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Laser Distance Measurements

There are many types of laser distance sensors.  Many of the applications are industrial in nature.  Keyence is a leader in this field and for this report, the Keyence LK series laser distance sensor was chosen.  A brief look at this product’s operation and specifications will help one to better understand laser distance measuring sensors in the large.  Below is a diagram of the LK-031 sensor head.


[image: image18.png]AUTO GAIN function

With a glossy target, the received light quantity
is large. With a low-reflective target, the
received light quantity is small. The AUTO GAIN
function automatically adjusts the amplification
factor of the light-receiving signal according to
the received light quantity. This function
enables stable measurement regardless of the
light-receiving characteristics of the target.




Figure 1.  Keyence LK-031 sensor head

Below are some useful facts about the LK series and how the operate:
· LK series are used for general purpose and high accuracy

· They measure distances using triangulation. 

· A laser diode shines a beam of light to the target. 

· The light will diffuse off the surface and back to the sensor. 

· The light is focused onto a CCD (Charge Coupled Device) detector. As the target moves away from the sensor, the focused spot will move toward one end of the CCD. As the target moves toward the sensor, the focused spot will move toward the other end of the CCD. 

· The position of the laser spot on the CCD is directly proportional to the distance to the target.

· Detects solids or liquids (opaque or transparent)

Found below in Figure 2 and Figure 3 are visual models of the sensors.
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Figure 2.  How sensor operates


Figure 3.  PSD vs. CCD
The most important part of using these sensors is the interface with the processor.  The pin connections for this model can be found below in Figure 4.
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Figure 4.  Pin connection diagram and explanations

The analog output is used to obtain the distance measurement. Figure 5 shows how this is done.
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Figure 5.  Analog output characteristics

In order to get the output signal certain inputs, as described in Figure 4, must be supplied.  Timing diagrams can be found below in Figure 6.
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Figure 6.  Input characteristics

Other important specifications for these sensors can be found in the table below.

Table 1.  Specifications for LK series
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Some important features are:
· Use shielded output cable

· Resolution of 1 mm

· Minimum spot diamteter of 30 mm (accurate surface contour)

· Sampling time for the LK units 

· LK-031 = 512 ms 
· Response speeds
· Low speed = Averaging of 8 (8x512ms)

· High speed = Average of 1 (1x512ms) 
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The LK series enables non-contact shape/thickness measurements of soft, thin or hot targets which cannot be measured with contact-type sensors at measurement ranges of 30 mm to 500.  
For more information on these types of sensors:

· www.keyence.com 

· www.acuityresearch.com
· www.micro-epsilon.com
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The LK series includes an LFTC (Laser
Flash Time Control) circuit* that can
automatically control the laser emission
time based on the target surface condition.
This function enables stable measurement
of glossy metal targets, low-reflective black
rubber targets and targets of various colors.
* Patent pending
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Frame grounding (F.G.) terminal
Earth-ground this terminal.

Laser emission stop input

Disconnecting this terminal from the GND terminal (&), (8 ) stops
laser emission. Use this terminal in an emergency to stop laser
emission.

Synchronous (timing) input

Connecting this terminal to the GND terminal (&), (8), (0) retains the
analog output value just prior to the synchronous input, and stops
laser emission.

AUTO ZERO input
Connecting this terminal to the GND terminal (&), (8), (0) resets the
analog output to 0 V (12 mA). The input is a one-shot input.

®

Alarm output (N.C.)

The output contact opens when measurement is impossible due to
an insufficient or excessive light quantity, or due to the target being
out of the measuring range. The output is normally closed.

NEAR alarm output (N.C.)
The output contact opens when a target is positioned closer than the
measuring range. The output is normally closed.

FAR alarm output (N.C.)
The output contact opens when a target is positioned further than
the measuring range. The output is normally closed.

@), @ Analog voltage output

A voltage of £5 V (10 V in LK-501/503’s high-precision mode)
relative to the full measurement range is output. +12 V is output
when measuring is impossible.

@, ® Analog current output

A current of 4 to 20 mA relative to the full measuring range is output.
31.2 mA is output when measuring is impossible.

Note: The analog current remains at 0 mA over the measurement
range with an analog voltage output of -7.5 V or less.




[image: image15.png]OUTPUT CHARACTERISTICS AND LED INDICATOR
[LK-031/081/501/503 IN LONG RANGE MODE]

Adjust the distance between the sensor head and target by checking the
sensor head's LED operation indicator
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Data givenn { )* applies to the LK-081
Data gven n { )** applies o the LK-501/503 in long-range mode.

Note 1: The NEAR or FAR output turns on only when the target moves slowly from
the inside to the outside of the measuring range

Note 2: When measurement is affected by the scattered reflection of a mirror-
surfaced target, the operation indicator remains in the normal status, and the alarm
output is not tured on even if the target is out of the measuring range.
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Timing diagram
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« VWhile the timing input is connected, laser emission stops. The analog
output will hold the last value before the timing input signal turns on
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Data in ( )** applies to the LK-501/503

Synchronous (timing) input
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Note: The analog output is retained for the following amount of fime after
disconnection of the synchronous input terminal

LK-031: Approx. 10 ms
LK-081: Approx. 20 ms

LK-501/503 (Sensitivity: AUTO): Approx. 100 ms
LK-501/503 (Sensitivity: HI or LO): Approx. 16 ms

AUTO ZERO input

oms  2ms
(25ms (25ms)”
(45 ms)** (45 ms)

OoN
OFF

Note: The analog output is retained approximately 10 ms after the
synchronous input terminal is disconnected
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o Sensor head K031 TRaeT TRE0TLR 03
Controller LK-2001 LK-2101 TK-2501/LK-2503
Weasurement mode = = Tong-range Figh-precision
Referonce distance Tomm B 500 mm 350 mm
Weasuring range “5mm 15 mm 750 mm 100 mm
Light source Visible rod semiconductor Taser
Maximum output 0.5 MW K507 15 mVY, LK-503:0.95 mW
FOR EIXEAT EIEEI 3o Godtis
Pulse TEC EXEAD EIEE 3o God s
duration DI EN 60625-107.159% EICLEAT EIEZIT o004 us
Wavelongth 570 om 550 nm
FOA Class I Ciass b (LK 501), Class I 1K503)
Class TEC Ciass 2 Class 3b (LK 501), Class 2 (LK 503)
O E 608251 07.108% Riasse 2 Kiasse 3b (LK 501), Kiasse 2 (LK 503)
Approx 30T Approx 70T Approx. 0.3 mm da. Approx_ 0.7 mm d7a
Spat diameter (at reference distance) (at reference distance) (atreference distance) (@t reference disiance)
Tincarity SOT%OTFS.
Resolution Tim® Tim® Soim= o
Voltage 5V (1 mmvy TEV G vy TV (50 iy OV (10 prmv ®
Analog output impedance 00T
Gurrent TT0 20 mA (350 T max) o

Alarm output

NPN open-collector 100 mA (40 V) max_(N.C) Residual voltage 1 V max. "

Sampling cycle

AT T 024 115

Other functions

AUTO ZERO_ Alarm hold. GAIN selection. Response speed selection. Span

hift adjustment

Power supply

24 VDC 10% Ripple (p-p): 10 % max.

Current consumption 400 mA max

Temperature Sonsor head O0T%OFSIC T 002/ FSIC

fluctuation Controller 001% o FSIC

Enclosure rating P67

Ambient light Thcandescent or fuorescent [amp. 10,000 ix max *

Ambient Sensor head 01050 C (3210 122 ). No freezing

temperature Controller 010 50 C (3210 122 ). No freezing

Relative humidity 3510 85%. No condensafion

Vibration 7010 55 iz, 1.5 mim double amplfude in X. ¥, and Z direclions 2 hours respectively
Sensor head Aluminum die-cast

Material Controller Polycarbonate

Weight Sensor head Approx 2605 ] Approx 3850 T Approx 700G

(including cable) [ Controller Approx 516 g




