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INTRODUCTION: 

Cooking food is an activity, which seems to change every few years.  People are always 

looking for a new way to cook food easier and better.  The microwave gave people the 

ability to cook food faster.  The crockpot allowed people to cook a full meal without waiting 

around in the kitchen.  The George Foreman grill had millions grilling food inside while 

“knocking out the fat.”  Each of these new pieces of equipment allowed food to be much 

more easily cooked with minimal quality loss. 

Now the new kitchen gadget is the sous vide cooker.  Sous vide cooking utilizes low 

temperatures over a period of time, similar to a crockpot.  A piece of food is vacuum-sealed 

and inserted into a water bath.  This water is heated to the final cooking temperature of the 

food.  The food will cook slowly, but surely, to perfect doneness.  This report will discuss 

problems with many types of cooking equipment, advantages of sous vide cooking, my 

implementation and design of such cooker, testing, and future enhancements. 

 

PROBLEMS: 

Most cooking methodologies employ applying a high heat to food, turning the food, and 

serving it once it is done.  Controlling that high heat can be rather tricky.  While cooking on 

a gas stovetop, the heat is judged by looking at the size of the flame; not the most exact of 

methods.  If it is an electric range, one must simply rely on the position of the knobs.  Grills 

often have temperature gauges on them, but they lose much heat every instance the lid is 

opened.  This makes it difficult to maintain a constant temperature.  Sometimes the 

temperature measurements are simply wrong, as multiple toaster ovens have been found 

have been off by over 70°F (McManus).  Ovens are often close to the temperature, but their 
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precision is only 25°F.  Without precise heat control, overcooking food is nearly 

unavoidable.  

Even if the temperature is correct and known, it is difficult to achieve uniform doneness 

due to the thickness and shape of some foods.  Food is often flipped, whether on a grill, 

skillet, or baking dish, due to its thickness.  If a cut of meat is decently thick, the middle 

stands little chance of being cooked without overcooking the rest of it.  This often results in 

the food drying out and losing juices, flavor, and nutrients.  Poultry (eg. turkey, chicken) 

often requires a sauce or marinade due to usually being overcooked.  Salmonella is a huge 

concern with poultry; once the middle of the bird reaches 165°F, the piece of poultry can 

instantly be safe to eat (USDA).  The outer parts of poultry can easily be burnt to a crisp by 

the time it is considered acceptable for consumption.   The shapes of various foods can 

often cause less than desirable results while cooking. 

In addition once that high heat is removed from the food, the food cools down rather 

quickly.  Unfortunately the last person to the table could be receiving a cold meal.  Of 

course, the food can be reheated, further drying it out and overcooking it.  If the chef is 

cooking for a sizeable group, it is nearly impossible to serve everyone a hot, freshly cooked 

meal.  

As many variables are involved, cooking with most cooking gadgets seems to have much 

skill and planning involved.  The food not only needs to be properly prepared, but at the 

right temperature and time before people want to eat.  If a cook did not have to worry 

about so many extra variables, they could perhaps spend more time with other dishes or 

simply be less stressed.  
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SOUS VIDE ADVANTAGES: 

Sous vide cooking is able to eliminate many of these problems.  At the heart of sous vide is 

precise control.  A temperature is set for the water bath and is maintained rather well (as 

many retail models have a precision of 1°F).  The water heats and cooks the food in all 

sides; no need to flip or turn the food.  Due to this precise temperature control and lack of 

intervention needed on behalf of the chef, cooking food with repeatable results becomes 

drastically simpler.  No longer does a turn of a few degrees drastically change the food 

being cooked; no longer worrying about flipping the food too soon or late.  With accurate 

and precise temperature control, sous vide eliminates one of the unknowns common with 

other cooking methods. 

With precise temperature control, overcooking food becomes a thing of the past.  The 

temperature of the water bath is set to the final cooking temperature of the food.  This 

differs from nearly all cooking methods, as food is often cooked at a much hotter 

temperature (350-400) °F.  By setting the water to the final temperature of the food, the 

food cannot possibly become any hotter.  As a result, the food becomes impossible to 

overcook (as long as the temperature is correctly set).  Not only is the food not becoming 

dried out from too much heat; but also, every drop of moisture and juice is retained (due to 

the vacuum seal).  When cooking poultry, it is actually possible to cook a much moister 

bird.  If the meat achieves and maintains 140°F for approximately thirty minutes, the USDA 

considers it safe to eat (USDA).  In cooking at such a low temperature, chicken and turkey 

has never been juicier.  The challenge of not overcooking food is removed with sous vide 

cooking. 
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In not being able to overcook food, the food no longer has much of a cooking time frame.  It 

does not matter if it is cooking for an hour or for five hours; the food would be the same.  

This concept makes cooking for a group much simpler.  The food stays warm and perfectly 

cooked without any intervention.  The cook is now able to worry about everything else 

being cooked.  Sous vide cooking discards the problem of planning what time to eat. 

The many variables of other cooking utensils are eliminated with sous vide cooking. 

Overcooking food and late guests are no longer problems for which to worry.  Sous vide 

cooking simplifies so much of the cooking process that cooking should no longer seem 

intimidating to anyone.  It is one thing for an easier cooking method, but this method also 

produces better results.  Cooking becomes simply easier and better with sous vide. 

 

IMPLEMENTATION: 

To create a sous vide cooker a heating source is necessary.  I relied upon a crockpot, as it 

would also double as the water bath needed.  With a lid trapping the heat, the crockpot is 

able to maintain a constant temperature quite easily.  This allows it to run for just as long 

as a crockpot, with only using a fraction of the energy.  For the microcontroller, I decided 

on the Arduino Uno.  It used a C-style of programming which was easy to learn.  It seemed 

quite popular with hobbyists online with many libraries available to assist in coding simple 

tasks.  Dallas one-wire temperature sensors are small and have existing library files to 

make temperature reading simple with an Arduino board.  The temperature sensor would 

be inserted into the water bath to measure the water temperature.  By connecting a liquid 

crystal display (LCD) screen to the Arduino, the desired and actual temperatures can be 

displayed.  A couple buttons were connected to be able to set the desired temperature.  
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Finally as shown in Figure 1, the Arduino would control the power being applied to the 

crockpot.  I considered applied a variable voltage to the crockpot (pending the 

temperature), but it seemed much safer to simply connect a relay to provide a constant 

120Vac to it.   

The project was broken down into a few major steps.  A circuit had to be designed with 

specific parts decided upon.  Once the parts were ordered and received, the LCD was first 

Figure 2:  Gantt Chart Showing Project Timeline 

Figure 1:  Sous Vide Block Diagram 
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connected and programmed into the Arduino, followed by the temperature sensor and then 

crockpot power.  Once the connections were made, all the software coding was tied 

together.  The timeline for these events is shown in Figure 2. 

  

CIRCUIT DESIGN: 

The Arduino Uno has 14 digital I/O ports available for this project.  The LCD requires six 

ports, two are used by buttons (for temperature adjustment), and the relay and 

temperature sensor each connect to a port, as seen in Figure 3.  The Dallas 1-wire 

temperature sensor (DS18B20) in external power supply mode requires a 4.7kΩ resistor 

between the sensing line (pin 2) and power line (pin 3) and a ground on pin 1.  If more 

temperature sensors were to be attached, the temperature sensors would be connected in 

parasitic mode, a single 5Vdc source could drive each sensor (Maxim). 

Figure 3:  Sous Vide Wiring Diagram 
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Due to the presence of water and 120Vac, optical isolation was deemed necessary.  Optical 

isolation maintains separation of the high voltage AC from the DC.  Fortunately solid state 

relays feature optical isolation, so no further equipment is necessary to add to the circuit.  

To further prevent any reverse current returning to the Arduino board, a diode is wired in 

parallel to the relay.  The SSR does not require much current to turn it over, so I used a 

2n3904 pnp transistor for this low current application (Sharp). 

 

PROGRAMMING: 

Arduino programming is quite like C-programming.  It requires a setup function to initialize 

variables and I/O ports.  It then has a loop function, which continuously runs.  The setup 

function initializes the inputs, outputs, and variables.  The loop function receives the input 

from the temperature sensor, displays the temperatures on the LCD, and controls the 

power being applied to the crockpot.  Library files from Miles Burton for 1-wire and 

temperature sensor are included.  As seen in Figure 4 below, commands for receiving the 

temperature and converting it to a Fahrenheit double number are used from the Dallas 

temperature library (Burton).  A library for PID control was originally included in the code.  

The crockpot is simply being turned on and off; hence, PID control was not necessary.  The 

power is supplied to the crockpot until it is within 0.5°F of the desired temperature.  Once 

turned off, the crockpot will continue heating approximately 0.8°F more (pending the 

setting on the crockpot).  Once the power is turned off, the temperature needs to be 0.7°F 

lower than the desired temperature to turn back on.  Without this particular control, the 

crockpot would have a tendency to turn on and off quite rapidly, thus losing its benefits as 

being energy efficient. 



10 
 

 

//******************************** 
//*   Sous Vide Cooker           * 
//*   Stanford Vogt              * 
//******************************** 
 
#include <OneWire.h> 
#include <LiquidCrystal.h> 
#include <DallasTemperature.h> 
 
// onewirebus port 
#define OWB 10 
 
// starting set temp 
#define DEFTEMP 130 
 
// relay pin 
#define ORLY 9 
 
// temp up/down buttons 
#define T_UP 6 
#define T_DN 7 
 
OneWire oneWire(OWB); 
DallasTemperature sensor(&oneWire); 
LiquidCrystal lcd(11,12,2,3,4,5); 
 
double Set, Inp; 
 
void setup() { 
  Serial.begin(9600); // start serial port 
   
  // variables 
  Inp = 10; 
  Set = DEFTEMP; 
     
  // initialize sensor and lcd 
  sensor.begin(); 
  lcd.begin(16,2); 
   
  // set pins as inputs 
  pinMode (T_UP, INPUT); 
  pinMode (T_DN, INPUT); 
  // turn on pullup resistors 
  digitalWrite (T_UP, HIGH); 
  digitalWrite (T_DN, HIGH); 
   
  // set up relay pin as output, initially high 
  pinMode(ORLY, OUTPUT); 
  digitalWrite(ORLY, HIGH); 
   
  // outputs serially- prog is starting 
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  Serial.println("STARTING"); 
} 
 
void loop() { 
  // outputs serially- req temps 
  Serial.print("REQ TEMPS"); 
   
  // input temps 
  sensor.requestTemperatures(); 
  Inp = sensor.getTempFByIndex(0); 
   
  // display on LCD 
  lcd.clear(); 
  lcd.print(" Act: "); 
  lcd.print(Inp); 
  lcd.setCursor(0,1); 
  lcd.print(" Set: "); 
  lcd.print(Set); 
   
  // compare temp set to act, control pin as such 
  // outputs serially- if on/off and temp 
  if (digitalRead(ORLY) == LOW) { 
    if (Inp < Set-0.7) { 
      digitalWrite(ORLY, HIGH); 
      Serial.println("TURNED ON"); 
      Serial.println(Inp); 
    } 
    if (Inp >= Set-0.7) { 
      digitalWrite(ORLY, LOW); 
      Serial.println("TURNED OFF"); 
      Serial.println(Inp); 
    } 
  } 
  if (digitalRead(ORLY) == HIGH) { 
    if (Inp >= Set-0.5) { 
      digitalWrite(ORLY, LOW); 
      Serial.println("TURNED OFF"); 
      Serial.println(Inp); 
    } 
    if (Inp < Set-0.5) { 
      digitalWrite(ORLY, HIGH); 
      Serial.println("TURNED ON"); 
      Serial.println(Inp); 
    } 
  } 
   
  // button commands to raise/lower temp 
  if (digitalRead(T_UP) == LOW) 
    Set++; 
  else if (digitalRead(T_DN) == LOW) 
    Set--; 
} 

Figure 4:  Sous Vide Source Code 
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PHYSICAL DESIGN: 

This sous vide cooker is designed to sit next to a crockpot; therefore, size is of importance.  

Using from vector files found online, I was able to size the printed circuit board (PCB) to be 

the same size as the Arduino Uno (Beckler).  This allowed me to stack the PCB directly on 

top of the Arduino and connect via pin headers.  The pins for the Arduino are seen on the 

top and bottom of Figure 5.  Two buttons for temperature control are located at the top 

right of the PCB.  A long braided wire would hang off the top off the PCB connecting to the 

Figure 5:  Sous Vide PCB Design 
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temperature sensor.  It connected to the three pinholes, on the right side below the buttons.  

To waterproof the sensor for the water bath, a small, thin piping PVC piping joint was used 

to house the sensor.  The ends of the joint were covered with an  

epoxy putty.  Another pin header would connect to the LCD on the left.  The relay, located 

below the diode near the middle, would also hang off of the PCB with wires, due to a fear of 

connecting the 120Vac thru the board. 

  

BUDGET:  

As current sous vide machines retail for hundreds of dollars, a goal of this project was to 

keep the price at a minimum.  Table 1 shows the printed circuit board, vacuum sealer, 

crockpot, and Arduino Uno as being the most expensive parts of the project.  The vacuum  

ITEM PRICE ($) 
Arduino Uno 35 

Dallas Temperature Sensor DS18B20 4.25 

Piping and Epoxy 6 

Printed Circuit Board (PCB) 85 

16x2 LCD LCM1602A 20 

8A Solid State Relay S108T02 8 

Vacuum Sealer 119 

Resistors, Transistor, Diode, Buttons 5.5 

Wires 17 

Crockpot 45 

Breadboard 5.5 

TOTAL  $450.25  

Table 1:  Budget and Part List for Sous Vide 
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sealer simply inflates the price as retail sous vide cookers do not include this; hence, that 

price is quite negligible.  I had a crockpot on hand, as most people would, so that was not an 

actual cost.  The price of the PCB and Arduino would decrease drastically in bulk.  Circuit 

boards would cost about 75% less each if ten were ordered.  The Arduino Uno was only 

needed for the ability to program.  Individual Atmega328 chips sell for 80% less than the 

programming board.  

 

TESTING: 

To test this project, the crockpot was first tested.  It was filled with water and checked for 

hot spots with a digital thermometer.  If the water had significant temperature differences, 

a fan, bubbler, or some type of water circulator would be necessary to ensure an uniform 

water temperature.  If the crockpot had been larger, I probably would have needed a water 

circulator. 

Next the temperature sensor needed to be tested for being properly calibrated and 

waterproofed.  The sensor was able to read room temperature accurately, so it seemed to 

be calibrated correctly.  Sealing one end of the pipe housing the sensor and inserting it into 

a cup of water checked waterproofing.  By looking into the top of the pipe, it could be seen 

that no water was contacting the sensor. 

To test the complete system, the sous vide cooker ran without food for several hours.  The 

Arduino board was connected to the computer, giving readings on the set temperature, 

actual temperature, and whether or not the crockpot was powered.  The log file showed 

that the water bath never exceeded the desired temperature by more than 0.3°F, and never 

decreased from the desired temperature by more than 0.7°F.  With a precision of 1°F, this 
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project has the accuracy of a retail system.  The temperature sensor was also verified for 

accuracy after the test run, proving that it gave accurate readings.   

 

PROBLEMS: 

Nearly every problem with this project was due to the PCB design.  Several mistakes were 

made in the design to cause assembling and maintaining the sous vide cooker to be more 

difficult than necessary.  When placing out the components, the only obvious positions 

were of the Arduino, as the PCB was lining up on top of it.  A picked a blank side for which 

to attach the LCD, but that side happened to be the same as for power.  The LCD could still 

be attached, but it required some finger dexterity to mess with the power cord. 

I used ExpressPCB and their software to design the PCB schematic.  The default hole sizes 

were used in the design, which happen to be too small for a pin header.  Using a pin header 

greatly reduces the time to connect and solder two electrical pieces.  Pin headers also 

provide sturdiness to a circuit, which I could have used.  While attempting to precook food 

for the tech expo, the sous vide cooker was knocked off a counter and broken.  Some pin 

headers could have ensured that the Arduino and PCB did not move off of each other.  The 

location and long wire of the temperature did not help the situation. 

 

ENHANCEMENTS: 

Multiple enhancements could be made to this project to enhance some features and ease of 

use.  It would be simple to eliminate the manual temperature setting.  Preset values could 

be loaded; the user could simply choose medium-rare steak if they desire.  It is not 

necessary, but would make the use drastically easier for the end-user. 
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I would like to create a housing for the sous vide cooker.  If a sturdy aluminum box could be 

found, it may be able to hold the crockpot on top of it to save counter space.  A breakout 

board for the relay would safeguard everything stays in place.  A battery slot in the bottom 

of the box could connect to the Arduino for external power.  This allows the end-user to use 

a single plug to power the sous vide cooker.  

With more temperature sensors and relays, multiple crockpots could be powered and 

different temperatures.  The sensors can connect to each other with a single wire and yet 

be individual addressable.  To power the relays, the circuit would most likely be changed to 

use a multiple channel Darlington driver.  Multiple sensors would allow more food to be 

cooked at once and at different temperatures. 

 

CONCLUSION: 

Sous vide cooking is a new cooking style that makes it easy for anyone to cook.  It not only 

eliminates problems and challenges with other methods such as time and heat, but it 

actually makes better, juicier food.  In fact, it is the only way to safely cook (according to the 

USDA) poultry at lower temperatures.  Cookers for sous vide are gaining popularity and 

being seen at more and more stores.  The price at stores is still quite high; but as this 

project demonstrated, it does not have to be.  Hopefully we will all be enjoying high quality, 

easily cooked food soon. 
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