Optimal Radiometric Calibration for Camera-Display Communication
Eric Wengrowski, Wenjia Yuan, Kristin Dana, Ashwin Ashok, Marco Gruteser, Narayan Mandayam

Abstract

Rutgers University Department of Electrical and Computer Engineering

Captured embedded image

Intensity vs Radiometric Pose

« A handheld camera pointed at the display can 5
receive both the display image, but also an ) 00111010
underlying message. o 11010011
01101001
: : Message
« Differencing the camera- red fram ! , ,
D ee.c g the ca eacaptued.aTes etrioval 10100111 e e
results in errors due to photometric effects, using 0111010 0 ; j |
and distorts message recovery:. OORC 10010110 : : |
. . . . L 01100010 | | |
« Online radiometric calibration significantly 0010110 \ | | JWWWWWL:

reduces message recovery errors, especially for

Display mage

Intensity Value Intensity Value Intensity Value

low intensity messages and oblique camera (a)30 ° (b)45 ° (c)60 °

Figure 4: Notice as observation angle changes, so does the dis-
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Figure 2: Message Embedding and Retrieval. Two sequential frames are sent, an original frame and a frame with an embedded message

tribution of captured intensities illustrating the angular variation
image. Simple differencing is not sufficient for message retrieval. Our method (OORC) is used to recover messages accurately.
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ing effects of the CDTF and enables more accurate message

recovery. From the display to the camera, the light signal is
affected by display photometry, camera pose and camera ra-
diometry. In each pair of intensity histograms shown above, the
left represents an image histogram before passing through the
CDTF, and the right represents the histogram after the CDTF.

where s = (s,, S, Sp). The camera-captured inten-

Sity 1s:
Io=f" (Ia) = g(La). (3)

Let g(i) be the inverse radiometric function f~!,
modeled with a fourth order polynomial:

(4)

g(i) = ayi* + asi® + axi® + ai + ay.

Table 1: Accuracy of embedded message recovery and labeling
with additive intensity x = +3 on [0,255] and captured with
45°oblique view. Low k values are desirable (because they are

less visible) but lead to larger errors, especially at oblique views.
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