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Important Notice 
 
Texas Instruments Incorporated and/or its subsidiaries (TI) reserve the right to make corrections, mod-

ifications, enhancements, improvements, and other changes to its prod ucts, software and services at 
any time and to discontinue any product, software or service without notice. Customers should obtain 
the latest relevant information during product design and before placing orders and should verify that 

such information is current and complete.  
 
All products are sold subject to TI’s terms and conditions of sale supplied at the time of order ac-

knowledgment. TI warrants performance of its hardware products to the specifications applicable at 
the time of sale in accordance with TI’s standard warranty. Testing and other quality control tech-
niques are used to the extent TI deems necessary to support this warranty. Except where mandated 

by government requirements, testing of all parameters of each product is not necessarily performe d. 
 
TI assumes no liability for applications assistance or customer product design. Customers are respon-

sible for their products and applications using TI products, software and/or services. To minimize the 
risks associated with customer products and applications, customers should provide adequate design, 
testing and operating safeguards. 

 
Any access to and/or use of TI software described in this document is subject to Customers entering 
into formal license agreements and payment of associated license fees.  TI software may solely be 

used and/or copied subject to and strictly in accordance with all the terms of such license agreements. 
 
Customer acknowledges and agrees that TI products and/or software may be based on or implement 

industry recognized standards and that certain third parties may claim intellectual property rights 
therein. The supply of products and/or the licensing of software does not convey a license from TI to 
any third party intellectual property rights and TI expressly disclaims liability for infringement of third 

party intellectual property rights. 
 
TI does not warrant or represent that any license, either express or implied, is granted under any TI 

patent right, copyright, mask work right, or other TI intellectual property right relating to any combina-
tion, machine, or process in which TI products, software or services are used.  
 

Information published by TI regarding third–party products, software or services does not constitute a 
license from TI to use such products, software or services or a warranty, endorsement thereof or 
statement regarding their availability. Use of such information, products, software or services may 

require a license from a third party under the patents or other intellectual property of the third party, or 
a license from TI under the patents or other intellectual property of TI. 
 

No part of this document may be reproduced or transmitted in any form or by any means, electronical-
ly or mechanically, including photocopying and recording, for any purpose without the expres s written 
permission of TI.  
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2 Introduction 

xPanel+ is a tool allowing to control a simulated keypad and LCD on a PC. Therefor the PC needs to 
be connected via a HW interface – currently only the serial interface is supported. To control a phone 

this way is no new functionality but an enhancement of the existing tool xPanel. The tool retains bac k-
ward compatibility.  
 

The new features are:  
- the keypad can be designed using customer defined keypad and display layout  
- support for colour displays  

- display size and bits/per pixel are dynamically adjusted to the values used by the phone  
 
Due to its nature – its not a simulation of an MMI but a remote front end – the amount of data trans-

mitted can be vast especially for high resolution colour displays. Above all the speed of the HW inter-
face between the PC and the phone may limit the refresh rate of the external display.  
 

3 High Level Design 

3.1 Protocol Description 

Prior to data transmission the capabilities of the real display are exchanged e.g. display size and bits/pixel. This is done 
either by an explicit request by xPanel+ or by an unsolicited indication by the Protocol Stack.  

For transmission of the display data a “poll” approach is taken. xPanel+ explicitly request the display data. The Protocol 

Stack sends the display data only upon reception of such a request. I f such a request stays unanswered for a cer tain time 
i.e. because the Protocol Stack could not send the data or the display content did not change, xPanel+ reissues the request.  

The format of the data used for transmission i.e. pr imitives are defined in a dedicated SAP. The format is such that future 
extensions are easy to implement.  

3.2 Display Driver 

Part of the implementation needs to be done in the display driver. Here it is monitored whether the display content changed 

and thus needs to be sent to xPanel+. Since this code may need to be adapted or replaced by the customer i.e. to allow the 
use of other displays, the implementation serves as sample code.  

All re levant parts of the code are marked and commented elaborately. The customer MUST not modify the upper inter face of 
the display driver. Maintaining this inter face allows changing the MMI implementation without any changes to the rest of the 

protocol stack. 

3.3 Runtime Architecture 

The functionality used for the transmission of the display data and capabilities is implemented either in a dedicated Entity  

(process) or as an ex tension to an existing Entity.  

Transmission takes place using the Frame serial driver directly thus bypassing the restrictions imposed by the mechanisms 
used for the sending of Traces and Primitives. Display data is sent in par titions of limited size. The size can be adjusted to 

the restr ictions imposed by the inter face.  

It will be assured that the transmission of the possibly fast amount of display data does not cause any misbehaviour of the 
Protocol Stack. I f the load on the inter face is too high display data can be discarded.  
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3.4 Configuration 

1, 8 and 16 bits colour information per pixel are suppor ted. Colour mapping for 8bit colour will be done using an (editable)  
colour map table. For 16 bit colour an RGB format is used, which will be described later.  

The keypad and display layout can be controlled using an (editable) table.  

 

4 Low Level Design 

4.1 Protocol Description 

4.1.1 Primitives 

4.1.1.1 EXTDSPL_CAP_REQ 

Description: 
The EXTDSPL_CAP_REQ is used to initiate a xPanel+ originated capability exchange.  

Definition: 
short name ID direction 

EXTDSPL_CA P_
REQ 

0x3F00 xPanel+ -> 
stack 

Elements:  
long name short 

name 
ref type 

dummy parameter dummy  U32 

 

4.1.1.2 EXTDSPL_CAP_IND 

Description: 

The EXTDSPL_CAP_IND is used to transmit the capabilities of the display.  

Definition: 
short name ID direction 

EXTDSPL_CA P_I
ND 

0x7F00 stack -> xPa-
nel+ 

Elements:  
long name short 

name 
ref type 

number of columns width  U16 

number of rows height  U16 

bits per pixel bpp  U16 
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4.1.1.3 EXTDSPL_DATA_REQ 

Description: 
The EXTDSPL_DATA_REQ is used to initiate data transfer.  

Definition: 
short name ID direction 

EXTDSPL_DATA_
REQ 

0x3F01 xPanel+ -> 
stack 

Elements:  
long name short 

name 
ref type 

dummy parameter dummy  U32 

 

4.1.1.4 EXTDSPL_DATA_IND 

Description: 

The EXTDSPL_DATA_IND is used to transmit a rectangular region of display data. The 
transmission starts with the upper left corner of the region and finishes with the lower 
right corner. The sdu contains the display data. The interpretation of the display data d e-

pends on the number of bits per pixel.  
 

1 bpp: each transmitted byte contains display information for 8 pixel, the least significant 

bit describes the rightmost pixel   
 

8 bpp: each transmitted byte contains display information for 1 pixel  

 
16 bpp: two transmitted bytes contain display information for 1 pixel, the least significant 
byte will be transmitted first, the value is transmitted as an RGB colour in formation with 5 

bits for every component, the remaining bit is always set to 0, the colour components are 
spread over the two bytes as follows:  
 
15  8 7 0 

0 Blue Gree
n 

Green Red 

7 6                      3 2      0 7              5 4                        0 

 

Definition: 
short name ID direction 

EXTDSPL_DATA_
IND 

0x7F01 stack -> xPa-
nel+ 

Elements:  
long name short 

name 
ref type 

starting column col  U16 

starting row row  U16 

width in columns width  U16 

height in rows height  U16 

service data unit sdu  STRU
CT 
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4.1.2 Message Sequence Charts 

4.1.2.1 Stack originated capability exchange 

When initia lising the protocol stack issues a capability indication. Upon reception the xPanel+ enters data transfer mode and  

issues data request.  

 stack  xPanel+ 

 |  | 

 | EXTDSPL_CAP_IND | 

 *==========================> * 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |  | 

Figure 1: Stack originated capability exchange 

 

4.1.2.2 xPanel+ originated capability exchange 

When initialising the xPanel+ send a capability request to the protocol stack. Upon reception the protocol stack issues a 
capability indication. When this reaches the xPanel+ it enters data transfer mode and sends a data request.  

 stack  xPanel+ 

 |  | 

 | EXTDSPL_CAP_REQ | 

 *<========================== * 

 | EXTDSPL_CAP_IND | 

 *==========================> * 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |  | 

Figure 2: xPanel+ originated capability exchange 

 

4.1.2.3 xPanel+ originated capability exchange (with timeout)  

After the xPanel+ issues a capability request it waits for a capability indication. After a cer tain capability timeout with no 
reception from the protocol stack it reissues the capability request. Only after the reception of a capability indication it enters 

data transfer mode.  

 stack  xPanel+ 

 |  | 

 | EXTDSPL_CAP_REQ | 

 *<========================== * 

 |  | 

 | <Timeout T_CAP> 

 | EXTDSPL_CAP_REQ | 

 *<========================== * 

 | EXTDSPL_CAP_IND | 

 *==========================> * 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |  | 

Figure 3: xPanel+ originated capability exchange with timeout 
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4.1.2.4 Data transfer 

In data transfer mode the xPanel issues a data request and waits for the reception of a data indication. Upon reception of this 
it again issues a data request.  

 stack  xPanel+ 

 |  | 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |EXTDSPL_DATA_IND | 

 *==========================> * 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |EXTDSPL_DATA_IND | 

 *==========================> * 

 | ... | 

Figure 4: Data transfer 

4.1.2.5 Data transfer (with timeout) 

When in data transfer mode a data request is not answer within a cer tain data timeout the xPanel reissues the data request.  

 stack  xPanel+ 

 |  | 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |  | 

 | <Timeout T_DATA> 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |EXTDSPL_DATA_IND | 

 *==========================> * 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |EXTDSPL_DATA_IND | 

 *==========================> * 

 |  | 

Figure 5: Data transfer (with timeout) 

 

4.1.2.6 Data transfer (with repeated timeout) 

When in data transfer mode a data request is not answer within a cer tain data timeout the xPanel reissues the data request.  
Upon no reception of a data indication the xPanel+ w ill reissue the data request for a maximum data retransmission number.  

If a ll these request stay unanswered. The xPanel+ issues a capability request.  Upon reception of a capability indication it 
again enters data transfer mode.  



Technical Document 

GPF xPanel+ Design Spec (8434.408.02.005), v0.6 Draft 

 

Texas Instruments Proprietary Information – Internal Data Page 10 of 14 

 

 stack  xPanel+ 

 |  | 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |  | 

 | <Timeout T_DATA> 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |  | 

 | <Timeout T_DATA> 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |  | 

 | <Timeout T_DATA> 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |  | 

 | <Timeout T_DATA> 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |  | 

 | <Timeout T_DATA> 

 | EXTDSPL_CAP_REQ | 

 *<========================== * 

 | EXTDSPL_CAP_IND | 

 *==========================> * 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |  | 

Figure 6: Data transfer (with repeated timeout) 

 

4.1.2.7 Data transfer (with no answer at all) 

When in data transfer mode a data request is not answer within a cer tain data timeout the xPanel reissues the data request.  
Upon no reception of a data indication the xPanel+ w ill reissue the data request for a maximum data retransmission number.  
If all these request stay unanswered. The xPanel+ issues a capability request. Upon no reception of a capability indication it 
reissues a capability request after the expiry of the capability timer.  
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 stack  xPanel+ 

 |  | 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |  | 

 | <Timeout T_DATA> 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |  | 

 | <Timeout T_DATA> 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |  | 

 | <Timeout T_DATA> 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |  | 

 | <Timeout T_DATA> 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |  | 

 | <Timeout T_DATA> 

 | EXTDSPL_CAP_REQ | 

 *<========================== * 

 |  | 

 | <Timeout T_CAP> 

 | EXTDSPL_CAP_REQ | 

 *<========================== * 

 |  | 

 | <Timeout T_CAP> 

 | EXTDSPL_CAP_REQ | 

 *<========================== * 

 |  | 

Figure 7: Data transfer (with no answer at all) 

4.1.2.8 Data transfer with multiple data indications 

After the reception of a one data request the protocol stack can send more than one data request. The number of data re-
quests that can be sent at once must be a fixed number. 

 stack  xPanel+ 

 |  | 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 |EXTDSPL_DATA_IND | 

 *==========================> * 

 |EXTDSPL_DATA_IND | 

 *==========================> * 

 |EXTDSPL_DATA_IND | 

 *==========================> * 

 |EXTDSPL_DATA_IND | 

 *==========================> * 

 |EXTDSPL_DATA_IND | 

 *==========================> * 

 |EXTDSPL_DATA_REQ | 

 *<========================== * 

 | ... | 

 

Figure 8: Data transfer with multiple fragments 
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4.1.3 Constants and Timer 

Two timers shall be implemented in the xPanel+ - a capability (Exchange) Timer and a data (Exchange) Timer.  

The data timer shall be of such value that it prevents both: slow refresh after the loss of one frame and also too much traffic 
in case of congestion.  

The value of the capability timer shall be larger then the data timer, to a llow protocol stacks that do not transmit d isplay data 
to stay relatively undisturbed.  

A maximum data retransmission constant shall be implemented. I t controls the number of unanswered data requests after  
which a capability request w ill be send.  

A constant shall be defined that controls the number of data indications that can be sent at once after the reception of one 

data request.  

4.2 Display Driver (display.c) 

The display driver provides information about the dimensions of the display e.g. height, width, bits per pixel.  I t processes 

user requests and changes the content of the display. I ts inter face is defined in document 8415.025.99.014.  

In an implementation without support for an external display, the driver only updates the real display. To suppor t an ex terna l 
display i.e. to send the display contents to the xPanel+ the driver is responsible for updating the content of the external dis-

play as well.  

The driver does not send the display data to xPanel+ itself but shadows the display contents to a user supplied buffer. I t al so 
provides the information whether the content of the display has changed since the last time.  

It is assumed that the display driver is only used by one task. The functionality to change the display (an thus filling the 
shadow buffer) as well as the piece of code responsible for sending the display content to the x Panel+ (and thus reading the 
shadow buffer) must be located in one and the same process. Otherwise the buffer must be protected by some means.  

4.3 Implementation (mfw_extdspl.c) 

The functionality to send the display data is implemented within the MMI Frame Wor k (MFW). I t is thus available to any MMI 
build up on this framework.  

Initia lly the implementation queries the display driver for the dimensions of the display. It allocates sufficient memory for  the 

shadow buffer and registers the shadow buffer with the display driver. 

Whenever an EXTDSPL primitive is received it is forwarded to the implementation. Here it is analysed and depending on 
whether it is a capability or a data request the corresponding indication is send.  

Upon the reception of a capability request the results of the initial query to the display driver are send in a capability indica-
tion.  

Upon the reception of a data request the implementation checks whether the contents of the display have changed since the 

last request. I f so a data indication wi ll be sent.  

The display content is sent in fragments of fixed size. This is done so to overcome possible limitations of the (serial) inte r-
face. The implementation keeps track of which fragments of the screen have already been sent.  

Only a fixed number of fragments are send as the result of the reception of a single data request.  Upon reception of the nex t 

data request the nex t fragments are sent. This is done so to allow rescheduling of the process.  

For the transmission (sending) of the data a direct call to the (serial) driver is used instead of the trace/primitive mechanism.  
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4.4 Primitive Interface (MmiMain.c, MmiMmi.c) 

To allow processing of EXTDSPL primitives a primitive handler  must be registered with the actual MMI. This is done as well 
as some basic in itia lisation through a call to an in itia lisation function. This call is located in the initialisation routine of the 

MMI. The same holds for an exit routine.  

4.5 Modes of operation 

Generally speaking two modes of operation may be imagined.  

- The External Display and (real hardware display) have the same dimensions. They can then both fully functional.  

- The external display has different dimensions, e.g. bigger and more colours, than the real display. Only the ex ternal 
display can then be fully functional.  

The sense behind these modes is to allow the MMI implementation to use the display driver transparently, no matter whether  
an external display exists or not. The existence of two fully functional displays (extern and real) with different dimensions  
would require the MMI to manage both.  

In the first mode the display driver stays almost unchanged. I t’s only modified to shadow the contents of the real display to  

the shadow buffer. The contents of the shadow buffer contents will then be transmitted.  

For second mode the real display is sw itched of. The complete display driver must be replaced by an implementation that 
realises a display with the different d imensions. The real hardware can not be used any more.  
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Appendices 

A. Acronyms 

DS-WCDMA Direct Sequence/Spread Wideband Code Division Multiple Access 

 

B. Glossary 

International Mobile Tel-
ecommunication 2000 
(IMT-2000/ITU-2000) 

Formerly referred to as FPLMTS (Future Public Land-Mobile Telephone 
System), this is the ITU's specification/ family of standards for 3G. This 
initiative provides a global infrastructure through both satellite and terre-

strial systems, for fixed and mobile phone users. The family of standards 
is a framework comprising a mix/blend of systems providing gl obal roam-
ing. <URL: http://www.imt-2000.org/> 

 

http://www.imt-2000.org/

