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Unit – I: Introduction to Digital Signal Processing; Computational accuracy in DSP 

implementation 

 

Important Points / Definitions:  

 A Digital signal processing systems uses a computer or digital processor to process a signal. 

 The real world analog signals are converted to digital using ADCs before processing and the 

resultant digital signals will be converted back to analog using DACs.  

 The process of converting analog signal to a discrete time signal is called sampling. 

 The Discrete Fourier Transform (DFT) is used to convert time domain sequence to frequency 

domain sequence and the reverse is done by Inverse DFT (IDFT). 

  Fast Fourier Transform (FFT) is an algorithm for fast computation of DFT and IDFT. 

 A system that obeys superposition theorem is called a linear system. 

 A system whose input/output relationship is doesn’t vary with time is called a time invariant 

system. 

 A system which is both linear and time invariant is called an LTI system. 

 The filter whose response to an impulse function is finite is called an FIR filter. 

 The filter whose response to an impulse function is infinite is called an IIR filter. 

 Decimation is the process of down converting the sampling rate. 

 Interpolation is the process of up conversion of the sampling rate. 

 Both decimation and interpolation are important in multi-rate signal processing. 

 A format in which a number is represented as integer or fraction using a fixed number of bits 

is known as fixed point format. 

 If the number of bits in a fixed point format is doubled, then the resultant format is called the 

double precision fixed point format.  

 A floating point format is used to represent large numbers whose value depends on mantissa 

and exponent. IEEE-754 is a single precision floating point format. 

 Block floating point format is used to increase the range and precision of fixed point format. 

 The dynamic range of a signal is the ratio of maximum value to the minimum value that the 

signal can take in a given number format.  

 Resolution is the minimum number that can be represented by a given number format.  

 There are three different sources of errors in a DSP system, Viz. A/D conversion errors, DSP 

computational errors and D/A conversion errors. 



 A/D conversion errors are due to the irreversible process called quantization. So, these errors 

are also called quantization errors. 

 DSP computational errors caused due to limited number of bits, scaling, etc. 

 D/A conversion errors are due to Amplitude errors.  

 

Questions 

1.What is sampling theorem? 

2.What is the need of aliasing filter before A/D conversion? 

3.Write convolution equation. 

4.What is the significance of decimation in DSP? 

5.What is bias in IEEE 754 format? 

6.How can we reduce the amplitude error in D/A conversion? 

 

Fill in the blanks / choose the Best: 

1.According to Sampling theorem, the sampling frequency fS>= __fm___ 

2.The maximum quantization error is ______half___________ of the step size. 

3.The System function is given by H(z) = ________Y(z)/X(z)_____. 

4.In __________IIR_____filter the impulse response is not finite. 

5.The sampling rate increases after the process of Interpolation. 

6.In an n bit fixed point format, the number of bits used to represent magnitude is n-1 

7.Block floating point format is used to increase the range and precision of fixed point format. 

8.The dynamic range of a 24 bit single precision fixed point format is 144. 

9.The quantization error decreases with the increase of number of bits. 

10. The IEEE standard for single precision floating point format is IEEE-754. 

 

 

 

Unit – II: Architectures for Programmable DSP Devices 

 

Important Points / Definitions:  

The main architectural features of the programmable DSP devices are: 

 Data Representation Format: fixed point, floating point formats and data word length for 

accuracy and dynamic range. 

 Computational capability: an ALU with a hardware multiplier and a shifter for scaling. 

 Harvard Architecture: provision of separate memory for program and data to fetch 

instructions and data simultaneously. 

 On-Chip Memories: provision of on-chip program and data memories to avoid bus 

contention and to speed up program execution. 

 Addressing modes: data addressing capabilities including indirect, indexed, bit reversed and 

circular addressing modes. 

 Programmability: programing capabilities including subroutines, branching, loops and 

repeats. 

 Hardwired control: fast implementation of sequencing and control for single-cycle 

instruction execution. 

 Parallelism: multiple functional units for parallel implementation of different functions 

such as simultaneous operation of arithmetic operation and an address generation. 

 Pipelining: simultaneous operation of different stages of an instruction execution by 

splitting it into steps handled by individually designed units. 



 Interfacing: provision to interface devices such as A/D and D/A converters, parallel I/O, 

interrupt and direct memory access.  

 

Questions 

1.What are the basic building blocks to carry out essential DSP computations? 

2.What is a MAC unit? 

3.How saturation logic handles the overflow/underflow in a MAC unit? 

4.What are different bus architectures? 

5.What are various indirect addressing modes of programmable DSP processors? 

6.What is the purpose of program sequencer? 

 

Fill in the blanks / choose the Best: 

1.The Braun multiplier modified to handle signed numbers is known as Baugh-Wooley 

multiplier. 

2.Barrel shifter is a combinational circuit. 

3.Extra bits used in the accumulator of a MAC unit to handle the bit growth are known as 

guard bits. 

4.In Harvard architecture, there are separate buses for program memory and data memory. 

5.On-chip memories help in faster execution of DSP algorithms compared to when located in 

off-chip memories. 

6.The data addressing capability of a DSP device is provided by means of its Addressing 

Modes. 
7.The bit reversed addressing mode is used for FFT implementations. 

8.The address of interrupt service routines is stored in interrupt vector table. 

9.The speed of processing increases with the increase in hardware units. 

10. The initial delay of a pipeline in the units of time is called Pipeline Latency. 

 

 

Unit – III: Programmable Digital Signal Processors 

 

Important Points / Definitions:  

 TMS320C54xx processors have Harvard architecture and are 16 bit fixed point processors. 

 They have one program memory and three data memory spaces with separate buses. 

 On chip memory is a combination of ROM, dual access RAM and single access RAM. 

 CPU of TMS320C54xx has a 40 bit ALU, two 40 bit accumulators, 32 bit barrel shifter, 

17x17 multiplier, a 40-bit adder, a compare select and store unit (CSSU), an exponent 

encoder (EXP), a data address generation unit (DAGEN) and program address generation 

unit (PAGEN). 

 Data addressing modes of TMS320C54xx processors are immediate addressing, absolute 

addressing, accumulator addressing, direct addressing, indirect addressing, circular 

addressing, bit reversed addressing, dual operand addressing, memory mapped register 

addressing and stack addressing.  

 TMS320C54xx processors have instruction set to carry out load and store operations, 

arithmetic operations, logical operations and program-control operations. 

 MAC instruction is an important instruction in DSP processors and is used to execute 

multiply and accumulate operation in a single cycle. 

 The on chip peripherals of TMS320C54xx are  Hardware timer, Host Port Interface, Clock 

generator and Serial I/O ports 

 The hardware timer is a 16 bit down counter with a 4 bit pre-scalar. 



 Host Port Interface is used to interface either 8 bit or 16 bit host processor. 

 There are three types of serial ports: synchronous, buffered and time division multiplexed. 

 There are 32 interrupts in TMS320C54xx processors. 

 TMS320C54xx processors have six level deep pipeline to improve the throughput of 

instruction execution with which 6 instructions can be active at a given time. 

 

Questions 

1.What are the features of TMS320C54xx processor architecture? 

2.Draw and explain the structure of barrel shifter. 

3.How the hardware timer is configured to generate the desired delay? 

4.Write an assembly language program for implementing simple MAC operation. 

5.Explain the circular addressing mode of TMS320C54xx processors. 

6.What are the different levels of pipeline of TMS320C54xx processor? 

 

Fill in the blanks / choose the Best: 

1.CSSU stands for Compare Select and Store Unit. 

2.There are 8 auxiliary registers of 16 bits. 

3.PUSHD and POPD are the stack manipulation instructions. 

4.Lower 4 bits of timer control register is denoted by TDDR. 

5.The number of interrupts in TMS320C54xx processors is 32. 

6.Pipeline is used to improve the instruction throughput. 

7.After the execution of RPT #K, the RC is stored with the value K. 

8.After an interrupt, the PC is loaded with an address available in Interrupt Vector Table. 

9.Bit reversed addressing is required for FFT implementations. 

10. The barrel shifter of TMS320C54xx is capable of shifting from 0 to 31 bits towards left. 

 

 

Unit – IV: Analog Devices Family of DSP Devices 

 

Important Points / Definitions:  

 There are three different families of Analog devices DSP processors, viz. Fixed point 

processors, floating point processors and mixed signal processors. 

 The base architecture of DSP 2100 family consists of 2 address generators, program 

sequencer, ALU, MAC unit with 40 bit accumulator, Shifter with block floating logic and 

program and data buses. 

 The ADSP 2181 is an advanced high performance fixed point DSP and has the following 

features: 

 30 ns instruction cycle time from 16.67 MHz crystal @ 5.0 volts 

 33 MPS sustained performance 

 Single cycle instruction execution 

 3-bus architecture allows dual operand fetches in every instruction cycle 

 Multifunction instructions 

 Power-down mode featuring low CMOS standby 

 Power dissipation with 100 cycles recovery from power down condition 

 Low power dissipation in Idle mode 

 Blackfin processor is 16 bit fixed point processor based on MSA core. 

 The Blackfin core combines dual multiply accumulate (MAC) engines, an orthogonal reduce 

instruction set computer (RISC) like instruction set,single instruction, multiple data (SIMD) 

programming capabilities, andmultimedia processing features into a unified architecture. 



 The core architecture of the Blackfin processor mainly consists of address arithmetic unit, 

data arithmetic unit and control unit. 

 The data arithmetic unit consists of two 16 bit multipliers, two 40 bit accumulators, 4 video 

ALUs of 8 bit each, a 40 bit barrel shifter and 8 32-bit data registers that can be used as 16 

independent 16 bit registers. 

 Address arithmetic unit consists of two data address generators and different registers. 

 The control unit has the program sequencer, loop buffer, align and decode units to control the 

program execution. 

 The Blackfin processor has a 10 level deep pipeline. 

 Blackfin processor has the hierarchical model of memory. 

 

Questions 

1.Discuss about Analog devices DSP products portfolio. 

2.Explain the shifter instruction with examples. 

3.What are the features of ADSP 2181 high performance processor? 

4.What is MSA architecture? 

5.Explain the core architecture of Blackfin processor. 

6.Explain the pipeline of Blackfin processor. 

 

 

Fill in the blanks / choose the Best: 

1.ADSP-21020 is a floating point processor. 

2.There are 2 address generators in ADSP-2100 family. 

3.The ALU of ADSP-2100 processor has 40 bit accumulator. 

4.ADSP 2181 processor has 16 K words program memory and 16 K words data memory. 

5.MSA is the acronym for Micro Signal Architecture. 

6.The BF561 processor incorporates two MSA cores to improve the performance. 

7.BF533 has a 40 bit barrel shifter. 

8.The stack pointer of blacfin processor is 32 bit wide. 

9.The BF533 has 1 K bytes of boot read only memory. 

10. The number of stages in the pipeline of blackfin processor is 10. 

 

 

Unit – V: Interfacing Memory and I/O Peripherals to Programmable DSP Devices 

 

Important Points / Definitions:  

 TMS320C54xx devices support a basic memory of 192K 16 bit words that consists of 64K of 

program space, 64K of data space and 64K of I/O space. 

 The on chip memory map depends on three bits of status register, viz. MP/MC, OVLY and 

DROM. 

 The off-chip memory is used if there is a requirement of large memory; otherwise on chip 

memory is preferred.  

 On-chip memory is faster and consumes less power compared to off-chip memory. 

 An interfacing circuitry should be designed to interface external memory to the DSP 

processors using external interfacing signals. 

 If the size of the memory is less than the maximum size that can be addressed by number of 

address lines in the processor, then the remaining address lines are used to select the memory 

chip using decoder logic. 

 A small size of memory can be mapped in various ranges of addressable memory. 



 Parallel I/O ports are used to interface I/O devices such as A/D or D/A converters. 

 There are three types of parallel I/O operations: unconditional I/O, programmed I/O and 

Interrupt driven I/O. 

 Unconditional I/O is used to interface the devices with no handshake signals. 

 In programmed I/O, CPU keeps polling the device for its readiness. This type of I/O wastes 

the CPU time. 

 In interrupt driven I/O, CPU enables the interrupts and continues its work. Whenever the 

device is ready, an interrupt will be generated and the corresponding process will be initiated. 

 There are Maskable and Non-maskable interrupts. Maskable interrupts can be disabled and 

Non-maskable interrupts can’t be disabled.  

 The time between the occurrence of an interrupt and the start of the execution of its service 

routine is called interrupt latency. 

 Direct memory access is supported by TMS320C54xx processors.  

 There are 6 mutually exclusive channels in the DMA controller with different priorities.  

 The data transfer is in terms of blocks, each block consists of frames, and each frame consists 

of data elements of 16 or 32 bits each.  

 To implement the DMA operation efficiently, there are various registers to be configured 

with each DMA channel. 

 The configuration of registers is done by register sub-addressing. 

 

Questions 

1.Explain the memory organization of TMS320C54xx processors. 

2.What are the external bus interfacing signals? 

3.Why do we need memory interfacing? 

4.Compare different parallel I/O interfacing methods. 

5.Design a memory interface for interfacing 32K program memory to TMS320C5416 

processor. 

6.What is register sub-addressing used in DMA? 

 

Fill in the blanks / choose the Best: 

1.The size of the program memory in TMS320C54xx processors is 64 K words. 

2.DARAM is the acronym for dual access random access memory. 

3.There are 23address lines in TMS320C5416 processor. 

4.The parallel I/O that involves continuous polling of the CPU is Programmed I/O. 

5.Software interrupt is generated by an interrupt instruction. 

6.The subroutine for interrupt execution is known as Interrupt Service Routine. 

7.The DMA of TMS320C54xx processors have 6 DMA channels. 

8.The memory mapped register used to set the priorities of DMA channel is DMPREC. 

9.Interrupt Vector Table is a memory space that consists of address of ISRs. 

10. The memory map of TMS320C5416 processor has 128 pages. 
 


