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HD2402 - A.O.R. photo-radiometer / dosimeter V2.0

1 Introduction

HD2402 is a portable datalogger photo-radiometer for the measurement of non-
coherent optical radiations in accordance with 2006/25/CE European di-
rective and legislative decree No 81 of 9 April 2008.

The instrument consists of a series of sensors used to cover the different portions of
the spectrum and of a small LASER used to point the analyzed source.

The different sensors operate in the following spectral ranges:

e Photometric sensor for the measurement of illuminance (luxmeter) in the spec-
tral range 380+780 nm.

e Radiometric sensor for UV band (220+-400 nm) with spectral weight factor S(1).
e Radiometric sensor for UVA band (315+400 nm).

e Radiometric sensor for 400+700 nm (blue) band with spectral weight factor
B(%).

e Radiometric sensor for IR band (700+1300 nm) with spectral weight factor
R(L).

e Thermopile sensor for the measurement of infrared radiance, 4002800 nm
spectral range.

The instrument can be powered through connection to the USB port of a PC, or
through an external power supply unit provided with an USB port (SWDOS5 code). The
CP24H connection cable is provided with an M12 connector on the instrument side
and with an A-type USB connector on the PC side or on the SWDO5 power supply unit
side.

HD2402 can be configured (calendar, date, time, start time and logging time) by
means of DeltaLogl3 software and a PC; additionally, stored data can be down-
loaded and analyzed, and new data can be acquired in real time. Once configured, the
datalogger can be disconnected from the PC and connected to the power supply unit
for data acquisition and storage according to the programmed settings.

The unit is provided with a button for data storage manual start/stop when the unit is
not connected to a PC.

A LED indicator on the back of the unit shows the instrument’s acquisition state.

The legislative decree No 81/08, paragraph 5, establishes the measurement of artifi-
cial optical radiations (AOR) produced by incoherent light and coherent light (LASER).
HD2402 unit can perform characterization of incoherent sources and in this manual,
unless otherwise specified, reference will be made only to this kind of sources.

Attachment No 37 of L.D. 81/08 provides the formulas (Table 1) to determine the bio-
physically-relevant limit values of exposure to optical radiations.
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(@) H, =J JE;‘ (A, 1)- S(A)-dA-dt (H is only relevant in the range 180 to 400 nm)
(b) Hp = I J E, (A 0)-dA.dt (Huva is only relevant in the range 315 to 400 nm)
(c), (d) Ly= JL'A ) - B) - dA (Lg is only relevant in the range 300 to 700 nm)
(e), (f) Ey = | J. E, (A)-B(A)-dA (Eg is only relevant in the range 300 to 700 nm)
(@ to() L= _[L}~ (&) *R(A)- dA (See Table 1.1 for appropriate values of A; and \;)
(m), (n) Eg = JEA(M‘d)\ (Er is only relevant in the range 780 to 3 000 nm)
(0) Hy = I IE;\ (A,0-dA-dt (Hgin is only relevant in the range 380 to 3 000 nm)
Table 1: formulas for the calculation of limit values
Where :
Ex (A,t), Spectral irradiance or spectral power density: the radiant power incident per
Ea unit area upon a surface, expressed in watts per square meter per nanome-
ter [W/(m2 nm)]; E (A,t) and E, values come from measurements or can be
supplied by the manufacturer of the equipment;
Eeff Effective irradiance: calculated irradiance within the UV wavelength range
180 to 400 nm, spectrally weighted by S (A), expressed in watts per square
meter [W/m?];
H Radiant exposure: the time integral of the irradiance, expressed in joule per
square meter [J/m?];
Hesf Effective radiant exposure: spectral weighting by S (A) radiant exposure,
expressed in joule per square meter [J/m?];
Euva Total irradiance (UVA): calculated irradiance within the UVA wavelength
range 315 to 400 nm, expressed in watts per square meter [W/m?];
Huva Radiant exposure: the time and wavelength integral or sum of the irradiance
within the UVA wavelength range 315 to 400 nm, expressed in joule per
square meter [J/m?];
S (N) Spectral weighting taking into account the wavelength dependence of the
health effects of UV radiation on eye and skin [dimensionless];
t, At Time, duration of the exposure, expressed in seconds [s];
A Wavelength, expressed in hanometers [nm];
AN Bandwidth, expressed in nanometers [nm], of calculation or measurement

intervals;
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Spectral radiance of the source, expressed in watts per square meter per
steradian per nanometer [W/(m? sr nm)];

Spectral weighting taking into account the wavelength dependence of the
thermal injury caused to the eye by visible and IRA radiation [dimension-
less];

Effective radiance (thermal injury): calculated radiance spectrally weighted
by R(A), expressed in watts per square meter per steradian per nanometer
[W/(m?sr)];

Spectral weighting taking into account the wavelength dependence of the
photochemical injury caused to the eye by the blue light radiation [dimen-
sionless];

Effective radiance (blue light): calculated radiance spectrally weighted by B
(M), expressed in watts per square meter per steradian [W/(m? sr)];

Effective irradiance (blue light): calculated irradiance spectrally weighted by
B (A), expressed in watts per square meter [W/m?];

Total irradiance (thermal injury): calculated irradiance within the infrared
wavelength range 780 nm to 3 000 nm, expressed in watts per square me-
ter [W/m?];

Total irradiance (visible, IRA and IRB): calculated irradiance within the visi-
ble and infrared wavelength range 380 nm to 3 000 nm, expressed in watts
per square meter [W/m?];

Radiant exposure, the time and wavelength integral or sum of the irradiance
within the visible and infrared wavelength range 380 nm to 3 000 nm, ex-
pressed in joule per square meter [J/m?];

Angular subtense: the angle subtended by an apparent source, as observed
at a point in space, expressed in milliradians (mrad). Apparent source in the
real or virtual object that forms the smallest possible retinal image.

Limits depend on the wavelengths of the analyzed light and on the kind of injury to be
taken into consideration.

Also, the physical quantities of interest (irradiance [W/m?], radiance [W/(m?sr)]) dif-
fer depending on the kind of injury to be taken into consideration.
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2 Technical specificati

V2.0

ons

Illuminance in spectral range 380...780 nm

Measuring ranges

0...399.9 lux

0...3.999° 103 lux
0...39.99° 103 lux
0...399.9° 103 lux

UV irradiance in spectral ran

ge 220...400 nm with weighing factor S(1)

Measuring ranges

0..39.99° 103 W/m?
0..399.9° 103 W/m?
0...3.999 W/m?
0..39.99 W/m?

Ultraviolet irradiance in UVA

spectral range (315...400 nm)

Measuring ranges

0..3.999 W/m?
0...39.99 W/m?
0..399.9 W/m?
0..3.999° 103 W/m?

Irradiance in spectral range

400...700 nm (blue) with weighting factor B(1)

Measuring ranges

0..399.9° 103 W/m?
0..3.999 W/m?
0..39.99 W/m?
0..399.9 W/m?

Infrared irradiance in spectral range 700...1300 nm with weighing factor R(1)

Measuring ranges

0..3.999 W/m?
0...39.99 W/m?
0...399.9 W/m?
0..3.999° 103 W/m?

Infrared irradiance in the spectral range 400...2800 nm

Measuring ranges

0..3.999° 103 W/m?

General characteristics

Power supply

5 Vdc / 1A (mains adapter SWDO05)

Memory capacity

96000 stored data (~26 hours continuous acquisition)

Storage interval

Fixed 1 second

Connection to PC

To an USB port through CP24H adapter cable

Operating conditions

-5...50 °C / 0...85% RH no condensation

Storage temperature

-25...65 °C

Dimensions

76 x 76 x 163 mm with protection sleeve

Weight

500 g approx.

Materials

Aluminium alloy / rubber protection sleeve
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3 Description

Page 7 of 56



HD2402 - A.O.R. photo-radiometer / dosimeter V2.0

FRONT

1. LASER LED

2. Radiometric sensor for the measurement of UV band (220400 nm)

3. Radiometric sensor for the measurement of NIR band (700+1300 nm)

4. Not used

5. Radiometric sensor for the measurement of UVA band (315+400 nm)

6. Photometric sensor for the measurement of visible radiation (Luxmeter)
7. Radiometric sensor for the measurement of BLUE band (400+-600 nm)

8. Not used

9. Thermopile sensor for the measurement of NIR-FIR band (400+-2800 nm)

BACK AND SIDE

10.

11.

12.

13.

14.

Push-button for the LASER diode pointer activation and for the instrument
control when this is not connected to a PC

LED indicator: displays the instrument status
Handle
M12 connector for the instrument connection to a PC or to a power supply unit

Connection for fixing the instrument to the tripod

ATTENTION'!

WHEN SWITCHING ON THE LASER, DO NOT EXPOSE EYES OR
SKIN TO THE LASER DIRECT RADIATION.

WHEN THE LASER IS SWITCHED ON, MAKE SURE THAT NO ONE
CROSSES INADVERTEDLY THE LASER BEAM
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4 Radiometry overview

The foregoing exposition is far from being exhaustive, but will be useful to make the
HD2402 unit operation known and to understand the approximations made by the in-
strument for the calculation of the various radiometric quantities requested by L.D. No
81/08.

4.1 Irradiance

Irradiance Ei at a point of a surface is defined as the density of energetic flux d@;that
flows through the unit area dA (Figure 1):

_ doi

E.

Figure 1: irradiance

The irradiance measurement unit is [W/m?]; when calculated at different wavelengths,
we have spectral irradiance [W/(m?2 nm)].

From the definition of irradiance, we obtain some properties useful for understanding
the light behavior:

1. We have maximum irradiance on a surface when the incident light beam is
perpendicular to the surface and decreases with the incident angle according to
the cosine formula (Law of Cosine):

I

E =E, ,-cos@)
where:

Ei is the irradiance on the surface taken into consideration,
Ei—ois the irradiance when the surface is perpendicular to the flux,
0 is the angle between the surface and the flux direction.

2. As to a point light source (or to be considered as such) that radiates light uni-

formly in all directions (isotrope), the irradiance produced on a surface de-
creases with the square of the distance.
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4.2 Radiance

Radiance L; at a point of a surface is defined as the energetic flux d?®; that flows
through a surface dA per unit solid angle dQ (Figure 2):
d’o
I dA-dQ

Figure 2: radiance

The radiance measurement unit is [W/(m? sr)]; when calculated at different wave-
lengths, we obtain the spectral radiance [W/(m?nm sr)].

A solid angle is the angle subtended at a point P by a closed surface A. It is calculated
as the relation between the surface projected on a sphere of radius R with center in P
and R?. The measurement unit of a solid angle is the steradian [sr] and its value
ranges between 0 and 4.

Radiance and irradiance are two different quantities. Radiance describes the angular
distribution of radiation while irradiance integrates radiance in all directions. The pri-
mary relation linking irradiance to radiance is:

E, = ILi (6,4)-cos(0)dw
Q

If radiance is uniform, then the term L(0,4) can be taken out from the integral and the
expression is simplified as follows:

E. =L, I cos(@)dw =L, -F
Q

Where F depends only on geometry.

In these particular conditions, the radiance value can be obtained from that of the ir-
radiance: hence, the formula will be:

Remark: for small angles, F is actually the solid angle under which the observer
source is seen.

By using this reduction, the instrument allows to calculate the radiance of the irradi-
ance measured values.
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Similar definitions apply to photometry where irradiance will be replaced by illumi-
nance (lux) and radiance by luminance [cd/m?].

More generally, the link between any spectral radiometric quantity GR(4) and the cor-
responding photometric quantity GF is given by the following formula:

780
GF = 683. j GR(2) - V(A)dA
380

where:

V(1) is the photopic vision curve (Figure 3), 380nm and 780nm are the integration ex-
tremes, out of these extremes V(1)=0.

1.0
0.9 /! N

08 / b\
07 \
06
05
0.4

0.3 / \
0.2 \
0.1

0.0
380 480 580 680 780

Figure 3: luminous efficacy curve for the photopic vision
The photopic vision curve represents the luminous efficacy of the human eye under

daylight conditions (in lowlight conditions, the response curve of the human eye
changes, and we talk about a scotopic vision).
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5 Operating principle

6 sensors are used for the measurement of optic radiations. Each sensor covers a giv-
en spectral range and measurements in conformity with L.D. 81/08 can be performed
through the combination of signals coming from several sensors. The sensors used are
photodiodes, except for channel 9 that utilizes a thermopile sensor.

The instrument is provided with a pointing LASER to indicate to the user the area out-
lined by the instrument. The LASER is switched on by means of the button on the rear
of the instrument. By pressing the button, the LASER is switched on for 10 seconds.

HD2402 is powered through the USB cable, when it is connected to a PC. The red indi-
cator on the back of the instrument shows that the instrument is properly powered.

Table 2 lists all channels available in the instrument with their spectral range and cor-
responding spectral weighting curve (V[L], S[A], B[1], R[A]), implemented through the
use of appropriate filters.

Channel Measure quantity Spect|:al range a|_1d corre- Sensor type
sponding weighting curve

6 Illuminance [Lux] 380nm-+780nm; V[A] Photodiode + Filter
2 Irradiance [W/m?] 220nm-+400nm; S[A] Photodiode + Filter
5 Irradiance [W/m?] 315nm-+400nm; UVA Photodiode + Filter
7 Irradiance [W/m?] 400nm+600nm; B[] Photodiode + Filter
3 Irradiance [W/m?] 660nmM+1300nm; R[A] Photodiode + Filter
9 Irradiance [W/m?] 400nm+3000nm Thermopile

Table 2: measurement channels available in the instrument

Processing of the sensor output signal is handled independently for each channel and
in different modes.

Transimpedance amplifiers are used for channels 3, 5 and 6. Signal is acquired 1000
times per second. Both the average value per second and the peak signal of the 1000
samples acquired is displayed by the software. The amplifiers have 4 scales each, that
are independent of the other. Scale change is automatic or manual.

Channels 2 and 7 use a charge integrator. The integration time depends on the re-
quired sensitivity, ranging from 1 ms in the low sensitivity scale to 1 second in the full
sensitivity scale (there are 4 scales, that are independent for the two channels). Also
in this case, the instrument displays the mean value per second and the peak signal of
the acquired samples (in the full sensitivity scale, when the integration time is 1 sec-
ond, mean value and peak value coincide). The scale change is automatic or manual.

Channel 9 is a power amplifier. There is only 1 scale. In this case, only the mean val-
ue is displayed, since the response time of the sensor is about 9 seconds.

Table 3 shows the full scale values available for each channel:

Channel Meas. unit Full scale 1 Full scale 2 Full scale 3 Full scale 4
6 Lux 399.9 3.999°103 39.99°103 399.9°103
2 W/m?2 39.99°103 399.9°103 3.999 39.99
5 W/m? 3.999 39.99 399.9 3.999°103
7 W/m?2 399.9°103 3.999 39.99 399.9
3 W/m? 3.999 39.99 399.9 3.999°103
9 W/m?2 3.999°103

Table 3: scales available for each of the instrument’s channels
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V2.0

Lambda (hm)
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Figure 4: Spectral weighting curve S(1) (wavelengths below 200nm are not taken

into consideration, as highly absorbed in air)
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Figure 5: Spectral weighting curve R(1)
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Figure 6: Spectral weighting curve B(1)
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V2.0

Table 4 shows the 15 limit values to be calculated according to attachment 37 of L.D.

81/08.

Index Wavelength nm Exposure limit value Units Comment Part of the body Hazard
a, 180-400 Hei = 30 ) m?] eye cornea photokeratitis
(UVA, UVB and UVQ) Daily value 8 hours conjunctiva conjunctivitis
lens cataractogenesis
skin erythema
clastosis
skin cancer
b. 315-400 Hyva = 10* [ m? eye lens cataractogenesis
(UVA) Daily value 8 hours
. 300-700 L 10¢ Ly :[W m2 sr'] for a > 11 mrad
(Blue light) see note 1 BT t: [seconds]
for t < 10 000 s
d. 300-700 Ly = 100 W m? sr]
(Blue light) for t > 10 000 s
see note 1
eye retina photoretinitis
e 300-700 By = 100 Eg: [W m?] for a < 11 mrad
= —
(Blue light) t t: [seconds] see note 2
for t < 10000 s
see note 1
f. 300-700 Ey = 0,01 W m?]
(Blue light) t>10 000 s
see note 1
g 380-1 400 pe 28107 W m? srl] C,= 1,7 for
(Visible and IRA) * Ca a < 1,7 mrad
fort>10 s C, = afor
1,7 < a < 100 mrad
C, =100 fc
h. 380-1 400 LW m? sr] ‘ o 00 mad
5 2
(Visible and IRA) t: [seconds] ¢ e eye retina retinal burn
A= 380; ;= 1 400
for l0ps<t<10s
i 380-1 400 L _889-10* [W m? sr1]
(Visible and IRA) A
for t <10 ps
j. 780-1 400 6-10° W m? sr'] C,= 11 for
(IRA) " Ca a < 11 mrad
fort>10s C, =afor
115 a < 100 mrad
2 % C, = 100 for
k. 780-1 400 510 L [W m? srt)
L =5 a > 100 mrad : g
(IRA) Cat®® t: [seconds] eye retina retinal burn
for 0us<t<10s (measurement field-of-view:
WSS S0 11 mrad)
\;= 780; \,= 1 400
1 780-1 400 L 889 10% (W m?sr']
(IRA) A
for t < 10 ps
m. 780-3 000 Eg = 18 000 t975 E (W m?]
(IRA and IRB) for t<1000s t: [seconds]
eye cornea corneal burn
ICI’]S calaracmgenesix
n 780-3 000 Eg = 100 W m?]
(IRA and IRB) fort>1000s
0. 380-3 000 Hygo = 20 000 2 H: [] m?) skin burn
(Visible, IRA fort<10s t: [seconds]
and IRB)

Table 4: exposure limit values for non-coherent radiations

Page 14 of 56



HD2402 - A.O.R. photo-radiometer / dosimeter V2.0

Different limits correspond to different spectral intervals. Some spectral bands coin-
cide with the spectral response of the utilized sensors, while other sensors need to
properly combine several channels. The table shows how HD2402 channels are com-
bined to obtain 13 of the requested 15 limits. Limits e, f are beyond the measure-
ments achievable with the instrument and, on the other hand, are applied to particu-

lar sources (typically, ophthalmology instruments).

Limit Nominal Effective Channels
spectral range spectral range
a 180 nm+400 nm 220nm-+400nm f (ch2, ch5)
b 315 nm+400 nm 315nm+400nm ch5
c, d 300 nm+=700 nm 315nm-+700nm f (ch5, ch6, ch?7)
g, h,i | 380 nm+=1400 nm | 380nm-=+1400nm f (ch3, ch6, ch7)
i Kk, | 780 nm+1400 nm | 700nm+1400nm ch3
m, n 780 nm+3000 nm | 400nm+3000nm ch9
o] 400 nm=+3000 nm | 400nm-+3000nm ch9

Table 5: calculation of a-o limits from channels available in the instrument

The quantity measured is always irradiance (or illuminance for what concerns channel
0), while limits ¢ to I are calculated from the radiance value. As illustrated in chapter
4 (“Radiometry overview”), the two quantities are related and radiance can be ob-
tained from irradiance (assuming that radiance is constant), provided that the geo-
metric parameters of the measured source are known.

The details of the calculation will be shown in the software description. Even in case
the geometric parameters of the source are not known, it is anyway possible to esti-
mate the requested quantities.
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6 Installation

The CP24H cable is used both for connection to the external SWDO5 power supply
unit and for connection to a PC; in this case, it is directly powered by the USB port of
the PC.

The instrument takes about 15 seconds to be operative after connecting to a PC or to
the power supply unit. During this period, The LED on the back of the instrument
blinks once per second. When the Led starts blinking once every three seconds, the
instrument is operating.

The instrument is provided with an internal rechargeable battery allowing operation of
the internal clock even in the absence of an external power supply. The battery is re-
charged when the instrument is powered. In the absence of an external power supply,
the battery autonomy is about two months. If the instrument is not connected to a
power supply unit or to a PC for more than two months, date and time are cleared and
will have to be set again by means of DeltaLog13 software.

During measurements, the instrument must be fixed to the tripod VTRAP30 by
means of the fitting on the instrument side, so as to obtain a better precision and sta-
bility in pointing towards the optical radiation source.

In order to perform the measurements, remove the rubber cap protecting the sensors.

To direct the instrument with better accuracy towards the radiation source, turn on
the LASER by pressing the button on the rear.

6.1 Connection to a PC

PC-connection operations, setting of operation parameters, measurement setting, da-
ta transfer, graphic display and print of acquired or stored measurements can be
managed thanks to the DeltaLog13 software, downloadable from the website.

The instrument is connected to a USB port of a PC through the CP24H cable. The USB
connection doesn’t require the installation of drivers: when the instrument is connect-
ed to the PC, Windows® operating system automatically recognizes the instrument as
an HID (Human Interface Device) device and uses the drivers already included in the
operating system.
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7 Operation

The instrument has two operating modes:

Instrument connected to the USB port of the PC and managed through the
Deltalog13 software

The instrument is powered through the USB port of the PC.

A short blink every 3 seconds of the rear LED indicates that the instrument is properly
powered.

In order to use the DeltalLogl3 software, the supplied CH20-ROA software
key must be introduced in a second USB port of the PC.

The instrument connected to the PC is automatically recognized by the software.

After the software startup, the PC monitor shows all measurements in real time.

Project

Open  StartPClog StartLogging Dump LOG | Instrument Setup

Caleulator

& Deltalog13 [E=1 EoB ()
File Tools View Help
3.0 6 & & & . S o9

Refresh Help Ewat

Tree view of the directory

3

DL13_HD2402
Logging

. Monitor
Projects

. Reports

»

Name

. Logaing
Monitor
Projects

. Reports

Dimensions  Type
Cartella di file
Cartella di file
Cartella di file
Cartella di file

Date last modified
09/12/2010 14:45:37
09/12/2010 18:02:32
09/12/201017:37:20
09/12/2010 14:45:37

Description of selected file I

2010/12/10 10.42.19

Mod: HD2402
SN: 100904
User ID: DELTA OHM

f(ch2,ch5) 180-400 (UV) [ mW/m? ]
(| N [
L | I

ch5 315-400 (UVA) [ W/m? ]

chb Luxmeter [ Lux]

f(ch7,ch3) 380-1400 (Vis. + IR) [ mW/m? ]

chE Luzmeter

ch3 780-1400 (IR) [ W/m* ]
]
[ 8

ch9 380-3000 (Pyra) [ W/m® ]

f(ch5,ch7) 300-700 (Blue) [ mW/m® ]

5 YRR
R

| LOGDIL | 00:00:00

10017392 Delta Ohm USBXpress Device | CH20-ROA SN: 1291408004 \ PCLOG | LOG

The values displayed concern the spectral intervals requested in Attachment 37, para-
graph 5 of chapter 8 of L.D. 81/08. Besides, all the commands needed to start the
measurement campaign are available in the window (see page 19).

The following functions are available in the command bar, located at the top of the
program window (you will find more details on the use of these commands in the on-
line help of DeltaLog13 software):

Project icon: by selecting the icon a new project can be created (option New Project)
or an existing one can be opened (option Open Project).

Open... icon: allows opening data files or reports regarding measurements that have

already been performed or saved in the folders Logging and Reports in the predefined
folder (preset in C:\DL13_HD2402 but user changeable).
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Start PC Log icon: starts manually logging measurements that will be directly saved
in the PC. After starting logging, the icon changes in Stop PC Log, allowing stopping
logging when desired.

Start Logging icon: starts manually logging measurements that will be saved in the
internal memory of the instrument. After starting logging, the icon changes in Stop
Logging, allowing stopping logging when desired.

Dump LOG icon: allows downloading in the PC measurements saved in the internal
memory of the instrument.
Instrument setup icon: allows performing the following settings:

Start time and duration of a programmed logging;

Full scale of the measurement range for each channel of the instrument;
Internal clock;

Identification code of the instrument.

O O O O

Calculator icon: allows calculating the risk index by manually entering the irradiance
data.

Instrument not connected to a PC and powered through an external power
supply unit.

In this mode, the instrument can be programmed through the DeltalLogl3 software
and can perform an acquisition with programmed startup and preset time interval, or
can be controlled by means of the rear button.

The LED blinks every 3 seconds until acquisition is started and will blink once per sec-
ond since acquisition startup.

To start and stop logging by means of the rear button, proceed as follows:

Logging startup
1 keep the button depressed for at least three seconds;

2 the LED indicator will start blinking twice per second;
3 keep the button depressed for other two seconds;
4 if the measurement is in process, the LED blinks shortly every second.

Logging stop

1 keep the button depressed for at least three seconds;
2 the LED indicator will start blinking twice per second;
3 keep the button depressed for other two seconds;

4 if the measurement was stopped, the LED blinks shortly every 3 seconds.

Memory capacity

The instrument saves data every second. Up to 96000 samples can be stored, that are
equivalent to 26 hours of continuous acquisition. Memory is cyclic, so data are over-
written starting from the older sample, once the available space is depleted.
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8 Management of a measurement campaign with DeltalLogl13

The chapter describes all steps needed to perform a measurement campaign, with the
purpose of evaluating and analyzing one or more sources and positions in the same
place.

A measurement campaign is carried out through the following steps:
1. Setting measurement scales for the different channels;
2. Setting mode and duration of the measurement log;
3. Measurement log;
4

Download to a PC of the acquired measures, if these were stored in the internal
memory of the instrument.

5. Analysis of data and issue of evaluation report.

8.1 Setting measurement scales

Before every reading it is of the utmost importance to check that the proper meas-
urement ranges are set in the instrument. If the set measurement range is too small,
measurements can be beyond full scale, thus not allowing a proper evaluation of the
readings.

4 measurement scales are available for all the channels, except for channel 9, that
has only one measurement scale (Table 3 at page 12).

In order to set measurement ranges, connect the instrument to a PC, start Del-
taLogl3 and wait for the automatic identification of the instrument. Select the Instru-
ment Setup icon and then the Input setting item. The following window will appear:

9 W
Help Exit
2010/12/1013.35.25 Full Scale
Measurement Peak Setting Current 0vf
ch2 UV 0,04 005 wwiw | — ([ (Ao o DD A O
ch3 IR 083 0836 we |0 Belan DD A 2
chS UVA 0,061 0,062 w500 D [auto | o DD A O
ch6 Lux 2136 2138 w00 [Amelypil= =
ch7 Blu 1.706 1.750 wee |00 [mme]oplla 0
ch9 Pyra G W/ [ deoby | | Resst |

The following values are displayed for each measurement channel, except for channel
9: measured value (mean value per second), peak value (per second), preset meas-
urement scale and current scale, that is the scale in use at the moment of the last ac-
quisition.

The preset scale is in light blue color. All scales are factory preset to AUTO (automat-
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ic). Scales for each channel can be set manually, by mouse-clicking on the desired
scale (the smallest bar indicates the full sensitivity scale).

In case of doubt, it is advisable to select the AUTO setting, leaving the instrument the
most appropriate choice to use.

Once a new scale is set, the Apply key must be pressed to activate the change. When
pressing the Apply key, the setting of inputs is saved in the instrument and will re-
main active even if the instrument is subsequently disconnected.

If a channel measurement is beyond full scale, the corresponding indicator in the col-
umn Ovf will appear in red color.

8.2 Logging mode

It is possible to select if to directly log measurements in a PC or in the external
memory of the instrument.

PC data logging can only be started manually by selecting the Start PC Log icon.

3. &% d ¢ & . B

' Start Logging Dump LOG | Instrument Setup Calculator

Project Open

-

In this case, the instrument will necessarily have to remain connected to the PC dur-
ing data logging. After logging startup, the Start PC Log icon is replaced by the Stop
PC Log icon. To stop logging, select the Stop PC Log icon. Data are saved in the Moni-
tor folder in the predefined folder; the file will be identified by the logging start/stop
time.

Data logging in the instrument memory can be started in a programmed way or man-
ually. To set the programmed log, select the Instrument setup icon and then the Log-
ging setting item. The following window will appear:

2| Auto-Start Logging (=3

|| Auto-Start enable

DDMMAY hh.mm.ss
PC Clock: 2010412410 13:49:48
Auto-Start Logging  10/12/10 13:49:44

Date-Time of the Auto-Start Logging must be
' areater than at least 20 minutes compared to the
/[ o current date-time.

Duration of Logging [ hh:mmiss | 00:00:00 ¥

Select the Auto-Start enable box, set logging start date/time in the Auto-Start Log-
ging line (start time must be subsequent to the current time indicated in the PC Clock
line by at least 20 minutes), set log duration in the Duration of Logging field
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(hh:mm:ss). Select the Apply key to save the instrument settings, logging will auto-
matically start at the set date/time. The instrument can also be disconnected from the
PC and connected to the power supply unit. The rear LED blinks every 3 seconds until
acquisition is started; the Led will start blinking once per second from the moment ac-
quisition is started.

Manual logging in the instrument memory is started by selecting the Start Logging
icon (or in alternative by pressing the rear button for 5 seconds).

JECE AR )

Project Open | Start PC Log

Dump LOG | Instrument Setup Calculator

After logging startup, the Start Logging icon is replaced by the Stop Logging icon. To
manually stop logging, select the Stop Logging icon (or alternatively press the rear
button for 5 seconds). Data are saved in the Monitor folder in the predefined folder;
the file will be identified by the logging start/stop time

Logging can be manually started and automatically stopped by setting the Duration of
Logging field (hh:mm:ss) in the Auto-Start Logging window. In this case, the Auto-
start enable box must not be selected.

Note: before starting logging, make sure that the instrument date/time are correct, by
selecting the Instrument Setup icon and then the Clock Setting item.

8.3 Download of the measurements stored in PC

If data have been logged in the instrument internal memory, they must be download-
ed to a PC for analysis.

Connect the instrument to a PC, start DeltaLog13 and wait for automatic detection of
the instrument. Select the Dump LOG icon.

3 ¢ & o

Project Open | Start PC Log Start Logging

Instrument Setup Calculator

A list of the files stored in the instrument memory will appear.

7 List of Files o (==

¥ & & x4 3

Selectall Deselectall | Dump LOG | Clear memaory instrument Exit
Start Date/Time End Date/Time Number of Pages Path of downloaded files

W 2010/11/3009.40.26 2010/11/3009.40.33 0002

[ 2010/11/3009.45.47 2010/11/3009.46.47 0006

[Tl 2010/11/3009.47.32 2010/11/30 09.49.01 0oos

The start/stop time for each log is displayed. Select logs to be downloaded and press
the Dump LOG icon. Data are saved in the Logging folder, in the predefined folder;
files will be identified by the logging start/stop time.

Please refer to the software online help for details on the functions available in the
window containing the log list.
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8.4 Data analysis and evaluation report

Select the Project icon and then the New project item for the analysis of the data de-
tected by the instrument.

30 @ & & & .

Project | Open | StartPCLlog StartLogging Dump LOG  Instrument Setup Calculator

_‘j New Project(‘ 3 |30t0'}' 3 Mame Dimenszions
t

) Open Projec -~ Logging

The program asks for a name to assign to the project file and the path where to save
it; enter the requested info and press Save, the project window will open.

&' Analysis of Non-Coherent Artificial Optical Radiations = |[E =3
] X o {1l
‘ : "“.;“\ﬁ‘ v:] @E‘;ﬂi
Praject | Client Personal Data  Report Author F’ersonalDatal
=] My Projectprg
V149 Personal data Select a Client I’“" New Client = VI
#-E] Cover
Company
Address

The data concerning the customer and the author of data evaluation can be entered in

the right panel of the window. As for the management of anagraphic data, see the
software manual.

In the left panel of the window, select the name of the project, press the right key of
your mouse and select New Source.

&' Analysis of Non-Coherent Artificial Optical Radiations

ﬂ ’

E=3|Eol )

Q- | W @3

Project List of Sources
E @J@@ = \) New Source |Flace  Location Comment N. Measures Done  N. Measures Report
J|
[ IZINEI C'G ete Source

MNew Measurement

Delete Measurement

The program asks to enter a description of the source and the place where it is posi-
tioned, enter the requested info and press OK, the entered data appear in the right
panel. In the left panel, the source appears among the project items.

& Analysis of Non-Coherent Artificial Optical Radiations F=3 o8 ™<=

H Q-5 Q
Project List of Sources

ERWAE J My Project prg a

Source  Place  Location Comment N Measures Done  N. Measures Report
148 Personal data . .
w-WE] Cover 1 RUEIN: Office Desk 2 - 0 0
1) 51:wal Light
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The right panel contains two additional columns: N. Measures Done (number of
measures performed on the source) and N. Measures Report (number of measures
used to prepare the evaluation report). The column content is void for the moment
and will be updated afterward, when some measurements will be associated to the
source.

Proceed the same way to add other sources to the project.

&' Analysis of Non-Coherent Artificial Optical Radiations

H B Q-5

[ol[E =

W @53

Project List of Sources
= lz' 3 My_Projectprg 3 Source Place Location Comment N. Measures Done  N. Measures Report

- [Z1E8 Personal data : =
: M ;l Cover 1 Wall Light Office Desk 2 - 0 0

[ 51:wall Light 2 | CelingLamp = Office Desk 1 - 0 0

[ 52 Ceiing Lamp . .

3 L L& Off Back Off - 0 0
[J'¢ 53 Halogen Lamp e it ] = =

At this point, the detected measures can be associated to each source. Select a source
and press the right key of your mouse, then select New Measurement and after that
one of the following options:

e From File: to analyze data already logged and saved in a PC;

e From Instrument: to acquire and analyze a new series of measurements in real

time.
& Analysis of Non-Coherent Artificial Optical Radliations (ol &=
H E Q- W @53

Project List of Sources
= ég’—g;‘:zcnt;'gata s Source Place Location Comment N. Measures Done N Measures Report
- ZIE] Cover 1 Wall Light Office Desk 2 0 0
E j 52: Cailing - ewSource ?Ce esk 1. : -
(] 53 Halogd ‘@  Delete Source ice Back Office - 0 ]
:] New Measurement » M\LF' From File ‘
Delete Measurement & FromInstrument
1

If the From File option has been selected, a window will appear where to search for
the log file; select the desired file and press Open.

After choosing the data origin, by selecting a measurement file associated to a source,
the following window will appear.
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& Analysis of Non-Coherent Artificial Optical Radiations (o= ==
s - . ; : A
H ’ D (o ‘ Start 2010/11/2913.43.04 ‘ Duraion  00:00.01 Analyzing Source M1-51 \iﬁ (?)] L‘@i
Project Lus/Lum | a 190-400] b. 315400 | c.d. 300700 | ghi 380-1400| k. 780-1400 | m.no. 3803000] Notes || Repott =
=[] @ My_Project.prg -
WM& Personal data Indexes Measured Parameter Maximum Permitted Exp
#-[Z]E] Cover 7 Iradiance [Ww/n? | = 25,90E-6
52 $1: WallLight = a. 180-400 Daose [J/n? ]=2590E6 Time Limit [ hhemm:ss | =
[E8E | #1-51: File 2010-11-23 13.43.04 201011
- [Z| 4 §2: Ceiling Lamp v Iradiance ['W/m?]=59,00E-3
2] M1-52 File 2010-11-30 09.40.26 2010-11 b. 315-400 Dase [J/n? | =53,00E-3 Time Limit [ hhirnm:ss ] = | _
12 M2:52: File 20101209 18.04.25 201012 ~ 7
< m » v
- c.d. 300-700 LB =2,352E+0 [W/(résr)] Time Limit [sec] = > 2
M1-51: File 2010-11-2913.43.04 2010-11-23 13.4355.5°
Model: HD2402 5/N: 100304 7
CH20-R04 S/N: 1291408004 & g.h.i. 380-1400 LR = 24 53E+0 [w!/(rfsr)] Time Limit [sec] = >
Firmware Version: V1R12010/11/26 a
Calibration date 2010/11/26 v LT o
Conformity n° 123456783 I-k.L 2 LR =1.267E+0 [w/(mfsr)] Time Limit [sec] = >
User Code: DELTA OHM 0 ; Cowii winee ananein o
< m » < e »
S G ic Parameters M1-51 - ﬂ M ji + M1-S1: File 2010-11-29 13.43.04 2010-11-29 13.43.55.513
R — Lus/Lum a. 180-400 b. 315-400 c.d. 300700 a -
0 L [Lux] [wine] [w/ne] [w/né] [
2010/11/2313.43.04 232440 25.90E-6 53,00E-3 1,770E+0
Geometric data not available d1 [m] 1 2010/11/2313.43.05 2324E+0 25 30E-6 59, 00E-3 1.770E+0
Alpha d2 [m] 1 2010/11/2313.4306 232 4E+0 25,30E-6 59,00E-3 1.770E+0
Ormega Soid Angle [s1] R [m] 1 2010/11/2913.43.07  2324E+0 25,90E-6 59,00E-3 1,770E+0
. ) ) 2010/11/2913.43.08  232,3E+0 25,30E-6 59,00E-3 1,770E+0
@ Side d1 [m] - Side d2 [m] - Distance R [m]
» 2010/11/2313.4303 2323640 25.90E-6 59,00E-3 1,770E40
DI P ) 2010/11/29134310 2323640 25,30E-6 59.00E-3 1,770E+0
V| Alpha Omega rigorous calculation - 2010/11/239134311  2323E+0 35.90E-6 53,00E-3 1,770E+0 -
< m » < m »

The window is divided into five panels:

e The panel with the project components (in the upper left side), where the log
file is now present.

e The panel with the selected file information (placed below the panel of the pro-
ject components).

e The panel where the geometric parameters of the analyzed source must be en-
tered (in the lower left side).

¢ Right lower panel, containing the list of the logged measurements if the option
From File was selected, or the fields where the measurements detected by the
instrument are displayed, if the option From Instrument was selected.

¢ Right upper panel, containing the risk indexes evaluation results.

If the option From Instrument was selected as the data origin, select the Start icon
(green arrow) to start logging, the right lower panel will display measurements in real
time. To stop acquisition, select the Stop icon (red square), the lower right panel of
the project window will show the list of the acquired measurements. Measurements
are saved in a file in the Monitor folder; the file will appear among the items of the
project in the left upper panel.

The results of the evaluation that are displayed in the right upper panel refer
only to the measurements selected in the list and not to all the listed meas-
urements.

It is possible to keep memory of the selection saving it in the project, by pressing the
Save icon. After the saving, the selection will appear with a gold background. Only the
measurements with a gold background will be considered in the final evaluation re-
port.
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The evaluation can be performed using several consecutive measurements, selecting
them by means of the SHIFT key on the PC keyboard (select the first measurement of
the series, then keep the SHIFT key depressed and select the last measurement of the
series), and pressing the Save icon.

If you wish to perform the evaluation keeping into consideration all the measurements
in the file, select the Select All icon and then the Save icon to save the selection in the
project.

3 Geometric P ters M1-51 = a\ ~  M1-51: File 2010-11-29 13.43.04 2010-11-29 13.43.55.513
N Lus/Lum a 180-400 b. 315400 c.d. 300-700

[Lux] [ 2] [ AmE] [\ /r]
2010/11/2313.43.04 232.4E+0 1,770E+0
() Geometiic data not avallable dt [m] 1 2010/11/29134305  2324E+0 1,770E+0
©) Alpha d2 [m] 1 s 2010/11/29134306  232.4E+0 1,770E+0

© Omege Soid Ange [s1] R [l 1 2010/11/29134307  2324E+0 1.770E40
2010/11/29134308  232.36+0 1770640
2010/11/29134309  232,3E+0 1770640
gl 6 2010/11/2313.4310 2323640 1770640
B Alpha Omega rigorous calculation Ml 7 2010/11/23134311 2323640 1,70+

@ Side d1 [m] - Side d2 [m] - Distance R [m]

() Diameter d [m] - Distance R [m]

The same file can be associated to a source more than once, so as to be able to per-
form the analysis with different geometric parameters or with a different selection of
measurements.

Selecting the Display Report icon, the evaluation report can be displayed and subse-
quently printed or exported in different formats. The various sources and logs can be
included or excluded from the report by simply selecting or deselecting the corre-
sponding boxes in the left upper panel, that displays the items of the project.

To save the project, select the Save icon on top of the project window. The geometric
parameters, all measurement data and the measurement selection for each data file
associated to the project are also saved in the project file.

To remove sources or records from the project, select them in the left upper panel
and press the right key of your mouse, then select Delete Source or Delete Measure-
ment.

Details concerning the setting of geometrical parameters and calculation of exposure
limit values requested by the L.D. 81/08 and specified in the tables in the right upper
panel are explained below.
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8.4.1 Geometrical parameters

The instrument measures irradiance, while radiance value must be known for calculat-
ing some exposure limit values (ELV). If geometric parameters are known, both quan-
tities can be calculated (the solid angle subtended from source to sensor must be
known) through calculation of the geometric parameter F.

The expected geometries are 5:

O

Geometric data not available: the event is contemplated, where no indication
can be provided on the source geometry. In this case, data supplied by the
software will be less complete, details are specified in the following paragraphs
illustrating ELV calculation.

Alpha [deg]: the user supplies the source angular dimension in degrees.

Omega Solid Angle [sr]: the user supplies the solid angle under which the
source is seen by the measurement device (the measurement unit is the stera-
dian).

Side d1 [m] - Side d2 [m] - Distance R [m]: assuming that the source has a
rectangular shape whose side lengths are d1 and d2 at R distance from the
measuring device (where the three quantities are expressed in meters), the
software provides for the calculation of the angle (alpha) and of the solid angle
(omega) subtended from the source to the measuring device. Calculation can
be correctly performed by selecting the Alpha Omega rigorous calculation box
or in an approximate way. In this mode, the angles subtended by the two sides
of the rectangle are calculated with the formula:

dl d2
a, = ?[rad] a, = ?[rad]
Diameter d [m] - Distance R [m]: assuming that the source has a circular
shape with diameter d and is at R distance from the measuring device (both
measurements are expressed in meters) the software provides for the calcula-
tion of the angle (alpha) and of the solid angle (omega) subtended from the
source to the measuring device. Calculation can be correctly performed by se-
lecting the Alpha Omega rigorous calculation calculated with the formula or in
an approximate way. In this mode, the angle subtended from the source with
respect to the measuring device is calculated with the formula:

I d
o —?[I’a ]

Once the solid angle is known, the radiance Li [W/(m?2sr)] is given by the formula:

Where:
Ei is the irradiance measured in W/m?;

F is the geometric parameter in steradians, as described at paragraph at page 10.

If the non rigorous calculation option (suitable for small angles) was selected, F=Q in
all the mentioned cases.
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8.4.2 Luxmeter table

The values measured by the luxmeter are displayed in the Luxmeter table.

LugfLum 2 180-400| b 315400 | c.d 300700 ghi 3801400 | k. 7801400 | mruo. 380-3000 | Motes | Report|

Input data Luminance L [cd/m?]
llluminance [ Lux ] 1.000E+0 L 1.329E+0
Alpha [deq] 53.13E+0 L & 100 mrad
Alpha [rad] 927.3E-3 L @ 11 mrad
Omega [sr] 805.4E-3

| Include in Report

The data displayed in the table are:

Note:

Illuminance value in Lux (if a single sample is considered, the value corre-
sponds to the instant value or, if several samples are taken into consideration,
it corresponds to the mean value).

Alpha angle in degrees, it is the angle under which the analyzed source is seen.

Alpha angle in radiants, equal to the above mentioned angle, but expressed in
radiants.

Omega solid angle in steradians, a solid angle under which the analyzed source
is seen. This angle is used for the calculation of luminance.

Luminance calculated starting from geometric parameters, if available.

The luminance value for the analyzed source is obtained by dividing illuminance
by factor F calculated from geometric data. In case of measurements regarding
ordinary illumination light (white light), if the calculated value is below 10000
cd/m?, additional verifications are not necessary, and the source is considered
safe (“A Non-Binding Guide to the Artificial Optical Radiation Directive
2006/25/EC” page 74).

Luminance calculated considering 100 mrad angular aperture.
Luminance calculated considering 11 mrad angular aperture.

the two last luminance values are supplied in case geometric parameters are

not available or in case Alpha angle obtained from geometric parameters is below
100mrad.

If the Include in Report box is selected, the data in the table will be included in the fi-
nal report.
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8.4.3 Table a. 180-400

Table a. 180-400 describes the exposure limit for parameter “a”.

Lug/Lum |[ 2 180400 b 315400 c.d 300700 | ghi 3801400 | ikl 7801400 | mn.o 3803000 | Notes | Repor |

Input data Reszult
Imadiance [ W/m® ] 1.000E+0 Time Limit [ hh:mm:ss ]
Doze [ J/m? ] 1.000E+0 00:00:30

| Include in Report

The displayed data are:

e Effective irradiance value Ees [W/m?] (corresponds to the instant value if a sin-
gle sample is considered, or to the mean value if several samples are consid-
ered).

e Effective dose value Herr [J/m?] regarding the considered samples.

e Time in hours/minutes/seconds for exceeding 30 Je/m? maximum daily dose
calculated starting from the irradiance mean value.

If the Include in Report box is selected, the data in the table will be included in the fi-
nal report.

8.4.4 Table b. 315-400
Table b. 315-400 shows the exposure limit for parameter “b”.

Lug/Lum | 2180400 |[ 6. 215400 c.d. 300700 | ghi 3801400 | k.l 780-1400 | m.no 380-3000 | Motes | Report |

Input data Result
Irradiance [W/m?] 1.000E+0 Time Limit [ hh:mm:s= ]
Doze [ J/m? ] 1.000E+0 02:46:40

| Include in Report

The displayed data are:

e Irradiance value EUVA [W/m2] (corresponds to the instant value if a single
sample is considered, or to the mean value if several samples are considered).

e Dose value HUVA [J/m2] regarding the considered samples.

e Time in hours/minutes/seconds for exceeding 10000 JUVA/m2 maximum daily
dose calculated starting from the irradiance mean value.

If the Include in Report box is selected, the data in the table will be included in the fi-
nal report.
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8.4.5 Table c.d. 300-700
Table c.d. 300-700 shows Lg exposure limit for parameters “c¢” and "d”.

Lug/Lum | 2180400 | b 315400 |[ c.d 300700 ghi 3801400 | jk1 7801400 mno 380-3000| Wotes | Repont|

Risk indexes: ¢ d

Input data Radiance LB P S[m?sr]] Time Limit [zec]
Irradiance [wW/m?] 1,000E +0 LB 1.229E+0 > 24 hours
Alpha [deg] 53.13E+0 LE @ 100 mrad 1.329E+0
Alpha [rad] 927, 3E-3 LB @ 11 mrad 1.328E+0
Omega [s1] 805.4E-3 LB @ 1.7 mrad 1.329E+0

| Include in Report

The limit varies according to the source observation time and angular dimensions;
consequently, different exposure limits correspond to different observation times and
dimensions. In particular:

Ls = 10%/t [W m2 sr!] for t < 10000s (limit c)
Ls = 100 [W m™2 sr!] for t > 10000s (limit d)
The displayed values are:

e Irradiance value Es [W/m?] (corresponds to the instant value if a single sample
is considered, or to the mean value if several samples are considered).

¢ Alpha angle in degrees, it is the angle under which the analyzed source is seen.

e Alpha angle in radiants, equal to the above mentioned angle, but expressed in
radiants.

¢ Omega solid angle in steradians, a solid angle under which the analyzed source
is seen. This angle is used for the calculation of luminance.

This parameter is evaluated based on the radiance value and not on that of irradiance,
so the more detailed are the entered geometric parameters, the more plentiful will be
the data on limit value.

All possible cases are analyzed in the following.
e Geometric data not available:

o Ls (100mrad) [W/(m2 sr)], radiance calculated assuming that all the light comes
from a circular area whose angular dimension is 100mrad.

This is true for each source (even with an angular dimension below 100mrad) if
the observation time is above 10000s; in fact, for such long time periods any
source has a minimum angular dimension of 100mrad (for the human visual sys-
tem) (CEI IEC 62471).

If value Ls 100 <= 100 [W/(m?2 sr)], the limit value is not exceeded, and it is not
necessary to take into consideration the other limits. The source belongs to risk
class 0. If Lg 100 > 100 [W/(m?2 sr)], the limit is exceeded and the succeeding
limit must be taken into consideration (the observation time is below 10000s, so
even the minimum angular dimension that can be focused by the human eye be-
comes smaller, the succeeding limit is that with an angle of 11mrad).

o t_100 [s] time period during which a source can be observed without damages to
the visual system.
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If the preceding limit is not exceeded, t_100 will be above 10000s; if this is be-
low, the succeeding limit will have to be taken into consideration.

Ls (11mrad) [W/(m2 sr)] radiance calculated assuming that all light comes from
a circular area whose angular dimension is 11mrad.

This is true if the observation time is above 10s and below 100s; in fact, for time
periods within this interval the smallest source detected by the human eye is
11mrad (CEI IEC 62471).

If value Ls 11 <= 10000 [W/(m2 sr)], the limit is not exceeded, and the other
limits have to be taken into consideration. The source belongs to risk class 1.

If Ls 11 > 10000 [W/(m2 sr)], the limit is exceeded and it is necessary to take in-
to consideration the succeeding limit (the observation time is below 100s, so
even the minimum angular dimension that can be focused by the human eye be-
comes smaller, the succeeding limit is that with an angle of 1.7mrad).

t_11 [s] time period during which the source can be observed without damages
to the visual system.

If the preceding limit is not exceeded, t_11 will be above 10s; if this is below,
the succeeding limit will have to be taken into consideration.

Ls (1.7mrad) [W/(m2 sr)] radiance calculated assuming that all light comes from
a circular area whose angular dimension is 1.7mrad.

This is true if the observation time is below 0.25s (CEI IEC 62471).

If value Lg 1.7 < 4°10% [W/(m2 sr)], the limit is not exceeded. The source belongs
to risk class 2.

In any case, the maximum exposure time can be calculated, that will always be
below 0.25s.

t_1.7 [s] t time period during which the source can be observed without damag-
es to the visual system, calculated from t_1.7=10%/Ls 11.

e Alpha [rad], the user supplies the angular dimension of the source in radiants or
degrees:

O

O

Alpha [rad] angle subtended by the source in radiants or degrees.

Omega [sr] solid angle subtended by the source, calculated starting from Alpha
angle assuming that the source shape is circular:

Omega = 2n (1-cos(Alpha/2))
Ls (100mrad) [W/(m?2 sr)] radiance calculated assuming that the source has an
angular dimension of 100mrad.

Ls (11mrad) [W/(m2 sr)] radiance calculated assuming that the source has an
angular dimension of 11mrad.

Ls (1.7mrad) [W/(m?2 sr)] radiance calculated assuming that the source has an
angular dimension of 1.7mrad.

Ls (real) [W/(m2 sr)] is the real radiance calculated starting from the entered
geometric parameters.
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o t_lim [s] exposure time limit, that is the time period during which the source can
be observed with no problems to the visual system. This value is calculated with
the following procedure:

if Ls_real < 100 then t_lim > 10000s
(d index satisfied)
if Alpha > 100mrad =
otherwise t_lim = 10° / Lg_rea
(c index satisfied)

if Ls_100 < 100 then t_lim > 10000s
(d index satisfied)
If 11mrad < Alpha < 100mrad =
otherwise t_lim = 10° / Ls_real
(c index satisfied)

if Ls_100 < 100 then t_lim > 10000s
(d index satisfied)
if Alpha < 11mrad =
otherwise t_lim = 10°/ Ls 11

e Omega [sr], the solid angle under which the source is seen by the instrument is
supplied by the user:

o Alpha [rad] angle subtended by the source calculated starting from the Omega
solid angle assuming that the source shape is circular:

Alpha = 2(Cos(1-Omega/2n))
o Omega [sr] solid angle subtended by the source.

o Ls (100mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 100mrad.

o Ls (11mrad) [W/(m?2 sr)] radiance calculated assuming that the source angular
dimension is 11mrad.

o Ls (1.7mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 1.7mrad.

o Ls (real) [W/(m2 sr)] real radiance calculated starting from the entered geomet-
ric parameters.

o t_lim [s] exposure time limit, that is the time period during which the source can
be observed with no problems to the visual system. This value is calculated with
the following procedure:

if Ls_real < 100 then t_lim > 10000s
(d index satisfied)
if Alpha > 100mrad =
otherwise = 106/ LB_reaI
(c index satisfied)
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if Ls_100 < 100 then t_lim > 10000s

(d index satisfied)
if 11mrad < Alpha < 100mrad =

otherwise t_lim = 10° / Lg_real
(c index satisfied)

if Ls_100 < 100 then t_lim > 10000s

(d index satisfied)
if Alpha < 11mrad =

otherwise t_lim = 10° / Lg_11

e Side d1 [m] - Side d2 [m] - Distance R [m]:
o Alpha_1 [rad] angle subtended by the source along side d1 (see following table).
o Alpha_2 [rad] angle subtended by the source along side d2 (see following table).

Note: Alpha_1 and Alpha_2 values are those perceived by the visual system and
are calculated starting from a_1, a_2 angles calculated uniquely from geometric

parameters.

o 1,0_2 Alpha_1 Alpha_2
o_1>100, o1>100 2 X Tan'}(d1/2R) 2 X Tan}(d2/2R)
11<0_1<100, a_2>100 2 X Tan'!(d1/2R) 100mrad
11>0_1, 0_2>100 l1lmrad 100mrad
11>0_1, 11<a_2<100 11mrad 2 x Tan'!(d2/2R)
11<0_1<100, 11<0_2<100 |2 x Tan!(d1/2R) 2 X Tan'(d2/2R)
o_1>100, 11<0_2<100 100mrad 2 x Tan'(d2/2R)
11>0_1, 11>0_2 11imrad 11mrad
11<0_1<100, 11>0_2 2 X Tan'}(d1/2R) 11mrad
o_1>100, 11>a0_2 100mrad 11mrad

o Alpha [rad] average angle subtended by the source calculated as the average of
Alpha_1 e Alpha_2. This angle must be known to be able to calculate the real ra-
diance perceived by human eye (CEI IEC 62471).

o Omega [sr] solid angle under which the rectangle is seen. Calculation can be per-
formed rigorously or approximately.

o Ls (100mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 100mrad.

o Ls (11mrad) [W/(m?2 sr)] radiance calculated assuming that the source angular
dimension is 11mrad.

o Ls (1.7mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 1.7mrad.

o Ls (real) [W/(m2 sr)] real radiance calculated starting from the entered geomet-
ric parameters.
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o t_lim [s] exposure time limit, that is the time period during which the source can

be observed with no problems to the visual system. This value is calculated with

the following procedure:

if Lg_real < 100 then t_lim > 10000s
(d index satisfied)
if Alpha > 100mrad =
otherwise t_lim = 10° / Ls real
(c index satisfied)

if Ls_100 < 100 then t_lim > 10000s
(d index satisfied)
if 11mrad < Alpha < 100mrad =
otherwise t_lim = 10° / Ls_real
(c index satisfied)

if Ls_100 < 100 then t_lim > 10000s
(d index satisfied)
if Alpha < 11mrad =
otherwise t_lim = 10°/ Ls 11

e Diameter d [m] - Distance R [m]:

O

@)

O

Alpha [rad] angle subtended by the source.
Omega [sr] solid angle subtended by the source.

Ls (100mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 100mrad.

Ls (11mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 11mrad.

Ls (1.7mrad) [W/(m?2 sr)] radiance calculated assuming that the source angular
dimension is 1.7mrad.

Ls (real) [W/(m?2 sr)] real radiance calculated starting from the entered geomet-
ric parameters.

t_lim [s]: exposure time limit, that is the time period during which the source
can be observed with no problems to the visual system. This value is calculated
with the following procedure:

if Ls_real < 100 then t_lim > 10000s
(d index satisfied)
if Alpha > 100mrad =
otherwise t_lim = 10% / Lg real
(c index satisfied)

Page 33 of 56



HD2402 - A.O.R. photo-radiometer / dosimeter V2.0

if Ls_100 < 100 then t_lim > 10000s
(d index satisfied)
if 11mrad < Alpha < 100mrad =
otherwise t_lim = 10° / Lg_real
(c index satisfied)

if Ls_100 < 100 then t_lim > 10000s
(d index satisfied)
If Alpha < 11mrad =
otherwise t_lim = 10°/ Ls 11

The exposure time limit in seconds is displayed aside radiance values.
If the Include in Report box is selected, table data will be included in the final report.

8.4.6 Table g.h.i. 380-1400

n A\Y n A\ /4
h”, “i”.

Table g.h.i. 380-1400 displays the exposure limit LR for parameters “g”,

Lug/Lum | 2. 180400 | b 315400 | c.d 300700 |[ g hi 3801400 ikl 780-1400| mno 3803000 | Notes | Fiepor |

Risk indexes: g hi

Input data Radiance LR [ A{m2zr]] Time Limit [zec]
Iradiance [W/m?] 1.000E+0 LR 1.328E+0 > 10 sec
Alpha [deg] 5313E+0 LR @ 100 mrad
Alpha [rad] 927.3E-3 LR @ 1.7 mrad
Omeqga [=1] 805, 4E-3

V| Include in Report

The limit varies with respect to source observation time and to angular dimensions;
consequently, different exposure limits correspond to different observation times and
dimensions. In particular:

Lr = 2.8°107/C, [W m2sri] fort > 10s (g limit)
Lr = 5°107/(t%%°C,) [W m™ sr'!] for 10us <t < 10s (h limit)
Lr = 8.89°108/C, [W m™2 sr!] fort < 10us (i limit)
C. is a coefficient that depends on o dimensions of the source; its value is:
C.=1.7 fora<1.7mrad
Cu = for 1.7 < o < 100mrad
C, =100 for a > 100mrad
The displayed values are:

e E: Irradiance value [W/m?] (corresponding to the instant value if a single sam-
ple is taken into consideration, and to the mean value if several samples are
taken into consideration).

e Alpha angle in degrees, it is the angle under which the analyzed source is seen.

e Alpha angle in radiants, equal to the previous but expressed in radiants.
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Omega solid angle in steradians, it is the solid angle under which the analyzed
source is seen. This angle is used for the calculation of luminance.

This parameter is estimated based on the radiance value and not on irradiance; con-
sequently, the more detailed are the entered geometric parameters, the more plenti-
ful will be the data on limit value.

All possible cases are analyzed in the following.

e Geometric data not available:

O

Lr (100mrad) [W/(m2 sr)] radiance calculated assuming that all the light comes
from a circular area whose angular dimension is 100mrad. This value is to be
compared with the three limit values.

t_iimi0o [S] exposure time limit, that is the time period during which a source can
be observed without damages to the visual system. This value is calculated with
the following procedure (all radiance values are expressed in [W m™2 sr1]):

it is assumed that C, = 100
if Lr_100 < 2.8°10° = t_lim > 10s (g limit satisfied)
if 2.8°10° < LR_100 <8.89°10° = t_Iim = (5 * 105/LR_100)4 (h limit satisfied)
if Lr_ 100 < 8.89°10% = t_lim < 10us (i limit)
Lr (1.7mrad) [W/(m2 sr)] radiance calculated assuming that all light comes from

a circular area whose angular dimension is 1.7mrad. This value is to be com-
pared with the three limit values.

t_im1.7 [S] exposure limit time, that is the time period during which a source can
be observed without damages to the visual system. This value is calculated with
the following procedure (all radiance values are expressed in [W m™ sri]):

it is assumed that C, = 1.7
if Lr 1.7 <1.65°107 = t_lim > 10s (g limit satisfied)
if 1.65°107 <Lg 1.7<5.2°10% = t_lim = (2.94°107/Lsr 1.7)* (h limit satisfied)
if L 1.7 > 5.2°10% = t_lim < 10ps (i limit)

¢ Alpha [rad] , the user supplies the angular dimension of the source in radiants.

O

O

Alpha [rad] angle subtended by the source.

Omega [sr] solid angle subtended by the source, calculated starting from Alpha
angle, assuming that the source shape is circular:

Omega = 2n(1-cos(Alpha/2))
Lr (100mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 100mrad.

Lz (1.7mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 1.7mrad.

Lr (real) [W/(m2 sr)] is the real radiance calculated starting from the entered
geometric parameters.
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o t_lim [s] exposure time limit, that is the time period during which a source can
be observed without damages to the visual system. This value is calculated with
the following procedure (all radiance values are expressed in [W m™ sr]):

if Alpha > 100mrad it is assumed that C, = 100
if LR real < 2.8°10° = t > 10s (g limit satisfied)
if 2.8°10% < Lr_reat < 8.89°10°% = t_lim = (5° 10%/Lr_real)* [s] (h limit satisfied)
if 8.89°10° < Lg real = t_lim < 10us (i limit)

if 1.7mrad < Alpha < 100mrad it is assumed that C, = Alpha
if Lr real < 2.8°107/Alpha = t > 10s (g limit satisfied)
if 2.8°107/Alpha < Lg real < 8.89° 108/Alpha = t_lim = (5°107/(Lr rea " Alpha))? [s]

(h limit satisfied)
if 8.89°108/Alpha < Lg_reat = t_lim < 10ps (i limit)

if Alpha < 1.7mrad it is assumed that C, = 1.7
if L 1.7 <1.65°107 = t > 10s (g limit satisfied)
if 1.65°107 < Lr 1.7<5.23°108 = t_lim = (2.94°107/(Lr_1.7))* [s] (h limit satisfied)
if 5.23°108 < Lp_1.7 = t_lim < 10us (i limit)

e Omega [sr] , the solid angle under which the source is seen by the instrument in
steradians is supplied by the user.

o Alpha [rad] angle subtended by the source calculated starting from Omega solid
angle assuming that the source shape is circular:

Alpha = 2(Cos!(1-Omega/2n))

o Omega [sr] solid angle subtended by the source.

o Lr (100mrad) [W/(m?2 sr)] radiance calculated assuming that the source angular
dimension is 100mrad.

o Lr (1.7mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 1.7mrad.

o Lr (real) [W/(m2 sr)] real radiance calculated starting from the entered geomet-
ric parameters.

o t_lim [s] exposure time limit, that is the time period during which a source can
be observed without damages to the visual system. This value is calculated with
the following procedure (all radiance values are expressed in [W m™2 sr]):

if Alpha > 100mrad it is assumed that C, = 100
if LR real < 2.8°10°> = t > 10s (g limit satisfied)
if 2.8°10° < Lr_reat < 8.89°10° = t_lim = (5°10%/Lr_100)* [s] (h limit satisfied)
if 8.89°10° < L real = t_lim < 10ps (i limit)
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if 1.7mrad <Alpha < 100mrad it is assumed that C, = Alpha
if LR real < 2.8°107/Alpha = t > 10s (g limit satisfied)

if 2.8 *107/Alpha < Lg real < 8.89° 108/Alpha = t_lim = (5° 107/(Lr rea * Alpha))* [s]
(h limit satisfied)
if 8.89° 108/Alpha < Lg reas = t_lim < 10ps (i limit)

if Alpha < 1.7mrad it is assumed that C, = 1.7
if L 1.7 <1.65°107 = t > 10s (g limit satisfied)

if 1.65°107 < Lg 1.7<5.23°10% = t_lim = (2.94°107/(Lr_1.7))* [s] (h limit satis-
fied)
if 5.23°108 < Lg 1.7 = t_lim < 10ps (i limit)

e Side d1 [m] - Side d2 [m] - Distance R [m]:
o Alpha_1 [rad] angle subtended by the source along side d1 (see following table).
o Alpha_2 [rad] angle subtended by the source along side d2 (see following table).

Note: Alpha_1 and Alpha_2 values are those perceived by the visual system and
are calculated starting from a_1, a_2 angles calculated uniquely from geometric

parameters.
o 1,0_2 Alpha_1 Alpha_2
o_1>100, a_2>100 2 x Tan'!(d1/2R) 2 X Tan'!(d2/2R)
1.7<0_1<100, a_2>100 2 x Tan'!(d1/2R) 100mrad
1.7>a0_1, a_2>100 1.7mrad 100mrad
1.7>0_1, 11<0_2<100 1.7mrad 2 X Tan'!(d2/2R)
1.7<0_1<100, 1.7<0_2<100 | 2 x Tan'}(d1/2R) 2 X Tan'!(d2/2R)
o_1>100, 1.7<a_2<100 100mrad 2 X Tan'}(d2/2R)
1.7>0_1,1.7>0_2 1.7mrad 1.7mrad
1.7<0_1<100, 1.7>a_2 2 x Tan'!(d1/2R) 1.7mrad
a_1>100, 11>a0_2 100mrad 1.7mrad

o Alpha [rad] average angle subtended by the source calculated as the average of
Alpha_1 e Alpha_2. This angle must be known to be able to calculate the real ra-
diance perceived by human eye (CEI IEC 62471).

o Omega [sr] solid angle under which the rectangle is seen. Calculation can be per-
formed rigorously or approximately.

o Ls (100mrad) [W/(m?2 sr)] radiance calculated assuming that the source angular
dimension is 100mrad.

o Lr (1.7mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 1.7mrad.

o Lr (real) [W/(m2 sr)] real radiance calculated starting from the entered geomet-
ric parameters.

o t_lim [s] exposure time limit, that is the time period during which a source can
be observed without damages to the visual system. This value is calculated with
the following procedure:
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if Alpha > 100mrad it is assumed that C, = 100
if LR real < 2.8°10° = t > 10s (g limit satisfied)
if 2.8°10°< Lr rea < 8.89°10° = t_lim = (5°10%/Lr_100)* [s] (h limit satisfied)
if 8.89°10° < Lg_reas = t_lim < 10ps (i limit)

if 1.7mrad < Alpha < 100mrad it is assumed that C, = Alpha
if Lr real < 2.8°107/Alpha = t > 10s (g limit satisfied)

if 2.8 *107/Alpha < Lg real < 8.89° 108/Alpha = t_lim = (5° 107/(Lr rea * Alpha))* [s]
(h limit satisfied)
if 8.89°108/Alpha < Lr_reas = t_lim < 10pus (i limit )

e Diameter d [m] — Distance R [m]:
o Alpha [rad] angle subtended by the source.
o Omega [sr] solid angle subtended by the source.

o Lr (100mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 100mrad.

o Lr (1.7mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 1.7mrad.

o Lr (real) [W/(m2 sr)] real radiance calculated starting from the entered geomet-
ric parameters.

o t_lim [s] exposure time limit, that is the time period during which a source can
be observed without damages to the visual system. This value is calculated with
the following procedure:

if Alpha > 100mrad it is assumed that C, = 100
if LR real < 2.8°10°> = t > 10s (g limit satisfied)
if 2.8°10° < Lr_real < 8.89°10° = t_lim = (5°10%/Lr_100)* [s] (h limit satisfied)
if 8.89°10° < Lg real = t_lim < 10us (i limite)
if 1.7mrad < Alpha < 100mrad it is assumed that C, = Alpha
if Lr real < 2.8°107/Alpha = t > 10s (g limit satisfied)

if 2.8 107/Alpha < Lg_real < 8.89° 108/Alpha = t_lim = (5° 107/(Lr_real * Alpha))? [s]
(h limit satisfied)
if 8.89°108/Alpha < Lg_reat = t_lim < 10pus (i limit)

if Alpha < 1.7mrad it is assumed that C, = 1.7
if Lr 1.7 <1.65°107 = t > 10s (g limit satisfied)

if 1.65°107 < Lg 1.7 < 5.23°108 = t_lim = (2.94 * 107/(Lr_1.7))* [s] (h limit satis-
fied)
if 5.23° 108 < Lg 1.7= t_lim < 10us (i limit)

The exposure limit time in seconds is displayed aside radiance values.
If the Include in Report box is selected, table data will be included in the final report.
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8.4.7 Table j.k.l. 780-1400

Table j.k.l. 780-1400 shows Lr exposure limit for parameters “j”, “k”, “I".

Lug/Lum | 2.180-400 | b. 315400 | c.d 300700 | qhi 3801400 || k1 7801400 mro. 3803000 | Motes | Report |

Risk indexes: [ k|

Input data Radiance LR PSP sr]] Time Limit [zec]
Iradiance [wW/m?] 1,000E +0 LR 1.329E+0 > 10 gec
Alpha [deq] B313E+0 LR @ 100 mrad
Alpha [rad] 927.3E-3 LR @ 11 mrad
Omeaga [sr] B05.4E-3

V| Include in Report

The limit varies according to source observation time and to angular dimensions; con-
sequently, different exposure limits correspond to different observation times and di-
mensions. In particular:

Lr = 6.6°10%/C, [W m™2 srt] for t > 10s (j limit)
Lr = 5°107/(t*?°C,) [W m™2 sr!] for 10us <t < 10s (k limit)
Lr = 8.89°108/C, [W m2srt!] fort< 10us (I limit)
C. is a coefficient that depends on source o dimensions; its value is:
C.=11 for a < 11mrad
Co=a for 11 < o < 100mrad
C,= 100 for a > 100mrad

The displayed values are:

e Irradiance value E- [W/m?] (corresponds to the instant value if a single sample
is considered, or to the mean value if several samples are considered).

e Alpha angle in degrees, it is the angle under which the analyzed source is seen.
e Alpha angle in radiants, equal to the previous angle, but expressed in radiants.

¢ Omega solid angle in steradians, a solid angle under which the analyzed source
is seen. This angle is used for the calculation of luminance.

This parameter is estimated based on the radiance value and not on that of irradi-
ance, so the more detailed the entered geometric parameters are, the more plentiful
will be the data on limit value.

All possible cases are analyzed in the following.

¢ Geometric data not available:

o Lr (100mrad) [W/(m2 sr)] radiance calculated assuming that all the light comes
from a circular area whose angular dimension is 100mrad. This value is to be
compared with the three limit values.

o t_imioo [S] exposure limit time, that is the time period during which a source can
be observed without damages to the visual system. This value is calculated with
the following procedure (all radiance values are expressed in [W m™2 sr!]):
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it is assumed that C,=100
if Lr 100 < 6°10* = t_lim > 10s (j limit satisfied)
if 2.8°10° < Lr 100 < 8.89°10° = t_lim = (5°10°/Lr 100)* (k limit satisfied)
if Lr 100 < 8.89°10% = t_lim < 10us (I limit)
L- (11mrad) [W/(m?2 sr)] radiance calculated assuming that all the light comes

from a circular area whose angular dimension is 11mrad. This value is to be
compared with the three limit values.

t_iim11 [S] exposure limit time, that is the time period during which a source can
be observed without damages to the visual system. This value is calculated with
the following procedure (all radiance values are expressed in [W m™2 srt]):

it is assumed that C, = 11
if LR 11 <5.45°10°> = t_lim > 10s (j limit satisfied)
if 5.45°10° < Lg 11 < 8.08°107 = t_lim = (4.54 ° 10%/Lr_11)* (k limit satisfied)
if Le_11 > 8.08°107 = t_lim < 10us (I limit)

e Alpha [rad] , angular dimension of the source in radiants supplied by the user.

O

@)

Alpha [rad] angle subtended by the source.

Omega [sr] solid angle subtended by the source, calculated starting from Alpha
angle, assuming that the source shape is circular:

Omega = 2r(1-cos(Alpha/2)
Lr (100mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 100mrad.

Lk (11mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 11mrad.

Lr (real) [W/(m2 sr)] is the real radiance calculated starting from the entered
geometric parameters.

t_lim [s] exposure limit time, that is the time period during which a source can
be observed without damages to the visual system. This value is calculated with
the following procedure (all radiance values are expressed in [W m™2 sr!]):

if Alpha > 100mrad it is assumed that C, = 100
if LR real < 6°10% = t > 10s (j limit satisfied)
if 6°10% < LR reas < 8.89°10° = t_lim = (5°10°/Lr rea)* [s] (k limit satisfied)
if 8.89°10° < Lg rear= t_lim < 10us (I limit)

if 11mrad < Alpha < 100mrad it is assumed that C, = Alpha
if Lr real < 6 °108/Alpha = t > 10s (j limit satisfied)

if 6°10%/Alpha < Lr rea < 8.89°108/Alpha = t_lim = (5°107/(Lr real * Alpha))* [s]
(k limit satisfied)
if 8.89°108/Alpha < Lg_reat = t_lim < 10us (I limit)
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if Alpha < 11mrad it is assumed that C, = 11
if LR 11 <5.45°10°> = t > 10s (j limit satisfied)

if 5.45°105 < Lr 11 < 8.08° 107 = t_lim = (4.54°*105/(Lr 11))* [s] (k limit satis-
fied)
if 8.08°107 < Lg rear= t_lim < 10us (limite |)

e Omega [sr], the solid angle under which the source is seen by the instrument in
steradians is supplied by the user.

o Alpha [rad] angle subtended by the source calculated starting from Omega solid
angle assuming that the source shape is circular:

Alpha = 2(Cos™!(1-Omega/2n))

o Omega [sr] solid angle subtended by the source.

o Lr (100mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 100mrad.

o Lr (11mrad) [W/(m?2 sr)] radiance calculated assuming that the source angular
dimension is 11mrad.

o Lr (real) [W/(m2 sr)] real radiance calculated starting from the entered geomet-
ric parameters.

o t_lim [s] exposure limit time, that is the time period during which a source can
be observed without damages to the visual system. This value is calculated with
the following procedure (all radiance values are expressed in [W m™2 sr!]):

if Alpha > 100mrad it is assumed that C, = 100
if LR real < 6°10% = t > 10s (j limit satisfied)
if 6°10% < Lr reas < 8.89°10° = t_lim = (5°10°/Lr _rea)* [s] (k limit satisfied)
if 8.89°10° < Lp rear= t_lim < 10us (I limit)
if 11mrad < Alpha < 100mrad it is assumed that C, = Alpha
if Lr real < 6 *10%/Alpha = t > 10s (j limit satisfied)
if 6°10%/Alpha < Lg_real < 8.89° 108/Alpha = t_lim = (5°107/(Lr_rea * Alpha))*
[s]
if 8.89°108/Alpha < Lr_reas = t_lim < 10us (I limit)
if Alpha < 11mrad it is assumed that C, = 11
if LR 11 <5.45°10°> = t > 10s (j limit satisfied)

if 5.45°105 < Lg 11 < 8.08° 107 = t_lim = (4.54 * 105/(Lr_11))* [s] (k limit satis-
fied)

(k limit satisfied)

if 8.08° 107 < Lg rear= t_lim < 10us (I limit)
e Side d1 [m] - Side d2 [m] - Distance R [m]:

o Alpha_1 [rad] angle subtended by the source along side d1 (see following table).
o Alpha_2 [rad] angle subtended by the source along side d2 (see following table).
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Note: Alpha_1 and Alpha_2 values are those perceived by the visual system and
are calculated starting from o_1, a_2 angles calculated uniquely from geometric pa-
rameters.

a_1,0_2 Alpha_1 Alpha_2
o_1>100, a_1>100 2 X Tan'}(d1/2R) 2 x Tan'}(d2/2R)
11<a0_1<100, o_2>100 2 X Tan'}(d1/2R) 100mrad
11>0_1, 0_2>100 11lmrad 100mrad
11>0_1, 11<a0_2<100 l1lmrad 2 x Tan'!(d2/2R)
11<0_1<100, 11<0_2<100 | 2 x Tan'}(d1/2R) 2 x Tan'!(d2/2R)
o_1>100, 11<a_2<100 100mrad 2 x Tan'}(d2/2R)
11>0_1, 11>0_2 11mrad 11lmrad
11<o_1<100, 11>0_2 2 X Tan''(d1/2R) 11mrad
o_1>100, 11>a_2 100mrad 11imrad

o Alpha [rad] average angle subtended by the source calculated as the average of
Alpha_1 e Alpha_2. This angle must be known to be able to calculate the real ra-
diance perceived by human eye (CEI IEC 62471).

o Omega [sr] solid angle under which the rectangle is seen. Calculation can be per-
formed rigorously or approximately.

o Ls (100mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 100mrad.

o Lr (11mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 11mrad.

o Lr (real) [W/(m2 sr)] real radiance calculated starting from the entered geomet-
ric parameters.

o t_lim [s] exposure time limit, that is the time period during which a source can
be observed without damages to the visual system. This value is calculated with
the following procedure:

if Alpha > 100mrad it is assumed that C, = 100
if LR real < 6°10% = t > 10s (j limit satisfied)
if 6°10% < LR reas < 8.89°10° = t_lim = (5°10°/Lr rea)* [s] (k limit satisfied)
if 8.89°10° < Lg rear= t_lim < 10us (I limit)
if 11mrad < Alpha < 100mrad it is assumed that C, = Alpha
if Lr real < 6 *10%/Alpha = t > 10s (j limit satisfied)

if 6°10%/Alpha < Lg rea < 8.89°108/Alpha = t_lim = (5°107/(Lr real * Alpha))* [s]
(k limit satisfied)
if 8.89°108/Alpha < Lg_reat = t_lim < 10us (I limit)

Diameter d [m] - Distance R [m]:
o Alpha [rad] angle subtended by the source.
o Omega [sr] solid angle subtended by the source.

o Lr (100mrad) [W/(m2 sr)] radiance calculated assuming that the source angular
dimension is 100mrad.
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o Lr (11mrad) [W/(m?2 sr)] radiance calculated assuming that the source angular
dimension is 11mrad.

o Lr (real) [W/(m2 sr)] real radiance calculated starting from the entered geomet-
ric parameters.

o t_lim [s] exposure time limit, that is the time period during which a source can
be observed without damages to the visual system. This value is calculated with
the following procedure:

if Alpha > 100mrad it is assumed that C, = 100
if LR reas < 6°10% = t > 10s (j limit satisfied)
if 6°10% < LR real < 8.89°10°% = t_lim = (5°10°/Lr_rea)* [s] (k limit satisfied)
if 8.89°10° < Lr_reat = t_lim < 10ps (I limit)
if 11mrad < Alpha < 100mrad it is assumed that C, = Alpha
if Lr real < 6 °10%/Alpha = t > 10s (j limit satisfied)

if 6°10%/Alpha < Lg _rea < 8.89°108/Alpha = t_lim = (5°107/(Lr _rea * Alpha))* [s]
(k limit satisfied)
if 8.89°108/Alpha < Lg_reat = t_lim < 10us (I limit)

if Alpha < 11mrad it is assumed that C, = 11
if LR 11 <5.45°10°> = t > 10s (j limit satisfied)

if 5.45°105 < Lg 11 < 8.08° 107 = t_lim = (4.54 * 105/(Lr_11))* [s] (k limit satis-
fied)
if 8.08°107 < Lg_real = t_lim < 10us (I limit)

The exposure limit time in seconds is displayed aside radiance values.
If the Include in Report box is selected, table data will be included in the final report.
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8.4.8 Table m.n.o. 380-3000

"o\ " \\ o 14

Table m.n.o. 380-3000 shows the exposure limits for parameters "m”, *n”,

Lug/Lum | 2180400 | b 315400 c.d 300700 | ghi 3801400 ikl 7801400 |[ mno 3603000 Notes | Repon

Input data Indexes Reszult
Irradiance W /né@] 1.000E+0 o. > 10 zec
Dose [ J/m? ] 1.000E+0 m.n. > 1000 sec

| Include in Report

The displayed values are:

e  Esin [W/m?] irradiance value (corresponding to the instant value if a single
sample is taken into consideration, and to the mean value if several samples
are taken into consideration).

e Hsin [J/m?] dose value regarding the samples taken into consideration.

e Exposure time limit (t_lim) for “0” index necessary for exceeding the threshold,
calculated with the following formula:

t_lim = 35600/Esin if the found time is > 10s
otherwise:
t_lim = (20000/ Esin)*3
e Exposure time limit (t_lim) for indexes "m” and “*n”
Limits "m” and “n” should be calculated in the 780-3000 spectral interval. Since this
spectral range is not available in the instrument, the same channel of the “0” limit is

used; in this case, values will be greater than real values and consequently they will
be in favor of worker safety.

As to exposure times greater than 1000 seconds, the "n” limit is calculated:
if Eir < 100 W/m? then the “n” limit is not satisfied;

if E;r > 100 W/m? then the exposure time is calculated in order to return back with-
in “n” limit, in particular:

t_lim=(18000/ Er)*3

If the Include in Report box is selected, the data in the table will be included in the fi-
nal report.
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8.4.9 Notes table

The user can record at will any comments regarding each of the limits provided for in
attachment 37 of L.D. 81/08 in the Notes table.

Lug/Lum | 2 180400 b. 315400 | c.d. 300700 | ghi 3801400 k. 7801400 | mno. 380-3000 |[ Notes Repart |

a.

c.d

g.h.i.

ikl

m.n.o.

8.4.10 Report table

The Report table sums up the exposure limit values for each risk index.

Lug/Lum | & 180-400 | b 315400 | c.d 300700 | ghi 3801400 | k1 780-1400 | mno. 380-3000 | Notes |[ Repon

Indexes Meazured Parameter Maximum Permitted Exposure [MPE] Azzezsment

v Iradiance [ W | =1,000E+0

a. 180-400 Dose [ Jén? ] =1.000E+0 Time Limit [ hh:mm:ss | = 00:00:30 H
] Irradiance [w/né] = 1,000E+0

b. 315-400 Dose [ Jénf ]=1,000E+0 Time Limit [ hh:mm:ss | = 02:46:40 n
W

c.d. 300-700 LE =1,329E+0 [w//[mEsr]] Time Limit [sec] = > 24 hours El

W

g.h.i. 380-1400 LR =1.329E+0 [w/resr]] Time Limit [sec] = > 10 sec El IIl
W
|-k.l. 780-1400 LR =1.329E+0 [/ rsr]] Time Lirnit [zec] = > 10 zec II‘ IIl .
[0 Undetermined

v Iradiance [w/mé] = 1,000E+0 o.=» 10 3ec O oK

m_n.o. 380-3000 Dogze [ J#mf |=1.000E+0 m.n. =3 1000 gec |E| |E| IE‘ M Danger

O Attention

In the Assessment column, the risk index state is indicated by means of colored boxes
having the following significance:

White box = risk index not determined
Green box = risk index not exceeded
Yellow box = risk index with limited exposure time

Red box = risk index exceeded

The following table describes the association between box color and exposure time for
the different indexes.

Page 45 of 56




HD2402 - A.O.R. photo-radiometer / dosimeter

V2.0

Exposure time (t_lim)
Risk
index Green box Yellow box Red box
a t_lim > 8h - t lim < 8h
b t_lim > 8h - t_lim < 8h
C t_lim > 10000s t_lim < 10000s -
d t_lim > 10000s - t_lim < 10000s
g t_lim > 10s - t lim < 10s
h t_lim > 10s t lim < 10s t_lim < 10us
i t lim > 10s t lim < 10s -
j t_lim > 10s - t_lim < 10s
k t_lim > 10s t lim < 10s t_lim < 10us
I t lim > 10s t lim < 10s -
m t lim > 1000s t_lim < 1000s -
n t_lim > 1000s - t lim < 1000s
o] t lim > 10s t lim < 10s -

Table 6: correspondence between evaluation of risk indexes and exposure

time
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9 Spectral characteristics

Measurements of artificial optical radiations are conducted on a wide spectral interval
ranging within 180nm and 3000nm.

Different risk indexes are associated to different spectral intervals, depending on the
kind of damage produced by the optical radiation on the exposed parts of the human
body: eyes and skin.

The correct curves of the spectral response are obtained by summing up the signals
coming from several sensors with appropriate weighting.

9.1 Spectral interval 180...400 nm

This spectral interval must be evaluated with the weighting curve S(1).

The following figure shows the comparison between the spectral response curve ob-
tained by the combination of channels and weighting curve S(1).

1.0E+00
1.0E-01 / /

1.0E-02 _’-/ \
1.0E-03

1.0E-04
1.0E-05 \
1 . OE '06 T T T T T T T T T
200 220 240 260 280 300 320 340 360 380 400

Lambda(nm)

Figure 7: comparison between spectral response curve obtained by the com-
bination of channels (in purple color) and weighting curve S(1) (in black)
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9.2 Spectral interval 315...400 nm (UVA)
No weighting is required by this spectral interval.
The following figure shows the spectral response curve of the UVA channel.
1
/~ N\
/ \
/ \
0.6 /
05 /
0.4
03 \
0.2 \
/ \
) I/ N\ —
250 270 290 310 330 350 370 390 410 430 450
Lambda(nm)

9.3 Spectral interval 300...700 nm

Figure 8: spectral response curve of UVA sensor

This spectral interval must be evaluated with the weighting curve B(1).

The following figure shows the comparison between the spectral response curve ob-

tained by the combination of channels and weighting curve B(1).
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Figure 9: comparison between spectral response curve obtained by the com-
bination of channels (in purple color) and weighting curve B(1) (in black)
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9.4 Spectral interval 380...1400 nm

This spectral interval must be evaluated with the weighting curve R().

The following figure shows the comparison between the spectral response curve ob-
tained by the combination of channels and weighting curve R(}).

1.0E+01

1.0E+00 - -

1.0E-01 \
1.0E-02 \

1 OE'OS T T T T T T T T T
350 450 550 650 750 850 950 1050 1150 1250

Lambda(nm)

Figure 10: comparison between spectral response curve obtained by the
combination of channels (purple color) and weighting curve R(1) (in black)

9.5 Spectral interval 780...1400 nm

This spectral interval must be evaluated with the weighting curve R(L) (in the only
portion ranging from 780nm to 1400nm).

The following figure shows the comparison between the spectral response curve ob-
tained by the combination of channel and weighting curve R(}).
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Figure 9: comparison between spectral response curve obtained by the com-
bination of channels (purple color) and weighting curve R(1) (in black)
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9.6 Spectral interval 380...3000 nm

No weighting is required by this spectral interval.
The following figure shows the spectral response curve of the pyranometer.
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Figure 10: spectral response curve of the pyranometer.
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10 Sensor calibration

Instruments are factory-calibrated and do not require any additional intervention by
users. Each measurement channel is individually calibrated in different modes.

Luxmeter (Channel 6), calibration is performed by comparison to the second-line
reference luxmeter used in our metrological laboratory; the comparison is per-formed
through an incandescent lamp operating at a color temperature of 2856K (illuminant
A).

UV Radiometer (Channel 2), calibration is performed by comparison to the second-
line reference radiometer used in our metrological laboratory; calibration is performed
with a 270nm monochromatic light obtained at the output of a double monochromator
and using a Xe-Hg lamp as a source.

UVA Radiometer (Channel 5), calibration is performed by comparison to the sec-
ond-line reference radiometer used in our metrological laboratory; calibration is per-
formed with a 365nm monochromatic light obtained by applying a 365nm interferen-
tial filter to a Xe-Hg lamp.

BLU Radiometer (Channel 7), calibration is performed by comparison to the sec-
ond-line reference radiometer used in our metrological laboratory; calibration is per-
formed with a 440nm monochromatic light obtained by applying a 440nm interferen-
tial filter to a halogen lamp.

IR Radiometer (Channel 3), calibration is performed by comparison to the second-
line reference radiometer used in our metrological laboratory; calibration is performed
with @ 680nm monochromatic light obtained by applying a 680nm interferential filter
to a halogen lamp.

Pyranometer (Channel 9), calibration is performed by comparison to the reference
pyranometer by using the light produced by a halogen lamp. Light is perpendicular to
the thermopile surface. Calibration is performed in compliance with ISO 9847 ("Cali-
bration of field pyranometers by comparison to a reference pyranometer"), method
IIc.

Page 51 of 56



HD2402 - A.O.R. photo-radiometer / dosimeter V2.0

11 Maintenance

Do not use aggressive cleaning agents or incompatible with the materials indicated in
the technical specifications. For cleaning, use a soft dry cloth or slightly dampened
with clean water.

It is recommended to check the calibration of the sensors at least once a year.

12 Safety instructions

The instrument proper operation and operating safety can be ensured only in the cli-
matic conditions specified in this manual and if all standard safety measures as well as
the specific measures described in this manual are followed.
Do not use the instruments in places where there are:

e Corrosive or flammable gases.

e Direct vibrations or shocks to the instrument.

e High-intensity electromagnetic fields, static electricity.

User obligations
The instrument operator shall follow the directives and regulations below that refer to
the treatment of dangerous materials:

e EU directives on workplace safety.

e National law regulations on workplace safety.

e Accident prevention regulations.
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13 Accessories ordering codes

The instrument is supplied with CH20-ROA hardware key for DeltaLogl13 software
(downloadable from the website) enabling, CP24H connection cable, SWDO5 power
supply unit, VTRAP3O0 tripod, carrying case and compliance report.

Spare parts

CH20-ROA Hardware key for PCs with Windows® operating systems. It enables
the use of DeltaLogl13 software with HD2402 instrument.

CP24H Connection cable to a PC or power supply, with M12 connector on the
instrument side and A-type USB connector on PC/power supply side.

SWDO05 100-240 Vac / 5 Vdc - 1 A power supply unit. Output with A-type USB
connector.

VTRAP30 Tripod max height 157 mm. The probe can be oriented in all directions.
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Notes

Page 54 of 56



WARRANTY

The manufacturer is required to respond to the "factory warranty" only in those cases provided by
Legislative Decree 6 September 2005 - n. 206. Each instrument is sold after rigorous inspections;
if any manufacturing defect is found, it is necessary to contact the distributor where the
instrument was purchased from. During the warranty period (24 months from the date of invoice)
any manufacturing defects found will be repaired free of charge. Misuse, wear, neglect, lack or
inefficient maintenance as well as theft and damage during transport are excluded. Warranty does
not apply if changes, tampering or unauthorized repairs are made on the product. Solutions,
probes, electrodes and microphones are not guaranteed as the improper use, even for a few
minutes, may cause irreparable damages.

The manufacturer repairs the products that show defects of construction in accordance with the
terms and conditions of warranty included in the manual of the product. For any dispute, the
competent court is the Court of Padua. The Italian law and the “Convention on Contracts for the
International Sales of Goods” apply.

TECHNICAL INFORMATION

The quality level of our instruments is the result of the continuous product development. This may
lead to differences between the information reported in the manual and the instrument you have
purchased.

We reserve the right to change technical specifications and dimensions to fit the product
requirements without prior notice.

DISPOSAL INFORMATION

Electrical and electronic equipment marked with specific symbol in compliance
with 2012/19/EU Directive must be disposed of separately from household waste.
European users can hand them over to the dealer or to the manufacturer when
purchasing a new electrical and electronic equipment, or to a WEEE collection
point designated by local authorities. Illegal disposal is punished by law.

Disposing of electrical and electronic equipment separately from normal waste helps to
preserve natural resources and allows materials to be recycled in an environmentally friendly
way without risks to human health.

C€ &5 RoHS
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