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Abstract— In today’s world smartphone is widely used and 

it has become an integral part of everyone’s life. 

Smartphone provides wide range of services and 

applications which are available for use anytime, anywhere. 

Consumers wish to access the same set of services inside 

their cars even while driving, but cars are disconnected from 

outside world and have their own set of safety concerns in 

terms of accessibility. Smartphone usage inside the car 

while driving will cause driver distraction, so there is a 

necessity for convenient and safe integration of smartphones 

into car infotainment system. This paper introduces one such 

smartphone integration solution called as SPI solution, 

which allows users to use their preferred apps inside the 

vehicle, with minimal distraction. With this technology 

consumers can have the same connectivity and experience in 

and outside the car.             
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I. INTRODUCTION 

Smartphones are the integral part of modern world’s digital 

life. They contain user’s contacts, media and other 

personalized data. Smartphones provide access to Internet 

services anytime and anywhere. Using smartphone’s 

features inside a car is an attention and time consuming task 

which may lead to driver distraction. Also, there are legal 

restrictions in many countries which forbid smartphone 

usage while driving.  

Cars have in-vehicle infotainment (IVI) system to 

provide different services like navigation system, media 

feature etc. It takes input through hard keys or voice 

commands. Compared to smartphones, IVI system provides 

access to smaller set of applications. Applications provided 

by the IVI systems are manufacturer specific and cannot 

match the variety and speed of third party applications 

provided by smartphones. Therefore to provide convenience 

and good user experience to consumers, smartphone 

integration to vehicle’s infotainment system is desired. 

Integrating smartphones to IVI system allows users to 

access almost all the applications and services that are 

available on smartphones without compromising safety. 

User’s personal services and data on the handsets get 

augmented to IVI system. 

Integrating smartphone to car is not an easy task. It 

involves a set of challenges as follows. Vehicles have longer 

product and development lifecycles than those of consumer 

electronics. In case of consumer electronics like 

samrtphones, new models and new communication 

protocols are brought into the market very quickly. But 

automotive industry is not matching the speed of consumer 

electronics. The technology inside the IVI system becomes 

obsolete soon. So the designed interface to IVI system must 

cope up with current and future handsets.  

Today’s smartphones allow feature extensions 

through software updates. With existing connectivity 

mechanism it is difficult to integrate such new features to 

vehicles along with optimized human machine interface 

(HMI). IVI system must be able to cope up with the new 

changes. With emerging growth in third party applications, 

there is a need for an interface to safely execute these third 

party applications inside IVI system. 

The rest of the paper is structured as follows: 

Section 2 provides an overview of the existing smartphone 

integration technology. Section 3 describes the development 

process of SPI solution along with its benefits over the 

existing technologies. Section 4 concludes the paper. 

II. RELATED WORK 

In this section different existing smartphone integration 

techniques are described. 

Terminal Mode [1][2] is a technology that 

duplicates mobile device screen onto headunit. Vehicle 

screen will have mobile device applications which can be 

controlled via HMI. It provides a standard, protocol variant, 

transparent integration which reduces driver distraction. 

Terminal mode is independent of services and devices used. 

It works with all types of devices. Virtual Network 

Computing (VNC) is used for display and event information 

exchange. It also supports key event inputs. Audio transport 

is achieved through Real time protocol (RTP) and 

Bluetooth. Applications on head units are launched and 

terminated using universal plug and play (UPnP) remote 

user interface extensions. 

A new approach is introduced in [3] to exchange 

services and user interfaces between cars and nomadic 

devices. Service is exchanged using dynamically generated 

web services. HTML 5 based user interfaces are used for 

accessing shared software interfaces. Driver distraction is 

avoided by switching off dynamic information. Font, 

contrast and widgets size is modified according to 

automotive standards. To provide user-friendly and service 

independent device integration Device Profile for Web 

Services (DWPS) is used. DPWS uses IP-based 

communication. DPWS stack creates web service proxy and 

advertises it to other devices on local network. By knowing 

the name and origin of the particular service nomadic device 

can download it and display a button to start it. 

Ford’s SYNC [4][5] is a factory-installed, voice-

controlled communication and entertainment system that 

allows customers to carry their digital lifestyle on road. 

SYNC runs on Windows Embedded Automotive platform. 

Users can operate digital media player and Bluetooth 

enabled mobile phone inside car using voice commands. 

With SYNC users can make calls, take calls, browse 

integrated phone book, receive and read text messages. 

SYNC works with most of the media players including 

Apple iPod and Apple iPhone and Microsoft Zune. It also 
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provides access to traffic updates, news, weather reports, 

sports, up-to-date business listings, and more. 

With Applink technology [6] apps can be tethered 

from the phone to IVI system. Using voice commands a 

bridge is built between driver and smartphone applications. 

Applink offers access to music, Internet and radio features 

through set of compatible apps running on either Android or 

iOS devices. Connectivity can be achieved using USB or 

Bluetooth. Two different applications can communicate with 

each other using remote procedure calls. Functions inside 

the applications are accessed through APIs. Applink is HMI 

agnostic and has strict separation between IVI and app logic. 

Carplay [7] developed by Apple Inc provides a smarter and 

safer way to access iPhones on selected set of cars. With car 

play users can make calls, get directions, send and receive 

messages and listen to music while driving. It also has Siri 

voice control.  

Android Auto [8] extends the apps to in- vehicle 

console system and users can easily access those apps while 

driving. Apps will be running on phone or tablet. Set of 

API’s are used for communication between apps and in-dash 

console. Connected app will have a user interface which is 

specially designed for in car use.  

III. SMARTPHONE INTEGRATION PROCESS 

SPI solution allows user to access certain applications that 

are installed on smartphone using vehicle display. With this 

technology user can access his favorite apps even inside the 

car as if they are part of IVI system. IVI system and 

smartphone are coupled using wired or wireless connection. 

Once the phone is connected to IVI system, IVI system HMI 

provides remote user access to connected smartphone. IVI 

HMI will have an area where smartphone screen can be 

rendered and controls can be passed to smartphone. 

Applications are hosted and executed by smartphone while 

I/O mechanism is provided by IVI system as shown in the 

Figure 1. Smartphone also acts as a gateway to the cloud. 

Touch events, hard key events and vehicle data are 

transmitted from IVI system to smartphone. Video image 

and audio are transmitted from smartphone to IVI system. 

Proposed SPI solution provides a launcher app that must be 

installed on smartphone. Launcher app will have the 

compatible apps list that can be used on IVI system. Users 

can download the listed apps from Internet. App developers 

are provided with software development kit (SDK). Using 

SDK app developers can adapt their apps and make it 

vehicle compatible. Apps are specially designed to be least 

distracting so that they can be used while driving. The 

proposed solution provides similar look and feel with 

iPhone and Android platforms without compromising safety. 

 
Fig. 1: Smartphone integration basic concept 

A. Connectivity: 

Data can be exchanged between two devices using storage 

media and wireless or wired connectivity. Storage media 

allows only static data transfer while coupling the devices 

helps in dynamic data transfer. Connectivity provided in 

smartphone integration technology must have common 

standard and flexibility. That is connection must be 

implemented with service specific, standardized protocols so 

that it must remain relevant and stable at present and also in 

future. 

Following interfaces are used for coupling IVI 

system and smartphone: 

1) Universal Serial Bus (USB):  

Smartphone is connected to IVI system via USB connector. 

For wired connectivity both devices should support USB 2.0 

and above. To connect iPhone to IVI system USB On-The-

Go (OTG) is required. In order to establish communication 

with handsets AOAP and iAP protocols are used.  

2) Bluetooth:  

Bluetooth can be used to provide audio support. Phone call 

handling, Media audio transfer and contact synchronization 

can be achieved using Bluetooth protocols like Hands Free 

Profile (HFP), Advanced Audio Distribution Profile (A2DP) 

and Phone Book Access Profile.  

B. Client-Server Communication: 

IVI system and Smartphone use client-server model for 

communication. Launcher app on the smartphone acts as a 

server and advertises set services to IVI system. IVI system 

should listen for these services and utilizes them to access 

the remote apps on the smartphone. Server is responsible for 

client authentication, screen capturing and compression, 

providing screen updates and resolutions. Vehicle data and 

touch events are sent from IVI system to smartphone and 

interpreted by the server. Audio is also streamed from 

smartphone to IVI system. 

Connectivity between the smartphone and IVI 

system is established using iAP(iphone Accessory protocol) 

or AOAP(Android Open Accessory Protocol). The IVI 

system connected to phone will act as host and phone will 

be switched to accessory mode. Data exchange will be done 

in the form of frames. Different frame formats and 

compression ratios are used.   

C. Human Machine Interface (HMI): 

HMI designed for use while driving should mainly 

concentrate on installation, interaction logic, information 

presentation and system behavior to ensure usability, 

compatibility and attractiveness. To offer a good user 

experience HMI is designed to be in line with smartphone 

app’s HMI DNA. It maintains homogeneous approach. HMI 

has simple menu with fewer options as shown in Figure 2. 

 
Fig. 2: Applications on IVI system 
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HMI has large font and buttons to reduce the driver 

distraction. Landscape mode is used for layout. Driver will 

not be overloaded with lots of information. Only relevant 

information is displayed.  

Individual applications can be opened on IVI 

system with a touch input. Below figure 3 shows the Contact 

app opened on IVI system. 

 
Fig. 3: Contact app on IVI system 

D. Benefits: 

Proposed SPI solution provides many benefits to consumers, 

app developers and automotive manufacturers as given 

below: 

 Consumers can extend their digital lifestyle into 

their cars and can use their preferred apps in a way 

they are accustomed to. 

 Cloud connectivity is provided to list the 

applications that are compatible to use inside the 

vehicle. 

 Similar look and feel is provided on both iOS and 

Android platform. 

 Very less effort is required for third party 

developers to adapt their apps for use while 

driving. New apps can be easily added. 

 Provides an opportunity for OEM’s to be in direct 

contact with their customers. 

 Provides add-on services beyond communication 

and entertainment. 

IV. CONCLUSION 

Paper gives an overview of a smartphone integration 

solution which creates a link between smartphone and IVI 

system. Proposed coupling mechanism allows seamless 

access to smartphone applications inside car. The new 

smartphone integration solution is designed to enhance 

driving pleasure by keeping safety in mind. Safe and 

convenient usage of smartphone inside car is possible with 

unique look and feel. Not only consumer satisfaction is 

taken into account, it also benefits app developers and 

automotive manufacturers. The flexible integration of third 

party application into automotive environment provides a 

promising future for mobile applications development for 

in-car use. 
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