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ABSTRACT

Significant benefits arise from being able to capture dietary or nutritional intake information
automatically or semi-automatically. These include the ability for individuals to know and
understand their nutritional intake and hence improve their diet and health. To date, only highly
manual processes such as 24 hour recall, food diaries and food journals have been utilized which
have been overly cumbersome for widespread adoption. Emerging informatics, computer vision,
mobile computing and sensor-based approaches are likely to play a role in further automating the
capture of dietary intake information and these are becoming increasingly utilizable through such
advents as the rapid and ubiquitous uptake of smartphones with built-in digital cameras and other

sensors. In this paper we review the state of the art of technologies for automatic capture of
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dietary intake information and identify significant outstanding research problems and promising

directions.
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INTRODUCTION

While there are significant benefits arising from individuals being able to capture their detailed
nutritional intake information, doing so has remained a practically cumbersome, overly complex
and manual task to date. Food journal or diary approaches exist, but they are largely based on
human recall and/or manual input by an individual. This level of effort has proved prohibitive to
their mass adoption and usage. An under-reporting bias present in manual approaches has also
been observed (Martin et al., 2009a). At the same time, there are a number of informatics,
computer vision, mobile computing and sensor-based technologies and approaches that can be
applied to the capture of dietary intake information. The rapid and ubiquitous uptake of
smartphones which now as a norm contain built-in digital cameras and a variety of other sensors
provide a significant new person-centric data capture capability. In addition, there is the
increasing development and prevalence of nutrition facts panel labeling (Nestle, 2010) and

further digitization in food industry production and point-of-sale systems (Donnelly et al. 2012).

An implicit focus of a large body of work in relation to technologies for automating dietary
intake capture has been upon dietary intake information capture in research or trial settings (Ngo
et al., 2009; Illner et al., 2012). This recognizes the difficulties of automated dietary intake
information capture even in such settings. In this paper we overview numerous technologies, and
do not limit consideration of their applicability to just research trial settings — but in general
provide some discussion of their practical applicability for non-trial and general community

adoption and use.
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It is posited that informatics, computer vision, mobile computing and sensor-based approaches
will be important mechanisms to be further utilized in moving dietary intake capture to a more
automated or semi-automated process. In this paper, we review the current state of the art in
relation to such dietary intake capture technologies and identify outstanding topics of research

and promising directions.

THE CASE FOR NUTRITIONAL INTAKE SELF KNOLWEDGE

The vast majority of the population do not know their aggregate nutritional intake for any given
day or for longer periods, or even know their aggregate energy intake. This is all the more
surprising given the compelling reasons for individuals to have self-knowledge of their nutrition:
a healthy diet is a universal and daily issue for all members of the global population; the strong
link between nutrition and health (Shils et al., 2006); the important role of nutrition in preventing
and managing chronic conditions (WHO, 2003); the link between nutrition and longevity (Finch,
2007); the impact on economic development (Strauss and Thomas, 1998) and the large financial
implications globally for the health system (Sturm, 2002). Notwithstanding recent advents such
as more detailed food nutrition labeling adopted in various countries (Blumenthal and Volpp,
2010) and further diet-related public health interventions (Maruthur et al., 2009) the area of
detailed self-knowledge of nutritional intake remains relatively and surprisingly under-

developed.

While development of tables of component nutritional information per food has been ongoing for
over a century, there are a number of recent developments, such as large digitally-stored nutrient

databases, that provide significant further opportunities. A key technological development in
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recent years is the rapid uptake of powerful mobile or ‘smartphone’ devices that have various
person-centric capabilities relevant to food consumption information capture and dietary decision
making and guidance, such as advanced data capture, imaging and sensor capabilities, wireless
and always-on connectivity, powerful processing and storage capabilities and high user
engagement (Mutchler et al., 2011; Klasnja, 2009). Such devices also represent a data integration
infrastructure that is being rapidly deployed throughout everyday life settings, does not require a
government or employer to fund or install, and can be utilized for new forms of data integration

to support health outcomes (Steele and Clarke, 2012).

Why pursue an informatics-based approach for individuals to know their nutritional intake in
detail? As described above, contemporary technological developments now have the potential to
make such capabilities achievable for mass use for the first time. In addition the capabilities
provided by smartphones/ mobile devices appear to be superior to existing manual capabilities in
various ways. Firstly, they will potentially enable an individual to understand and react to their
full, detailed aggregate nutritional intake, which is not provided by individual food labels.
Secondly, the digital capture of nutritional information allows the utilization of more advanced,
context-sensitive computational aids to healthy eating, including simple display, context-
sensitive recommendation systems and persuasive systems (Mutchler et al., 2011; Chatterjee and
Price, 2009; Fogg, 2003; Deterding et al., 2011). Thirdly, the computational capabilities of
mobile devices can be used to handle the full complexity of the detailed aggregate nutritional
information — a complexity that prohibits the manual or paper-based recording and understanding
of an individual’s daily nutrition. Fourthly, such systems also allow the revolutionizing of

current food labeling approaches — instead of a single static, physical nutrition label, a personally
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customized digital label can be displayed to individuals on their mobile device screen (or via
other display) and they can select to look into more or less detail about a food’s nutrition. Fifthly,
there is the potential to interface such nutrition systems with health information systems such as
Personal Health Records (Steele et al., 2012). Finally, personal nutritional knowledge gained
through such systems can be combined powerfully with public health campaigns — as individuals
are made aware of recommended dietary practices and policies (Hawkes, 2012), they can more

easily check to what extent they are following these.

There is substantial evidence that even simple food labeling can affect healthier food choice
(Barreiro-Hurle et al., 2010), that maintaining detailed records is a key technique for behavior
change (Shay et al., 2006) and the benefits of dietary self-monitoring and recording to achieve
weight-loss are widely demonstrated (Burke et al., 2011). However, further research into how the
use of specific information technologies can affect health behavior change (Lindqvist et al.,

2012; Jordan et al., 2011) is still required.

It could also be argued that availability of such information to individuals can empower their
decision making and also potentially make organizations involved in food production, delivery
and policy more accountable (Dutton and Eynon, 2009). A nutrition informatics infrastructure by
making detailed nutritional information available to individuals could provide a platform for
bottom-up or non-institutional innovation (Dutton and Eynon, 2009). Such information
availability also promises to enable new forms of participatory research or ‘citizen scientist’

contributions.

AUTOMATED DIETARY INTAKE INFORMATION CAPTURE
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For an individual to know their dietary and nutritional intake, three broad approaches are
possible. Firstly, for each meal or food item consumed, two pieces of information would need to
be captured 1) the exact types of food eaten, each of which may or may not have an associated
unique identifier and 2) the portion-sizes eaten. This information would need to be captured
across all eating activity to gain a complete and exact view. For the case of capturing this
information for the purpose of research trials, the period of capture is limited and consenting
participants are involved — allowing a significant relaxing of the need for highly automated

approaches.

Secondly, aggregate approaches are considered. While the foods and their quantities eaten at
each sitting may not always be known, nevertheless a measure of total intake over a period can
be formed. This approach recognizes that while not having exact capture per meal or sitting,
aggregate approaches still provide valuable information in many cases. This approach is

discussed below.

Thirdly, approaches based on estimation and extrapolation from past eating behavior. This
approach may also result in a less exact capture of information but can nevertheless still provide

additional and valuable information. This approach is also discussed below.

It should also be noted initially that computer vision, mobile computing and sensor-based
approaches are not the only possible technology types to capture the needed information. But
particularly if detailed information is needed about actual food consumption activities, then these
technological approaches, given their interfacing with the ‘real world’ in terms of vision and
physical sensing, are applicable to many aspects of this data capture, and may also be the only

mechanisms available for some aspects of such information capture at this current time.
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Type of Data Capture

In this paper we overview in turn, the automated capture of a number of different types of data
that have a part to play in comprehensive, digital dietary and nutritional intake information

capture. These types are as follows:
e Food type, where no food identifier available
e Food portion size

e Food identifier information: food identifiers including barcodes, are not always available,

but when they are, they provide a powerful and unambiguous information input
e Nutrition facts panels
e Recipe information

e Aggregate intake-related information: particularly focusing on itemized food purchase/

point-of-sale data

e Estimation approaches

The third, fourth, fifth and sixth of the above list require the capture of structured information or
text and so do not depend in all cases on advanced computer vision, image processing or sensor-
based approaches, but at the same time such technologies will still help in many cases in relation

to these data types.
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In the subsequent sections of this paper, capture of each of these types of data relevant to dietary

and nutritional intake information will be considered in turn.

Time of Capture

While it might appear that time of information capture should be at the time of consumption this
is not necessarily the case. For example capture at the time of purchase offers a number of

benefits.

For example in the case of capturing nutritional information in aggregate it may be useful to
simply capture a full grocery purchase list at time of purchase, also thereby allowing the
calculation of the aggregate detailed nutritional information of the full grocery load (Brinkerhoff
et al., 2011). This approach of course does not capture the specific foods or their portions that an
individual actually eats at each sitting, and requires extra information capture to identify what
foods or portions are eaten by different members of a multi-person household. This case will be

discussed further under the section on aggregate approaches.

For completeness, the times of capture for information relevant to dietary intake: prior to
purchase, at time of purchase, after purchase, at time of consumption or after consumption. For
example, traditional manual 24 hour recall-based survey approaches (Karvetti and Knuts, 1985),
and most manual capture approaches used in research trial scenarios, ask individuals to recall

and record their dietary intake after they have eaten.

Practicality of Use
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For each of the types of data being considered the practicality of capture will also be briefly
discussed. This is because while the presence of smartphone-based digital cameras and sensors
has a profound impact upon the mass population’s ability to capture data, there are still barriers
in terms of how consumers may or will use these devices. For example, it could be easier in
some cases to utilize wireless transmission or data integration of point-of-sale purchase
information, as such may require even less manual effort by individuals. Even what are
considered highly automated approaches, such as those involving image analysis of food images
captured by individuals photographing meals via a camera or smartphone (Zhu et al., 2010;
Martin et al., 2009b), represent usage barriers for universal adoption and ongoing utilization,

given that they require an individual to take such an explicit action as photographing.

At the same time, while practicality of use is an important aspect to consider, discussion of
detailed evidence or analysis of comparative ease of use of the different technologies is beyond

the scope of this paper.

Types of Nutrition Information Capture not Considered

There are other fundamental areas in relation to capture of nutrition information such as the
capture via lab testing of the various nutrient components and their proportions. However, as this
is not directly an aspect of capturing the dietary or nutritional intake of individuals this will not
be dealt with in detail in this paper. In addition this area of data capture is not one where
informatics, mobile, computer vision or sensor techniques are the foremost candidate

technologies.
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Fundamentally nutritional composition is determined by food testing with data supplied by
analytic efforts by government and industry, scientific literature, and from food label information
(Haytowitz and Holden, 2012). Challenges for this include the variability of components; for a
given food type, there is variation between different varieties e.g between different varieties of
the same vegetable type, and there is variability between different brands and even different
instances of a food. Partly explaining this complexity, nutrition components can arise naturally,
be generated through biological stress, be added (fortification), result from manufacturing, be
contaminants or be added through feeding or fertilization (Haytowitz and Holden, 2012). In
addition new foods are continually becoming available and the nutrient composition of existing
foods changing. Nevertheless the development of increasingly comprehensive nutrition
component databases is occurring in many countries and by numerous organizations. Significant
existing public initiatives include USDA SR24 in the US, EuroFIR in Europe and NUTTAB in
Australia and private initiatives include the Gladson Nutrition Database. USDA SR24 for

example includes over 7900 food items (Haytowitz and Holden, 2012).

IDENTIFYING FOOD TYPE, WHERE NOT A PACKAGED FOOD

Where a food is not a packaged food, substantial obstacles exist to the capture of its type and
also of portion size. This includes the complex case of a home cooked meal or of a composite
plate of foods, free-weight foods or foods consumed while dining out (Ng, 2012). This is the area

where novel informatics, sensor, mobile, computer vision and image processing-based
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approaches have received most attention, are most applicable, and significant research

opportunities exist.

Substantial research work has been directed to image capture and analysis of meals or plates of
food to assist in identifying types and amounts of foods eaten (Sun et al., 2008; Saeki and
Takeda, 2005; Martin et al., 2009a; Martin et al., 2009b; Kitamura et al., 2010; Kong and Tan,
2012; Bosch et al., 2011; Zhu et al., 2008; Zhu et al., 2010; Villabos et al., 2011, Shang et al.,
2011). Lassen et al. (2010) suggest promising results in the setting of an evening meal: “the
digital estimation method is a valid measure of evening meal intake with regard to macronutrient
distribution, energy density, and energy-adjusted food categories compared against weighed
records as the reference method”. It should be noted that the digital methodology here, involved
users capturing an image of their food before and after consumption, and while this is relatively
convenient for research trial or dietary trial use, consideration of approaches that are even more

automated for general population and ongoing usage require further investigation.

Other sensing and informatics-based research ways to make data collection more automated or
requiring less manual action have been explored, with proposals such as acoustic sensing for
determining the type of an individual’s activity including differentiation between types of food
eaten (Yatani and Truong, 2012) and acoustical dietary monitoring (Amft and Troster, 2009;
Passler and Fischer, 2011; Lopez-Meyer et al., 2012; Patterson et al., 2005), specialized
nutritional sensing devices (Lester et al., 2010), a multi-sensor lanyard worn around the neck
(Sun et al., 2010), or smart kitchen equipment (Chang et al., 2006; Chi et al., 2008). A number of
these approaches have the advantage of not requiring an individual to take such a manual action

as photographing their food, but also require novel and as-yet not mass-deployed hardware. This
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represents a challenge to the mass utilization of such novel hardware systems. Also a factor for
such systems will be user perception and acceptance of utilizing sensors (Steele et al., 2009)
which will have to possess sufficient usability characteristics — the acoustic and other sensors
are in a number of cases wearable sensors and the smart kitchen equipment could be considered
ambient sensors (Steele et al., 2009). It should however be noted, the manufacture and
commercial availability of standalone wearable sensors for other consumer health-related
purposes is showing rapid development at this time and there is a likely trend of the increasing

integration of such emerging sensors into smartphones (Swan, 2012).

In other cases solutions are based on already widely available technology. The application of
current smartphones or PDAs and the utilization of their digital camera image capture
capabilities have been explored in a number of research studies (Six et al., 2010; Paldanius et al.,

2011; Zhu et al., 2008; Zhu et al., 2010).

Another emerging area of research in relation to non-packaged foods that warrants further
attention is the combining of computer vision or sensor approaches with informatics approaches.
This would involve cross-referencing of digital image or sensor-gathered information about a
food with information available in relation to what an individual or household has purchased
from a grocery or other retail outlet. The combining of self-reported dietary intake information
with information about what has been purchased as indicated by shopping receipts has
previously been considered (Greenwood et al., 2006) with some success. However yet to be fully
explored is the intelligent integration of such information input from disparate sources which can
potentially improve the accuracy of the computer vision or other sensor approaches for capturing

food types eaten and also portion sizes.
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For example, when a cooked meal is captured via image, an image processing task would be to
identify what type of meal this is and the food items present and their sizes. Via utilizing
information about the set of foods recently purchased, information on which foods or portions
are already known to have been eaten, or even recipe information, the search space of all
possible meals or ingredients can be substantially constrained, to assist the computer vision-

based identification of the meal and its components.

It is also acknowledged that while the goal is for such approaches to be increasingly completely
automated, the use of some manual input to achieve semi-automated information capture will
still provide useful benefits. Mobile app-based food journals may add to the manual input
capability (Jarvinen et al, 2008; Lieffers et al., 2012; Silva et al., 2011). With the recent mass
adoption of smartphones, the widespread use of mobile apps and specifically mobile health apps
is a significant development for user capture of their activities and also for enabling a
competitive software innovation environment in this area. The extent of the impact upon dietary
information capture, of the current and future adoption of the myriad food diary and food journal

mobile apps, is yet to be fully understood and researched.

DETERMINING FOOD PORTION SIZE

Capture of portion size is considered the most challenging aspect of automatically capturing

dietary intake information (Martin et al., 2009b).

Particular research challenges in relation to computer vision approaches are how to carry out
image recognition to determine the different foods on a plate, delimit such different foods,

combine multiple images to estimate food volume and estimate amounts on a plate before and
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after eating (Zhu et al., 2008; Sun et al., 2008; Saeki and Takeda, 2005; Martin et al., 2009b). A
sub-problem in relation to this is estimating the scale of the food image and existing approaches
have included capturing with the image an image of the individual’s thumb to provide a known
reference for determining portion size (Villabos et al., 2011). A related and central aspect of
automatically determining portion size is automatically calculating food volume or developing

3D models of the food items on a plate (Chae, et al., 2011; Yue et al., 2010).

Other approaches combine an automated aspect with manual appraisal. For example, the Remote
Food Photography Method (Martin et al., 2009b) involves an individual capturing an image of
their plate of food both before and after eating to allow estimation of the portion sizes actually
consumed and nutritional intake. In this method, the approach involves having these images sent
remotely to be analyzed by food or nutrition experts. This however raises an issue of cost for this
approach and improved automated image processing-based approaches are one approach that

could lower these costs by carrying out more aspects of this automatically.

In response to the cost of manual appraisal, there are also emerging novel image-based
approaches such as PlateMate (Noronha et al., 2011) where the estimation of nutritional intake is
derived from a ‘crowd sourcing’ model. That is, the expert work is sourced from a crowd of

qualified individuals, thereby aiming to decrease the labour cost.

Other automated portion size capture challenges include: in the case of fluids, visually
calculating how much the level of a translucent container of fluid has decreased; or in the case of

a packaged food estimating what proportion of a package of food has been consumed.
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There are also substantial research opportunities for further sensing approaches such as
intelligent tables (Chang et al., 2006) which may be able to weigh plates of food as they are to be

consumed and after eating.

CAPTURING FOOD IDENTIFIER/ UNIVERSAL PRODUCT CODE

Packaged foods can be most amenable to the task of capturing food nutritional content and
intake, as when a packaged food with a food identifier is consumed in whole or in a serving size
proportion, the detailed nutrition intake information is typically immediately known through
nutrient component databases or a nutrition fact panel, and all that needs to be inputted is the

packaged food’s identifier.

Fundamentally the availability of a food identifier and its capture visually or via other means is
particularly powerful in relation to capturing dietary and nutritional intake information. The most
common food identifiers and widely utilized at this time are Universal Product Codes (UPCs)
which are typically available as bar codes on food packages. These bar codes currently are
inputted via scanning by those in the food production and retail industry and also increasingly
can be scanned by consumers using smartphone-based digital cameras, other cameras, scanners
or wireless communication mechanisms. In addition another significant international identifier
standard is the Global Trade Item Number (GTIN) from which the GS1 system was originated
(http://www.gsl.org/). There are also other identifier systems relevant to foods other than

barcodes and these include QR Codes and proprietary labels.

The benefits of a UPC are that it unambiguously identifies the food, is typically accompanied by

a nutrition fact panel, subsequently enables unique lookup of other more detailed nutrient
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databases (that are indexed by UPC) for the detailed nutrition information corresponding to that
UPC (Slining, 2012) and it also can powerfully help to assist the addressing of the question of
portion size eaten. That is, where the whole amount of a packaged food is eaten, or the
recommended serving, or an estimated fraction of the packaged food, there then is a simple step

to calculate dietary and nutritional intake consumed from that food.

The automation challenges in capturing this information are substantially less than for some of
the other listed types of nutrition intake data capture covered previously in this paper. As such,
approaches based on input of food identifiers are also further amenable to utilization on a general
population scale. Scanning of barcodes is an existing capability including for home use (Stevens
et al, 2010). In the case of other food identifier types the input of the identifier via computer
vision approaches is again already an existing capability such as in the case of QR Codes or
more basically via Optical Character Recognition (OCR). The main challenge will still be
estimating portion size consumed from a packaged food, and this has been described in more

detail in a previous section.

There is scope for other sensing capabilities to play an important role in improved food identifier
capture. Sensing capabilities in relation to food identifiers include using non-image based
approaches to capturing the identifier such as RFID-based approaches (Philipose et al., 2004).
Such approaches may have benefits of usability over image-based approaches, as they do not
require the positioning of a smartphone, camera or scanner to capture an image of the barcode.
Such approaches as RFID would just require proximity. On the other hand, the practicality of the
use of RFID on all food items or the mass deployment of RFID scanners represents real

impediments to this approach.
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Capturing the food identifier or scanning could be done either while shopping, at time of check-
out or at home. Wireless approaches may offer some promise. The possibility for the itemized
purchase receipt information to be transmitted to an individual’s smartphone by wireless or via
other means at point of purchase or via other means is a feasible and realistic functionality
development. Another possibility is detailed purchase records, including for example more
detailed credit card data available to the consumer. These could allow the automatic inputting of

food items purchased and hence allow the determination of aggregate nutritional content.

Finally it should be noted that the capture of UPC information may not remain a sensor or
computer vision task. Given that this information is available in a structured format it is likely to
become a fundamental integration capability of retail food systems or nutrition informatics

systems.

It should be noted however that the widespread adoption of such retail nutrition information
systems is at least a number of years away or possibly more. In the meantime, sensor or image
scanning approaches to retrieve food identifier information may remain the most practical, and in

some cases, only currently available mechanism.

A further implication of the above possibilities for improved integration of retail information
systems is that image-based inputting of food identifiers may be most important in determining
the nutritional content of food items before purchase. Check-out or credit card based approaches
may provide mechanisms in future to capture your full nutritional intake that requires no manual
effort by the consumer, including no manual scanning or image capture effort. The important

role of scanning prior to purchase occurs when a consumer is choosing between possible
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products to purchase and may wish to retrieve more detailed nutrition information to assist in

that decision making.

Capture of food purchase and consumption data has traditionally been implemented for market
research, statistics gathering or research purposes. Services such as Scantrack and Homescan by
Nielsen and What We Eat in America (WWEIA-NHANES) by the USDA and US-CDC provide
survey-based data (Slining, 2012). However there are significant limitations to these traditional
survey-based approaches to collecting end-user consumption information, in particular they are
limited in terms of numbers participating, limited to capturing household purchases and most
importantly do not involve capture of an individual’s actual food and nutrition intake nor provide
such information for the individual to use. These tools have not had the goal of supporting
consumer self-knowledge of dietary and nutritional intake and so have not provided any form of

nutritional guidance service for individuals.

Efforts to extend the usage of food UPCs to be more universal, and also increasingly in eat-out
menus (Nestle, 2010), will advance the capture of food consumption information and this
represents a research area where policy, adoption and stakeholder issues will play a part. Policy
change to introduce and require universal provision of food identifiers represents a
complementary and potentially more powerful pathway to achieving more capable and
sophisticated automated dietary intake information capture and the ability of all in the population

to have a complete knowledge of their detailed nutritional intake.

While UPC identifiers have been adopted to address the tracking needs of retailers, there would
be benefits from a more systematic coding of all food types, varieties and items that is not driven

by just retailing considerations. For drugs there are National Drug Code (NDC) codes (FDA,
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2012), but there are no such standard codes for foods. Potentially relevant existing codifications
that may provide a starting point towards this include the Unique Ingredient Identifier codes
(UNIT) (NIH, 2012) and the Langual food description thesaurus (http://www.langual.org/).

International efforts to produce further standardization in this regard would be beneficial.

NUTRITION FACTS PANELS

Another relevant type of data available for capturing dietary intake information is the nutrition
facts panel. Capture of such information is also much more trivial for computer vision
approaches than determining food type for unpackaged foods or determining portion size. Such
labels are required in many circumstances and countries by law (Nestle, 2010). These labels
typically provide such information as macronutrient content amounts, proportions of
carbohydrates, protein and fats and often proportions of a number of other nutritional

components.

In relation to the application of informatics-based approaches to nutrition facts panels, a
challenge relates to how these can be displayed in a customized, more detailed or less detailed
way to individuals. Interface issues will be an important part of how these labels can be

understood when presented in a customized or personalized way to individuals.

As with the case of food identifiers and UPCs, there may emerge alternative approaches which
utilize more integrated nutrition information systems. For example the nutrition facts panel

information can be retrieved from a remote data base of such nutrition panel information, once
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the UPC has been scanned or otherwise inputted. This would also decrease the role of computer

vision or sensor-based approaches for this particular type of dietary intake-related data capture.

However given that such integration is currently not generally available at this time, inputting of
the nutrition facts panel via computer vision or OCR-based approaches remains a currently
available approach. Utilizing a knowledge of the standard format and structure of nutrition facts
panels can help to cross-validate and improve the accuracy of such computer vision-based

approaches.

RECIPE INFORMATION

Recipes captured in digital form also represent a powerful adjunct information source for
assisting in automating the capture of nutritional intake information, where individuals are eating
meals that have been cooked or prepared. It should be noted that there are various Web-based
and software-based approaches that have supported the automated capture of recipe information

(Li et al., 2006).

While not extensively developed there is the potential for image processing and sensor systems
that capture food amounts used during cooking or food preparation. This is an avenue of research

that can draw upon smart kitchen based technologies (Chi et al., 2008).

Recipe information will also be an important input for calculating the nutritional content of dine-
out meals. Recipe information in these circumstances could assist a dine-out business to calculate
the nutritional content of their own foods, with the nutritional content then made available to

those who dine at their establishment.
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Recipes, with corresponding ingredient quantities are able to assist in the determination of the
aggregate nutritional content of a given prepared food or meal. Of course it is acknowledged that
despite the uptake of electronic recipe systems, in many cases there will not be recipe
information available or available in an electronic format for a given home-prepared food or

meal.

But where recipe information if available, recipe information can also be cross-correlated with
information about recent individual or household food purchases to further delineate the content
of a given prepared meal. This cross-correlation can be used to improve the accuracy once again
of the image processing-based approaches to identifying foods and meal components. This area

has also been discussed in the preceding section.

AGGREGATE APPROACHES

Another possibility is that an individual’s itemized purchase record can be automatically fed into
their record of dietary intake (Mankoff et al., 2002; Brinkerhoff et al., 2011) and via this means

allow for individuals to calculate their aggregate nutritional intake.

As described above, the capture of exact food types and exact portion sizes, in some cases, will
continue to be challenging obstacles, even though mobile computing, sensor and computer
vision-based approaches can be applied to further these capabilities. Another approach that can
partly obviate these challenges is capturing aggregate food purchase and intake information. For
example an individual’s total grocery load can be inputted at time of purchase via UPC
information (Brinkerhoff et al, 2011) or later (Stevens et al., 2010) and this can provide

information about what that individual eats over the next period of time including detailed
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aggregate nutrition information included through integration with nutrition component databases
(Brinkerhoff et al., 2011; Slining, 2012). In many cases this will be sufficient to know an
individual’s nutrition or at least food use patterns (Weinstein et al., 2006), even if the specific
proportions eaten in any given meal might not be known. Calculation of the period over which
this food was eaten can be facilitated, for example, by recording when each food item is re-
purchased, using the heuristic that the food is typically re-bought when that previously bought

item is finished or near-finished.

A computer vision approach to this can involve scanning of shopping receipts (Mankoff et al.,
2002). While this is still manually tedious it does provide numerous benefits in calculating
nutritional intake. Improved systems can however improve in relation to the manual effort
required including via wireless information transfer, for example at the point of purchase or via
integration with itemized digital purchase records. The use of smartphone cameras alternatively

offers a pervasive and readily available means for scanning.

Such an aggregate approach will be most effective in one-person houses. In houses of more than
one member combining this aggregate approach with some level of image capture or sensor-
based approach can help in determining which house members eat which food items and
portions. However, where within a house prepared meals are shared, the total aggregate
nutritional intake can be estimated from the aggregate purchases. Proportions eaten from a
common prepared meal could then be estimated either manually or via any of the approaches and

technologies described previously in relation to determining portion size.

ESTIMATION APPROACHES
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As indicated earlier, capture of exact food type including all ingredient information and portion
sizes for all meals will be technically challenging and even where there is significant automation

is likely to involve some user inconvenience.

Estimation techniques that could be utilized can include: sampling - capturing intake for some
meals and using these to estimate overall intake; repeated consumption - many food item types
are eaten repeatedly by an individual so nutrition information for an item may need to be
captured just once and then can be re-used; consumption patterns - individuals and members of
multi-member households follow regular consumption patterns and this can be exploited to save

information capture effort; and portion sizes eaten will also display regularity.

As more data about an individual’s dietary intake is captured this can be used to assist in future
estimation or extrapolation to reduce the need for future data input and particularly manual data

input.

SUMMARY AND PROMISING DIRECTIONS

We have described a wide range of technologies that are currently available for the automated
capture of dietary intake and nutritional intake information. Substantial research work has
examined automated image analysis of food items or plates of food eaten and significant
progress has been made in this area. However image analysis approaches still first require the
capturing of a digital image of the food to be eaten, which presents challenges for utilization by
the general public in automating dietary intake capture. Other wearable and ambient sensor-
based approaches have also been discussed that may remove the need for any manual action by

an individual such as image capture to take place, but these sensors also introduce in some cases

* ACCEPTED MANUSCRIPT



Downloaded by [Central Queensland University] at 18:55 29 October 2014

ACCEPTED MANUSCRIPT

the issues of the requirement of novel, non-commodity hardware, the level of sensing capabilities
and user acceptance and adoption of such sensor systems. Smartphones are however
incorporating more built-in sensors and sensors that wirelessly connect to smartphones are

increasingly becoming available as affordable consumer electronics products.

At the same time, there is the increasing capability to automatically capture food purchase
information and grocery receipt information in digital form in a way that requires little or no
manual intervention and via this information to calculate the full aggregate nutritional content of
such food purchases. The capture of such information is being continually facilitated by the
greater digitization of point-of-sale food retail systems, the wider usage of barcodes and food
identifiers, the ability to calculate nutritional content via the increasing availability and
sophistication of nutrition component databanks indexed by food item, and the increasing

requirement for and prevalence of nutrition facts panels.

A promising direction for further development of automation in the capture of dietary intake
information is the further integration of the information from all of the numerous disparate
information sources mentioned above. For example, food purchase information can assist in the
disambiguation of visual or sensor-based data in relation to what an individual actually
consumes. Or image or sensor data indicating information about what an individual actually
consumes can be used to segment aggregate food and nutrition totals determined from purchase
information, for example for a household, into portions and proportions eaten by different

individuals in that house.

Further, automated capture of dietary intake information can be further facilitated by the

prioritization of the following developments: greater adoption of food identifiers and barcodes
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including in digital form, further data standardization in relation to the digital exchange of
dietary and nutrition information to support integration between and amongst consumer and
retailer information systems, greater access to and integration with nutrition component
databases, more sophisticated nutrition component databases, more sophisticated, nutrition facts
panels including in an electronic form and the development of image capture and sensor and

hardware capabilities that require less manual effort.

CONCLUSION

In this paper the state of the art in automatic dietary and nutrition information capture
technologies has been overviewed and categorized to describe the applications of informatics,
mobile computing, computer vision and sensor-based approaches to the capture of the following
types of dietary intake-related information: food type, portion size, food identifiers, recipe
information, nutrition facts panels and aggregate itemized purchase information. How the
capture of this information contributes to overall automated dietary intake information capture is

discussed throughout.

In summary, systems to automatically make available total and itemized food purchase
information from the point-of-sale, and integrated with nutrition component databases have the
potential to automate the capture and calculation of overall aggregate dietary intake at a
household or in some cases individual level, in a way ideally minimizing the requirement for
manual actions by individuals. In conjunction, smartphones, or future variant devices, via their

built-in cameras and sensors, and potentially via the numerous external sensor capabilities being
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researched, developed and in some cases already marketed, are most promising to provide the
essential information to assist resolving this aggregate information into dietary intake
information at the individual and individual sittings levels of granularity. Of those smartphone
and sensor systems, those that require less manual action by the user will tend to be more readily
adopted. At the same time, the increasingly ubiquitous use of food identifiers and an
infrastructure to integrate corresponding and more extensive and sophisticated electronically-
stored nutrition-related data with these identifiers, will work to advance and make easier all
aspects of automated dietary and nutrition intake capture. Ultimately a combination of the

technologies discussed will be needed, not just one single technology.

In addition related outstanding research problems have been identified. An outstanding research
area receiving substantial attention is improving image analysis of digital images of food, either
carried out automatically or manually. At the same time there is also substantial and ongoing
research into other sensor technology approaches such as audio-based, lanyards, smart tabletop
and smart kitchen technologies to also automatically capture dietary intake that may obviate the
need for the manual capture of images of food. There is also research into the capturing of
shopping receipt information via scanning or other means, and research into nutrition component

databases and emerging research into integration of such information sources.

The most promising directions include: further attention on software systems, techniques and
architectures involving the integrating together of itemized purchase information with the other
disparate types of food and nutrition intake related information; sensor-based systems not
requiring manual action by the user; greater development of international food and nutrition data

standards and identifiers; research into adoption and diffusion of such standards; mobile apps
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that further engage the consumer in their dietary choices; and improved computer vision

techniques to better analyze food-related images.
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