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Designing a sequence detector is a fundamental task in digital systems,
especially in communication systems, data synchronization, and pattern
recognition. In this guide, we will focus on designing a sequence detector
that identifies the specific bit pattern "1010" in a serial data stream,
assuming that the most significant bit (MSB) arrives first. We will also
illustrate the state diagram that models this detector's operation, providing
a clear understanding of its functioning.

Introduction to Sequence Detection

Sequence detection involves recognizing a predefined pattern within a stream
of bits. Such detectors are often implemented using finite state machines
(FSMs), which transition through states based on incoming bits and produce an
output signal indicating whether the sequence has been detected.

Key concepts include:
— Pattern to Detect: The specific sequence, in this case, 1010.
— Serial Data Stream: Bits arrive sequentially, one after another.

— Assumption: MSB arrives first, meaning the bits are received in the order
they appear in the sequence.

Understanding the Pattern 1010

Before designing the detector, it’s crucial to analyze the pattern:

— The sequence is 4 bits long.

— The pattern contains overlapping portions, such as the last '10' that can
be part of subsequent sequences.

— The detector must handle partial matches and avoid false detections.

Example of sequence occurrence:

| Data Stream | Detected? | Explanation |

| mm | mm e |
| 1 01 0 | Yes | Full pattern matched |

| 101 010 | Yes | Overlapping patterns detected |



Designing the Finite State Machine (FSM)

The core of the sequence detector is an FSM that transitions through states
based on incoming bits. The FSM tracks how much of the target pattern has
been matched so far.

Step-by-step process:

2.1 Define the States

FEach state represents the current progress in matching the pattern:

— State S0: No bits matched yet (initial state).

— State S1: First '1l' matched.

- State S2: '10' matched.

- State S3: '101' matched.

— State S4: '1010' matched (final, detectable state).

2.2 Determine State Transitions
Transitions depend on the incoming bit:

| Current State | Input Bit | Next State | Output (Detection) |
______________ | —— | e

|
| SO | 14 | sS1 | O |
| SO | O | SO | O |
| S1 | 0 | s2 | O |
| s1 | 1 | s1 | O |
| S2 | 1 | S3 | 0 |
| S2 | 0 | S2 | 0O |
| S3 | 0 | sS4 | 1 (sequence detected) |
| S3 | 1 | sS1 | 0O |
| S4 | Any | Corresponds to pattern detection; after detection, transition

accordingly to detect overlapping sequences |
2.3 Handling Overlapping Sequences
After detecting "1010," the FSM must be ready to detect overlapping sequences

such as "101010," by transitioning to appropriate states based on the bits
received.

Constructing the State Diagram

The state diagram visually represents the FSM, illustrating states,
transitions, and output signals.

2.1 States and Transitions

- Each state is represented by a circle labeled S0, S1, S2, S3, S4.

- Transitions are labeled with input bits and indicate the next state.

— The detection of the sequence is indicated with an output signal (e.g.,

"Detect = 1" at S4).

2.2 Diagram Description



— Start at SO: No bits matched.

- S0 - S1: On receiving '1'.

- S1 - S2: On receiving '0'.

- 82 » S3: On receiving '1'.

- 83 = S4: On receiving '0' - sequence detected.

- S4 - S2: To handle overlapping sequences, move directly to S2 if the last
bits suggest a possible new match (e.g., if the last bit was '0'").

Note: The diagram should include feedback paths for overlapping sequences and
self-loops for matching the same bits.

Implementation Details

Designing a sequence detector involves both hardware and software
considerations. Here, we focus on a hardware implementation using flip-flops
and logic gates.

2.1 State Encoding

States can be encoded using binary variables:

| State | Binary Code |
______________ |

|
| SO | 00 |
| S1 | 01 |
| S2 | 10 |
| S3 | 11 |
| S4 | 100 (if using more bits) or a special indicator |

2.2 Logic Design

- Flip-Flops: To store current state.

— Combinational Logic: To determine next state based on current state and
input.

— Output Logic: To generate detection signal when the pattern is found.
2.3 Sample Logic Equations

Based on the FSM, derive equations for the next state and output:

- Next state functions depend on current state and input bit.
— Output is high ('1l') only when the sequence "1010" is detected (at S4).

Testing and Validation of the Sequence Detector

Once the FSM and logic are designed, testing involves:

— Simulation: Using tools like ModelSim or Vivado to verify sequence
detection.
— Test Vectors: Input sequences with overlapping and non-overlapping



patterns.
— Verification: Confirm that the output signal goes high exactly when "1010"
occurs.

Practical Applications of Sequence Detectors

Sequence detectors are used in various real-world applications:

— Data Communication: Detect specific control sequences.
— Error Detection: Recognize patterns indicating errors.
— Data Compression: Identify recurring patterns.

— Protocol Implementation: Detect start or end frames.

Conclusion

Designing a sequence detector for "1010" involves understanding the pattern,
constructing a finite state machine, drawing the state diagram, and
implementing the logic with flip-flops and combinational circuits. Assuming
the MSB arrives first simplifies the process, as the sequence can be detected
in a straightforward left-to-right manner.

The key takeaways include:

— Clear state definitions are essential.

— Overlapping sequences require careful transition design.

— Simulation and testing validate the design.

— Practical applications span multiple fields in digital systems.

By following this structured approach, engineers can efficiently design
reliable sequence detectors tailored to specific pattern recognition needs in
digital logic systems.

Frequently Asked Questions

What are the primary steps involved in designing a
sequence detector for detecting the sequence 1010
with MSB arriving first?

The primary steps include identifying the sequence pattern, designing states
to represent partial matches, creating a state transition diagram, deriving

the state transition table, and implementing the logic using flip-flops and
combinational circuits to detect the sequence when it occurs.

How do you determine the number of states needed in



the finite state machine for detecting the sequence
10102

The number of states corresponds to the number of partial matches plus one
for the initial state. For 1010, typically four states are needed: the
initial state, states recognizing partial matches 1like '1', '10', '101', and
a final state indicating the complete sequence has been detected.

Can you describe the state diagram for detecting the
sequence 1010 assuming MSB arrives first?

Yes, the state diagram starts with an initial state (S0), transitions to S1
upon receiving 'l', then to S2 upon receiving '0', then to S3 upon receiving
'1', and finally to S4 upon receiving '0O', which indicates the sequence 1010
has been detected. The diagram includes transitions for overlapping sequences
and resets to appropriate states based on input bits.

What logic components are typically used to implement
the sequence detector for 1010 in hardware?

The implementation usually involves flip-flops to store the current state,
combinational logic (using gates) to determine next states based on input
bits, and output logic to generate a detection signal when the sequence is
found.

How does the assumption that MSB arrives first

influence the design of the sequence detector for
10107

Assuming MSB arrives first dictates the order in which bits are processed and
influences the state transition design. It ensures that the sequence
detection logic is aligned with the incoming bit order, affecting how states
are defined and how transitions occur based on the sequential input bits.

Additional Resources

Designing a Sequence Detector for the Pattern 1010 with MSB Arrival First

Introduction

In digital systems, sequence detectors are fundamental components used to
identify specific sequences within a continuous data stream. These detectors
are crucial in applications such as communication systems, data
synchronization, error detection, and pattern recognition. Designing an
efficient sequence detector for the binary pattern 1010, especially where the
most significant bit (MSB) arrives first, involves understanding finite state
machines (FSMs), state transitions, and hardware implementation
considerations.

This comprehensive guide delves into designing a sequence detector that
recognizes the pattern 1010, assuming the MSB arrives first. The discussion
covers the theoretical background, step-by-step design process, state diagram



creation, state table derivation, implementation strategies, and optimization
tips.

Understanding the Basic Concepts

What is a Sequence Detector?

A sequence detector is a combinational or sequential circuit that monitors an
input data stream and signals when a specific pattern occurs. It continuously
shifts through states that represent how much of the pattern has been matched
so far.

Importance of the MSB Arrival Assumption

Assuming the MSB arrives first influences the sequencing of states and the

order in which the pattern is matched. It affects the design of state
transitions and the logic required for the detector to operate correctly.

Step 1: Analyzing the Pattern 1010
Before designing the detector, it's critical to understand the pattern:

- Pattern: 1 0 1 O
— Length: 4 bits

The detector should output a "1" (or assert a signal) whenever the pattern

1010 is detected and reset to the initial state afterward, ready for
subsequent detection.

Step 2: Designing the Finite State Machine (FSM)

Choice of FSM Type

— Moore Machine: The output depends only on the present state.

— Mealy Machine: The output depends on both the present state and the current

input.

For simplicity and clarity, a Moore machine is often preferred in sequence
detection, as the output is associated directly with states.

States and Their Significance
Each state represents how much of the pattern has been matched so far:

| State | Description | Matched Pattern Portion | Next Expected Input |

| SO | No part of pattern matched | - | 1 |

| S1 | '"1' matched | '"1'" | 0 |

| S2 | '"10' matched | '"10" | 1 |

| S3 | '"101' matched | '101" | 0O |

| S4 | Complete pattern '1010' matched | '1010' (full pattern) | -



Note: Once the pattern is detected, the detector typically resets to SO0 or to
a state that reflects overlapping patterns.

Step 3: Constructing the State Diagram

Given the assumption that the MSB arrives first, the sequence detection
process begins with the input being most significant bit first.

State Transition Logic

— From SO:
— Input = 1 - S1 (since 'l' is the first bit of the pattern)

— Input = 0 - S0 (remain in initial state, as no partial match)
- From S1:
— Input = 0 » S2 (pattern '10' partially matched)

— Input = 1 - S1 (remaining in S1 or transition to a state depending on
overlapping patterns)

- From S2:
- Input =1 S3 ('101' matched)
— Input = 0 - SO (no partial match, restart)

v

- From S3:

- Input = 0 S4 (full pattern '1010' detected)

- Input = 1 - S1 (overlapping pattern, as the last 'l' could be the start of
a new pattern)

v

— From S4:

— Output = 1 (pattern detected)

- Next transition: depending on whether the pattern overlaps, typically to S2
or Sl.

Step 4: Developing the State Transition Table

| Present State | Input | Next State | Output |
_________ | - | -

|
| SO | 0O | SO | O |
| SO | 1 | s1 | O |
| S1 | 0 | s2 | O |
| S1 | 1 | sS1 | O |
| S2 | 0 | SO | O |
| S2 | 1 | S3 | 0 |
| S3 | 0 | sS4 | 0 |
| s3 1 1 ] 81 | O |
| sS4 | 0 | S2 | 1 | (pattern detected)

In this table, the output "1" occurs only when the full pattern 1010 has been
detected (i.e., in S4).

Step 5: Deriving the State Diagram

Using the transition table, draw the diagram:



— Circles for each state (SO through S4)

— Arrows indicating transitions based on input bits

— Label arrows with input conditions

- Mark the state S4 with an output of 1 (or associate the output with the
state in Moore machine fashion)

Step 6: Assigning Binary Encodings to States

To implement the FSM digitally, assign binary codes to states:

|
| SO | 00 |
| S1 | 01 |
| S2 | 10 |
| S3 | 11 |
| S4 | 100 (or 110, depending on encoding scheme) |

For simplicity, a 3-bit encoding can be used to accommodate all states,
especially if overlapping detection is required.

Step 7: Deriving Boolean Equations for State Transitions

Using the state table, write down the logic equations for the next state
bits:

Let’s denote:

— Current state bits: Q1, Q0, and possibly Q2
— Input: X

For a 3-bit encoding:
- Next state bits: Q1', QO0', Q2'
Sample equations based on transition table:

- Q1' = (Q1 AND NOT QO AND X) OR (NOT Q1 AND QO AND X) OR (Q1 AND QO AND X)
OR other conditions, depending on the encoding.

Similarly, derive equations for all bits, simplifying using Boolean algebra.

Step 8: Implementing the Sequence Detector Hardware

Components Needed:

- Flip-flops (preferably D flip-flops) for storing state bits

— Combinational logic (AND, OR, NOT gates) for next state logic
— Output logic to assert detection signal

Implementation Steps:

1. State Storage: Use flip-flops to hold the current state.



2. Next State Logic: Based on current state and input, compute the next state
using the derived Boolean equations.

3. Output Logic: Generate detection output (high signal) when the FSM enters
S4.

4. Reset Logic: Initialize the FSM to SO at power-up or upon reset.

Step 9: Handling Overlapping Patterns

The design must handle overlapping sequences, such as in the case of 101010,
where multiple pattern detections overlap. For example:

— When the sequence 1010 appears consecutively, the detector should recognize
each occurrence.

This is achieved by:

- Transitioning to appropriate states after pattern detection to continue
matching overlapping sequences.

- Ensuring that after detection, the FSM transitions to a state that reflects
the partial match for overlapping patterns.

Step 10: Optimization and Practical Considerations
Minimizing Hardware

— Use Karnaugh maps to minimize Boolean equations.
— Combine states where possible to reduce the number of flip-flops.
— Prefer synchronous design for timing consistency.

Speed and Power

- Optimize for the maximum clock frequency.
- Use low-power logic families if necessary.

Testing and Validation

— Simulate the FSM with test wvectors covering all possible sequences.
— Check for false positives or missed detections.

— Use hardware description languages (HDL) such as VHDL or Verilog for
implementation and testing.

Conclusion

Designing a sequence detector for 1010 with the assumption that the MSB
arrives first involves a systematic approach:

— Understanding the pattern and its implications.

— Developing a finite state machine with states representing partial matches.
— Creating a state diagram and transition table.

— Assigning binary encodings for hardware implementation.

— Deriving Boolean equations for the next state logic.

- Handling overlapping patterns efficiently.

— Implementing the design in hardware with optimization considerations.



This detailed process ensures a robust, efficient, and reliable sequence
detector capable of recognizing the pattern 1010 in a continuous data stream,
making it an essential building block in digital communication and processing
systems.
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