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Overview 
Using the Texas Instruments EKK-LM3S9B96 evaluation board, this project implements 
a signal processing engine designed to offload demanding sensor processing tasks from a 
master microcontroller in a multi-processor environment.  The project utilizes the 
embedded SafeRTOS in ROM, as well as the StellarisWare IEC60730 library. 
 
This project aids a master microcontroller by managing a wide assortment of  specialized 
sampling tasks such as sampling at a precise high-speed rate, sampling at a precise high 
speed rate during a given time window, and sampling at a precise moment in time.  The 
powerful Cortex-M3 core is utilized to perform some basic, yet processor intensive signal 
processing.  The SafeRTOS and IEC60730 library allow the signal processing engine to 
be dropped into a multi-processor safety-critical system.  The system could also be used 
as a stand alone platform for signal processing experimentation. 
 

System Description 
As shown in the block diagram below (see Figure 1), the system includes thirteen analog 
inputs divided into the following categories: windowed inputs, continuously sampled 
inputs,  and externally triggered inputs.  Windowed inputs are processed only when the 
corresponding window signal is asserted.  Signal energy is computed and the result can 
be retrieved over the SPI bus.  Additionally, a PWM signal proportional to the result is 
output through an RC filter to produce an analog representation of the signal energy.  
Continuously sampled inputs are sampled at 125 ks/s.  The sum of each input’s samples 
is computed, placed in a data packet with other channel results, and broadcast over a SPI 
bus every millesecond.  A master microcontroller could monitor the SPI bus for the result 
packet and process each analog input’s summed result as necessary. Externally 
triggered inputs are sampled on every transition detected on the Trigger input.  Raw 
results can be retrieved over the SPI bus.  Status outputs indicate the state of the system’s 
internal processing engine and can be used by a master microcontroller to determine 
when to poll for results.  See appendix A for a detailed system schematic.  
 
At the heart of the signal processing engine is the LM3S9B96 microcontroller.  The 
ROM-based SafeRTOS operating system configures and controls the on-chip peripherals 
at runtime.  The DMA engine works in tandem with the ADC to generate periodic 
interrupts where signal processing operations are performed (see Appendix B for code 
sample).  To ensure reliable operation, the StellarisWare IEC60730 library is used to 
perform a functional test each time the chip is powered up, before the operating system 
scheduler is started.  The functonal test performs stuck bit testing on the CPU PC, 
registers, and SRAM, runs a CRC test on the program Flash image, verifies ADC 
operation, verifies GPIO integrity, checks the clock frequency, and verifies interrupt 
handling.  All of these tests are important to verify because the signal processing engine 
relies heavily on each of the components being tested.  Test results are indicated by the 
POST Status output shown in the block diagram.   
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Figure 1.  System Block Diagram 
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Appendix A: Schematic 
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Appendix B: Sample Source Code 
 
/* Continuous sampling interrupt handler */ 
void ADC1Sequence0IntHandler(void) 
{ 
   unsigned long ulBase,i; 
 
   /* Turn on status output */ 
   ROM_GPIOPinWrite(GPIO_PORTA_BASE, GPIO_PIN_6, GPIO_PIN_6); 
 
   /* Clear interrupt source */ 
   ROM_ADCIntClear(ADC1_BASE,0); 
 
   ulBase = 0x40039000+0x048;  // ADC1 Sequencer 0 Result FIFO 
 
   /* Manage ping-ping DMA transfers from ADC */ 
   if(buffer_select == 0) 
   { 
      /* Reset DMA for next transfer */ 
      buffer_select = 1; 
      ROM_uDMAChannelTransferSet(UDMA_SEC_CHANNEL_ADC10 |  UDMA_PRI_SELECT, 
                                 UDMA_MODE_PINGPONG, 
                                 (void*)(ulBase), 
                                 (void*)(adc_result_buffer_5), 
                                 1000); 
 
      /* Select buffer for processing */ 
      gp_buffer = adc_result_buffer_5; 
   } 
   else 
   { 
      /* Reset DMA for next transfer */ 
      buffer_select = 0; 
      ROM_uDMAChannelTransferSet(UDMA_SEC_CHANNEL_ADC10 | UDMA_ALT_SELECT, 
                                 UDMA_MODE_PINGPONG, 
                                 (void*)(ulBase), 
                                 (void*)(adc_result_buffer_6), 
                                 1000); 
 
      /* Select buffer for processing */ 
      gp_buffer = adc_result_buffer_6; 
   } 
 
   /* Reset sums */ 
   adc10_sum[0] = 0; 
   adc10_sum[1] = 0; 
   adc10_sum[2] = 0; 
   adc10_sum[3] = 0; 
   adc10_sum[4] = 0; 
   adc10_sum[5] = 0; 
   adc10_sum[6] = 0; 
   adc10_sum[7] = 0; 
 
   /* Calculate new sums */ 
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   for(i=0;i<125;i++) 
   { 
      adc10_sum[0] += *gp_buffer++; 
      adc10_sum[1] += *gp_buffer++; 
      adc10_sum[2] += *gp_buffer++; 
      adc10_sum[3] += *gp_buffer++; 
      adc10_sum[4] += *gp_buffer++; 
      adc10_sum[5] += *gp_buffer++; 
      adc10_sum[6] += *gp_buffer++; 
      adc10_sum[7] += *gp_buffer++; 
   } 
 
   /* Average */ 
   adc10_sum[0] = adc10_sum[0]/125; 
   adc10_sum[1] = adc10_sum[1]/125; 
   adc10_sum[2] = adc10_sum[2]/125; 
   adc10_sum[3] = adc10_sum[3]/125; 
   adc10_sum[4] = adc10_sum[4]/125; 
   adc10_sum[5] = adc10_sum[5]/125; 
   adc10_sum[6] = adc10_sum[6]/125; 
   adc10_sum[7] = adc10_sum[7]/125; 
    
   /* Broadcast processed data */ 
   SSIDataPutNonBlocking(SSI1_BASE,adc10_sum[0]); 
   SSIDataPutNonBlocking(SSI1_BASE,adc10_sum[1]); 
   SSIDataPutNonBlocking(SSI1_BASE,adc10_sum[2]); 
   SSIDataPutNonBlocking(SSI1_BASE,adc10_sum[3]); 
   SSIDataPutNonBlocking(SSI1_BASE,adc10_sum[4]); 
   SSIDataPutNonBlocking(SSI1_BASE,adc10_sum[5]); 
   SSIDataPutNonBlocking(SSI1_BASE,adc10_sum[6]); 
   SSIDataPutNonBlocking(SSI1_BASE,adc10_sum[7]); 
 
   /* Turn off status output */ 
   ROM_GPIOPinWrite(GPIO_PORTA_BASE, GPIO_PIN_6, 0); 
} 


