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This thesis proposes a real-time heat transfer simulation method which visualize heat
changes in virtual cooking interactively. The proposed system enables user to practice cooking
food as in a real kitchen.

The first chapter, give a survey of existing research on virtual reality (VR) training system,
cooking and thermal simulation including VR world building method, VR cooking
reproduction method and thermal conduction calculation for cooking. From the survey shows
that a real-time system to visualize cooking effects (e.g. inner food temperature and cooked
condition changes by reproduction of heat transfer between food and cookware) is needed for
the proposed system.

Chapter 2 proposes “Interactive Cooking Simulator” which consists of 6 elements, following
(a) to (). (a)Haptic interface enables user to input cookware operation into (b) real-time rigid
body dynamics simulation. Then it produces the weight of food and feeds back to the user.
Element (b) calculates motion and contact force between cookware and food ingredients. (c)
Real-time thermal conductive simulation calculates heat transfer between cookware and food.
(d) Appearance change simulator reproduces chemical change along temperature increasing.
It mainly focused on browning and carbonizing. (e) Graphics renderer reproduces changes of
temperature and appearance of food. (f) A Projector displays graphics scene on screen which
display enables user see through half-mirror. The user can check foods changes displayed on
frying pan. Experiments indicate that the proposed system can reproduce food inner / outer
appearance changes in real cooking results and the cooking practice on a medium beef steak
using the simulator improve user's skill.

Chapter 3 proposed more accurate finite element heat transfer simulation method than
proposed in Chapter 2. This chapter analyzes requirements on performance for accurate heat
transfer simulator. A matching algorithm of vertices between cookware and food is proposed
to reflect contact condition changes in each calculation cycle. The algorithm is high speed
enough for interactive cooking operation. An experiment confirms the accuracy of the heat
changes for a beef steak cooking where the steak is flipped upside-down.

Chapter 4 concludes that the proposed VR cooking simulation system enables user to

practice cooking and skill up.
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