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Abstract

People enjoy food photography because they appreciate
food. Behindeachmeal there isa story described in a com-
plex recipe and, unfortunately, by simply looking at a food
image we do not have access to its preparation process.
Therefore, in this paper we introduce an inverse cooking
system that recreates cooking recipes given food images.
Our systempredicts ingredientsassetsbymeansof a novel
architecture, modeling their dependencies without impos-
ing any order, and then generates cooking instructions by
attending to both image and its inferred ingredients simul-
taneously. Weextensively evaluate thewhole systemon the
large-scaleRecipe1M dataset andshowthat (1) weimprove
performancew.r.t. previousbaselines for ingredient predic-
tion; (2) weareable toobtain highquality recipesby lever-
agingboth imageand ingredients; (3) our system isable to
produce more compelling recipes than retrieval-based ap-
proachesaccording tohuman judgment. Wemakecodeand
modelspublicly available1.

1. Introduction

Food is fundamental to human existence. Not only does
it provide uswith energy—it also defines our identity and
culture[10,34]. Astheoldsayinggoes,wearewhatweeat,
and food related activitiessuch ascooking, eating and talk-
ingabout it takeasignificant portion of our daily life. Food
culture has been spreading more than ever in the current
digital era, with many people sharing pictures of food they
areeatingacrosssocial media[31]. Querying Instagram for
#food leads to at least 300M posts; similarly, searching for
#foodie results in at least 100M posts, highlighting the un-
questionable value that food has in our society. Moreover,
eatingpatternsandcookingculturehavebeenevolvingover
time. In the past, food was mostly prepared at home, but
nowadays we frequently consume food prepared by third-
parties (e.g. takeaways, catering and restaurants). Thus,
the access to detailed information about prepared food is
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Figure 1: Example of a generated recipe, composed of a
title, ingredients andcooking instructions.

limited and, as a consequence, it is hard to know precisely
what we eat. Therefore, we argue that there is a need for
inversecooking systems, which areable to infer ingredients
andcooking instructions fromapreparedmeal.

The last few yearshavewitnessed outstanding improve-
mentsinvisual recognition taskssuchasnatural imageclas-
sification [47, 14], object detection [42, 41] and semantic
segmentation [27, 19]. However, when comparing to natu-
ral image understanding, food recognition posesadditional
challenges, since food and its components havehigh intra-
class variability and present heavy deformations that occur
during the cooking process. Ingredients are frequently oc-
cluded in a cooked dish and come in a variety of colors,
formsand textures. Further, visual ingredient detection re-
quires high level reasoning and prior knowledge (e.g. cake
will likely contain sugar and not salt, while croissant will
presumably include butter). Hence, food recognition chal-
lenges current computer vision systems to go beyond the
merely visible, and to incorporate prior knowledge to en-
ablehigh-quality structured foodpreparation descriptions.

Previous efforts on food understanding havemainly fo-
cused on food and ingredient categorization [1, 39, 24].
However, a system for comprehensive visual food recog-
nition shouldnot only beable to recognize the typeof meal
or its ingredients, but also understand its preparation pro-
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Style-Conditional Captioning

Style: Recipe

• image(video), caption 간 pairing 정보가 없는 unsupervised captioning
• 레시피, 신문 기사, 자막 등 여러 종류(style)의 캡션이 혼재한 상황
• image(video)에 맞는 style의 caption 생성 (style-conditional)

Feng et al. Unsupervised Image Captioning. CVPR 2019
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예) Unsupervised Style-Conditional Captioning
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