
Sensors that measure the shape of objects and distance without contact are widely used. There are two types of 
distance measurement methods: a type that measures only the distance and another that images distance informa-
tion. They are used for different purposes. Recently, distance image sensors and cameras that can make 3D images 
of distance information are drawing attention.
This document describes the 3D distance image 
measurement method and application examples of 
Hamamatsu distance image sensors that support 3D 
distance image measurement.

The typical measurement methods for distance images include the stereo method, structured light method, and TOF 
method. Each measurement method is indicated below.

Distance image measurement methods

Distance image measurement methods

<Distance measurement>

• Ultrasonic method
• Millimeter wave method
• TOF method

<Distance image measurement>

• Stereo method
• Structured light method
• TOF method

Distance measurement methods

Parameter Stereo method TOF method

Distance accuracy

Measurement distance range

Calculation load

Use in darkness

Measurable target objects

Short distance to long distance

High

No

Limitation to shape

Structured light method

Millimeter to centimeter

Short distance

High

Yes

No limitation to shape

Short distance to long distance

Low

Yes

No limitation to shape
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Structured light method

Patterned light from an infrared laser is projected onto the target object, and the image produced is captured by the 

image sensor. Distance image information is obtained by triangulation.

Stereo method

Images are taken by two cameras (left and right), and parallax data is generated. From the data, the distance from 

the camera to the surface of the target object is measured.

Left camera

Left camera image Right camera image

Right camera

Stereo camera unit

The images from the left and right 
cameras are superimposed.

The offset between the left and right images is large for objects that are close and 
small for those that are far away. This amount of offset can be used to measure 
the distance to the object.

Target object

Image sensor

Infrared laser

Patterned light
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Distance measurement using the indirect TOF method uses the phase difference of light. Distance information is obtained 
by calculating phase difference signal of each pixel. Because the speed of light is 3 × 108 m/s and light travels 30 cm in 1 
ns, phase difference time of 1 ns in the indirect TOF method for the light to make a round trip corresponds to a distance 
of 15 cm. For example, to measure up to 4.5 m, the pulse widths of the charge transfer clocks (VTX1, VTX2) and the light 
emission pulse width must be set to 30 ns.

Indirect TOF method

Time-of-flight (TOF) method

The distance to the target object is measured by directing light onto the object 
and then measuring the time required for the light to reflect and return. There 
are two TOF methods. One is the direct TOF method (pulse propagation 
method) in which the distance is calculated from the time it takes for the light 
pulse from the light source to reflect from the target object and return. The other 
is the indirect TOF method in which the distance is calculated from the phase 
difference information between the emitted light and received light. Hamamatsu 
distance image sensors use the indirect TOF method.

Direct TOF method (pulse propagation method) Indirect TOF method

Target object

Emitted light

Reflected light

The time in this range is measured. Signals corresponding to the phase difference times are output.

Pixels

Distance from the camera to the target object (H, P, K) Phase difference information (Q1<Q2) of target object K

Phase difference information (Q1=Q2) of target object P

Q1

Td

VTX1

Reflected light

Light emission

VTX2

T0

Q2

Phase difference information (Q1>Q2) of target object H

Q1

Td

VTX1

Reflected light

Emitted light

VTX2

T0

Q2

1 m 2 m 3 m

Q1

Td

VTX1

Reflected light

Emitted light

VTX2

T0

Q2

Q1

Td

VTX1

Reflected light

Emitted light

VTX2

T0

Q2
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The following figure shows a configuration example of a distance measurement system using the distance image sensor. 
The system consists of the distance image sensor, light source and its driver circuit, light emitting/receiving optical system, 
timing generator, and circuit for calculating distance.

Configuration example

Configuration example of a distance measurement system

The following is a 3D distance image of three target objects placed at different distances and measured using the configu-
ration example shown above.

 Light source*, driver circuit 
    for light source

Target object

 Optical system

3D distance image data Measurement distance

 Distance image sensor

 Timing generator
 Circuit for calculating 
    distance

Image by a visible light camera 3D distance image using a distance area image sensor

Imaging examples

Color representation of distances from the camera 
to the target objects

Far

Near

* The responsiveness needs to be around 10 ns or less for rise 
and fall times.

Output
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The following figure shows the detection areas (field of view) at 0.5 m, 1 m, and 2 m in front of the S15454-01WT distance 
area image sensor (96 × 72 pixels, pixel size 50 × 50 µm).

Detection area

Detection areas at 0.5 m, 1 m, and 2 m in front

Application examples of distance image sensor are shown below.

Application examples

Detection area of a pixel
6.1 × 6.1 mm

Area typeLinear type
[Type no.] S15452/S15453-01WT [Type no.] S15454/S16443/S16444-01WT

Cleaning robot
(Obstacle detection)

Automatic transfer machine
(Obstacle detection)

Shape recognition

Monitoring camera

Automobiles
(Obstacle detection)Opening and closing of 

automatic doors and 
tailgating detection

Motion capture for amusement 
games and the like

0.6 m

0.5 m

1 m

2 m

Detection area of a pixel
12.2 × 12.2 mm

Detection area of a pixel
24.4 × 24.4 mm0.4 m

0.9 m

1.2 m

Sensor, light source

Field of view: ±35° (horizontal)
Field of view: ±28° (vertical)

2.3 m

1.8 m

* Focal distance of lens=4.1 mm
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Product specifications are subject to change without prior notice due to improvements or other reasons. This document has been carefully prepared and the 
information contained is believed to be accurate. In rare cases, however, there may be inaccuracies such as text errors. Before using these products, always 
contact us for the delivery specification sheet to check the latest specifications.
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