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Abstract

In this project, we explore the design of a system for help-
ing users capture surface reflectance functions with a head-
mounted augmented reality (AR) device and a hand-held
controller. We supplement a standard 6-DOF controller with
a mountable light source that we track during capture. Users
begin by using the controller to select a surface region for
capture. We then record images through the head-mounted
camera while guiding the user’s control of the hand-held
light source with real-time feedback through the AR display.
Our system provides a simple and efficient way to capture
information about surface reflectance in the wild.

1. Introduction
Estimating the material properties of a scene can be very

challenging. Much of this challenge comes from the fact that
certain material properties can be difficult or even impossible
to observe from changes in viewpoint alone. A classic exam-
ple of this is surface reflectance, which describes the light
reflected by a surface as a function of its incident illumina-
tion. In this project we explore the design of an interface for
helping human users capture surface reflectance functions
using a head-mounted augmented reality (AR) device and
6-DOF controller.

Surface reflectance is often represented as a 4D bidirec-
tional reflectance distribution function (BRDF), which we
can write as ρ(ωi, ωr), parameterized by the directions ωi

and ωr of incident and reflected illumination, respectively. If
we place the origin of our coordinate system at some point
o on our surface, then its image Io from some viewpoint v
becomes proportional to the integral:

Io ∝
∫

Ω

ρ(ωi, ωv)L(ωi) (ωi · n) dωi (1)

where Ω is the space of all angles incident to our surface and
L(ωi) is the light incident from direction ωi. The integral in
Equation 1 makes estimating ρ(ωi, ωr) a challenge: even if
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Figure 1. Our AR system for capturing the reflectance function
of surfaces uses a head-mounted AR display and an LED light
attached to a handheld 6-DOF controller. (Top) An illustration of
our system and the coverage map. (Bottom Row) Images of our
system captured through the head-mounted display (left) at the
beginning of capture, and (right) part-way through capture. All
points that are shown as white on the coverage map have been
captured under at least three lighting conditions, providing samples
from three different regions of the specular reflectance defined in
the Blinn-Phong reflectance model.

we measure the incident and reflected illumination in every
direction, this is generally not enough to resolve our BRDF.

The standard approach capturing surface reflectance in-
volves capturing multiple images under different illumina-
tion [1, 3, 5, 6, 10, 11, 7]. Approaches for this range from
carefully controlled robotic devices that capture densely sam-
pled and highly-detailed BRDFs [5], to much simpler strate-
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Figure 2. Our system uses an LED light source attached to the stan-
dard Magic Leap controller (left) using a custom mount (middle).
The LED attachment can be seen on the right.

gies that make use of cellphone cameras and their on-device
flash [1, 9, 7]. Our goal is to design a system that is able to
provide some of the same coverage assurances of a robotic
device in a more convenient mobile form-factor. Inspired by
AR systems for other applications in computational photog-
raphy (e.g., [6, 8, 4]), we accomplish this by guiding users
through an interactive capture process with real-time visual
feedback presented through a head-mounted AR display.
Our system uses an off-the-shelf see-through AR display
(Magic Leap) and 6-DOF controller augmented with a cus-
tom LED attachment. Our strategy for guiding the user
through capture focuses on capturing per-pixel parameters
for popular diffuse-specular reflectance models commonly
used in rendering applications.

2. Hardware
Our hardware builds on the commercially available Magic

Leap One device. It consists of the standard Magic Leap
optical see-through head-mounted display (OST-HMD) and
handheld input controller, as well as an LED light source
which we attach to the input controller with a custom-printed
mount (see Figure 2). Both the display and the input device
are tracked with 6-DOF, which, combined with the specs of
our custom mounted light, gives us the location and orienta-
tion of our light source at all times during capture. The light
attachment consists of a 3D printed sleeve with a screw for
mounting, and a 3D printed add-on which holds a battery-
powered 10 W light source.

3. Blinn-Phong Capture
Inspired by previous AR-based systems for data capture

in computational photography, our guidance strategy is based
on presenting a visualization of coverage to the user. We
design our coverage map to ensure that we will be able to
fit the standard Blinn-Phong reflectance model [2] to each
point on our surface. Blinn-Phong models reflectance as a
combination of diffuse and specular components. We can
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Figure 3. Our system guides users to capture images that sample the
Blinn-Phong reflectance model. Specular reflection in this model is
a function of the angle θs between the half-vector h and normal n.
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Figure 4. The Blinn-Phong reflectance model uses a specular com-
ponent that can be expressed as a function of the angle θs, parame-
terized by an amplitude and a shininess coefficient. Our coverage
criteria ensures that, if the user paints the entire coverage map
white, then every point on the target surface will have been cap-
tured under illumination conditions that fall into each of the three
regions θs < β1, β1 < θs < β2, and θs > β2.

characterize this by fitting an exponential specular compo-
nent to observed intensities as a function of the angle θs
between the half-vector and surface normal (see Figure 3).
In general, we can fit this exponential reliably if we have
three samples taken with sufficiently different θs’s (see Fig-
ure 4). The goal of our coverage map is to show users how
best to quickly acquire these views. To accomplish this, we
use a different color channel to convey whether each of the
three views has been captured for each surface point. The
user’s job is then to ‘paint’ the surface using a ‘brush’ pattern
defined by the set of θs values created by a single view (see
Figure 1).

Our coverage map is computed as follows. We define
two thresholds β1 and β2. For each point on the surface,
the blue channel is set to 1 if there is a captured image with
θs < β1, and it set to 0 otherwise. The green channel is set
to 1 if there is a captured image with β1 < θs < β2, and 0
otherwise. Finally, the red channel is set to 1 if there is a
captured image with θs > β2, and it is set to 0 otherwise.
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4. Conclusion
We believe that this type of system will spark interest in

AR systems for capturing surface reflectance, and are excited
to share our work with the community.
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