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MaVES * 
*1 

Development of Multi-axis Vibration Evaluating System (MaVES)* 
 

Atsushi KANDA*1 
 

Abstract 
The MaVES (Multi-axis Vibration Evaluating System) is able to measure automatically three directional vibration 

characteristics of objects in non-contact and analyze modal characteristics and operating deflection shapes. This system consists 

of three laser Doppler sensors, a 6-axis robot and a control software. This paper shows system specification, functions, 

measurement procedures and an example. 

Keywords: robot, laser, vibrometer, modal characteristics, ODS  
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Fig.3.4 Scanning Head

Table 3.1 .

Scanning Head Geometry 

Scan Unit , 400nm 700nm

1mW ,

EN60825-1 laser 

class 2 . , ,

.

Controller Table3.2 3.8 , Junction Box

Table 3.9 3.13 , Data Management System

Table 3.13 3.16 , Scanning Head Table 3.17

3.22 .

Table 3.1 Standard Applied 

Laser 
safety 

IEC/EN 60825-1:2003-10 
(safety of laser products, complies to 
US21 CFR 
1040.10 and 1040.11 except for deviations 
pursuant to laser notice no.50, dated 26 
July 2001) 

Electrical 
safety 

IEC/EN 61010-1:2002-08 
(safety requirements for electrical 
equipment for measurement, control and 
laboratory use) 

EMC IEC/EN 61326-1:2006-10 
(EMC requirements on Emission and 
Immunity electrical equipment for 
measurement, control and laboratory use)
Emission:   Limit Class B 

:IEC/EN 61000-3-2 and 
61000-3-3 
Immunity:   IEC/EN 61000-4-2 to 
61000-4-6 and IEC/EN 61000-4-11 

Table 3.2 Controller OFV-5000  (General Data) 

Mains
Connection 

Mains voltage 100 – 240VAC±10%, 
50/60Hz 

Power 
consumption 

max. 100VA 

Fuses 2.0A/slow-blow 
Safety class I (protective 

grounding) 
Ambient 
Conditions 

Operating 
temperature 

+5°C – +40°C (41°F 
– 104°F) 

Storage 
Temperature 

–10°C – +65°C (41°F 
– 149°F) 

Relative 
humidity 

max. 80%, 
non-condensing 

Housing Dimension 450mm × 360mm × 
150mm (19”, 
84HP/3U)  

Weight 10kg 
Calibration Calibration 

recommended 
every 2 years 

This document is provided by JAXA.
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Table 3.3 Controller OFV-5000  (Digital Interfaces) 

RS-232 8 data bit, 1 stop bit, no parity; 
baud rate: 115200Baud; 
cable to junction box: 2 × 9-pin Sub-D 
jack, 
null modem cable (cross-wired) 

DIGITAL OUT 
Optical

TOSLINK output with S/P-DIF 
standard 

DIGITAL OUT 
Electrical 

TRIAX output with S/P-DIF standard 

External 
Decoder 

special interface for an external digital 
displacement decoder (not used) 

Table 3.4 Controller OFV-5000  (Analog Signal Outputs)

VELOCITY 
OUTPUT 

Output swing max. 20Vp-p

Output
impedance 

nom. 50

Load resistance min. 10k  (-0.5% 
additional error) 

Overrange 
indicator 
threshold

typ. 90% of full 
scale

DC offset max. 20mV 
SIGNAL Voltage range 0V – 3VDC 

Load resistance 10k

Table 3.5 Controller OFV-5000  (Decoder Specific Properties - Velocity decoder VD-08) 
Measurement range 
[mm/s/V]

0.2 0.5 1 2 5 10 20 50 

Full scale (peak) [m/s] 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 
Frequency range 

fmin [Hz]
fmax [kHz] 

0
5

0
5

0
10 

0
10 

0
20 

0
20 

0
25 

0
25 

Max. acceleration [g] 6.4 16 64 256 640 1280 3200 8000 
Frequency response 

0.05Hz – 3kHz [dB] 
3kHz – 4kHz [dB] 
4kHz – 5kHz [dB] 

±0.05 
+0.1/–0.

3
+0.1/–1 

±0.05 
+0.1/–0.

3
+0.1/–1

-
-
-

-
-
-

-
-
-

-
-
-

-
-
-

-
-
-

0.05Hz – 7kHz [dB] 
7kHz – 8kHz [dB] 
8kHz – 10kHz [dB] 

-
-
-

-
-
-

±0.05 
+0.1/–0.

3
+0.1/–1

-
-
-

-
-
-

-
-
-

-
-
-

-
-
-

0.05Hz – 10kHz [dB] 
10kHz – 14kHz [dB] 
14kHz – 20kHz [dB] 

-
-
-

-
-
-

-
-
-

±0.05 
+0.1/–0.

3
+0.1/–1

±0.05 
+0.1/–0.

3
+0.1/–1

±0.05 
+0.1/–0.

3
+0.1/–1 

-
-
-

-
-
-

0.05Hz – 11kHz [dB] 
10kHz – 16kHz [dB] 
16kHz – 25kHz [dB] 

-
-
-

-
-
-

-
-
-

-
-
-

-
-
-

-
-
-

±0.1 
+0.1/–0.

3
+0.1/–1 

±0.1 
+0.1/–0.

3
+0.1/–1

Resolution 
frequency-dependent 
[ m/s/ ]
  typically [ m/s/ ]

< 0.01 
< 0.005 

< 0.01 
< 0.005

< 0.02 
< 0.01 

< 0.02 
< 0.01 

< 0.02 
< 0.01 

0.01 – 
0.04 

< 0.02 

0.2 – 
0.08 

< 0.03 

0.04 – 
0.2 

< 0.05 

Frequency-dependent 
phase 
shift pD (typ.) [°/kHz] 

–107 –107 –105 –49.3 –33.8 –33.8 –8.7 –8.7 

Signal delay tD (typ.) [ s] 297 297 290 137 94 94 24.3 24.3 
Calibration error [%] 
TU = +5°C – +40°C 
(TU =41°F – 104°F) 

±1 ±1 ±1 ±1 ±1 ±1 ±1 ±1 

Linearity error [%] < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 
Harmonic distortions [dBc] < –50 < –50 < –54 < –54 < –54 < –54 < –54 < –54 
Spurious signals 
(non-harmonic) [dBFS] 

< –60 < –68 < –74 < –80 < –83 < –86 < –90 < –90 
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Table 3.6 Controller OFV-5000  (Decoder Specific Properties – Velocity decoder VD-09 )  (Part 1 of 2) 

Measurement range 
[mm/s/V]

5 10 20(LP) 20 50(LP) 50 100(LP) 100 

Full scale (peak) [m/s] 0.05 0.1 0.2 0.2 0.5 0.5 1 1 
Frequency range 

fmin [Hz]
fmax [kHz] 

0
100 

0
250 

0
250 

0
1000 

0
250 

0
1500 

0
250 

0
1500 

Max. acceleration [g] 3200 16000 32000 128000 80000 480000 160000 960000
Frequency response 

0.05Hz – 50kHz [dB] 
50kHz – 100kHz [dB] 
100kHz – 250kHz [dB] 
250kHz –1MHz [dB] 

±0.1 
+0.1/–1 

-
-

±0.1 
+0.1/–0.

2
+0.1/–1

-

±0.1 
±0.1 

+0.1/–1
-

±0.1 
±0.1 
±0.1 

+0.2/–0.
5

-
-
-
-

-
-
-
-

-
-
-
-

-
-
-
-

0.05Hz – 100kHz [dB] 
100kHz – 250kHz [dB] 
250kHz – 1MHz [dB] 
1MHz –1.5MHz [dB] 

-
-
-
-

-
-
-
-

-
-
-
-

-
-
-
-

±0.1 
+0.1/–1

-
-

±0.1 
±0.1 
±0.2 

+0.2/–0.
5

±0.1 
+0.1/–1 

-
-

±0.1 
±0.1 
±0.2 

+0.2/–0.
5

Resolution 
 frequency-dependent 
[ m/s/ ]
  typically [ m/s/ ]

0.01 – 
0.04 
0.02 

0.01 – 
0.07 
0.04 

0.2 – 
0.08 
0.05 

0.02 – 
0.25 
0.12 

0.04 – 
0.2 

0.06 

0.04 – 
0.35 
0.18 

0.07 – 
0.4 
0.1 

0.06 – 
0.4 
0.2 

Frequency-dependent 
phase 
shift pD (typ.) [°/kHz] 

–7.45 –5.54 –5.8 –3.2 –5.4 –2.94 –4.54 –2.94 

Signal delay tD (typ.) [ s] 20.7 15.4 16.1 8.9 15.0 8.16 12.6 8.16 
Calibration error [%] 

TU = (25±3)°C 
(TU =(77±5)°F) 

TU = +5°C – +40°C 
(TU =41°F – 104°F) 

±1 

±1 

±1 

±1 

±1 

±1 

±1 

±1.5 

±1 

±1

±1 

±1.5

±1 

±1

±1 

±1.5

Linearity error [%] 0.5 0.5 0.5 0.5 
Harmonic distortions [dBc] 

0.05Hz – 100kHz 
100Hz – 250kHz 

>250kHz 

< –44 
-
-

< –52 
< –46 

-

< –52 
< –46 

-

< –54 
< –46 
< –38 

< –52 
< –46 

-

< –54 
< –46 
< –36

< –54 
< –54 

-

< –54 
< –54 
< –38 

Spurious signals 
(non-harmonic) [dBFS] 

< –83 < –86 < –90 < –90 < –90 < –90 < –90 < –90
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Table 3.7 Controller OFV-5000  (Decoder Specific Properties – Velocity decoder VD-09 )  (Part 2 of 2) 

Measurement range [mm/s/V] 200(LP) 200 500(LP) 500 1000(LP) 1000 
Full scale (peak) [m/s] 2 2 5 5 10 10 
Frequency range 

fmin [Hz]
fmax [kHz] 

0
250 

0
2500 

0
250 

0
2500 

0
250 

0
1500 

Max. acceleration [g] 320000 3200000 800000 8000000 1600000 9600000
Frequency response 

0.05Hz – 100kHz [dB] 
100kHz – 250kHz [dB] 
250kHz – 1MHz [dB] 
1MHz –1.5MHz [dB] 
1.5MHz – 2.5MHz  [dB] 

±0.1 
+0.1/–1 

-
-
-

±0.1 
±0.1 
±0.2 
±0.2 

+0.5/–1.5

±0.1 
+0.1/–1

-
-
-

±0.1 
±0.1 
±0.2 
±0.2 

+0.5/–1.5 

±0.1 
+0.1/–1 

-
-
-

±0.1 
±0.1 
±0.2 

+0.2/–0.5
-

Resolution 
 frequency-dependent [ m/s/ ]
  typically [ m/s/ ]

0.13 – 0.8
0.15 

0.1 – 1 
0.5 

0.25 – 2
0.25 

0.25– 2 
0.6 

0.5 – 4 
0.5 

0.5 – 4 
0.7 

Frequency-dependent phase 
shift pD (typ.) [°/kHz] 

–4.75 –1.35 –2.10 –1.34 –2.57 –2.14 

Signal delay tD (typ.) [ s] 13.2 3.76 5.83 3.73 7.13 5.95 
Calibration error [%] 

TU = (25±3)°C 
(TU =(77±5)°F) 

TU = +5°C – +40°C 
(TU =41°F – 104°F) 

±1 

±1 

±1 

±1.5 

±1 

±1 

±1 

±1.5 

±1 

±1 

±1 

±1.5 

Linearity error [%] 0.5 0.5 0.5 
Harmonic distortions [dBc] 

0.05Hz – 100kHz 
100Hz – 250kHz 

>250kHz 

< –54 
< –54 

-

< –54 
< –54 
< –38 

< –54 
< –54 

-

< –54 
< –54 
< –36 

< –54 
< –54 

-

< –54 
< –50 
< –38

Spurious signals (non-harmonic) [dBFS] < –90 < –90 < –90 < –90 < –90 < –90 

Table 3.8 Controller OFV-5000  (Analog Low Pass and High Pass Filter) 

Low Pass Filter High Pass Filter 
Filter type Bessel 3rd order Butterworth 4th order 
Cutoff frequencies 5kHz, 20kHz, 100kHz 

(adjustable) 
100Hz 

Frequency roll-off –60dB/dec = –18dB/oct –80dB/dec = –24dB/oct 
Stop band attenuation > 70dB > 70dB 

Table 3.9 Junction Box PSV-E-401-3D  (General Data) 

Mains Connection Mains voltage 100 – 240VAC±10%, 50/60Hz 
Power consumption max. 100VA 
Fuses 3.15A/slow-blow 
Safety class I (protective grounding) 

Ambient Conditions Operating temperature +5°C – +40°C (41°F – 104°F) 
Storage Temperature –10°C – +65°C (41°F – 149°F) 
Relative humidity max. 80%, non-condensing 

Housing Dimensions 450mm × 360mm × 150mm (19”, 84HP/3U) 
Weight 9kg 

This document is provided by JAXA.
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Table 3.10 Junction Box PSV-E-401-3D  (Digital Interfaces) 

RS-232 (TOP, LEFT, 
RIGHT) 

8 data bit, 1 stop bit, no parity; 
Transfer rate: 115200Baud (for PSV-3D); 
cable to the junction box: 2 × 9-pin Sub-D jack, 
null modem cable (cross-wired) 

USB Universal Serial Bus Type B; 
cable to the PC: 1× USB Type A, 1 × USB Type B 

Table 3.11 Junction Box PSV-E-401-3D  (Analog Signal Inputs and Outputs) 

VELO TOP, VELO LEFT,  
VELO RIGHT and REF 

Input voltage range ±100mV – ±31.6V, adjustable in the software 

Input impedance 1M  parallel with 100pF 
Input coupling AC/DC, adjustable in the software 

AC –3dB cutoff frequency: 3.4Hz 

Overvoltage protection ±42V (against damage) 
Operating modes Single-ended (initial state) 

Differential (adjustable in the software) 

 IEPE Mode (ICP®) REF Sensor supply nom. 4mA/24V, IEPE compatible (ICP®) 
Lower cutoff frequency 0.02Hz (–3dB), with DC coupling of the REF 

input 
Time constant 10s 

TRIG IN Compatibility TTL 
Input voltage max. +5.5V 

GATE IN Compatibility TTL 
Input voltage max. +7.0V 

AUX IN Compatibility TTL 
Input voltage max. +7.0V 

SIGNAL1 (SIGNAL2, 
SIGNAL3 and SIGNAL4, 
only PSV-400-3D-H) 

Output voltage swing max. ±10V 

Output current max. ±5mA 
Output impedance 50  ±10% 
Short-circuit protection Permanently short-circuit proof 

SYNC Compatibility TTL 
Output voltage HIGH min. 4.35V(Iout =3.5mA) 
Output voltage LOW max. 0.4V(Iout =5mA) 

AUX OUT Compatibility TTL 
Output voltage HIGH min. 2.4V(Iout =15mA) 
Output voltage LOW max. 0.5V(Iout =64mA) 

S-VIDEO OUT Video signal (Y/C) 1Vp-p/75

Table 3.12 Junction Box PSV-E-408  (General Data) 

Ambient Conditions Operating temperature +5°C – +40°C (41°F – 104°F) 
Storage Temperature –10°C – +65°C (41°F – 

149°F) 
Relative humidity max. 80%, non-condensing 

Housing Dimensions 482mm × 303mm × 23mm 
Weight 1.5kg 

This document is provided by JAXA.
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Table 3.13 Junction Box PSV-E-408  (Analog Signal Inputs) 

REF21, REF22, REF23 and 
REF24 

Input voltage range ±100mV – ±31.6V, adjustable in the software 
Input impedance 1M  parallel with 100pF 
Input coupling AC/DC, adjustable in the software 

AC -3dB cutoff frequency: 3.4Hz 
Overvoltage protection ±42V (against damage) 
Operating modes Single-ended (initial state) 

Differential (adjustable in the software) 
IEPE Mode (ICP®) REF21, 
REF22, REF23 and REF24

Sensor supply nom. 4mA/24V, IEPE compatible (ICP®) 
Lower cutoff frequency 0.02Hz (-3dB), with DC coupling of the allocate REF 

input 
Time constant 10s 

Table 3.14 PC PSV-W-401-3D  (General Data) 

Mains Connection Mains voltage 100 – 240VAC±10%, 50/60Hz 
Power consumption max. 350VA 
Safety class I (protective grounding) 

Ambient Conditions Operating temperature +5°C – +40°C (41°F – 104°F) 
Storage Temperature –10°C – +65°C (41°F – 149°F) 
Relative humidity max. 80%, non-condensing 

Housing Dimensions 450mm × 550mm × 190mm (19”, 84HP/4U) 
Weight 18kg 

Table 3.15 PC PSV-W-401-3D  (PC Configuration) 

Processor min. AMD AthlonTM XP3000+; 2.6GHz; 1GByte 
RAM 

Hard disk drive (HDD) > 120GB 
Operating system Microsoft® Windows® XP or 2000 
Network connector Ethernet 
DVD recorder Refer to manual of the manufacturer 

Table 3.16 PC PSV-W-401-3D  (Data Acquisition) 

Data acquisition board 2 × 
PCI-4462 

Input channel 8
Resolution 24bit 
Maximum bandwidth 80kHz 
Internal function generator PCI-6711 
Output channel /simultaneous) 4 
Resolution 12bit 
Maximum bandwidth 80kHz 
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Table 3.17 Scanning Head PSV-I-400  (General Data) 

Laser Laser type Helium neon 
Wavelength 633nm 
Cavity length 204mm ±1mm 
Laser class 2
Laser power < 1mW 

Electrical Data Power consumption approx. 25W (average value)  
Carrier frequency 40MHz 

Ambient Conditions Operating temperature +5°C – +40°C (41°F – 104°F) 
Storage Temperature –10°C – +65°C (41°F – 

149°F) 
Operating altitude max. 3048m (10000ft) 
Relative humidity max. 80%, non-condensing 

Housing Dimensions Refer to FIGURE 7.1 
Weight 7kg 

Table 3.18 Scanning Head PSV-I-400  (Optics) 

Front lens model Long Range (LR) Mid Range (MR) 
Focal length [mm] 100 60 
Minimum stand-off distance [mm] 350 40 
Aperture diameter (1/e2) [mm] 10 – 11 2 – 6.6 
Spot diameter (typ.) [ ]
  @   100mm 
  @   200mm 
  @   500mm 
  @  1000mm 
  @  2000mm 
  @  3000mm 
  @  5000mm 
  @ each additional meter plus 

-
-

33 
43 

147 
222 
368 
74 

31 
41 
73 

132 
255 
376 
624 
126 

Visibility maxima 99mm + (n I);
n=0, 1, 2 – ; I=204mm±1mm 

Table 3.19 Scanning Head PSV-I-400  (Visibility Maxima) 

Visibility Maxima (in mm) for I=204mm 
99 1731 3363 4995 6627 8259 

303 1935 3567 5199 6831 8463 
507 2139 3771 5403 7035 8667 
711 2343 3975 5607 7239 8871 
915 2547 4179 5811 7443 9075 
1119 2751 4383 6015 7647 9279 
1323 2955 4587 6219 7851 9483 
1527 3159 4791 6423 8055 – 

Table 3.20 Scanning Head PSV-I-400  (Scanner) 

Type Servo-controlled galvo 
motor 

Maximum deflection Horizontal: ±20° 
Vertical: ±20° 

Angular resolution < 0.002° 
Point stability < 0.01°/hour (after warm-up)
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Table 3.21 Scanning Head PSV-I-400  (Video Camera) 

Video system CCIR/PAL 
Sensor Color CCD 1/4”, 752 × 582 pixel 
Signal-to-noise ratio > 50dB 
Zoom 72 × (4× digital zoom) 
Lens F 1.4/f =4.1 – 73mm, auto focus, auto iris, 

18-fold 
Angle of view (horizontal) @ wide end:       approx. 48° 

@ max. tele end:   approx. 2.7° 
Minimum stand-off distance @ wide end:       10mm 

@ max. tele end:   800mm 
Minimum illumination 3 Lux (F 1.4) 

Table 3.22 Scanning Head PSV-I-400  (Geometry Scan Unit PSV-A-420 : General Data) 

Laser Laser type Laser diode 
Wavelength 620 – 690nm 
Laser class 2
Laser power < 1mW 
Accuracy of the measurement distance ±2.5mm 
Max. distance between the focal points 
of the two laser beams. 

< 5mm (2 )
It will not be necessarily measured 
in the focal points of the laser 
beam. 

Ambient Conditions Operating temperature +5°C – +40°C (41°F – 104°F) 
Storage Temperature –10°C – +65°C (41°F – 149°F) 
Relative humidity max. 80%, non-condensing 

Housing Dimensions Refer also to FIGURE 7.3 
Weight 0.6Kg 
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Table 3.23 .

Fig.3.10 . ,

Fig.3.11 , Table3.24

.

 Fig.3.9 KCP 

Table 3.23 

Type KR 150-2 
Maximum reach 2,700 mm 
Rated payload 150 kg 
Suppl. Load, arm/link 
arm/rotating col. 

50/100/300 kg 

Suppl. Load, arm + link arm, 
max. 

100 kg 

Maximum total load 550 kg 
Number of axes 6
Mounting position Floor, ceiling 
Variant Cleanroom, Foundry
Positioning repeatability ±0.06 mm 
Controller KR C2 edition2005 
Weight (excluding controller), 
approx. 

1,245 kg 

Temperature during operation +10°C to + 55°C 
Protection classification IP 65 
Robot footprint 1,006 mm × 1,006 

mm 
Connection 7.3 kVA 
Noise level < 75 dB 

Fig.3.10 

This document is provided by JAXA.



16                            宇宙航空研究開発機構研究開発資料　JAXA-RM-10-010

Fig.3.11 

Table 3.24 

Axis data Range 
(software) 

Speed with rated 
payload 150kg 

Axis 1 (A1) ±185° 110°/s 
Axis 2 (A2) 0°/ 146° 110°/s 
Axis 3 (A3) +155°/ 119° 100°/s 
Axis 4 (A4) ±350° 170°/s 
Axis 5 (A5) ±125° 170°/s 
Axis 6 (A6) ±350° 238°/s 
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Fig.3.13 
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Fig.3.16 .
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Fig.4.5 Base Calibration
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