intelligent guide system for 

pedestrian crossing is 84.6%, the recognition rate of the system for vehicles is more than 71.8%, and 

the overall recognition rate of the system for 86 types of objects is 61.2%; (2) The number of frames 

transmitted per second for target recognition is 25 to 26FPS, so the visually impaired can completely 

identify obstacles in real time without much error. (3) In the field test process, under following 

conditions, a) with interference of strong sunlight during the day, as shown in Figure 16, or b) without 

enough light in the surroundings at night, as shown in Figure 17, or c) with cars moving too fast on 
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the road, etc., the obstacle recognition rate will be reduced, to some degree, obstacles in front of the 

visually impaired can still be identified. 

 

Figure 16. In the face of strong sunlight during the day, the improved yolov5 obstacle recognition was 

field-tested on the road: (a) A field test on the road in the face of strong sunlight; (b)The improved 

yolov5 obstacle recognition can identify people, motorcycles, cars, bicycles, traffic lights and other 

objects. 
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Figure 17. Field test of improved yolov5 obstacle recognition on the road in the absence of light in the 

surrounding environment at night: (a) Field tests on the road at night when the surrounding 

environment lacks light; (b)The improved yolov5 obstacle recognition can identify objects such as 

people, cars, and traffic lights. 

5. Discussion 

Compared with many other intelligent guide systems, the main advantage of the intelligent 

guide system proposed in this work is that the distance between the smart cane and the obstacle can 

be measured by two-dimensional LiDAR to achieve laser SLAM, and at the same time, it can identify 

obstacles in front of the visually impaired person, improve the real-time response speed of the 

intelligent guide system, increase the types of obstacle recognition and expand the overall detection 

range. The experiment simulated the process of the visually impaired person leaving the tactile 

paving to the pedestrian crossing, waiting for the traffic light and avoiding obstacles, and walking 

on the campus road. The smart cane does not need to lay new Tactile Paving indoors and outdoors 

and specific electronic position information transceiver devices, and can actively provide direction 

guidance for the visually impaired in unfamiliar environments, avoid obstacles in front of him, guide 

him to the destination, and provide safety and convenience for the visually impaired.  
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5.1. The choice of main control module of smart cane 

The laser and vision sensing smart cane system originally used the smaller Raspberry PI 4B as 

the main control module, but the research and development process summary found that the 

Raspberry PI 4B has a slow response speed and weak real-time processing ability. Because Raspberry 

PI 4B lacks a complete GPU and therefore lacks deep learning capability, there is relatively a large 

delay when using Raspberry PI 4B for yolov5 target recognition. 

We made some efforts to improve the recognition rate of the Raspberry PI 4B, the improvement 

steps are as follows: 

We used the Raspberry PI 4B as the video image transfer server. The images obtained by the 

RGB-D camera do not use the CPU of the Raspberry PI 4B for reasoning, but use the rented Ali Cloud-

Cloud server Ubuntu20.04 (2 core CPU, 2GB memory, 60GB ESSD, 5Mbps) for video image transfer. 

Real Time Messaging Protocol (RTMP) stream server was built using nginx server software, and 

ffmpeg was used to push the stream. Video image was pushed to Intel(R) Core(TM)i5-11400F. The 

GPU graphics card is the calculator processor of NVDIA GeForce RTX 2060 for inference recognition. 

Though we made such improvements, the recognition rate of the improved Raspberry PI 4B still has 

a delay of more than 10 seconds, and can not recognize the obstacles in front of the smart cane in real 

time. 

Then, we compared and analyzed the obstacle recognition performance of Jetson Nano B01 and 

Raspberry PI 4B in this work. In the case of the same yolov5 obstacle model, the speed of object 

recognition of Raspberry PI 4B is only about 0.444FPS. The Jetson Nano B01 can recognize objects at 

up to 26FPS. It can be seen that the object recognition rate of Jetson Nano B01 in this work is much 

higher than that of Raspberry PI 4B, and the recognition rate of Jetson Nano B01 is about 58.6 times 

that of Raspberry PI 4B. The comparative analysis of object recognition rates is shown in Figure 18. 

Because Jetson Nano B01 has a complete GPU and has a fast response speed, Jetson Nona B01 is 

superior to Raspberry PI 4B in this work due to its data processing, image acquisition, recognition 

rate and other performance. Therefore, we chose Jetson Nona B01(4GB) with deep learning capability 

as the main control module of the smart cane. 

  
(a) (b) 

Figure 18. Comparison of obstacle detection speed between Raspberry PI 4B and Jetson Nano B01: (a) 

The Raspberry PI 4B obstacle detection at approximately 0.444FPS; (b) Jetson Nano B01 obstacle 

detection speed: 26FPS. 

5.2. Limitations of this work 

There are some limitations in this work, and more efforts should be made to improve. The laser 

SLAM mentioned in this work uses two-dimensional lidar, so the guide system can only obtain the 

obstacle distance information of the same height as the two-dimensional LiDAR on the smart cane. 
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Such distance information can only know the local distance information of the obstacles in front of 

the visually impaired person, but cannot obtain the overall distance information of the obstacles in 

front of the visually impaired person. As a result, there are obstacles that cannot be measured at a 

lower height and obstacles that are suspended in mid-air. Therefore, as the next step, we plan to 

replace the 2D LiDAR with the 3D 16-wire TOF LiDAR, to obtain the 3D distance information of 

obstacles, and install ultrasonic modules on the bottom and top of the smart cane to measure the 

distance of obstacles that are low in front of the smart cane or suspended in mid-air. 

6. Conclusions 

We proposed an intelligent guide system based on 2D LiDAR and RGB-D camera sensing, and 

designed the appearance structure of the smart cane, and installed the developed intelligent guide 

system on the smart cane. The guide system on the smart cane uses two-dimensional Lidar, depth 

camera, IMU, GPS, Jetson nano, STM32 and other hardware to build a two-dimensional map of the 

visually impaired person's surroundings and plan the navigation path based on Cartographer 

algorithm,and using the improved yolov5 algorithm to quickly and effectively identify the common 

obstacles on the road surface. The experimental results show that the system can achieve 25-31FPS 

laser SLAM, and can achieve short-distance obstacle avoidance navigation in indoor and outdoor 

areas. It can effectively identify obstacles such as pedestrians, vehicles, tactile paving, pedestrian 

crossings, traffic lights (red light state, green light state), warning columns, and stone piers on the 

highway. The intelligent guide system can recognize 86 types of objects, among which, the 

recognition rate of the system is 84.6% for pedestrian crossing and more than 71.8% for vehicles. The 

overall recognition rate of the system is 61.2% for 86 types of objects, and the recognition rate of the 

intelligent guide system is 25~26FPS. In summary, the intelligent guide system developed by us can 

effectively guide the visually impaired to the predicted destination, and can quickly and effectively 

identify the obstacles on the way out. 
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