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Abstract: A novel surface tilt monitoring and controlling system, which uses FPGAs and VHDL, is presented here.
The system monitors continuously the left or right tilting mode of a surface equipped with metal strips. In case that
tilting occurs one of two mercury tilt switches also existing on the surface, produces output logic 1, leading to corre-
sponding electromagnet activation, in order to restore previous horizontal balance of the surface. Right or left tilt
switch is activated after respective right or left tilting of the surface. Simultaneously right or left half of FPGA’s board
LEDs and seven-segment displays are activated, in order to present the tilting direction, while electromagnet’s LED
activation provides additional proof for its appropriate operation. Another process being activated upon tilting, is the
one that measures time period of surface tilting mode. If time period set by programmer is exceeded, red LED alarm is
activated indicating malfunction of electromagnets or other part of the system, proving it unable to restore previous
horizontal balance of the surface. Our system is also equipped with a process that prevents both electromagnets and
time measuring operations to proceed, in case that tilting occurs. This can be achieved by turning FPGA board SWO0
switch to logic 1 state and gives the advantage of unloading surface mode, after intentionally causing the surface to tilt.
Our system is cheap to manufacture, easy to use and due to FPGA incorporation can be combined with 10T and Al sys-
tems, in order to achieve monitoring and controlling of a large number of industrial product elevator systems, or plat-
form surfaces for laboratory applications.

Keywords: surface tilt monitoring and controlling, mercury tilt switches, electromagnets, FPGA, VHDL, indicating
LEDs, time period of tilting, alarm LED.

INTRODUCTION

It is well known that FPGAs have attracted attention of a great number of researchers in the recent years, for industrial
as well as for a variety of other applications. @® FPGAs have the main advantage of combining software and hard-
ware, thus enabling hardware programming for a series of applications. The most used languages for FPGAs’ program-
ing are VHDL and Verilog and VHDL is the one used in our work.

Although a lot of work has been done concerning implementation of FPGAs in a variety of applications as mentioned
above, we found only a few works®18) dealing with tilt systems incorporating FPGAs. They concern Tip-Tilt Mirror
Control Based on FPGA for an Adaptive Optics System, as well as Automatically controlled pan-tilt smart camera with
FPGA based image analysis system dedicated to real-time tracking of a moving object, while the third one presents
Design of A High-Precision Component-Type Vertical Pendulum Tiltmeter Based on FPGA.

There are no works concerning surface tilt systems by using mercury tilt switches, electromagnets and FPGAs. An

FPGA-based system uses the high-speed processing and precise timing capabilities of FPGAs and it is highly useful in
scientific, industrial, and consumer applications where real-time analysis and high-throughput signal digitization are
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required. Monitoring and controlling surface tilt using an FPGA (Field Programmable Gate Array) is an excellent
choice for applications that require high speed, low latency, and parallel data processing. It is used in camera stabiliza-
tion systems (gimbals), aerospace, robotics, and solar panel alignment.

Additionally mercury tilt switches offer several unique physical and electrical advantages when used in tilt-sensing
systems:

* Low electrical resistance: Even a small amount of mercury ensures excellent conductivity and minimal contact re-
sistance.

* High current-carrying capacity: They can handle and carry significant amounts of electrical current despite their small
size—unlike many modern low-power sensors.

« Self-cleaning contacts & long service life: Because the contacts are hermetically sealed (often in an inert gas or a vac-
uum), they do not oxidize. Even if a small internal arc occurs, the mercury surfaces are effectively renewed with each
operation.

* High surface tension: The high surface tension of mercury creates a cohesive droplet, ensuring a stable and clean con-
tact with the electrodes.

« Silent and smooth operation: The movement of the mercury involves no metal components striking one another, ren-
dering the operation completely silent.

* Prevention of sparks in hazardous environments: The circuit interruption occurs within a sealed glass enclosure, pre-

venting the emission of sparks that could ignite flammable gases or dust (a historical advantage in industrial or hazard-
ous zones).
* Simplicity and no calibration required: They do not require complex electronics, software, calibration, or amplifiers,
offering straightforward, gravity-based on/off operation.
* Visual visibility: The silvery, lustrous appearance of mercury allows for easy visual inspection of the switch's state
when housed in transparent enclosures.
We present here a novel system able of monitoring and controlling tilting for a variety of surfaces, by using mercury tilt
switches, electromagnets, FPGAs and time based alarm system. Our system is equipped with an unloading surface pro-
cess and can also provide information to a central Al based system or send useful data via 5G system for remotely
monitoring and controlling a large number of surfaces used in industrial or laboratory applications.

DESIGN OVERVIEW AND OPERATION OF THE SYSTEM

Figurel presents device overview and operational units of our system, using FPGA DEZ10-Lite board, while Figure 2
presents circuit diagram of the system. Subsequent Figure 3a, b presents the implemented surface tilt monitoring and
controlling system of this work.

It is obvious from the above figures that our system, except from DE10-Lite FPGA board, contains also some basic
circuit parts. First of all we use a breadboard playing the role of the tilted surface. It also uses two KY017 mercury tilt
sensor switches which are placed upon the breadboard. They are the main tilt monitoring units providing FPGA board
with a logic 1 signal input whenever tilting to the left or right occurs. This signal activates corresponding electromagnet
in order to exert attractive force to metal strips, also screwed near breadboard’s edges, for achieving former horizontal
direction of the breadboard. The system uses two electromagnets acting as outputs and placed on two bases above
breadboard, one to the right and the other to the left edge of the breadboard. Both mercury tilt switches and their corre-
sponding electromagnets need 5V voltage supply for operation, provided by the FPGA board. In case that no tilting
occurs, both red lights on mercury tilt switches modules are ON, while in the opposite case tilted switch’s light is OFF.
We also use two external white LEDs one for each electromagnet and their role is to light up upon activation of corre-
sponding electromagnet. Finally an external time alarm red LED is used, for indicating that after 3 seconds of tilting
left or right, no previous horizontal balance of the breadboard is achieved leading to the conclusion that malfunction
problem to electromagnets has occurred. Needless to mention that all LEDs used in our system are protected with a 330
Ohm series resistance and they are connected to I/O pins of the FPGA board acting as outputs for our system. FPGA’s
board LEDs and SWO switch are also used in our system.

Time is the other input value used here and it is provided by FPGA’s clock. It can also be seen in Figure 3a presenting

our handmade tilting system, that breadboard with all its components is hung with thin ropes from the bases of the elec-
tromagnets, providing it with the ability of tilting.
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Figure 1: Device overview and operational units of our system.
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Figure 3a, b: The implemented surface tilt monitoring and controlling system of this work a) without notifications and
b) with explaining notifications.

Our surface tilt monitoring and controlling system starts operating as soon as power supply +5V is applied to the cir-
cuits via DE10-L.ite appropriate pins and the VHDL program is sent via USB Blaster interface, to FPGA chip.

Input values from both KY017 mercury tilt sensor switches enter our system. If the breadboard surface is horizontal
then no tilt occurs and both tilt switches send an output logic value 0 as input to FPGA board. This situation is present-
ed in Figure 4 where the surface tilt monitoring and controlling system is in operation mode but no tilt is detected in
both switches (their red light is ON), thus no electromagnet is needed to be activated and seven-segment displays pre-
sent this balance mode by displaying “— — — — — — “. It is obvious that the above horizontal balance mode is the final
and also immediate result of corresponding electromagnet activation, in case that tilting to the left or right direction
occurs.

Figure 4: The surface tilt monitoring and controlling system in operation mode. No tilt is detected in both switches
(their red light is ON), thus no electromagnet is activated and seven-segment displays present this balance mode.
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The tilting conditions are presented in Figures 5 and 6.

Figure 5 shows the surface tilt monitoring and controlling system in operation mode. In 5a the breadboard surface is
tilted to the left, leading to immediate left mercury switch activation (red light of the module is OFF) and consequently
to left electromagnet activation (its white LED is ON) by sending via FPGA 1/O pins logic output 1 to left electromag-
net. Simultaneously half left of board LEDs and three left seven-segment displays are ON, providing an indication of
the above tilt. In 5b breadboard surface is mechanically forced to remain tilted with consequent red LED alarm activa-
tion after 3 seconds. SWO board switch is OFF and combined with tilt mode of the breadboard, these conditions acti-
vate time measuring process by using FPGA’s clock and allow us to measure time interval between starting the tilting
mode and reaching the critical time value of 3 seconds remaining tilted. If the above time value is exceeded simultane-
ously red LED alarm lights up indicating an operating problem probably to corresponding electromagnet. Depending
on the application of our system, programmer could set the above time period of remaining tilt, as appropriate.
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Figure 5: The surface tilt monitoring and controlling system in operation mode: a) breadboard surface is tilt to the left,
thus left mercury switch is activated leading to left electromagnet activation (its white LED is ON). Simultaneously
half left of board LEDs and three left seven-segment displays present the above tilt. b) breadboard surface is mechani-
cally forced to remain tilted with consequent red LED alarm activation after 3 seconds.
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A similar operation to Figure 5 is presented in Figure 6. The only difference is that

Figure 6 presents tilting to the right for the breadboard surface. Right mercury switch and corresponding right electro-
magnet are immediately activated in order to restore previous horizontal balance of the breadboard as shown in Figure
6a. Simultaneously both half right of board LEDs and three right seven-segment displays are ON, providing an indica-
tion of the above tilt. If we intentionally maintain the tilting of the breadboard preventing it from becoming horizontal,
then we simulate a malfunction of electromagnets or other part of our system which could cause tilting maintenance. In
this case, similarly to Figure 5b, red LED alarm is activated by sending from FPGA 1/O pins logic 1 output to external
red LED when critical time period value of 3 seconds is reached. As mentioned above this time value could be changed
by programmer, depending on the application using our system.
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Figure 6: The surface tilt monitoring and controlling system in operation mode: a) breadboard surface is tilt to the right,
thus right mercury switch is activated leading to right electromagnet activation (its white LED is ON). Simultaneously
half right of board LEDs and three right seven-segment displays present the above tilt. b) breadboard surface is me-
chanically forced to remain tilted with consequent red LED alarm activation after 3 seconds.
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Figure 7: The surface tilt monitoring and controlling system in operation mode. SWO0 board switch is ON, thus no elec-
tromagnets are activated and also time measurement process for starting red LED alarm operation, is inactive. A) sur-

face tilt to the left with both left half of board LEDs and seven-segment displays activated, b) surface tilt to the right
with both right half of board LEDs and seven-segment displays activated.

Figure 7 shows our system in operation, but there is a significant difference here compared to previous operation condi-
tions shown in Figures 5 and 6. The difference is that FPGA board switch SWO0 being OFF in previous Figures, now it
is turned ON. We could call this condition an intentionally platform unloading mode. This is due to subsequent pro-
cesses running simultaneously with turning SWO0 to ON state. The first is the blocking of electromagnets operation alt-
hough surface tilt is detected. This is obvious in both Figures 7a and 7b because in spite of breadboard tilt left (7a) or
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right (7b), respectively, with subsequent mercury tilt switches modules red lights turned to OFF state proving tilting
existence, corresponding electromagnets operation white external LEDs are OFF, meaning that electromagnets are not
operating. The second process that it is blocked upon turning SWO0 board switch ON, is time measuring process. This
means that tilting of surface will remain as long as user wants to keep it, in order to unload for example an industrial
platform or a laboratory used surface. It can also be seen in both Figures 7a and 7b that FPGA’s board LEDs and sev-
en-segment displays operation, is not affected by the use of SWO0 switch in the ON state.

We must mention that another important fact of our system’s design is that it receives input mercury tilt sensor switch-
es values periodically, ensuring continuous monitoring of surface tilting.

PROGRAMING THE SYSTEM

We used Quartus Prime Lite Edition 21.1.1 to create the VHDL programs of our system. A flowchart diagram, present-
ing main functions of our system is presented in Figure 8, while the APPENDIX contains the whole VHDL program.

It is clear that the system operates five basic functions. All of them use processes in VHDL programming language.
These processes are running as long as the system is ON. All external and FPGA’s board LEDs as well as electromag-
nets, are programmed to work as logic outputs, thus they are at the ON state if they receive binary ‘1’ as logic output
from FPGA’s 1/O pins. Mercury tilt switches and SWO0 board switch act as logic inputs, thus they are sending binary ‘1°
into FPGA’s 1/0O pins upon start operating.
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Figure 8: Flowchart diagram, presenting main functions-processes of our system.

First function of Figure 8 is associated with time measuring process. It demands that both SWO board switch is OFF
and surface tilt to the left or right, occurs. Then we get a simultaneous start of time measuring in order to activate red
external LED alarm in case that set time period value of 3 seconds remaining tilt, is reached or exceeded. In this pro-
cess, as it can be seen in the APPENDIX, we set seconds value to zero upon previous horizontal balance is achieved.
This helped us to avoid using complex IF THEN ELSE structures and also provided accurate time measurements.

The second function is involved exclusively with tilting time period value, checking whether it was reached or exceed-
ed and simultaneously activate external red LED alarm. Depending on the application that our system could be used,
this red LED alarm represents an additional safety system able to be activated, in order to overcome malfunction of
electromagnets which prevented surface transition to initial horizontal balance.
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Third function is associated with tilting process in case that SWO board switch is OFF. When surface tilting is detected
by one of mercury switches binary ‘1’ is sent to FPGA and corresponding electromagnet is activated with binary ‘1’
sent from FPGA, resulting in magnetic force effect on breadboard’s metal strip, thus restoring previous horizontal bal-
ance of breadboard surface. Simultaneously with electromagnet activation we send logic ‘1’ to corresponding electro-
magnet white LED, in order to have additional evidence of its appropriate function. Tilting condition and direction is
indicated by lighting half left or half right FPGA board LEDs by using a relative logic output signal in VHDL program.
Fourth function is related to seven-segment displays of the FPGA board and their role in presenting the status of sur-
face tilting. If no tilting occurs surface horizontal balance is indicated in seven-segment displays by showing six little
lines one in each display

------ ), as it was mentioned in Figure 4. When left tilting occurs three left displays present the situation, while
three right displays present right surface tilting, as shown in Figures 5,6 and 7.

Finally fifth function is related to SWO board switch transition to ON state. If this transition takes place then we pro-
grammed the system to have its electromagnets and their operating LEDs inactive. This means that if the surface is in-
tentionally tilted it will remain in this mode until user transits SWO to OFF state, leading to electromagnets activation.
Additionally the process of time measuring is programmed to be also inactive as long as SWO0 board switch remains to
logic “1°.

The flexibility of our VHDL program makes it suitable for a variety of industrial or laboratory applications.

CONCLUSION

An FPGA-based, surface monitoring and controlling system is presented in this work. Our system is able to continu-
ously monitor surface tilting using two mercury tilt sensor switches. It is also able to restore surface previous horizontal
balance when tilting occurs, by using two electromagnets exerting magnetic force on metal strips existing on surface’s
edges. Operation of electromagnets is additionally indicated by using two external white LEDs activated upon electro-
magnets activation. Our system can also provide a time measuring capability for checking whether surface tilt lasts
more than the value set by programmer. In this case a red LED alarm system is activated indicating possible electro-
magnets malfunction. The system also provides user with the ability of maintaining surface tilt as long as SWO0 board
switch is at the ON state, by inactivating electromagnets and time measuring processes. All surface tilting modes hori-
zontal, left or right are appropriately displayed on FPGA board seven-segment displays.

The system is easy to be manufactured, providing also the benefit of low cost. Additionally, input tilt values could be
sent to an Al system to achieve simultaneous monitor and control of a large number of surfaces and platforms especial-
ly in the case of an industrial or laboratory environment.
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APPENDIX

library ieee;

use ieee.std_logic_1164.all;

use ieee.numeric_std.all;

use ieee.std_logic_signed.ALL;

use ieee.std_logic_unsigned.ALL;

entity DE10_Lite_mercury_tilt_switches_electromagnets is
generic(ClockFrequencyHz : integer:=50000000);
port

(

rst : in std_logic; --SW8

nRst :instd_logic; -- Negative reset
merc_switch_left : in std_logic;
merc_switch_right : in std_logic;
electromagnet_left : out std_logic;
electromagnet_right : out std_logic;
electromagnet_left_oper : out std_logic;
electromagnet_right_oper : out std_logic;
Seconds : inout integer;

Ticks : inout integer;

red_led_alarm : out std_logic;

SWO : in std_logic;

led0_out: out std_logic;

led1_out: out std_logic;

led2_out: out std_logic;

led3_out: out std_logic;
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led4 out: out std_logic;

led5_out: out std_logic;

led6_out: out std_logic;

led7_out: out std_logic;

led8 out: out std_logic;

led9_out: out std_logic;

-- Clocks

ADC_CLK_10: in std_logic;

MAX10_CLK1 50: instd_logic;
MAX10_CLK2_50: in std_logic;

-- KEYs

KEY: in std_logic_vector(1 downto 0);

-- HEX

HEXO: out std_logic_vector(7 downto 0);

HEXZ: out std_logic_vector(7 downto 0);

HEX2: out std_logic_vector(7 downto 0);

HEX3: out std_logic_vector(7 downto 0);

HEX4: out std_logic_vector(7 downto 0);

HEXS5: out std_logic_vector(7 downto 0);
ARDUINO _10: inout std_logic_vector(15 downto 0);
ARDUINO_RESET_N: inout std_logic);

end entity;

architecture DE10_Lite_mercury_tilt_switches_electromagnets_Arch of
DE10_Lite_mercury_tilt_switches_electromagnets is
-- Analog to Digital Converter IP core

component myADC is

port

clk_clk: in std_logic :="'X";

modular_adc_0_command_valid: in std_logic := "X,
modular_adc_0_command_channel: in std_logic_vector(4 downto 0) := (others => 'X");
modular_adc_0_command_startofpacket: in std_logic :='X’;
modular_adc_0_command_endofpacket: in std_logic := "X,
modular_adc_0_command_ready: out std_logic;

modular_adc_0_response_valid: out std_logic;

modular_adc_0_response_channel: out std_logic_vector(4 downto 0);
modular_adc_0_response_data: out std_logic_vector(11 downto 0);
modular_adc_0_response_startofpacket: out std_logic;
modular_adc_0_response_endofpacket: out std_logic;

reset_reset_n: in std_logic

);
end component myADC;

signal modular_adc_0_command_valid: std_logic;

signal modular_adc_0_command_channel: std_logic_vector(4 downto 0);
signal modular_adc_0_command_startofpacket: std_logic;

signal modular_adc_0_command_endofpacket: std_logic;

signal modular_adc_0_command_ready: std_logic;

signal modular_adc_0_response_valid: std_logic;

signal modular_adc_0_response_channel: std_logic_vector(4 downto 0);
signal modular_adc_0_response_data: std_logic_vector(11 downto 0);

signal modular_adc_0_response_startofpacket: std_logic;

signal modular_adc_0_response_endofpacket: std_logic;

signal clk_clk: std_logic;

signal reset_reset_n: std_logic;

type state_machines is (sm0,sm1, sm2, sm3, sm4);

signal sm: state_machines;

-- signals to store conversion results

signal ADCIN1,ADCIN4, ADCIN3,ADCIN2: std_logic_vector(11 downto 0);
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signal AD1,AD4, AD3,AD2: std_logic_vector(11 downto 0);
-- signal for board and external LEDs

signal state_led_left : std_logic;

signal state_led_right : std_logic;

signal state_led_alarm : std_logic;

begin

-- ADC port map

adcl: myADC port map

modular_adc_0_command_valid => modular_adc_0_command_valid,
modular_adc_0_command_channel => modular_adc_0_command_channel,
modular_adc_0_command_startofpacket => modular_adc_0_command_startofpacket,
modular_adc_0_command_endofpacket => modular_adc_0_command_endofpacket,
modular_adc_0_command_ready => modular_adc_0_command_ready,
modular_adc_0_response_valid => modular_adc_0_response_valid,
modular_adc_0_response_channel => modular_adc_0_response_channel,
modular_adc_0_response_data => modular_adc_0_response_data,
modular_adc_0_response_startofpacket => modular_adc_0_response_startofpacket,
modular_adc_0_response_endofpacket => modular_adc_0_response_endofpacket,
clk_clk => clk_clk,
reset_reset_n => reset_reset_n
);
clk_clk <= MAX10_CLK1_50;
reset_reset_n <= KEY(0);
-- process for reading new samples
pl: process(reset_reset _n, clk_clk)
begin
if reset_reset_n ="0"then
sm <= smo0;
elsif rising_edge(clk_clk) then
case smis
when sm0 =>
sm <=smi,;
modular_adc_0_command_valid <="1",
modular_adc_0_command_channel <= "00001";
when sm1 =>
if modular_adc_0_response_valid = '1' then
modular_adc_0_command_channel <= "00010";
ADCIN4 <= modular_adc_0_response_data;
sm <= smz2;
end if;
when sm2 =>
if modular_adc_0_response_valid = '1' then
modular_adc_0_command_channel <= "00001";
modular_adc_0_command_channel <= "00011";
ADCIN1 <= modular_adc_0_response_data;
sm <=smi,;
sm <=sm3;
end if;
when sm3 =>
if modular_adc_0_response_valid = '1' then
modular_adc_0_command_channel <= "00100";
ADCIN2 <= modular_adc_0_response_data;
sm <=sm4,
end if;
when sm4 =>
if modular_adc_0_response_valid ='1' then
modular_adc_0_command_channel <= "00001";
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ADCIN3 <= modular_adc_0_response_data;
sm <=smi,;
end if;
when others =>
end case;
end if;
end process;
process(MAX10_CLK1_50) is
begin
IF SW0="0' AND (merc_switch_left="1' OR merc_switch_right="1") THEN
if rising_edge(MAX10_CLK1_50) then --icodvvapo tov IF CLK'EVENT AND CLK="1'
—————— If the negative reset signal is active
if nRst ='0" then
Ticks <=0;
Seconds <= 0;
else
-- True once every second
if Ticks = ClockFrequencyHz - 1 then
Ticks <= 0;
Seconds <= Seconds + 1;
else
Ticks <=Ticks + 1;
end if;
end if;
end if;
else
Ticks <=0;
Seconds <= 0;
end if;
end process;
process(SWO0, merc_switch_left, merc_switch_right, state_led_left, state_led_right)
begin
IF SW0 ='0' THEN
IF merc_switch_left="1' THEN
electromagnet_left <="1",
electromagnet_left_oper<="1"
state_led_left<="1";
ELSE
electromagnet_left <="'0";
electromagnet_left oper<='0";
state_led_left<="0";
END IF,;
IF merc_switch_right="1' THEN
electromagnet_right <="1";
electromagnet_right_oper<="1",
state_led_right<="1";
ELSE
electromagnet_right <="0";
electromagnet_right_oper<='0";
state_led_right<="0";
END IF;
ELSE
IF merc_switch_left="1' THEN
electromagnet_left <="'0";
electromagnet_right <="0";
electromagnet_right_oper<='0";
electromagnet_left_oper<='0’;
state_led_left<="1";
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ELSIF merc_switch_right="1' THEN

electromagnet_right <="0";
electromagnet_left <="'0";
electromagnet_right_oper<='0";
electromagnet_left_oper<='0";
state_led_right<="1";

END IF;

END IF;

end process;
process(state_led_alarm, seconds)
BEGIN

IF seconds >=3 THEN
state_led_alarm <="1";

ELSE

state_led_alarm <="0";

END IF;

END PROCESS;
red_led_alarm <= state_led_alarm;
led0_out<=state led_right;
ledl out<=state led_right;
led2_out<=state led_right;
led3_out<=state led_right;
led4_out<=state led_right;
led5_out<=state led_left;
led6_out<=state led_left;
led7_out<=state led_left;

led8 out<=state led_left;
led9_out<=state led_left;

process(merc_switch_left, merc_switch_right)

begin

Peer-reviewed & Refereed journal
: 10.17148/1JIREEICE.2026.141024

IF (merc_switch_left="1" AND merc_switch_right="0") THEN

HEXO0 <="11111111"
HEX1 <="11111111"
HEX2 <="11111111",
HEX3 <="10111001";
HEX4 <="10111111",
HEX5 <="10111111",

ELSIF (merc_switch_right="1" AND merc_switch_left="0") THEN

HEXO0 <="10111111";
HEX1 <="10111111"
HEX2 <="10001111";
HEX3 <="11111111"
HEX4 <="11111111"
HEX5 <="11111111",

ELSIF (merc_switch_left="0' AND merc_switch_right='0") THEN

HEXO0 <="10111111";
HEX1 <="10111111";
HEX2 <="10111111";
HEX3 <="10111111";
HEX4 <="10111111";
HEX5 <="10111111";
end if;

end process;

end architecture;
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