Photoelectric Sensors Technical Guide
Classification
(1) Classification by Sensing Method
1) Through-beam Sensors
Sensing Method

2) Diffuse-reflective Sensors
Sensing Method

The Emitter and Receiver are installed opposite each other to enable
the light from the Emitter to enter the Receiver. When a sensing object
passing between the Emitter and Receiver interrupts the emitted light,
it reduces the amount of light that enters the Receiver. This reduction
in light intensity is used to detect an object.

The Emitter and Receiver are installed in the same housing and light
normally does not return to the Receiver. When light from the Emitter
strikes the sensing object, the object reflects the light and it enters the
Receiver where the intensity of light is increased. This increase in light
intensity is used to detect the object.

Sensing object
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The sensing method is identical to that of Through-beam Sensors and
some models called Slot Sensors are configured with an integrated
Emitter and Receiver.
Sensing object
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Features
• Sensing distance ranging from several centimeters to several
meters.
• Easy mounting adjustment.
• The intensity of reflected light and operating stability vary with the
conditions (e.g., color and smoothness) on the surface of the
sensing object.
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3) Retro-reflective Sensors
Sensing Method

Features

The Emitter and Receiver are installed in the same housing and light
from the Emitter is normally reflected back to the Receiver by a
Reflector installed on the opposite side. When the sensing object
interrupts the light, it reduces the amount of light received. This
reduction in light intensity is used to detect the object.

• Stable operation and long sensing distances ranging from several
centimeters to several tens of meters.
• Sensing position unaffected by changes in the sensing object path.
• Operation not greatly affected by sensing object gloss, color, or
inclination.

Sensing object
Retroreflector

Features
• Sensing distance ranges from several centimeters to several
meters.
• Simple wiring and optical axis adjustment (labor saving).
• Operation not greatly affected by the color or angle of sensing
objects.
• Light passes through the sensing object twice, making these Sensors
suitable for sensing transparent objects.
• Sensing objects with a mirrored finish may not be detected because
the amount of light reflected back to the Receiver from such shiny
surfaces makes it appear as though no sensing object is present.
This problem can be overcome using the MSR function.
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4) Distance-settable Sensors
Sensing Method
The Receiver in the Sensor is either a 2-part photodiode or a position detector. The light reflected from the sensing object is concentrated on the
Receiver. Sensing is based on the principle of triangulation, which states that where the beam is concentrated depends on the distance to the
sensing object.
The following figure shows a detection system that uses a 2-part photodiode. The end of the photodiode nearest the case is called the N (near)
end and the other end is called the F (far) end. When a sensing object reaches the preset position, the reflected light is concentrated midway
between the N end and the F end and the photodiodes at both ends receive an equal amount of light. If the sensing object is closer to the Sensor,
then the reflected light is concentrated at the N end. Conversely, the reflected light is concentrated at the F end when the sensing object is located
farther than the preset distance. The Sensor calculates the difference between the light intensity at the N end and F end to determine the position
of the sensing object.
Receptors (2-part photodiode)

N: Near
F: Far

N
F

Set distance

Variable
set distance
Emitter LED

Example: E3S-CL

Sensing range

Features of Distance-settable Sensors
• Operation not greatly affected by sensing object surface conditions or color.
• Operation not greatly affected by the background.

BGS (Background Suppression) and FGS (Foreground Suppression)
When using the E3Z-LS61, E3Z-LS66, E3Z-LS81, or E3Z-LS86, select the BGS or FGS
BGS
function to detect objects on a conveyor belt.
<Light-ON setting>
The BGS function prevents any background object (i.e., the conveyor) beyond the set distance
from being detected.
The FGS function prevents objects closer than the set distance or objects that reflect less
than a specified amount of light to the Receiver from being detected. Objects that reflect
ON (light incident)
less than a specified amount of light are as follows:
(1) Objects with extremely low reflectance and objects that are darker than black paper.
(2) Objects like mirrors that return virtually all light back to the Emitter.
Distance threshold
(3) Uneven, glossy surfaces that reflect a lot of light but disperse the light in random
directions.
Conveyor (background)
Reflected light may return to the Receiver momentarily for item (3) due to sensing object
OFF (light interrupted)
movement. In that case, an OFF delay timer or some other means may need to be
employed to prevent chattering.

Features
• Small differences in height can be detected (BGS and FGS).
• The effects of sensing object color are minimized (BGS and FGS).
• The effects of background objects are minimized (BGS).
• Sensing object irregularities may affect operation (BGS and FGS).

FGS
<Dark ON setting>

ON
(light interrupted)
OFF
(light incident)

(Mirror
surface)
Distance threshold
Light reception
threshold (fixed)
Conveyor (background)

ON (light interrupted)
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5) Limited-reflective Sensors
Sensing Method
In the same way as for Diffuse-reflective Sensors, Limited-reflective
Sensors receive light reflected from the sensing object to detect it. The
Emitter and Receiver are installed to receive only regular-reflection light,
so only objects that are a specific distance (area where light emission and
reception overlap) from the Sensor can be detected. In the figure on the
right, the sensing object at (A) can be detected while the object at (B)
cannot.
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Emitted beam

θ
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Features

Sensing object (B)

Diffused light

• Small differences in height can be detected.
• The distance from the Sensor can be limited to detect only objects in a
specific area.
• Operation is not greatly affected by sensing object colors.
• Operation is greatly affected by the glossiness or inclination of the sensing object.

Reception area

Emitter Lens

(2) Selection Points by Sensing Method
Checkpoints for Through-beam and Retro-reflective
Sensors
Sensing object

Checkpoints for Diffusion-reflective, Distance-settable,
and Limited-reflective Sensors
Sensing object

1. Size and shape (vertical x horizontal x height)
2. Transparency (opaque, semi-transparent, transparent)
3. Velocity V (m/s or units/min.)

1. Size and shape (vertical x horizontal x height)
2. Color
3. Material (steel, SUS, wood, paper, etc.)
4. Surface conditions (textured or glossy)
5. Velocity V (m/s or units/min.)

Sensor
1. Sensing distance (L)
2. Restrictions on size and shape
a) Sensor
b) Retroreflector (for Retro-reflective Sensors)
3. Need for side-by-side mounting
a) No. of units
b) Mounting pitch
c) Need for staggered mounting
4. Mounting restrictions (angling, etc.)

Environment
1. Ambient temperature
2. Presence of splashing water, oil, or chemicals
3. Others
Retro-reflective Sensors

1. Sensing distance (distance to the workpiece) (L)
2. Restrictions on size and shape
3. Need for side-by-side mounting
a) No. of units
b) Mounting pitch
4. Mounting restrictions (angling, etc.)

Background
1. Color
2. Material (steel, SUS, wood, paper, etc.)
3. Surface conditions (textured, glossy, etc.)

Environment
1. Ambient temperature
2. Presence of splashing water, oil, or chemicals
3. Others
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(3) Classification by Configuration
Photoelectric Sensors are generally comprised of an Emitter, Receiver, Amplifier, Controller, and Power Supply. They are classified as shown
below according to how the components are configured.

1) Sensors with Separate Amplifiers

3) Sensors with Built-in Power Supplies

Through-beam Sensors have a separate Emitter and Receiver while
Reflective Sensors have an integrated Emitter and Receiver. The
Amplifier and Controller are housed in a single Amplifier Unit.

The Power Supply, Emitter, and Receiver are all installed in the same
housing with these Sensors.

Features
Features
• Compact size because the integrated Emitter-Receiver is
comprised simply of an Emitter, Receiver, and optical system.
• Sensitivity can be adjusted remotely if the Emitter and Receiver are
installed in a narrow space.
• The signal wire from the Amplifier Unit to the Emitter and Receiver
is susceptible to noise.
• Typical Models (Amplifier Unit): E3C-LDA and E3C

2) Sensors with Built-in Amplifiers
Everything except the power supply is integrated in these Sensors.
(Through-beam Sensors are divided into the Emitter comprised solely
of the Emitter and the Receiver comprised of the Receiver, Amplifier,
and Controller.) The power supply is a standalone unit.

Features
• The Receiver, Amplifier, and Controller are integrated to eliminate
the need for weak signal wiring. This makes the Sensor less
susceptible to noise.
• Requires less wiring than Sensors with separate Amplifiers.
• Although these Sensors are generally larger than those with
separate Amplifiers, those with non-adjustable sensitivity are just
as small.
• Typical Models: E3Z, E3T, and E3S-C

• Sensors can be connected directly to a commercial power supply
to provide a large control output directly from the Receiver.
• These Sensors are much larger than those with other
configurations because the Emitter and Receiver contain additional
components, such as power supply transformers.
• Typical Models: E3G, E3JK, and E3JM

4) Optical Fiber Sensors
The Emitter and Receiver are connected by optical fiber. These
Sensors are comprised of a Fiber Unit and an Amplifier Unit, but the
OMRON product line does not include an Amplifier Unit with a built-in
power supply.

Features
• Simply add a Fiber Head (end section) to make a Through-beam or
Reflective Sensor.
• Ideally suited to detecting very small objects.
• Fiber Units are not susceptible to noise.
• Typical Models (Amplifier Unit): E3X-HD, E3X-SD, and E3X-DA-S
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