
Shape from Heat Conduction

Sriram Narayanan1, Mani Ramanagopal1, Mark Sheinin2,
Aswin C. Sankaranarayanan1, and Srinivasa G. Narasimhan1

1 Carnegie Mellon University, USA
2 Weizmann Institute of Science, Israel

Abstract. Thermal cameras measure the temperature of objects based
on radiation emitted in the infrared spectrum. In this work, we propose a
novel shape recovery approach that exploits the properties of heat trans-
port, specifically heat conduction, induced on objects when illuminated
using simple light bulbs. Although heat transport occurs in the entirety of
an object’s volume, we show a surface approximation that enables shape
recovery and empirically analyze its validity for objects with varying
thicknesses. We develop an algorithm that solves a linear system of equa-
tions to estimate the intrinsic shape Laplacian from thermal videos along
with several properties including heat capacity, convection coefficient,
and absorbed heat flux under uncalibrated lighting of arbitrary shapes.
Further, we propose a novel shape from Laplacian objective that aims to
resolve the inherent shape ambiguities by drawing insights from absorbed
heat flux images using two unknown lights sources. Finally, we devise
a coarse-to-fine refinement strategy that faithfully recovers both low-
and high-frequency shape details. We validate our method by showing
accurate reconstructions, to within an error of 1-2mm (object size ≤
13.5 cm), in both simulations and from noisy thermal videos of real-world
objects with complex shapes and material properties including those that
are transparent and translucent to visible light. We believe leveraging heat
transport as a novel cue for vision can enable new imaging capabilities.
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1 Introduction

Estimating the 3D shape of an object from its images is central to computer
vision. Traditional techniques for shape recovery such as photometric stereo [54],
structured light [43] and structure from motion [10] rely on surface reflectance
and often suffer when confronted with dark objects or those transparent to
visible light. However, only a handful of works leverage the emissive properties of
the surface [28,29]. Every object with a temperature above absolute zero emits
electromagnetic radiation and, for objects at room temperature, this primarily
lies in the Long-Wave Infrared Spectrum (LWIR) detectable by thermal cameras.
Further, temperature change within an object is governed by well-known laws of
heat transfer physics related to conduction, convection, and radiation. A useful
but often overlooked aspect of this heat transport is conduction, which is shape-
dependent. This raises a fundamental question: Can we infer an object’s shape
by observing its heat flow?
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