
Modulation transfer function of bar code
scanning

Hong Tang, MEMBER SPIE
NCR Corporation
Retail Solutions Group
2651 Satellite Boulevard
Duluth, Georgia 30096
E-mail: hong.tang@atlantaga.ncr.com

Tom D. Milster, MEMBER SPIE
Optical Sciences Center
University of Arizona
Tucson, Arizona 85721
E-mail: milster@arizona.edu

Abstract. Bar code scanners are ubiquitous in supermarkets. As a bar
code is passed over a scanner, a laser beam scans across the bar code.
The scattered light is modulated by the reflectivity of the bars and spaces
of the bar code. The bar code scanning process can be described as a
1-D convolution of the scanning laser profile and the bar code reflectivity
function. The modulation transfer function (MTF) of bar code scanning is
the Fourier transform of the marginal profile of the laser beam. The prop-
erties of the MTF of bar code scanning is similar to that of an incoherent
imaging system. Measurements of the MTF of bar code scanning at one
focal position are presented. The experimental results are then dis-
cussed. © 1998 Society of Photo-Optical Instrumentation Engineers.
[S0091-3286(98)02809-8]
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1 Introduction

Bar codes are commonly used in applications that req
product, warehouse, or shipping identification. A bar co
is a sequence of lines and spaces with alternating refle
ity. Bar codes range in size from 1 cm on a pack of che
ing gum to nearly 1 m on railroad cars. In this paper, w
analyze the scanning process used to detect the bar co

Most bar codes are detected with a scanning laser be
The laser beam is gently focused, and the bar code is
tected in a range around the focal point. This range is
depth of focus of the scanner.1 When a bar code near th
end of the depth of focus is scanned, the large laser
size reduces the detected modulation of the bar code sig
To ensure enough optical modulation is recovered from
optical bar code signal, the modulation transfer funct
~MTF! is optimized over the depth of focus. The optimiz
tion of MTF is an integral part of the system design in a b
code scanner.2 The MTF also provides important informa
tion as to the optimization of subsequent electronic filte
In this paper, we examine the MTF of the scanning proce

In the following sections, we first describe the gene
tion of a bar code signal. We then review the MTF of a 1
incoherent imaging system to compare it to the bar c
scanning process. We then discuss the irradiance distr
tion of the focused laser beam. Next, the MTF of bar co
scanning is derived and its properties are discussed.
experimental results indicate that the theoretical analys
a good indicator of system performance.

2 Generation of the Bar Code Signal

A 1-D bar code with the bars and spaces along they direc-
tion is shown in Fig. 1. As a laser beam scans across the
code, the scattered light is modulated by the reflectivity
the bars and spaces as the laser beam scans in thex direc-
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tion. The laser beam irradiance distribution at the bar co
is described byi (x,y). The reflectivity function of the bar
code is described as a 1-D functions(x).

As the laser beam scans across the bar code, a t
varying light signal is received by a detector. The detec
is placed in the optical system so as to collect a signific
percentage of the light reflected from the bar code. An
folded configuration is shown in Fig. 2. The elliptical re
flector has one focus at the bar code and one at the dete
The detector converts the light signal into an electro
signal.

Assume that the laser scans in thex direction at a speed
of v. The electronic signalg at time t can be represente
by

g~ t !5
G RV

p E
2`

` E
2`

`

i ~vt2a, y!s~a! da dy, ~1!

whereV is the solid angle of the collection aperture su
tend at the bar code,R is the responsivity of the detecto
G is the gain of the amplifier,i (x,y) is the laser beam
irradiance distribution function,s(x) is the bar code reflec
tivity function, and the integration iny direction is done by
the detection process.

It is convenient to discuss the signal in terms of t
independent variable in spatial coordinates. It is also c
venient to neglect the constantsV, R, and G in Eq. ~1!
because the treatment in subsequent sections is relativ
the maximum signal. Substitutingvt with variablex, Eq.
~1! becomes

g~x!5E
2`

` E
2`

`

i ~x2a, y!s~a! da dy. ~2!
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