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Abstract-A high-speed storage testing system based on 
C8051F340 is introduced in the paper. The system is small in 
size, with high impact and more hostile environment resistance, 
low power consumption. It can be placed in the projectile with 
diameter of 25mm or above. Using the secondary memory 
technique, it can record relevant motion parameters of the 
projectile in flight in the real time very rapidly, with a similar 
function of aircraft "black box". What's more, the system has 
the advantage of holding the data when the power is removed. 
The data can be recovered via USB interface when retrieved to 
ensure the accuracy of the test. 
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I. INTRODUCTION 

Fast memory technique, which has a wide application 
prospect, is an effective means to complete the parameter 
testing of operating condition for moving body in a special 
working environment [1]. However, the category of memory 
systems existing is few . And most of them don't have a high 
performance-to-price ratio to meet the author’s requirements 
of test environment. As we studied, the projectile’s relevant 
testing parameters during movement have the following 
features: longer system testing time , higher test frequency , 
requirements of testing system fast storing data which is 
sent by peripheral circuit or device at the frequency of 2 
KHz, and the records of the time should not be less than 35 
s.  

This requires that the memory system should receive 
and store the data in real time ,quickly and accurately. A 
long memory time is expected to ensure that the system can 
get the right data through USB interface quickly after being 
retrieved. As the system works in the projectile, a testing 
system in small size is required , and it's able to withstand 
the impact of the 5000 G acceleration as well. Therefore a 
testing system with a low power consumption, high impact 
resistance must be designed according to author's research 
object. The following job is the development and designing 
of the system's hardware and software according to the 
requirements mentioned above.  

II.  HARDWARE DESIGN OF THE FAST STORAGE SYSTEM 

A.  The selection of main components 

The memory testing system uses the C8051F340 from 
Silicon company as the core of MCU[2]. C8051F340 is a 

fully integrated mixed signal System-on-a-Chip MCU with 
a high-speed pipelined 8051-compatible microcontroller 
core(up to 48 MIPS). It has up to 64 kB of on-chip Flash 
memory, up to 4352 Bytes of on-chip RAM(256+4 kB), a 
universal Serial Bus(USB) function controller with eight 
flexible endpoint pipes, an integrated trans-ceiver, and 1 kB 
FIFO RAM. The system is also provided with four general-
purpose 16-bit timers, a true 10-bit 200 ksps 
differential/single-ended ADC with analog multiplexer. In 
addition, this MCU supports on-chip voltage reference and 
temperature sensor, supplied with two on-chip voltage 
comparators, a programmable counter/timer array(PCA)with 
five capture/compare modules and watchdog timer function, 
a on-chip Power-On Reset, a VDD monitor, and a missing 
clock detector. It incorpates up to 40 Port I/O(5 V tolerant), 
SMBus/I2C, up to 2 UARTs, and enhanced SPI serial 
interfaces implemented in hardware, provided with a 
precision internal calibrated 12 MHz internal oscillator and 
4x clock multiplier as well. The C8051F340 operational 
power supply voltage range is  2.7 to 5.25 V. The core of 
MCU can work in normal mode,idle mode ,or power-down 
mode,  presenting a flexible solution of the power 
management which is suitable to the low-consuption 
application platform. And it is available in 48-pin TQFP,32-
pin LQFP, or 32-pin QFN packages. 

As we learned from the parameters above, C8051F340 
has up to 64 kB of on-chip Flash memory with a finite 
capacity. If a huge universe of data storage is needed, we 
should have an external data memory, that's what the design 
of the  system introduced.  On account of a high storage 
frequency, a large amount , and a long storage time of 
testing data, it's important to select a suitable external 
memory in the testing system of projectile's parameter 
storage. For the present, SRAM, FLASH, NVRAM or 
FRAM is widely used in the memory system to store testing 
data at home and abroad[3]. SRAM requires the system 
always on electricity with a great power consumption, 
which is against the low power consumption and data will 
be lost easily when out of power. The system should be in 
the working state all the time to ensure the data remained; 
The most distinguished feature of the FLASH memory is 
that the data won’t lost when power failure occurs, but its 
rewriting cycle is generally more than 5 ms, even the fastest 
one also needs 200 us. So to the data test system with high 
frequency and large amount , data memory speed can’t meet 
the requirements of real-time and high speed;  Despite that 
NVRAM has the advantages of fast read/write speed as 
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SRAM, remaining data when out of power as FLASH,  it is 
not easy to make the lager size smaller for the use of thick 
model circuits. FRAM(ferroelectric memory), which do not 
need to refresh at times,  performs write/read operations at 
bus speed with data memory capacity in power failure case. 
It offers excellent features such as an unlimited time to 
rewritie(more than 1016 times), low power consumption, 
and a strong anti-interference ability of electromagnetic. 

According to the system's requirements of fast memory 
and data remained in power failure case, a FM25H20 
memory chip from the ramtron company is selected. The 
FRAM chip is serial-nonvolatile, supplied by a working 
voltage range of 2.7-3.6V, packaged in 8-pin TDFN, 
provided with a shape size of 5mm×6mm×0.75mm， a 
memory structure of 256KB×8, a bus write/read speed at 
40MHz, infinite read/write times, low current operation and 
a reliable data retention for 10 years. Moreover, with the 
industrial standard SPI (Serial Peripheral Interface) interface, 
FRAM is optimized in fast write/read capability and 
expansibility. The system chooses 4 chips of FM25H20, 
making the capacity meet the system’s requirements. 

Therefore, the combination of C8051F340 and 
FM25H20 can meet the functional requirement of fast 
memory. 

B.  Design of Hardware Circuit 

 
Figure 1. Principle block diagram 

 
As shown in Figure.1, fast memory system consists of 

three sensor modules, a micro controller MCU, four data 
memory FM25H20s and a USB interface. To reduce the size 
of the system to the extent, dual panel design is necessary in 
PCB production. There is only one USB interface for 
human-computer interaction, to read or playback the needed 
data more quickly after being retrieved, and to reduce board 
space of hardware as well.  

The SPI interface in Single-Chip Microcomputer takes 
the operation of writing/reading  to/from the sensor 1 and 
four FM25H20s by the chip selection signal through the 
way of single master and several slaves mode.The sensor 2 
and sensor 3 module communicate with MCU through 
UART0 and UART1 . 

As C8051F340 has 4 KB XRAM, in order to ensure the 
integrity of the received data, the author adopts some 
methods as follows: firstly, MCU stores the data from 

sensors in the XRAM after proper data processing; secondly, 
put the group of data in XRAM into the memory FM25H20 
after completing receiving a group of data, which is also 
called the secondary storage technology. The usage of 
secondary storage makes it faster to save data in case of data 
being lost during chip selection. 

The system stores the data from sensors in FM25H20, 
and will be connected via USB to communicate with PC 
after being retrieved. Further processing and analysis are 
made on PC to get the flight state during projectile’s 
movement. 

As there are other equipments working on the 
projectile, the power supply can be obtained from the main 
power via a voltage conversion process which converts into 
a system voltage of 3.3V.  Considering the limited volume 
and space of the tested object ,a lot of work in the system's 
miniaturization has been done. Small size, low power 
consumption, fast storing speed are the highlight of the 
system: The system's circuit module can be packaged in a 
cylinder sized at 25 mm diameter, 25 mm length;And it 
works at a power consumption of 40mA, while the static 
power consumption is lower than 5mA. 

III. SOFTWARE DESIGN OF THE FAST STORAGE SYSTEM 

A.   Software design of storage module 

 
Figure 2. Software flowchart of fast-storage system 

Since a lot of prepared work, such as sealing process, 
has to be done after the measured object being powered up, 
about 10 minutes is needed normally. During this period, the 
flag of write/read is initialized to zero, for the system is 
powered up first time.  Meanwhile, only the program of 
limit detection is opened, and the function of storing is 
closed to save electric energy. As shown in Figure.3, then 
the projectile flies out and reaches the limit velocity, storage 
module begins to work at full speed, storing the received 
data in the XRAM of MCU. After finishing receiving a 
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group of data, system invokes FRAM storing subprogram 
until the end of flight. 

 
Figure 3. USBXpress Data Flow 

When the projectile has been recovered, the system is 
powered on again. This time the read/write flag turns out to 
be 1. Then the system invokes the FRAM reading 
subprogram, and communicates with PC via USB 
communication module in fast storage system. Data 
processing is done by MATLAB in PC, and the results of 
the test can be analyzed. 

B.  Software design of communication module 

The software design of communication module adopts 
a USB Xpress software setups offered by Silicon 
Laboratories. It is designed for the USB interface of devices 
such as C8051F340, providing a complete software solution 
between PC and lower level computer, greatly simplifying 
the development work of the USB communication 
application and relevant driver. Figure.4 shows the data 
flowchart of USB Xpress[4]. 

1) The program of lower level computer 
Under the compile environment of Keil uVision3, the 

USB communication of equipment can be designed using 
the API functions in USBXpress tool kit, after adding the 
C8051F340.h、USB_API.h and USBX_F34X.LIB folders 
to the project[5]. And USB clock and USB interface should 
be initialized before data transmission, the functions 
involved concludes: 

USB_Clock_Start ( )         /*initialize USB clock*/ 
USB_Init( )                        /*enable USB interface*/ 
Block_Write( )                  /*writing data to PC via 

USB */ 
Block_Read()                    /*reading data from PC via 

USB */ 

Get_Interrupt_Source()     /*getting the source of 
triggering API interrupt*/ 

USB_Int_Enable()            /*enable API interrupt */  
USB_Int_Disable()           /*disable API interrupt*/ 
USB_Disable()                 /*disable USBinterrupt*/ 
USB_Suspend()                /*suspend USB interrupt*/ 
USB_Get_Library_Version()  /*return USB Xpress 

Library Version */ 
The function of API is achieved in the interrupt, thus 

an interrupt vector is needed. Among them, 0x008B is the 
interrupt vector of F34X equipment. In the main function 
the program can't enter interrupts only when the USB 
interrupt(by invoking USB_Int_Enable function) is allowed. 
The interrupt flag should be gotten by the function of 
Get_Interrupt_Source  once in the Interrupt Service Routine, 
and relevant operation can be executed later. 

2)  Client Application Program 
It is important that SiUSBXp.dll、SiUSBXp.h and 

SiUSBXp.lib folders should be added in advance when 
developing client USB application program under the 
VC++6.0 compile environment. And before running the 
client application program, drivers of PC should be set up in 
order to make PC recognize USB equipment and 
communicate with it. 

IV.  DYNAMIC TEST AND DATA PROCESSING 

The following curve illustrated in Figure.5-7,  is 
achieved after applying the fast storage system to the 
relevant parameters test of measurand.  

Figure.5 shows the dynamic testing ground, in which is 
a non-magnetic rotation table to simulate the circumferential 
direction motion situation of projectile; Figure.6 shows the 
circumferential moving situation when it's with a elevation 
angle. The figure is obtained by subsequence processing 
with the data which has been stored via USB interface after 
the system being retrieved. It reflects the laws of 
acceleration in the fast storage system, which is in a 
circumferential direction motion. 

Figure.7 shows that magnetic sensors are keeping 
cutting the geomagnetic lines to generate a periodic change 
of signal. A periodic change shows a revolution of the fast 
storage system .It comes to a conclusion from the figures 
that this system can measure the attitude information in any 
moments. 

 
Figure 4.  Testing ground 
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Figure 5.  Circumferential acceleration varying curve over time 

               
Figure 7.  Circumferential attitude angle   varying curve over time 

V.  CONCLUSION 

The solution of fast-storage based on C8051F340 and 
development process of USB communication are 

expounded 。 Experiments are made to testify the 
correctness of data storage in earlier stage and data 
processing in the later stage as well. Besides, the system, 
which is small in size, also has a high speed and a large 
capacity to store the collecting in low power . Therefore it's 
suitable for mini -sized measured objects in many 
applications which require low consumption. The USB 
interface improve the system's portability and convenience, 
providing a feasible scheme to develop an engineering. 
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Figure 6.  The circuit diagram of system of system constituent 

 
              

 

The 2nd International Conference on Computer Application and System Modeling (2012)

Published by Atlantis Press, Paris, France. 
© the authors

 
 

0542



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.162 841.890]
>> setpagedevice




