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Abstract: An intersection crossing is one of the challenging tasks for VIP (Visually Impaired Person) walking 

independently in our cities as a traffic light should be localized and its status known. There is no assistive device for 

VIP able to provide such data to this targeted population. This paper proposes to fill this gap and addresses a 

simulation of traffic light detection and their status recognition. The proposed approach is implemented on the SEES 

system (Smart Environment Explorer Stick), an assistive device for visually impaired mobility assistance under 

development. SEES acquires the image of environment near by the VIP, localize the traffic light and provides 

him/her an audio feedback on the traffic light status. Some elements of technical evaluation of the proposed 

approach is provided.  
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1. Introduction 

 Data on VIP (Visually Impaired Person) show 

that their population has significantly increased. 

WHO data (2011) mentioned that currently, there are 

285 million VIPs in the world, 39 millions of them 

are blind and 246 millions have low vision [1]. 

Information from EBU (European Blind Union) [2] 

estimates that more than 30 millions of blind and 

partially sighted persons live in Europe, and on 

average, one of 30 Europeans experiences sight loss. 

In Indonesia, an estimate 1.5% of its population 

(approximately 3.6 millions) are blind and that puts 

Indonesia as the first in rank in issues of blindness in 

Asia [3]. 

 In fact, blindness and visual impairment are 

major hindrances in daily life for accessing 

information, mobility, finding a way, interaction with 

the environment, communities and others activities. 

Navigation problems for the blind people have raised 

according to their mobility and orientation [4-5]. 

Mobility concerns to their ability to travel safely, 

comfortably, gracefully, and independently [4].

 In relation to VIP activities and communities, 

there are several problems which must be addressed 

cognitively [6-7]; two of them are self orientation 

and space self-awareness. Self orientation concept 

means knowledge of the relative spatial position 

between current position and target spatial location. 

Two basic questions subtend the orientation: “where 

I am?” and “how to reach the destination from my 

current position?”. Consequently, the orientation 

could allow someone to plan a specific route (path), 

with the goal to reach the target location from the 

current point. 

 Space self-awareness is a capability to know 

about urban and social data in personal space (“space 

around his/her body”), and his/her navigational space 

[8]. Some questions that express the space self-

awareness might be: “where is the nearest street, 

how is the location associated to the others and to my 

position? which traffic light on the street do I like to 

use to cross the street? where is the library I like to 

visit ? “. 

 The SEES system (or ‘Smart Environment 

Explorer Stick’) is as assistive device under design by 

the consortium of universities. Between different 

space-awareness functions, SEES will localize and 

detect the status of traffic light. This communication 

provides some insights to the proposed approach. 

 Therefore, this paper is organized as follows: 

Section 2 provides a state-of-the-art on the existing 

commercial and academic solutions for orientation 

and space awareness concepts. Section 3 defines the 

SEES system and outlines its first prototype. Section 

4 proposes on overview of our method for traffic 

light localization with SEES, and the results of the 
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first SEES prototype experimental. Section 5 

indicates some future works toward the fully 

operational of SEES prototype. 

 

2. State of the Art  

 The proposed state-of-art analysis existing 

assistive devices in terms of the space awareness 

support.  The following two classes of devices are 

considered: white cane based solutions and artificial 

vision based solutions.  

a. Smart Stick Based Solutions  

 Several technological solutions have been 

proposed in order to assist the VIP mobility. This 

paper analyses only the evolution of assistive devices 

based on a cane in terms of their assistance for space 

awareness: white cane or white stick, smart cane, 

robotised smart cane and intelligent cane. 

 The white cane (or blind stick) is the earliest 

device, still largely used to assist VIP mobility. The 

white cane assists the VIP’s walking by providing the 

tactile feedback to their hand when some obstacles 

are located on the ground within around 1m distance 

ahead of the VIP location. Once obstacles are 

detected, the VIP should elaborate an appropriate 

avoidance procedure by the cognitive integration 

(synthesis) of the discrete tactile feedbacks. 

 The white cane, a symbol of blinds, has several 

drawbacks [9] as far as walking is considered. 

Several smart canes are under investigation as 

academic prototypes [10], for example: Teletact from 

University Paris 11 [11], Ultracane from University 

of Leeds [12], K-Sonar from Canterbury University 

[13], GuideCane from the Michigan University [14], 

SmartCane from Indian Institute of Technology [15] 

and The intelligent cane ”iCane” from National 

Taiwan University [16].  

 The stick enables to detect only the obstacles 

located only almost in front of the user on the 

walking surface in the range less than 2m. No 

information is provided on space awareness: the non 

detection overhanging obstacles is one of the most 

important security problems when navigating with a 

cane. Furthermore, the cane does not provide 

information of the space near by the VIP, such as 

traffic light location or their status detection. 

Indeed, a white stick has no means to acquire 

data on its nearest neighbourhood, and there touch 

stimulating hand feedback is already used for 

conveys the data on obstacles. 

 

b. Navigation System Based on Artificial Vision  

 The video camera as vision sensors for human 

eye replacement has been used in several mobility 

assistance (Intelligent Glasses/Paris-Sorbonne, 

Typhlos/Wright State University, Assisted 

Perception/MIT, The vOICE, NAVIG) [6, 17, 18]. 

These systems differ by the way to provide the 

feedback to the end user.  

 The Intelligent Glasses and Typhlos use the 

spectacle mounted (stereo) cameras and provide a 

touch stimulation feedback on user near by space. 

Intelligent Glasses provide space awareness data 

upon user request. The vOICE system uses a head 

mounted single video camera and translates the 

image into sounds (headset). The scene in front of the 

user is scanned via head movements, from up to 

down, and all auditory data are cognitively integrated 

and interpreted by the end user. The system does not 

provide nor orientation neither space awareness 

assistance to the VIP. The NAVIG system attempts to 

combine the artificial vision and visual geo-located 

landmarks that should allow the path completion 

using the GPS.   

 Do-Hoon Kim and Heung-Gyoon Ryu [19] 

proposed a navigation system for VIP which 

combines the GPS, camera and ultrasonic sensors. 

This system acquires information on the fixed 

obstacle located in front of the user using GPS and 

camera; the distance to obstacles is provided by 

ultrasonic sensors. In the case of short-range 

obstacles, vibrations’ frequency indicates the obstacle 

distance to the user.    

 This short state-of-art shows clearly that the 

presented systems provide mainly an assistance to 

obstacles detection (which is a part of space 

awaerness function), but not all information pertinent 

to be aware of the near-by-me space are given. 

Indeed, these systems do not include a multimodal 

system-multiple heterogeneous sensors- to collect 

more environmental information, which enables VIP 

have the mobility pertinent understanding of the 

environment. The SEES proposes is an alternative to 

such systems 

 

3. The SEES System  

a. SEES Concept 

 The SEES system aims to provide assistance for 

VIP mobility through orientation and space 

awareness capabilities as defined in Section 1. 

The SEES system prototype (figure 1) contains 

three main components and provides an independent 

assistance to space awareness and orientation of the 

VIP: 1) iSEE  for space rough global awareness and 

orientation (a global remote server); 2) SEE-phone 

for space local awareness and orientation (an 

embedded local server); 3) wheeled smart SEE-stick 

for space local perception (mainly obstacle 

detection). 

iSEE provides access to the web services for the 

VIP such as remote real-time hints and help, and for 

VIP remote monitoring (the VIP location tracing is 

possible). SEE-phone is based on a commercial smart 
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phone, provides the local services for the SEE stick 

such as route vector and internet access to iSEE. 

SEE-phone is always connected to SEE-stick through 

Wi-Fi. 

The system provides two channel feedback to the 

VIP: tactile (point-wise) and audio. These feedbacks 

are elaborated by fusing data provided by working in 

parallel several sensors. 

   

 

 

  

 

 

 

 

 

 

 

 

 
 

Figure 1. SEES System Concept and Its Prototype 

Implementation 

 

The mobility cues collected by SEES sensors 

will be transformed into high level knowledge 

(passed to the VIP via voice or tactile feedbacks) in 

order to: 1) estimate or predict the status on an object 

(for example: status of the traffic light); 2) obtain the 

accurate location data (what allows to track the user 

and check if (s)he is on his/her correct way); 3) 

obtain a correct information about environment 

conditions such as obstacles, status of the traffic light 

and status of the walking surface; and 4) send quickly 

error/alerts messages to VIP when orientation 

mistake occurs.  

Therefore, the main originality of SEES is the 

internet connection which enables the VIP to get help 

and be internet monitored [10], therefore it is possible 

to consider it as an ubiquitous smart stick. 

 

Remark  

It should be noted that 6LoWPAN (IPv6 over 

Low Power Personal Area Network) and RPL routing 

protocol are adopted to implement the SEE-stick. 

Therefore, according to the context the SEE-stick can 

connect P2P with the iSEE and with a future 

transportation system [20-21]. Therefore, the SEES 

system can be considered as an implementation of 

ITS ‘Intelligent Transportation System’ concept. It 

means that this system can be used in the near future 

by VIP to access urban transportation system such as 

car, bus and train.  

 

 

b. Considered Mobility Cues and SEES Sensors  

 SEES targets to assist some walking and 

orientation functions. The considered walking sub-

functions are the following: obstacle detection, 

distance to obstacle estimation, obstacle shape 

recognition, walked distance estimation, surface 

roughness estimation and traffic light (position and 

status) detection. 

 The targeted orientation sub-functions are: 

direction estimation to the targeted location and end-

user current location/position estimation.  

 The assisted functions have a direct impact on 

selected sensors. The SEES available sensors are: 

ultrasonic sensor, camera, wheel encoder, 

accelerometer and compass. The ultrasonic sensor is 

used to detect the obstacles in front of the VIP (such 

as tree, wall, etc.) in very near distance with provide 

the precision.   

 The camera is used to identify and recognize the 

type of road junctions (e.g. crossroad, corner-road, 

side-road, etc.). In addition to that, the camera is also 

functioned to read the environmental conditions, such 

as illumination (day and night) of traffic light status. 

The camera detects traffic light status once the VIP 

gets the information from SEE-stick about traffic 

light position. 

 The wheel encoder sensor is mounted on the 

SEE-stick wheels, and is used to estimate VIP travel 

distance from the starting place. In association with 

camera information, accelerometer data is used to 

estimate walking surface roughness, such as the 

special road pad for VIP. 

The compass sensor is to detect a moving 

direction of the VIP. Data from the compass will be 

integrated to the GPS data and wheel encoder data to 

enhance the precision of VIP location and distance 

estimation. 

The orientation function will use two main SEE-

phone sensors: camera and GPS (Google map 

included). The GPS is used to define the current 

location of the VIP, while the Google map allows to 

plan the user journey in order to reach his/her spatial 

target. Periodically the GPS data will be sent to the 

database server for remote monitoring the VIP, 

displaying and checking his/her itinerary in real-time.  

Table 1 summarizes the different sensors and the 

mobility functions supported by the SEES system. 
 

Table 1: The Type and Function of Sensors 
Name of 

Sensor 

SEES System 
Output Data 

SEE-stick SEE-phone 

Ultrasonic 

Wheel Encoder 

Accelerometer 

Compass 

Camera 

GPS 

V 

V 

V 

V 

V 

V 

 

 

 

V 

V 

V 

Obstacle/object 

Travel distance 

Surface roughness 

Direction  

Color/obstacle  

Location/position 
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c. SEES Running Models  

 SEES is a modular system at the physical level. 

Data transmission between the SEE-phone and SEE-

stick are performed via Wi-Fi protocol. Table 2 

shows all detailed SEES modes. Each mode can be 

selected by the VIP when (s)he will go to a targeted 

location.  
Table 2: The SEES Modes 

Mode 
SEES System 

Description 
SEE-stick SEE-phone iSEE 

Mode 0 

Mode 1 

Mode 2 

Mode 3 

V 

 

V 

V 

 

V 

V 

V 

 

V 

 

V 

Basic mode 

Phone mode 

Local mode con 

Complete mode 

 

SEES interface to VIP offers four assistance 

levels: Mode 0 (always active, SEES minimal 

configuration, only the SEE-stick is active). This 

mode will allow the VIP to walk without a smart 

phone; Mode 1 or phone mode (the SEES works by 

using the SEE-phone and iSEE). This mode will 

allow a user to stay moving without a smart stick. 

The navigation will be done using smartphone 

sensors (GPS, camera and compass) and iSEE server; 

Mode 2 or local mode connexion. In this mode, the 

VIP can get a remote help from persons who monitor 

the server as the SEES provide the selected travel 

specific hints and helps; Mode 3 or the complete 

mode. In this mode, the VIP can get a remote help as 

the SEES provides the selected travel specific hints 

and helps.  

 

4. Image Processing for Space Awareness: 

Traffic Light Detection 

 The goal of this function original for SEES is to 

detect the located and recognize the traffic light, and 

recognize the status of traffic light. A traffic light is 

detected or recognized through the image 

segmentation, while the traffic light status is 

identified through the image color segmentation. An 

audio message is generated for the end user. 

 

a. Implementation of the Proposed Traffic Light 

Detection Approach with SEES 

 The camera on SEE-stick acquires images, send 

them to the SEE-phone (via WI-FI) for traffic light 

detect and their status recognition. Figure 2 below 

shows work principal of data communication 

between SEE-stick and SEE-phone.   

 

 
 

Figure 2. Data Communication on SEES System 

 In figure 2, the camera on SEE-stick detects the 

pole of traffic light position (obstacles). It’s using the 

image processing principle, namely Canny Edge 

Detection and Hough Transform. After that, the 

image data will be transferred to SEE-phone via Wi-

Fi protocol. On SEE-phone, the received data drive 

two main functions, to trigger (call) the traffic light 

detection program and to give the instruction for user 

to trace the traffic light position by SEE-phone. By 

using the camera on SEE-phone, user can detects the 

traffic light status (red, yellow or green lamp) and get 

the real-time information that can be used to support 

his/her journey or crossing the road carefully and 

safely.  

 Physically (hardware), the SEE-stick is built 

from minicomputer Raspberry Pi board with the 

external camera (webcam), whilst the SEE-phone 

using a smartphone with internal camera. Data output 

from SEE-phone (sound/voice) can be used to give 

instructions to the user. On application/program 

(software), we use the image processing based on 

OpenCV library with C programming and Java for 

Android application. 

  

b. Experimental Validation of the Proposed 

Approach for Traffic Light Status 

Recognition  

 Figure 4 shows the result of pole detection using 

Canny Edge Detection. In figure 3 (a) shows the 

original image of poles situation on a pedestrian 

walkway. Figure 3 (b) is the first result of edge 

detection that detects of all edge lines from original 

image. In edge detection, we used the OpenCV 

Canny detector which has two required parameters, 

namely: a) first threshold to find the initial strong 

edges. The default range of the parameter is from 0 to 

(9 * 255) and b) second threshold to find the weaker 

edges that are continuous from the strong edges. 

 

    
 

     (a)       (b) 
Figure 3. Edge Detection Result 

 

 After that, the next process is only detecting the 

vertical straight lines which be assumed as a pole. 

We used the OpenCV HoughLines2 function which 

has three required parameters, namely: a) rho: 
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distance resolution in pixel-related units, b) theta: 

angle resolution measured in radians, and c) 

threshold: the threshold parameter.  

 Figure 4 (a and b) below is image result of image 

processing by using a function of cvHoughLines2 in 

OpenCV parameter. The circles and red lines may 

correspond to the traffic light. 

 

 

 

 

 

 

 

 

 

 

 
(a)             (b) 

Figure 4. Pole Detection Result 

 

c. Data Trasmitter by Socket Programming 

 Data result of pole detection (obstacles) is 

subsequently transmitted by Wi-Fi using socket data 

transmitter to SEE-phone. Socket is the media to data 

transmit from one application to another, either 

within a single computer or different computer in the 

network.  

 In this experiment, communication between 

Rasberry Pi (SEE-stick) and Android smartphone 

(SEE-phone) is facilitated by a wireless router. The 

socket programming has around 5000 port numbers 

or more. Beside the ports, IP address is also required 

to send the data to destination application.  

 After built the socket, next process is to make 

communication, where Raspberry Pi is considered as 

a client and Android smartphone as the server. In this 

condition, the android called in ‘listen’ condition. 

When communication between the Raspberry Pi and 

Android has been successfully created, the data can 

be transmitted. However, if the connection failed, it 

will show a message ‘ERROR Connecting’. During 

this experiment, when the SEE-stick (webcam) 

detected a pole or more, it would send a string data 

‘pole’ to SEE-phone.  

 

d. Traffic Light Status Detection on SEE-phone 

 In the program of traffic light detection, there are 

two activities. The first activity addressing a server 

socket program to ‘listen’ connections from the client 

(Raspberry Pi) and receives input signals from the 

Raspberry Pi be a string ‘pole’ and activates the 

second activity (activity to detect traffic light).  

 On previous simulation on traffic light status 

detection [22], this experiment required the following 

elementary operations: traffic light detection and 

their (color) status recognition, and feedback to the 

user. The simple scenario of the experiment, namely: 

the camera in smartphone will detect and take the 

image data from the traffic light status; the Android 

smartphone will process the image; finally, the 

smartphone will produce the audio output to VIP. 

First, color image of traffic light was acquired 

with a smartphone camera. In this experiment, a 

camera of Smartphone Samsung SIII Model GT-

I9300 was used to capture the color image. The pre-

processing was a process to get specific part of color 

image using an image editing application based on 

Open Source, namely GIMP (GNU Image 

Manipulation Program). In color filtering, color 

image was composed into RGB (Red, Green and 

Blue) model and then converted to HSV (Hue, 

Saturation and Value) color model. 

The last process was thresholding function 

(figure 5). This function would take an image and 

return a binary image (where red, yellow or green 

would be white and the rest would be black).  

  

 

 

 

 

 

 

 

 

 
Figure 5.  The Thresholding Function 

 

This process used a simple programming to 

produce HSV level of color image. The average HSV 

is a reference data for the image captured by the 

camera (SEE-phone). When the value of the colors 

(traffic light) is captured by the SEE-phone camera 

that is in the range of reference data, the program will 

call the voice application.  

During this experiment, the voice function used 

TTS (Text To Speech) concept. The TTS converted 

the result of images detection as voice, such as 

namely “red stop here”, “yellow slowly run” and 

“green please run away”. In this experiment, the 

Android application used two main programs: 

Android Java Programming and C++ library with 

OpenCV.  

 Results of this experiment are displayed in figure 

6. The upper images (left to right) are signs of traffic 

light status for pedestrian. A red light means to stop, 

a yellow means to be careful and a green means to 

run. The lower images (left to right) show results of 

color detection by SEE-phone. In this experiment, 

Android application program can detect three colors: 

red, yellow and green. 
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Figure 6. The Color Detection on Android Emulator 

 

5. Conclusions  

 This paper has introduced the concept of the 

SEES as an assistive device for the VIP, to improve 

their self orientation and space self-awareness 

functions. The system has been successfully 

evaluated in three preliminary applications, namely: 

1) detection of obstacle position (traffic light pole) on 

SEE-stick, 2) detection of the color status of traffic 

light and converted it into speech to the user (on 

SEE-phone), and 3) creating data communication 

model between SEE-phone and SEE-stick using data 

socket transmitter.  

SEES system is built as an Open Source platform 

and integrates several sensors. Next, in the last study, 

the system needs to be technically evaluated by 

comparing its performances to the existing system, 

then to be validated by end users for its pertinence to 

targeted assistance and appropriation.  
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