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UNIVERSITY OF CALIFORNIA, DAVIS 

Department of Electrical and Computer Engineering 

 

EEC 18 DIGITAL SYSTEMS I Winter 2021 

Lab 6: Sequence Detector and Counter 

 

Pre-lab 

Draw the state diagram of the sequence detector.  

 

Project Description 

In this lab, you will design a sequence detector and two counters. The sequence detector detects the 4-bit sequences 1100 

and 0011. The detector has a 1-bit input X; a 1-bit output Y and a 1-bit output Z.  

 Y = 1 if 1100 is detected 

 Z = 1 if 0011 is detected 

A sample input sequence and the corresponding outputs for a Mealy machine design is shown in Table 1. You may also 

choose to design it using a Moore machine.  

 

Input X 0 0 1 1 0 0 0 1 1 0 0 1 1 

Output Y 0 0 0 0 0 1 0 0 0 0 1 0 0 

Output Z 0 0 0 1 0 0 0 0 1 0 0 0 1 

Table 1. A sample sequence and the output values for a Mealy sequence detector. 

 

Eight most-recent bits of the sequence are stored in a shift register and displayed in LEDRs. In addition, you will design 

two counters: 1) a bit counter that counts the total number of bits that are entered; and 2) a counter that increments by one 

when a sequence is detected—there must be one copy of this counter for 0011 and another copy for 1100.   

 

Figure 1 shows the top-level block diagram. Some signal connections are omitted. For example, the system clock 

MAX10_CLK1_50 should be connected to the shift register and counters.  

 

System Inputs:  

 MAX10_CLK1_50 50-MHz system clock, used for all DFFs 

 SW[0] system reset, when pressed, all displays are cleared 

 KEY[0] if pressed, means a bit of “0” is entered 

 KEY[1] if pressed, means a bit of “1” is entered 

System Outputs: 

 LEDR[7..0]  displays the 8 most-recent bits entered 

 HEX0 displays the number of times that 0011 is detected, using hexadecimal format 

 HEX1 displays the number of times that 1100 is detected, using hexadecimal format 

 HEX5 and HEX4 display the total number of bits received in decimal format 
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Figure 1. Top-level block diagram. 

 

Major blocks: 

 Input Parser 

o It generates the value of X. When KEY[0] is pressed, X = 0, and when KEY[1] is pressed, X = 1.  

o In addition, this module generates an “enable” signal that shows when the value of X is valid and thus the 

bit counter should increase by one, shift register should shift by one, and the finite state machine should 

take the new X value. 

 Bit Counter 

o The bit counter is used to count the number of bits that have entered the system. The value is displayed in 

HEX5 and HEX4 in decimal format. 

o The bit counter must count from 0 to 99 and display in decimal format, where HEX5 displays the tens 

digit and HEX4 displays the ones digit. 

 Shift Register 

o The parsed value of X enters the rightmost bit of the shifter register. Whenever a new value of X is 

generated, the shift register shifts left by 1 and the leftmost bit is shifted out and discarded. The value of 

the shift register is displayed on the LEDRs. 

 Finite State Machine (FSM) 

o This is the control module of the sequence detector. You can use a Mealy or Moore machine. 

 Counter 

o Whenever the corresponding sequence is detected, the counter’s value increases by 1. This counter must 

be able to count to 15. Its value is displayed in hexadecimal format using a HEX display. 
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o Two copies of this counter are required—one for each sequence. 

o The outputs Y and Z of the finite state machine serve as the enable signal for the counter. If you use a 

Mealy machine for the FSM, the outputs are high for only one cycle when the sequence is detected. This 

guarantees the counter only counts once per sequence detection. 

 bin2hex 

o This is a binary to hexadecimal converter. You can reuse your bin2hex converter from lab 4. 

 

More on the Input Parser 

KEY[0] and KEY[1] on the DE10-Lite board are debounced. When you press the KEY[0] and release it, it is likely that its 

value stays low for more than one clock cycle; however, it should only be counted as 1-bit input value of ‘0’. Similarly, no 

matter how long you press KEY[1] before releasing it, only 1-bit value of  ‘1’ of X is generated. You may first invert the 

value of KEY[0] and KEY[1] and then use the level to pulse the converter circuit to create a single-cycle pulse.   

 

Level to Pulse Converter 

The following circuit converts a signal that is high for multiple cycles to a single-cycle pulse (i.e., no matter how many 

cycles the input signal is high, the output is high for only one cycle).  

 

 
(a) Schematic 

 

 
(b) Simulation waveform 

Figure 2. The schematic and simulation waveform of a level to pulse converter circuit. 
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Design Recommendations 

 You may use the DFF components in Quartus for the D flip-flops. 

 You may build the shift register on your own or use two 74194 components. 

 For the FSM state bits, you may use either binary coding or one-hot encoding.  

 This lab uses four HEX displays. If one or two HEX displays of your board are broken, use the remaining good 

ones. 

 

Lab Check off (120 points) 

Compile and program your design to the DE10-Lite board and demonstrate your design to your TA. 

The following functionalities must be demonstrated: 

 Reset to clear all displays. 

 Able to detect sequence 0011 and count the number of detections and display in hexadecimal format correctly. 

 Able to detect sequence 1100 and count the number of detections and display in hexadecimal format correctly. 

 The most recent 8 bits of the sequence are displayed in the LEDRs. 

 The total number of bits entered the system is displayed in decimal format using two HEX displays. 

 

Lab Report (50 points) 

In addition to the general lab report requirements, your lab report should include the following items. 

 State diagram of the sequence detector 

 Next-state equations and output equations 

 Quartus schematics 

 

Grading (Total 200 points) 

 Prelab                30 points 

 Lab check off  120 points 

 Lab report         50 points 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2021/03/09  Figure 1: “enable” signal added as an input to the Shift Register and Finite State Machines blocks. 


