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Abstract— As Linux is an operating system and it is the 

choice for innumerable number of fields ranging from 

personal computer to the portable hand held devices, this 

project deals with design and implementation of the device 

driver for GPIO and USB in host as well as in Device. The 

data will be sent to the Host from the Device through USB 

when enumeration is successful. The device driver is written 

for the GPIO, USB Device as well as USB Host which is 

platform independent that means the driver written will 

work for any development boards. This device driver which 

is to be implemented is in compliance with Linux version 

3.13.0-24. 
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I. INTRODUCTION 

An Embedded system is a computing system which is 

specifically designed to carry out a set of dedicated task, and 

typically uses a microcontroller or a microprocessor as its 

main processing unit. In the project there are two nodes 

which are running Linux, one node is a Host which is a PC 

and another node is a device and could be any development 

board in this case it is a Beagle Board Xm. The main idea of 

the project is to develop the device driver, independent of 

the development board but the limitation is the development 

board is, it should have a USB port which act as a device 

mode and the Beagle Board Xm supports this feature.Goal 

of this project is to implement device driver for GPIO, USB 

in host and USB in device mode. 

A. USB Driver on Host 

The universal serial bus (USB) is a connection between a 

host computer and a number of peripheral devices. It was 

originally created to replace a wide range of slow and 

different buses—the parallel, serial, and keyboard 

connections—with a single bus type that all devices could 

connect to. The below figure shows how USB devices 

consist of configurations, interfaces, and endpoints and how 

USB drivers bind to USB interfaces. 

B. USB Driver on Device 

The universal serial bus (USB) host-device relationship is 

master/slave, which means the host controls the 

communication, and the device responds to the host’s 

request. On Linux, the USB device stack is known as the 

Linux-USB gadget driver, which provides the essential 

infrastructure to develop a driver for a USB device 

controller. The gadget driver framework shares some of the 

data structures and application programming interface (API) 

styles of the Linux USB host driver. The gadget driver also 

adapts a similar approach in the input/output (I/O) transfer 

queue. 

A USB endpoint can be one of four different types 

that describe how the data is transmitted: 

(1) Control 

(2) Interrupt. 

(3) Bulk. 

(4) Isochronous. 

 
Fig. 1: (Ref) LDD, USB Driver Overview 

 

 
Fig. 2: (Ref) LDD, USB Device Overview 

C. GPIO Specifications 

A General Purpose Input/Output is a flexible is a software 

controlled digital signal.The GPIO pin on a circuit whose 

behaviour, including whether it is an input or output pin, can 

be controlled by the user at run time. 

GPIO capabilities may include: 

 GPIO pins can be configured to be input or output 

 GPIO pins can be enabled/disabled 

 Input values are readable (typically high=1, low=0) 

 Output values are writable/readable 



Design and Implementation of Peripheral Framework 

 (IJSRD/Vol. 3/Issue 02/2015/592) 

 

 All rights reserved by www.ijsrd.com 2396 

 Input values can often be used as IRQs (typically 

for wakeup events) 

II. RELATED WORKS 

(1) In this paper the proposed work includes the design 

of USB mass storage driver through which the 

USB mass storage function is realized on the 

spectrometer and this is done  by analysing Gadget 

driver which is a framework for design of USB 

device interface  Linux system.  

(2) In this paper the proposed work is implementing 

the GPIO driver on Raspberry Pi Model B Rev 2.0 

Platform, the project is implemented based on the 

character device driver and is designed for the 

Raspberry Pi, as an application to successfully run 

the driver they have interfaced with the switch and 

the result is analysed in the user space. 

III. DESIGN OF DEVICE DRIVERS 

In the proposed system the development board is made to be 

as a storage device from the host point of view, for this the 

gadget device driver would be developed for the node1 so as 

to make the device as a mass storage and the USB driver in 

the Host will try to enumerate the device and the transfer of 

the data could be attained. 

 

 
Fig. : Flowchart 

A. Explaination of the Block Diagram 

There are two nodes node1 and node2, node1 is a Beagle 

Board Xm which acts as a Host or Slave according to 

requirement and node2 is a PC which is a Host. The device 

driver is written for the GPIO and USB in device , when the 

GPIO is connected with the switch, the Beagle Board is in 

Host mode and it is not connected with the node2 (Host/PC). 

The data which has to transfer to the node2 will be 

transferred when the node1 is connected to it. 

Working application of the block diagram is, the switch 

which is connected to the GPIO provides an interrupt when 

pressed and the particular time stamp is saved in the 

memory through the userspace application, then the saved 

time stamp is sent to the PC when the development board is 

connected to the PC. 

B. Design of Gpio Driver 

The design of GPIO device driver is based on the Linux 

character driver it inherit the properties of character driver 

as the data transmission and the reception is in character 

form the major APIs used in the development of GPIO 

driver are: 

Struct file_operations. 

ssize_t (*read) (struct file *, char *, size_t, loff_t *); 

ssize_t (*write) (struct file *, const char *, size_t, loff_t *); 

int (*open) (struct inode *, struct file *); 

int (*release) (struct inode *, struct file *); 
File operations of Linux user space for it to 

communicate with the device node. 

C. Design of Usb in Host Mode 

The design and development of the USB driver in the host 

side consist of different API’s, header file and structures 

which will be used in the proposed project, are as follows: 

D. USB Module Insertion to the Kernel 

 

#include <linux/usb.h> 

struct usb_driver; 

 

struct usb_device_id; 

 

int usb_register(struct usb_driver *d); 
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void usb_deregister(struct usb_driver *d); 

 

struct usb_device *interface_to_usbdev(struct usb_interface 

*intf); 

 

Retrieves the controlling struct usb_device * out of a struct 

usb_interface *. 

struct usb_device; 

 

Structure that controls an entire USB device. 

struct usb_interface; 

int usb_bulk_msg(struct usb_device *usb_dev, unsigned int 

pipe, void *data, 

int len, int *actual_length, int timeout); 

E. Design of Usb in Device Mode 

In the design and implementation of USB driver in the 

device mode consist of various APIs and structures , thus 

some of the important APIs and structures wil be used in the 

proposed project are as follows: 

struct usb_gadget 

struct usb_gadget_ops 

int (*set_selfpowered) (struct usb_gadget *, int 

is_selfpowered) 

struct usb_ep { 

void *driver_data; 

const char *name; 

const struct usb_ep_ops *ops; 

struct list_head ep_list; 

unsigned maxpacket:16; 

}; 

 
int (*disable) (struct usb_ep *ep) 

struct usb_gadget_driver { 

char *function; 

enum usb_device_speed speed; 

int (*bind)(struct usb_gadget *); 

void (*unbind)(struct usb_gadget *); 

int (*setup)(struct usb_gadget *, 

const struct usb_ctrlrequest *); 

void (*disconnect)(struct usb_gadget *); 

void (*suspend)(struct usb_gadget *); 

void (*resume)(struct usb_gadget *); 

struct device_driver driver; 

}; 

IV. CONCLUSION 

The proposed idea will be a prototype for the working of 

GPIO and USB device driver, this idea could be utilised to 

interface the sensor to the GPIO pin of the Device and save 

the sensor data to the available memory, then on 

requirement the sensor data could be sent to the Host 

through USB on connecting the device to the Host (In this 

case the Host could be another portable Embedded Device). 

We can find numerous numbers of applications on this idea 

which could lead from day to day life to Automobiles, 

Security and many more. 
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