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Abstract

With the deepening application of programmable logic devices in the field of interactive entertain-
ment, this paper designs and implements a fun “Whack-a-Mole” game console system based on FPGA.
The system takes the Altera Cyclone IV series chip as the control core and uses Verilog HDL for full
hardware logic description, aiming to provide a high-real-time and high-reliability game solution. The
core highlight of the system lies in its ingenious logic architecture: Firstly, a Linear Feedback Shift
Register (LFSR) is constructed using polynomial feedback logic, which efficiently generates a pseudo-
random sequence to control the positions of the LED “moles”. Secondly, a Finite State Machine com-
prising three main states—Idle, Active, and Anti-double-click Wait—is designed. It not only realizes
basic game rules such as hit scoring and timeout health deduction, but also successfully solves the
technical challenges of long-press cheating and double-click misjudgment by introducing a button ris-
ing-edge detection mechanism. Furthermore, the system incorporates a dynamic difficulty self-adap-
tation algorithm based on score gradients, which automatically adjusts the appearance frequency and
residence time of the moles according to the player’s performance, greatly enhancing the playability
and challenge of the game. Finally, comprehensive board-level verification on the AC101 development
board shows that: the system logic is correct, and the state transitions are error-free; the button de-
bouncing is stable, and the random mechanism is effective; the dynamic difficulty adjustment and au-
dio-visual feedback phenomena are completely consistent with the design expectations. This design
scheme provides a reliable and scalable implementation paradigm for the development of reaction-
testing game platforms based on FPGA.
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Figure 1. Overall logic block diagram of the system
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Figure 2. Symbolic diagram of LFSR module
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Figure 3. Simulation waveform of pseudo-random number output of LFSR module

[ 3. LFSR t&R{AREH Hia I BR

3.2. EERERESRSHEERET

F W EATENEET 4 x 4 FEFERR A BEAT AR . T AR BOHY T 8 ML S5 8 4~ LED AR, Kk
KR T B S BE AT HER R, AR ARES 0 17 (Row0, 4°b1110)FI%E 1 /7 (Rowl, 4’b1101).

T WU BELE A5 5 T R Bk 1) 2 7 A B B A LR} ) GB  RF 48 5~10ms), 5 AINALEE 2 3 3R
GURFINZ IRIEE[11]o ABEREETT T —F 2L TR X R IH B 505 R G0 ST SR 24 1 51 26 1 5F
5 E—RERe AT IO . B EA I, UL A TR, SLRNE R AMIE RS &

DOI: 10.12677/0jcs.2026.15205 61 5 R4


https://doi.org/10.12677/ojcs.2026.15205

MRtk 4

P8 WP IR R, A B RES RaE REF 20 ms (RPTHELARAE 1 kHz IHH T 7 20 0O
LB, REAFNILEAE R HEH B key_oute ZXEIEG RUERR T BRITH, RIE T 4T HE M)
FIEENE . BEALTHEMELERT S I 4 FrR

matrix_keypad:u_keypad
-

clk

wlm&m

rst_n

row out[3..0

Figure 4. Symbol diagram of the keyboard debouncing module
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Figure 5. Simulation waveform diagram of keyboard debouncing
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Figure 6. Symbolic diagram of the core logic module of the game
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Figure 7. Simulation waveform diagram of the core logic of the game
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Figure 8. Top-level RTL circuit diagram of the system
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Figure 9. Physical diagram of board-level verification of the system core status
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Table 1. Statistical table of measured data for the system’s dynamic difficulty adaptive mechanism
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Figure 10. The timing analysis report of the system (Setup Summary)
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