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Abstract—The sense of taste is fundamental to a human chef’s
ability to cook tasty food. To develop robots that can demonstrate
human-like cooking, robots need to be equipped with a sense of
taste, and enabled to use this perception capabilities to improve
or understand the food which they are cooking. We propose a first
study of using a salinity sensor to provide a robot with a sense of
saltiness. We then demonstrate how this artificial taste receptor
can be used to create an autonomous closed-loop cooking system
that uses a measurement of saltiness to improve the cooking
process of preparing scrambled eggs. Specifically, we show that
the sensor measurements can be mapped to different taste metrics
such as the overall saltiness and state of mixing the eggs, and
how the cooking process can be adapted to match user-defined
specifications.

Index Terms—robotic cooking, domestic robots, scrambled
eggs

I. INTRODUCTION

Robotic automation of culinary tasks is an interdisciplinary
challenge. It involves - among other topics - robot chefs that
can operate in a complex, unstructure kitchen environment [1],
translation of recipe instructions to robot actions [2, 3] and
vision/tracking capabilities for food manipulation [4]. Several
prototypes are currently in development, most notably a fully
automated kitchen that autonomously cooks restaurant quality
food [1]. Many of these focus on motion planning and complex
manipulation. However, one of the most influential difference
between the cooking procedure of robotic and human chefs lies
in the continuous assessment of the manipulated food. Robotic
chefs so far mostly rely on standard perception cues - such as
computer vision and tactile information - to infer the state
of the cooked food and cooking process (e.g. [5]), and need
to extrapolate the food quality with respect to this feedback
information. In contrast, human chefs possess an additional
set of senses - such as taste and smell - that are continuously
taken into consideration by the cook. To fulfill the vision of
truly autonomous robotic chefs, such sensing capabilities need
to be developed and implemented.

In the scope of this work, we focus on taste as the primary
sensation modality. One approach is to outsource the taste as-
sessment to humans at the end of a cooking sequence, and then
use their scoring as the policy to update the cooking process.
While this can be successful [6], this kind of evaluation is
highly noisy and subjective, and does not fit the idea of a
self-assessing robot chef.

Taste sensor technologies are in relatively early stage de-
velopment (see [7] for an overview of electric tongues).

Fig. 1. Overview of the closed loop cooking approach using salinity testing,
with the sensor used to capture taste metrics from human cooked eggs, and
with a feedback loop used to assist a robot too cook eggs to match these taste
metrics.

Most taste sensors chemically detect the presence of a sub-
stance which is associated with a certain sensation and see
applications in food quality control [8]. Depending on the
concentration of the substance and the required accuracy, such
detection tests can require high-end laboratory equipment and
substantial labour work, both unsuitable for quality assessment
in a domestic setting [8, 9]. Moreover, taste itself is a complex
interplay between the five basic tastes, texture, and visual
appeal, and the cooking process itself may affect the taste,
further complexifying the relationship between measurements
and output quality [10]. However, in current lack of other
tasting technologies, we suggest that new methods in providing
artificial taste metrics must be developed that can deal with
the information provided by such sensors.

In this work, we present a study on how a taste-sensing
enabled robotic chef could make use of its extended sensing
capabilities to autonomously cook human-quality food. As a
task with sufficient complexity to allow for quality variability
while operating under limited set of actions that can be
executed by a robot, we chose the cooking of scrambled eggs
as our test dish. Further, we chose the taste measurement
of saltiness as the sensing variable that our robotic chef
specifically keeps track of. We propose using a salinity sensor
to map a chemical property to different taste metrics, namely
how salty the eggs are and how well the egg yolks and whites
are mixed. We show that these metrics are related to the mean
and variance of the salinity measurements, such that we can
deploy a simple closed loop control to find the robotic cooking
parameters that match the salinity measurements obtained
from scrambled eggs cooked by human chefs. Finally, we
demonstrate the approach with a robot arm that autonomously
cooks scrambled eggs with different measured salinity outputs
based on the proposed feedback control.
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II. MATERIALS AND METHODS

A. Problem Definition

The specific problem we focus on is identifying a rapid
method of sensing which can be used to provide a robot
with some appreciation or evaluation of the ‘taste’ of food.
Specifically, to allow the robot to test and evaluate food in
real time (i.e. without waiting for large scale laboratory tests),
and from this evaluate ‘taste metrics’ which can be used for
closed-loop control of robotic cooking, where the controller is
used to optimize for specific taste metric. The task we focus
on is the robotic cooking of scrambled eggs, where we want
to utilize sensing to cook eggs to a specific primary food taste
saltiness as our taste metric.

B. Human Taste of Saltiness

At an evolutionary level, taste perception has developed
to promote the ingestion of nutritious substances whilst pre-
venting consumption of potential poisons or toxins [11].
Humans sense of taste is mediated by taste receptor cells
which are bundled in clusters called taste buds. Taste receptor
cells sample oral concentrations and are excited by specific
molecules which may be present within the mouth, and report
a sensation of taste to centers in the brainstem. Although
the responsitivity is highly complex, five types of tastes are
commonly recognized by humans: sweet, salty, sour, bitter and
umami. The taste of saltiness arises from the addition of table
salt (NaCl) to food, and the receptors detect the presence of
sodium ions (Na+). This receptor is particularly important as it
is required for many physiological processes such as nerve and
muscle functionality. Surprisingly, the molecular mechanisms
of salt taste reception are relatively poorly characterized [12].
However, the use of an epithelia sodium channel (ENaC) has
been observed in other mammals, and has been proposed as a
key protein for recognizing Na+ and for mediating preference
responses to low-medium salt concentrations. However, there
is much ongoing work regarding other likely complementary
transduction methods and pathways that may be present in
the human mouth [13]. Taking inspiration from ENaC, a salt
receptor must detect the presence of Na+ ions.

C. Salinity Sensing and Robotic Chef

A salinity sensor determines the total dissolved salt content
in an aqueous solution [14]. This is achieved by measuring
the electric current through a solution between two platinum
electrodes. The current through the solution is due to the
movement of ions, so the higher the concentration of ions in
the solution, the higher its conductivity. Salinity sensors are
widely used in environmental monitoring [15], and there have
been some examples of applications in the food processing
industry, including for the monitoring of bacterial levels in
seafood [16] and also using salinity measurements as a mech-
anism for comparing the salt content of different food [17].

We created a salinity sensor probe, formed from the testing
tip of a standard salinity sensor testing device (Extech salinity
probe). The probe is operated by the robotic setup, fully
automating the cooking and testing of scrambled eggs. It

Fig. 2. a) The experimental setup showing the robot, salinity sensor and
mixing spoon. b) System diagram showing the components and connections
used in the robot system.

consists of a UR5, whose end-effector has a mixing spoon
affixed on one side, and the salinity sensor mounted on the
other. In this way, the robot can rotate the end joint to select
which tool to use. The robot is mounted in a kitchen setup
with an induction hob. The pan and eggs are placed on the
hob. An electric salt mill is mounted above the hob, allowing
the robot to press the button on the salt mill, and for salt to
be dispersed into a pan waiting below. To achieve a spatially
varying distribution of the salt, the salt mill has been fitted
with a spreading funnel that spreads the salt within the pan
when the button is pressed. In addition to its primary role as
the mixing implement, the mixing spoon has a secondary use
to drag the pan around the hob by lowering it below the lip of
the pan and performing horizontal movements. The induction
hob used for cooking has been set to a constant temperature
setting and is kept constantly on.

The testing probe is connected to a signal conversion board
which provides an AC excitation signal and measures the
resultant signal. Using an AC signal reduces the polarization
effect, improves the precision of readings, and prolongs the
life of the probe [18]. The signal conversion board provides
an analog output indicating the measured conductivity which
is then read by an Arduino and communicated to the Control
PC over serial communication at 10 Hz. The salinity probe is
calibrated using solutions of standard conductivity profiles.

D. Taste Metrics

We propose using salinity to provide two ‘taste metrics’ for
cooking: (i) the mean salinity, salm, which provides a measure
of the total salt content of the dish, and (ii) the variance in
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salinity measurements salv across a dish, which provides a
measurement of how well mixed or incorporated the egg and
yolk are. Defining two different metrics with the same sensor
measurement is possible because the conductivity of the egg
white and yolk show a significantly different conductivity: egg
white typically has an salinity in the order of 8 mS/cm, which
is significantly higher than that of the yolk which is around
2 mS/cm. This is due to the higher concentration of fats and
lipids in the egg yolk.

1) Mean Salinity Taste Metric: Considering the relationship
between the mean salinity and the affect of adding salt to the
dish, we expect the taste metric for salinity salm to increase
linearly with the amount of salt added to the eggs. Thus we
model the increase in salinity as measured a linear function
of the added amount of salt, which is in turn proportional the
time for which the salt mill is pressed, st. Thus the associated
increase in the mean salinity is given by:

�salm = ksalt � st (1)

where ksalt is a constant of proportionality that maps the
relationship between added salt and mean salt and can be
found experimentally. The effect of the cooking on the mea-
sured must also be evaluated experimentally, to ensure this
does not have an additional affect on the measured salinity.
Assuming that enough data points are taken such that the data
is representative, the mean should not be affected significantly
by the distribution of the yolk and white (the mixing), as
chemically the total salinity of the egg does not change, only
the distribution of the salinity.

To verify this relationship and to validate eq. 1, the robot is
used to add varying amount of salt to the eggs by pressing the
salt mill for a given time. The robot uses the salinity sensor to
probe the eggs at over 50 different locations, with the sensor
intermittently cleaned to prevent build up of egg. To allow
the effect of salt to be investigated independently of mixing,
the eggs were fully premixed such that further mixing has
little or any affect on the resultant salinity. This experiment
was performed for both raw and cooked eggs and is shown in
Fig. 3.

As expected, with an increase in the amount of pressing
time, and hence in the amount of salt added to the eggs, the
conductivity increases. Cooking the eggs appears to have little
affect on the conductivity, with the conductivity for cooked and
raw eggs showing little discrepancy. In addition, we see that
the variance is approximately constant, and is low in com-
parison to the mean value. It is also approximately constant
between cooked and raw eggs. These results demonstrate that
the salinity sensor can be used in both cooked and raw eggs
as an indication of the amount of salt added with relatively
high precision.

2) Variance of Salinity Taste Metric: Considering the rela-
tionship between the mixing of the eggs on the measured vari-
ance salv , this provides a metric and measure of the amount
of distribution of the yolk and white. The distribution of the
yolk and white is likely to decrease exponentially, eventually
plateauing as the eggs are fully mixed. This follows from the
assumption that, as in other physical mixing processes, the

Fig. 3. Plot showing a dependence of a measured salinity to time of pressing
the salt mill. Error bars are showing the variance of measurement on 70
samples spread around the pan containing raw eggs.

Fig. 4. Top: variance falling with additional mixes performed by the robot,
with exponential curve matched to data. Raw eggs were mixed various amount
of times and tested without cooking. Bottom: change in the measured mean
with various amounts of mixing.

effect of a mixing action on the distribution depends on the
mixing state itself when the action is being performed, leading
to an exponential behaviour of the mixing state [19]. Thus we
can model the effect of mixing on salinity as:

�salv = e−� ·mt (2)

where � is the time constant corresponding to the exponential
decay, and mt is an integer reflecting the mixing time that is
implemented.




