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1
Introduction
Ad-hoc networks, or wireless networks arbitrarily configured geographically, offer new opportunities in communication technology.  We can easily envision ad-hoc networks of cell phones, PDAs and laptops realizing innumerable applications, among them mobile commerce and entertainment.  However, ad-hoc network implementation faces many obstacles.  Limited energy resources, efficient routing, and data compression requirements are few of the issues of primary focus in research.  
The Opportunistic Large Arrays (OLA) [4] protocol, is a protocol specific to connectionless ad-hoc sensor networks, which exploits cooperative transmission and distributed detection techniques to uniquely resolve the problems mentioned above.  By implementing the OLA protocol, ad-hoc sensor networks consisting of nodes with low peak power and short battery life will be able to effectively communicate with remote destinations which would otherwise be unreachable.   
The Ad-hoc Sensor Networks project based on the OLA protocol is split into hardware and software design teams.  The software team design tasks are Routing, Uplink, and Downlink.  The hardware section of the project is subdivided into four functional parts: RF interface; Transceiver, Driver/Application; USB interface.  The Transceiver subdivision may be replaced by or include the Berkeley Mote sensor, which has buffers and a CPU.  Figure 1 illustrates the hardware layout.
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Figure 1. Hardware Layout of Ad-hoc Sensor Network implementation
The PC application(s) will acquire and analyze data from the network for performance analysis.  Matlab is user friendly and readily available to fulfill these needs.  The PC will also emulate the ad-hoc sensor network nodes.  The wireless network is implemented by antennas hooked up to transceivers, shown in Figure 1 as the RF Interface and Transceiver.  Renee Montgomery has completed the first phase of the RF Interface and Transceiver sections, hereto for referred to as the node. 

Due to its prevalence and ease of use the USB port is chosen to enable the communication between the PC and the node.  Since Matlab at present does not support direct communication to the USB port, other applications can collect and transmit data through the USB port while Matlab will only import the collected data for analysis.  The assistant application(s) are required to automatically detect and upload the data transmitted by the node, and transmit data to the node as needed.
This project focused on the development of the microcontrolled interface to the USB port. The device was defined as a Human Interface Device (HID) Interface to utilize the vast hardware library developed for this class of devices to design the device driver.  The HIDInterface forms the bridge between the PC’s USB port and the node’s TR1000 transceiver.  The HIDInterface behaves as a low speed USB device by encapsulating the data it receives from the node in USB protocol packets before transmitting it to the PC.  To facilitate communication in the opposite direction, the HIDInterface extracts the data from the USB protocol packets and reformats it for transmission to the node.
This paper provides a reference manual for the hardware tools, software tools and basic design principles central to the HIDInterface.  Ch. 2 establishes HID protocol concepts such as endpoints, descriptors, data transfer types, and transmission speeds relevant to the interface.   Ch. 3 outlines the hardware and software tools, and specifies the microcontroller features helpful in creating the HIDInterface.  Ch. 4 describes the HIDInterface design, including the interface project breakdown and completed tasks.  The HIDInterface design is currently in its first phase and must be further developed before it can be used to implement the ad-hoc sensor network.  Some of the work needed for a fully operational HIDInterface is also outlined in Ch. 4.
This reference manual is based on the following documents:

Universal Serial Bus Specification Revision 1.1 (1998)                                  www.usb.org
USB Device Class Definition for Human Interface Devices Revision 1.1      www.usb.org 

USB HID Usage Tables Version 1.11 (2001) 



  www.usb.org
ST7262 Datasheet






        www.stmcu.com
A more detailed listing of figures and text references used throughout this manual is provided in Appendix J.
2
HID Protocol

The Universal Serial Bus (USB) connects hubs and functions to the PC.  Hubs provide attachment points, while functions add capabilities to the PC.  The HIDInterface is a function that belongs to the Human Interface Device (HID) subclass of the USB communication architecture.  HID functions, interchangeably termed devices, are low-speed devices with transmission rates of 1.5Mbps, as opposed to full speed USB devices which can achieve transmission rates of 12Mbps.  
The USB architecture consists of four layers: the client software, the USB driver (USBD), the Host Controller driver (HCD), and the Host Controller (HC) as depicted in Fig. 2.  “The client software consumes/generates function-specific data to/from a function endpoint via calls and callbacks requesting IRPs (Input/Output Request Packets) with the USBD interface.   The USBD converts data in client IRPs to/from device endpoint via calls/callbacks with the appropriate HCD.  The HCD converts IRPs to/from transactions and organizes them for manipulation by the Host Controller.  The HC takes transactions and generates bus activity via packets to move function-specific data across the bus for each transaction” (USB Specification pg. 65). 
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Figure 2.  USB Information Conversion from Client Software to Bus

A transaction occurs every USB frame, or 1 millisecond.  The transaction consists of up to three packets, token, data, and handshake, and is limited in size to 8 bytes for low-speed devices.  Hence the maximum Baud-rate is if 64Kbps.  Each transaction begins when the HC, on a scheduled basis, sends a token packet to the device describing the type and direction of transaction, the USB device address, and the endpoint number. The USB device that is addressed selects itself by decoding the appropriate address fields.   Data flows only in one direction at a time, either from the host to a device (OUT) or from the device to the host (IN).  The source of the transaction, i.e. the host if data flow is OUT and the device if data flow is IN, then sends a data packet or indicates it has no data to transfer.  The destination, in general, responds with a handshake packet indicating whether the transfer was successful.  

Figure 3 shows the key components of the HID device.  As indicated by the figure, the association between the endpoint on the HID device and the buffer on the PC forms a communication pipe.  Pipes are bundled into independent interfaces to allow for the effective organization of a function’s resources.
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Figure 3. USB Communication Flow 

2.1
HID Communication Protocol
HID devices can only handle two, out of four possible, USB communication types.  At the lowest level, all types of communication between the host and the device consist of packet transfers.  For a list of the packets types and their description see Table 1 of Appendix C.  At a functional level, communication types differ in the data formatting, the BW allotment, the data capacity, and the reliability of transmission.     
The USB Specification 1.1 document provides the data transmission specifications for low speed devices.  HID devices can only support control and interrupt low speed data transfers.  “Control data is used by the USB System Software to configure devices when they are first attached with a lossless data delivery” (USB Specification pg 36).  Interrupt data transfers have small data and limited latency, or response time, restrictions.  The formats of these communication types are depicted below in Figure 4 and 5.  
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Figure 4. Control Transaction Format

As can be seen in Figure 4, in the control transaction format the host first sends a SETUP packet to the function, priming the device for data reception.  The host then sends a data packet, which once received prompts the function to send the host an ACK packet.  In Figure 5, we see that the interrupt transaction starts out with either an IN or OUT packet being sent by the host to the device.  These packets signal the function to start sending data to the host (IN) or to receive data from the host (OUT).  Once data is sent to or received from the host, the receiving end handshakes with an ACK packet if the data is received correctly.  If upon reception of the IN packet, the device is not ready to transmit data, the device will send a NAK or STALL packet to the host.  Similarly, if there is an error in reception of the DATA packet, the device sends a NAK or STALL packet to the host.
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Figure 5. Interrupt Transaction Format
Before the device can communicate with the PC, the HIDInterface must first be recognized as an HID device and detected as being connected to the USB port.  Therefore, when the HIDInterface is first attached to the USB port, it enters the configuration stage where the host determines the function capabilities and bandwidth requirements.  Configuration related information is contained in the ROM section of the device organized as descriptors.  
2.2
Descriptors 

Descriptors are byte array data structures of formatted configuration related information.  The descriptors pertinent to the HID class devices are shown as a flow chart in Fig. 6 and the descriptor formatting is included in Appendix A.  The device, string, configuration and endpoint descriptors are standard USB descriptors, while the HID, report and physical descriptors are HID class descriptors.   
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Figure 6. HID Class Descriptors Flow Diagram
The device descriptor provides general device information such as the packet size for standard communication through the default pipe, the Vendor, and the Version specifications.  Configuration descriptors describe specific device configurations.  If there are more than one configuration, the user can set the current configuration through the SetConfiguration( ) request. Interface descriptors declare the HID class indicator, the interface number (count starts at 0), and the number of endpoints within the interface.  By grouping endpoints into interfaces, interface descriptors allow precise resource allocation to specific device functions.  Endpoint descriptors define the data direction, the communication type, the data packet size and the bandwidth requirement of the endpoint.  String descriptors are optional Unicode encryptions of information such as the manufacturer and product name that can be accessed through GetDescriptor( ).  These two requests are standard USB requests and must be handled by the function’s firmware.
Devices have only one device descriptor, but may have many configuration descriptors each describing a different device configuration.  Each configuration must specify at least one interface, and each interface must declare the endpoints it uses and their associated characteristics.  

The HID descriptor specifies the length and type of the HID class descriptors available.    The Physical descriptors are optional data structures which indicate the relationships between the human body and the device controls.  The Report descriptor describes each piece of data that the device generates by providing data protocol information and what the data actually measures.  “The information provided by the Report descriptor is used to route data and to allow the client software to assign functionality to the data” (HID Specification pg. 14).  The Report descriptor is central to the proper operation of the device and is therefore described in further detail in the next section.  
2.2.1
Report Descriptor

Similar to the other descriptors, the Report descriptor is implemented by a byte array data structure, but it is formatted into items as opposed to tables of data consisting of individual cells.  There are two types of items, short and long, and the short items, which contain a maximum of four bytes of optional data, are generally used.  Fig. 7 offers a graphical representation of the short item.  
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Figure 7.  Report Descriptor Short Item Format
The 1-byte prefix of a short item contains three fields: item size, item type, and item tag denoted as bSize, bType, and bTag respectively.  The item size indicates the data length: 0, 1, 2 or 4 bytes.  The three item types, Main, Local and Global, determine the structure of the transmission reports.  As the item parser of the HID driver steps through the items in order, it forms an item state table for every item found within the Report descriptor.  When the parser finds a Main item, it allocates a new report structure which is initialized with the current item state table.  All Local items are then removed from the item state table, but Global items remain. In this way, Global items set the default value for subsequent new Main items. A device with several similar controls would need to define the Global items only once prior to the first Main item.  Local and Global items define the minimum and maximum data values, and other data characteristics.  The item state table is shown in Figure 8.
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Figure 8.  Report Item State Table 
The item tags further refine the transmission report structure.  There are five Main item tags currently defined:

1. Input: Refers to the data from one or more similar controls on a device. For example, array data such as one or more push buttons, or switches.

2. Output: Refers to the data to one or more similar controls on a device such as LEDs and PWM. 
3. Feature: Describes device input and output not intended for consumption by the end user —for example, a software feature or Control Panel toggle.

4. Collection: A meaningful grouping of Input, Output, and Feature items—for example, mouse, keyboard, joystick, and pointer.

5. End Collection: A terminating item used to specify the end of a collection of items.

The first byte of the Input, Output and Feature item tags indicate the size of the data returned or used by a particular control and the item tag type.  Bytes of data follow the 1-byte prefix.  One byte of data will often suffice to identify the data type.  The following item example demonstrates the Report descriptor items:

Input(Data,Variable,Absoulte)  ((     0x81 0x02
The one byte prefix is determined by noting that the item is an Input item with one byte of data.  The second byte indicates that the transmission reports will contain data with the characteristics listed in parentheses.  A table of the Input item options and a list of all the Global and Local item tags, with the required item tags highlighted, are included in Appendix B.

A Report descriptor must include each of the following items to describe a control’s data (all other items are optional):

· Input (Output or Feature)

Main
· Usage




Local
· Usage Page



Global

· Logical Minimum


Global
· Logical Maximum


Global
· Report Size



Global
· Report Count



Global
The Main items together with corresponding local and global items setup the report structure.  A Report descriptor example and its corresponding report structure is found in Appendix B.  Logical Minimum and Logical Maximum tags define the range of values for the transmitted data.  Report Count indicates the number of reports and Report Size specifies the size of each report.  The Usage and Usage Page tags further standardize and simplify the HID device communication.  
2.2.2
Usages 

The Usage and Usage Page tags are 16 bit unsigned numbers that are grouped together to form a usage.  While most global Report descriptor items format the report data, usages ensure that the data is correctly interpreted by or routed to the system or application software that consumes it.   In addition, usages can be used to indicate the vendor’s suggested use for a specific control or group of controls thus standardizing function assignments to controls across applications. 

Usages are organized in pages of related controls sorted by Usage Page with the Usage ID, abbreviated to Usage, selecting an individual usage on a Usage Page.  There are many predefined Usage Pages and Usages listed in the HID and HUT documents.  One Usage Page example is the General Desktop, which has the Keypad and the Mouse among its many usages.  To make a HID mouse, the Report descriptor would include the usage tags corresponding to the General Desktop Mouse as demonstrated in Appendix B.   
“Usages can also identify functional devices as a whole, thus providing an easy method for an application to identify devices that provide functions of interest.  Such usages are found attached to application collections that are wrapped around all the items that describe a particular functional device, or a particular function in a complex device. Generally an application will query the HID driver for all application collection usages that it knows pertain to it.  For example, a system mouse driver might look for the Mouse usage.” (HUT pg. 14) 
2.3
HID Transmission/Reception Speed 

The data flow rates throughout the hardware sections must be evaluated to locate bottleneck locations.  The data transfer speeds of the interrupt and control transfer types are provided in this section.  Appendix D presents the tables of transaction limits for both transfer types.  The two data rates at the node transceiver HIDInterface junction remain to be determined.  
2.3.1
Interrupt Data Transfer

The interrupt data transfer handles small-data, low-frequency, bounded-latency communication.  Using this transfer mode, the effective maximum BW achievable is 64KBps at eight transfers of eight bytes each.  This speed is further lowered to account for the bus access period as described in section 2.3.3.   
2.3.2
Control Data Transfers

Control data transfers are bursty, non-periodic, host software-initiated request/response communication, typically used for command/status operations.  The effective maximum BW achievable is 24KBps using control data transfers.  

2.3.3
Bus Access Period

Interrupt transfers are periodic data transfers with the bus access period established by the Host Controller.  For low speed devices, the bus access period τ must be specified by the endpoint and must lie in the range [10ms,255ms].  The HC will assign an access time that can be sustained, which will be less than the specified time by the endpoint and greater than or equal to 1ms.  The device will be polled every τ milliseconds, that is the Client Software must first send an IRP for an interrupt transfer every τ milliseconds before the device can transfer data.  If there is no IRP pending, the data will be transferred at the next allocated period.

The new effective achievable BW for interrupt transfers, including the bus access period, is recomputed as follows:

[image: image1.png]|

|

|

|

|
Antenra 13§

Transceiver
TR-1000

916.5 MHz

Data Rate 24ktps

Microcontroller
ST Microelectronics
§T7262

UsB
Pt

To computer

USB Interface

Driver

pslication(s

pC





[image: image9.wmf]KBps

frames

frame

Bytes

4

.

6

1

sec

1000

64

=

´

´

t

                 for τ = 10ms 


       (1)
  Figure 9.  Bus Access Period

RF Monolithic’s TR1000 transceiver is currently programmed with data rate of 2.4kbps and modulation of on-off keyed (OOK).  As a result, the effective achievable BW will not induce any bottlenecks in the microcontroller, since the HID interface has a data rate of roughly 6.4KBps or 51.2Kbps.  The transceiver can be programmed to achieve higher data rates of 19Kbps under the OOK modulation scheme.  The TR1000 amplitude shift keyed (ASK) modulation option provides a 115.2Kbps data rate, which may require additional buffers to eliminate the induced bottleneck when transferring data from the RF interface to the PC.

3
Design Tools
The HIDInterface utilizes the ST72F621J4 microcontroller (MCU), a variation of the ST7262 MCU, to interface the wireless network nodes to the USB port on the PC.  There are numerous software and a few hardware tools available for designing ST7262 MCU applications, chip programming and emulation.  This section outlines the tools used in developing the HIDInterface.
3.1
ST7262 Hardware Specification 

The ST7262 datasheet offers a detailed description of the microcontroller architecture and operation.  For the purpose of the HIDInterface, the USB protocol layer is invisible to the programmer.  However, the following MCU components are, or may be used, in the HIDInterface project.  These components are the EP registers, I/O ports, SCI, ADC, PWM and TBU.
The MCU has three programmable endpoints.  Endpoint0 is used for control transfers while Endpoint1 and Endpoint2 support interrupt transfers.  The Default Pipe, or the association between the host software and the device Endpoint0, is bidirectional with a maximum data rate of 24 KBps as determined in section 2.3.2.  However, pipes that handle interrupt transfers are unidirectional.  Thus, Endpoint1 can be set to transmit information to the Host and Endpoint2 can be set to receive information from the Host.

Each of the three endpoints has a transmission and a reception control register.  The transmission control register, USBEPnRA, indicates the number of bytes to be transmitted and the transmission status.  The reception control register, USBEPnRB, indicates the endpoint (EP) number - EP0 is hardwired to 0000, while EP1 and EP2 are usually set to 0001 and 0010 respectively- and the reception status.  Data is transmitted from the EPn transmission buffer and received to the EPn reception buffer, where n indicates the EP number.  These buffers are eight bytes long each and are allocated in memory.

The ST7262 MCU has four input/output (I/O) ports: Port A through Port D.  Each port has 8 pins, referred to in the datasheet as PX[7:0], where pin PX7 is the most significant bit and X can take on A, B, C or D.  To distinguish between input and output, the port data direction register (PXDDR) is set to 0 for input and 1 for output for each individual pin.  The port data register (PXDR) then can be read for the input on the port or written for output to the port.  Since there is only one PXDR per port, the correct value must first be stored in the PXDR before setting the ports to output.  The pin logic is inverted, thus to output a logic high, or 5 Volts, the pin must be set to 0.  Similarly, when receiving a logic high, or 5V, on a pin the corresponding bit in the PXDR register evaluates to 0.    In addition to I/O capabilities, the ports may also have alternate peripheral functionality.  For example, the ADC input is wired to PA[0:7], thus, when the ADC is enabled and channel 0 is selected, PA0 will serve as the ADC input.  
The Serial Communication Interface (SCI) is an asynchronous transceiver that complies with the NRZ serial data format.  SCI features include independently programmable transmit and receive baud rates of up to 500K baud, parity control, 8 or 9 bit data word lengths, and error detection flags.  Although the SCI hasn’t been used in the HIDInterface current design version, it may prove useful in linking the RF interface to the HIDInterface.
The ST7262 MCU has a 10 bit Analog to Digital Converter (ADC).  The ADC can perform one shot or continuous conversions.  The ADC has a data register (ADCDR), which stored the conversion, and a control/status register (ADCCSR), which enables the ADC, sets the conversion speed, selects the channel for ADC input, signals the end of conversion, and allows for an interrupt to be taken if needed.  These two registers are included in Appendix E along with other relevant MCU hardware information.
The Time Base Unit (TBU) is an 8 bit counter which can be combined with the ART counter to form a 16 bit counter.  Like the SCI, the TBU is not used in the current design of the HIDInterface, but could be used in the future for polling or other periodic events. The TBU has two registers: the TBU counter value register (TBUCV) holds the counting value and the TBU control/status register controls the behavior of the TBU.

The TBU starts counting from the value it initially stores at the rate of the fcpu/p, where p is the prescaler division factor.  Once the TBUCV register overflows, that is the value stored in register TBUCV goes from 0xFF to 0x00, the overflow flag, bit OVF of the TBUCSR register, is set by hardware.  If the ITE bit is set then the program interrupts.
To create a 1 ms time base we need to reload the TBUCV register with the value 255 – 167 = 88.  Thus the TBUCV register will overflow every 167 counts.  If we set the prescaler division factor to 32 and fcpu = 16/3 MHz, the interrupt period is calculated as follows:
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The general specifications of the ST72F621J4 are summarized in the table below. 

	Feature
	Specification

	Program Memory
	16 Kbytes

	RAM (stack)
	768 (128) bytes

	Serial I/O
	SPI, SCI

	Peripherals
	10-bit ADC, Watchdog Timer, 8bit Auto-Reload timer (ART), USB (low speed)

	Power Supply
	4.4 and 5V

	I/Os
	31


3.2
Hardware Tools
The hardware tools used to develop the HIDInterface include the Engineering Programming Board (EPB) for programming the MCU, and an evaluation kit for demonstrating HID communication.  The user interacts with the EPB through STVP7, and with the evaluation kit through the ST HID Demonstration Application.
3.2.1
Engineering Programming Board

The eight ST7262 MCU varieties are programmed with the ST7MDTU2-EPB.  The programming board has an 8MHz crystal oscillator and an SDIP 42 pin socket, among many other components irrelevant to the MCU chip we are using.  Once the MCU is placed in the socket, the programming session can be started in the STVP7 (Visual Programmer).

STVP7 is currently configured as seen in the screen shot included in Appendix F.  The programmer can be reconfigured by selecting the desired options from the configuration menu found under the Configure tab.  The configuration options are: the programming mode (In Socket or ICP), the ST7262 chip version and the Engineering Programming Board in use.  The ICP programming mode allows the user to program the MCU even when it’s soldered into a package.  This mode requires a special dongle and was unnecessary for the HIDInterface project.  The ST72F621J4 is a 16KB 42 pin Flash version which corresponds to the ST72F62x4 device option.  
Once the Configuration is set up properly, the .s19 file can be opened for downloading.   The .s19 file is automatically generated when a project is built.  The HIDInterface.s19 file is found in the Objects subfolder of the Sources folder within the HIDInterface project folder.  Before programming the chip, the memory of the MCU must be erased by clicking on Active Sector(s) found under the Erase tab.  The .s19 file can then be downloaded into the MCU by clicking on the down red arrow located second from the left on the MCU control toolbar.  A screen shot of the STVP7 GUI is included below.  The programmer can be opened from the Start Menu as follows: 
Start>>Programs>>ST7 Toolchain>>Development Tools>>ST7 Visual Programmer, 
where >> indicates mouse click.  
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3.2.2
Evaluation Kit

The ST7 Evaluation Kit is used to test the HIDInterface.  The Evaluation Kit has three general switches, a reset button, four LEDs, and a trimmer.  The switches and trimmer generate input reports; the LEDs sink output reports.  These peripherals are controlled by the HID Demonstration Application Graphical User Interface (GUI).  For a more detailed explanation of the Evaluation Kit please refer to the HIDInterface Design section.  The application can be opened from the Start Menu as follows: 

Start>>Programs>>ST7Microelectronics>> HID Demonstration Application, 

where >> indicates mouse click on previous item.  A screen capture of the GUI application interacting with the HIDInterface is included in section 4.1.  

3.3
Software Tools

Motorola S-records, or .s19 files, are generated through the following process.  Project files are first written in C and/or ASM code using an editor.  These files are then compiled to obtain .o files, followed by linking to obtain .st7 files where the code has absolute, as opposed to relative, memory references.  The .st7 files are then converted to .s19 hex files using the Hex generator.  Figure 10 demonstrates the path from .c or .asm files to the .s19 files.
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Figure 10.  Cosmic File and Application Flows
The Cosmic ST7 IDEA (Integrated Development Environment for Embedded Applications) provides all required programming components: an editor, a compiler, a linker and a Hex generator.  However, instead of using Cosmic ST7 IDEA directly, which requires the programmer to write linker (.lkf) and make (.mak) files, it’s much easier to set up and use the STVD7 Development Kit.  The STVD7 is an IDE (Integrated Development Environment) which integrates a toolchain, in our case the Cosmic C Toolchain, with a code editor while making the tedious process of generating the hex records invisible to the programmer.  

Setting up the STVD7 includes specifying the Project Settings and the Toolchains Path, both found under the Project tab on the toolbar.  The .mak and .lkf files must also be customized for the current project.  If the HIDInterface project folder is used as a template, i.e. the file organization is maintained, the two files will only need small modifications.  In fact, only the .mak file must be changed to reflect the name and path of the current project.  The .mak and .lkf files are found in the Configuration folder.

To start a new project, make a copy of the HIDInterface project folder.  The three workspace files found in the HIDInterfce project folder can then be renamed for the new project and the .mak changed as described above.  You can then start your new project application by updating the various files found within the project template.  Five files, and their corresponding .h include files, implement the HIDInterface project: Applet.c, Descript.c, Main.c, HIDLayer and My_Init.c.  All other files handle the USB communication and create support functions.  Thus, when designing new MCU applications, the programmer can start by updating these four files.
Once .c files are updated, they can be compiled by rebuilding, found under the Project tab.  Rebuilding the project generates .s19 files from .c and .h files, and creates byproducts such as .o and .st7 files.  If the hex file is produced from project files that are not changed in the current STVD7 session, the project can be built instead of needing to be rebuilt. 
4
HIDInterface Design
The HIDInterface can be broken down into two building blocks: Transceiver Communication and PC Communication.  In the Transceiver Communication block, the MCU transmits to and receives from the node.  This block remains to be designed through a collaborative effort between the node section team and the HIDInterface team.  The PC Communication section, on the other hand, is provided by STMicroelectronics and is presented in this document.   
4.1
PC Communication

In the PC Communication segment of the HIDInterface project, the ST7 Evaluation Kit peripherals are used to construct a device that has both USB input and output capability.  In the current HIDInterface setup, the Host transmits output reports to the LEDs, and receives input reports from switches and/or ADC input.  The four LEDs available are wired to port pins PA6, PA7, PB6 and PB7 in increasing order from LED1 to LED 4.  Switches 1 through 3 are wired in increasing order to port pins PA[5:3].  
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The HIDInterface allows peripheral control by the user through the HID Demonstration Application GUI shown above. LED2 is turned on/off by the Host once the user presses the ON/OFF control button.  The Red LED turns on when SW1 is pressed.  The PWM controls the brightness of LED3 with the slider rule indicating the percentage modulation value set by the user.    The ADC has two input options: the Evaluation Kit trimmer and the external analog sources.  The trimmer is activated by placing jumper W6 on the rightmost two pins, located below the trimmer on the Evaluation Kit, thus connecting the trimmer and PA0.  If, instead of the trimmer, the external analog source is wired to PA0, through pin 36 of the wire wrap area of the Evaluation Kit, the analog source becomes the ADC input.  The trimmer input value, ranging from 0 to 255 is displayed by the status bar.
4.2
Project Setup

STMicroelectronics provides a sample USB project which can be used as a template for the HIDInterface project.  The sample can be obtained by first going to the STMicroelectronics website (www.stmcu.com).  In the “Microcontroller Products” box click on USB from the pull down menu entitled Application to arrive to the “Documents and Files for Family USB” page.  Scroll down to the “Software – Microcontrollers” section and find “ST7 USB Low-speed EvalKit Firmware”.  Click on the symbol in the File column for downloading.  Unzip the downloaded file in the c directory to shorten the path name for the project files when altering the .mak and .lkf files.  The HIDInterface folder I created has eliminated some of the excess files and code contained by the ST7USBLS-EvalKit-V2.30 folder while preserving the original functionality and folder layout.  The HIDInterface file organization is drawn out in Appendix G.  
The Appli folder found in Sources has all application related files.  Map_7262.c located in the Micro subfolder of ST7USBLS-Library-V4.21 defines the register mnemonics for the ST7262 MCU.  All USB communication functions are defined in different files within the USB subfolder of the ST7USBLS-Library-V4.21 folder, while HID protocol functions such as Get_Report( ) and Set_Report( ) are defined in HIDLayer.c placed in the Appli folder.  Excel file “routines” lists and provides a brief description of many of the functions and variables used by the HIDInterface project as a quick reference guide.
As stated in the Software Tools section, five files configure and provide the functionality of the HIDInterface.  Descriptor.c declares the String, Configuration, Interface, Endpoint and Report descriptors.  HIDInterface has several strings, one configuration, one interface and two endpoints.  The Report descriptor defines the Report id, Usage Page and Usage for each of the HIDInterface controls, which are the peripherals described in the PC Communication section.  Once the Report descriptor is changed, the ST HID Demo Application must also be changed to reflect the new usages of the data generated or consumed by the HIDInterface controls.  Alternatively, a different application that can interpret the data sent and received by the HIDInterface can be used to communicate with the HID device.
File My_Init.c defines functions that initialize the MCU core and peripherals.  Applet.c contains functions that manipulate the behavior of the Evaluation Kit peripherals according to the ST Application commands.  Main.c integrates all HIDInterface functions.  It first calls the initialization functions; then, in an infinite loop, handles standard USB events and application requests, executes the Applet.c methods and takes the appropriate action based on whether data must be transmitted or received.  A flow diagram of Main.c is drawn in Appendix H.
Tasks completed include updating and configuring STVP7 and STVD7; understanding the USB and HID protocols; learning the functionality of the ST7262 microcontroller hardware components, and the HIDInterface application firmware; and extensive HIDInterface application testing.
4.3
Future Work
The goal of upcoming HIDInterface modifications is to enable full communication between the PC and the nodes.  To fulfill this goal requires the design and implementation of the Transceiver Communication building block of the HIDInterface.  The TR1000 and Berkeley Mote data formatting must be initially determined.  If these transceivers handle the NRZ standard, the ST7262 SCI may easily be used to communicate with the TR1000 and the Berkeley Mote.  Otherwise, data buffering and synchronization must be researched as the means for permitting communication between the two transceivers.

The PC section of the ad-hoc sensor network hardware implementation also requires additional work.  An application that can assist Matlab in communicating with the USB port must be developed.  This application can be built on top of the Windows HID driver or can use its own driver.  Temporary assistant application options include Windows applications that take the input from a keyboard, such as Microsoft Word or Notepad.  In this case, the MCU must mimic the keyboard protocol, which is part of the HID Class.  
5
Conclusion

A USB interface must be implemented to facilitate data transfer between the PC and the ad-hoc sensor network nodes.  The ST7262 microcontroller has low speed USB communication capability which, in conjunction with firmware provided by STMicroelectronics and the ST Evaluation Kit peripherals sourcing and consuming transmission reports, implements HID communication.  The ST7USBLS-EvalKit-V2.30 firmware can be modified to attain the required HIDInterface functionality.  The HIDInterface Reference Manual provides background information necessary for duplicating and upgrading the HIDInterface project design.
Appendix A: Descriptor Formatting

Descriptor Types 
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[image: image18.png]Endpoint Descriptor (Keyboard)
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Appendix B: Report Descriptors

The Input Item Tag
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Report Structure corresponding to the Report Descriptor above
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Appendix C: USB Protocol Communication Packets 

Packet Types
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Figure 1.  Token Format  
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Figure 2. SOF Packet
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Figure 3. Data Packet Format
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Figure 4. Handshake Packet  
Packet Fields
The following fields are general to most packets:

1. SYNC – align incoming data with local clock

2. PID – packet identifier; type of packet sent  
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Figure 4. PID Format




Table 1. PID Types
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3. Address Field – specifies which function is the source or destination of a packet

[image: image34.png]


 Figure 5. ADDR Field
4. Endpoint Field – specifies which endpoint of a function is used as the source or destination of a packet

[image: image35.png]LSb) (MSb)




 Figure 6. Endpoint Field 

5. Frame number field - an 11-bit field that is incremented by the host on a per-frame basis. The frame number field rolls over upon reaching its maximum value of 7FFH.

6. Data field - ranges from zero to 1,023 bytes and must be an integral number of bytes. Data bits within each byte are shifted out LSb first.
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       Figure 7. Data Field Format

Appendix D: Communication Speed

Table 1. Low-speed Interrupt Transfer Limits
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Protocol Overhead:

3 SYNC bytes

         + 3 PID bytes 

         + 2 Endpoint & CRC bytes 

         + 2 CRC bytes 

         + 3-byte interpacket delay 

----------------------------------------

            13 bytes

Table Details

	Term
	Abbreviation
	Definition

	Overhead
	H
	amount of protocol data sent per transfer 

	Data Payload
	P
	amount of useful data one can send per transfer

	Frame Bandwidth 

per Transfer
	
	( P + H ) / Total BW

	Max Transfers
	N
	maximum number of transfers per frame

	Max Bandwidth (bytes/second)
	BW
	P x N

	Bytes Remaining
	Y
	bytes not used of the total possible bytes per frame

	Bytes/Frame Useful Data
	
	total number of bytes transferred per frame


Total BW = 
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          Table 2. Low-Speed Control Transfer Limits

[image: image39.png]Data | Max Bandwidth
Payload | (Approximate)

Frame
Bandwidth
per Transfer

Max
Transfers

Protocol Overhead (46 bytes)

Bytes
Remaining

Bytes/Frame
Useful Data

187500





Appendix E: ST7262 MCU and ST Evaluation Kit Hardware Details
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Figure 1.  Chip Layout 
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Figure 2.  Analog to Digital Converter Registers
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TBU control/status register


PR[2:0] – Prescaler Selection
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Figure 3.  Time Base Unit
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Figure 3.  Starter Kit ST72X6X Wire Wrap Area 

Appendix F: STVP7 Configuration 
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