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Foreword

This document is one of a continuing series of IES 
Approved Methods prepared to define a baseline 
for acceptable photometric procedures leading 
to improved agreement among laboratories. This 
Approved Method document explains a particular 
technique for total flux measurement of all types 
of lamps and luminaires using integrating spheres. 
The main improvement in this document compared 
to IES LM-78-2007 is the addition of spectral 
measurements. While most statements are written 
using lamp, they apply to lamps and luminaires.

Introduction

Total luminous flux is the angularly integrated, 
photopically weighted, total light output from 
a lamp. Total luminous flux is one of the most 
important parameters for non-directional, general 
lighting products. While luminous intensity and beam 
angle are typically more important for directional 
lamps, such as reflector lamps, and luminaires, 
total luminous flux is still an important quantity. 
Regulations are usually based on luminous efficacy 
(lm/W), which is the total luminous flux divided by 
the electrical input power of the light-emitting device. 
This document describes techniques for measuring 
the total flux of lamps and luminaires. One method 
is exclusive to total luminous flux measurements: an 
integrating sphere system using a photometer. The 
second method described, an integrating sphere 
system using a spectroradiometer, is used to 
measure a variety of angularly integrated quantities. 
The integrating sphere system has the advantage 
of fast measurements and does not require a dark 
room. Air movement is minimized and temperature 
within the sphere is not subject to the fluctuations 
potentially present in a temperature-controlled room. 
The approved method is based on the comparison 
of the total luminous flux or total spectral radiant flux 
of a test lamp or luminaire to the total luminous flux 
or total spectral radiant flux of a standard lamp in an 
integrating sphere system. 

While photometric and spectral integrating 
sphere measurement systems are very similar, 
they each have positive and negative aspects. 
Photometric measurement systems use a V(λ)-
corrected photometer head, which suffers from 
spectral mismatch errors. Spectral mismatch errors 
occur because relative spectral responsivity of the 
integrating sphere photometric system deviates 
from the V(λ) function. The spectral integrating 

sphere measurement system does not have spectral 
mismatch errors. Spectral integrating sphere 
measurement systems are capable of measuring the 
integrated color quantities of a light-emitting device; 
however, they are susceptible to spectral stray 
light and stability concerns. The two measurement 
techniques are compared and contrasted in this 
document along with the techniques required to 
make high quality measurements.

1.0 Scope

This approved method describes the procedures 
to be followed and precautions to be observed in 
performing reproducible measurements of total flux 
of lamps and luminaires using integrating sphere 
measurement systems. Two types of integrating 
sphere systems are presented, one employing 
a V(λ)-corrected photometer head, and another 
employing a spectroradiometer as the detector. In 
addition to the specifics of the two measurement 
systems, the common qualities and measurement 
techniques are discussed along with calibration and 
uncertainty analysis considerations.

2.0 Normative References

IES. ANSI/IES RP-16-17. Nomenclature and 
Definitions for Illuminating Engineering. New York: 
Illuminating Engineering Society; 2017.

3.0 Nomenclature and Definitions

3.1	 Total Luminous Flux 

While the luminous flux (Φv) is defined in the International 
Lighting Vocabulary (ILV; CIE 2011) as the quantity 
derived from the radiant flux, Φe by evaluating the 
radiation according to its action upon the CIE standard 
photometric observer, the total luminous flux is the 
cumulative luminous flux of a light emitting device over 
the solid angle of 4π sr. The total luminous flux is often 
called “luminous flux” in photometry practice. The unit of 
total luminous flux is the lumen. 

3.2	 Sphere Efficacy 

Sphere efficacy (Ed/Φv) is the ratio of the illuminance 
Ed at the detector port to the total luminous flux Φv of 
a light emitting device in the sphere, in units of 1/m2. 
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3.3	 Sphere Responsivity 

The sphere responsivity (yd/Φv) of the system is the 
ratio of the photometer signal yd to the total luminous 
flux Φv of a light emitting device in the sphere. 

4.0	 Physical and Environmental 
Test Conditions

The integrating sphere efficacy can be slightly 
affected by changes in temperature or humidity. 
The responsivity of the photometer head on the 
integrating sphere is also affected by changes of 
temperature (typically approximately 0.1 percent 
per degree Celsius of change). Further integrating 
sphere efficacy is affected by dust and particulates 
that accumulate on the integrating sphere coating. 
Thus, it is preferred to place the integrating sphere 
in a clean, reasonably temperature-controlled 
environment. For lighting devices that emit a 
significant amount of heat, the integrating sphere 
may be slightly ajar during the stabilization time. 
Once the lighting device is stabilized, the sphere 
should be closed and the measurements made as 
quickly as possible.

The ambient conditions are more critical for 
measurements of particular types of discharge 
lamps and solid-state lighting products. For example, 
fluorescent lamps are required to be operated in an 
ambient temperature of 25 °C ± 1 °C. (Refer to the 
appropriate LM document for the required ambient 
conditions for each lamp type to be measured.)

5.0	 Integrating Sphere Equipment

5.1	 Integrating Sphere Geometry: 4π

Figure 1 shows the geometry of a typical integrating 
sphere system for total flux measurements where 
the test lamp is mounted in the center of the sphere 
and the light output is measured in all directions (4π 
steradians, sr). The integrating sphere is equipped 
with a photometer head or spectroradiometer, 
a baffle, an auxiliary lamp assembly, a diffusely 
reflective sphere coating, lamp mounting hardware, 
lamp holder and associated electrical wiring. 

The optimum size of the sphere should be chosen 
by considering the following factors:

A.	Size of the Lamp (thus, required size of the 
baffle)

B.	Self-absorption of the lamp, lamp holder and 
lamp mounting hardware (see Section 7.3.1)

C.	 Internal sphere temperature
D.	Sphere responsivity (lowest measurable total 

flux)

Factors A, B, and C drive the sphere to be as 
large as possible, while factor D limits the sphere 
size. Factors B and D are affected by the chosen 
reflectivity of the sphere coating. In the 4π geometry, 
as a guideline, the total surface area of the lamp 
should be less than 2 percent of the total area of the 
sphere wall.a A general rule is to have the sphere 
diameter larger than 10 times the largest dimension 
of small lamps and 1.5 times the length of linear 
lamps to be measured. When linear fluorescent 
lamps and other linear lamps are measured in 
an integrating sphere against an incandescent 
standard lamp, an error occurs due to the difference 
in geometrical shape (length) of the lamp. If a part 
of the light source is near the sphere wall, the 
sphere responsivity for that part of the source will be 
slightly higher because the emitted light is incident 
at larger angles than normal, and the coating 
reflectance increases as the angle of incidence 
increases (e.g., approximately 0.4 percent increase 
at 45° incidence for pressed barium sulfate). The 
angular dependence of the diffuse reflectance of 
the coating depends on the material and surface 
conditions. If the size of the sphere is determined 
as recommended (sphere diameter larger than 1.5 
times the length of the linear lamp), this error should 
be negligible. Commercial integrating spheres of 
1 m to 3 m in diameter are used for total flux 
measurements of lamps.

a This corresponds to, for example, a spherical object less than 
30 cm in diameter in a 2-m integrating sphere.

Figure 1: Basic geometry of a 4π integrating sphere 
measurement system. (Image courtesy of Yoshi 
Ohno and Cameron Miller.)
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