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Modern Smoke Alarms—the Evolution for Better 
Detection and Safety
Today’s buildings have numerous different sensors to make daily living easier 
and to offer protection. Besides environmental sensors and smart home applications 
such as electricity and heating regulation, safety relevant sensors assume 
an important role. Smoke alarms are included among them. Smoke alarms are 
essential and prescribed by law, but many smoke alarms on the market are not 
adequate for use in kitchens or bathrooms due to an increased risk of false 
alarms from cooking vapor or steam. False alarms should not be underesti-
mated because they tempt users to turn off the smoke alarms and they can 
incur high costs due to unnecessary fire department deployments. 

However, the lack of smoke alarms in bathrooms and kitchens is a serious problem 
because the potential for fire is high, especially in kitchens. This poses a greater 
risk in modern apartments because the kitchen is often integrated into the living 
room. Fires spread rapidly in modern environments with large amounts of synthetic 
building materials, so a more finely meshed network of smoke alarms is important 
for accurate fire detection.

Globally, standards attempt to meet these new requirements by prescribing detection 
of different types of smoke in new tests. Different regions have slightly different 
regulations: EN applies in Europe, UL in North America, and ISO internationally. 
In its latest editions, which are going to release in June 2021 (UL 268: 7th edition 
and UL 217: 8th edition), UL has introduced an additional test called the hamburger 
nuisance alarm test. In this test, a defined concentration of hamburger patty 
smoke must be distinguished from a defined concentration of flaming polyurethane. 
This test should help lower the false alarm rate in kitchens. In this article, we 
explain the test and discuss how new detector technology must be designed 
in order to pass this new test.

Shedding Light on UL’s Hamburger Nuisance 
Alarm Test
This hamburger nuisance test was created to replicate real cooking smoke. 
The concept behind the hamburger nuisance alarm test is simple, but even modern 
smoke alarms face a challenge—a hamburger patty is broiled for a specific amount 
of time. In the process, a check is made as to whether the smoke alarm is triggered 
by the rising smoke (starting at a defined limit). This test is naturally standardized 
so all smoke alarms can be tested under identical conditions. The obscuration 
measurement is used as a reference. For this test, a light source with a light 

beam of diameter 10 cm to 15 cm is set up at a distance of roughly 2 m. A vapor 
lamp with a defined wavelength of 589 nm is used as the light source. Smoke 
situated between the lamp and the detector obscures the light. Figure 1 shows a 
schematic of the reference measurement setup and principle.
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Figure 1. Schematic illustrating the reference system according to UL.

The obscuration of the light beam by the smoke is compared with the reference 
signal in a smoke-free room. Conclusions about the smoke density and the smoke 
concentration can be drawn based on the obscuration. For the same particles, the 
higher the amount of obscuration, the higher the concentration. Naturally, the 
obscuration varies not just with the concentration but also with the particle type. 
This is based on the scattering cross section and varies strongly from particle 
type to particle type. 

The time of obscuration plays a role as an additional component for alarm genera-
tion. Accordingly, as per the standard, an alarm is triggered either after a certain 
time limit or after an obscuration limit is reached in the reference system. Thus, 
the hamburger nuisance alarm stipulates that the alarm must not go off during 
the hamburger patty broiling before reaching an obscuration of greater than 1.5%/ft.

Polyurethane, which can emulate a real object like an armchair, is set on fire in 
the second part of the test. The smoke alarm must recognize the difference and 
trigger the alarm at an obscuration of 5%/ft.

This is extremely challenging because the two types of smoke, a genuine fire 
smoke and a cooking smoke, are hard to tell part. Nevertheless, this test is only 
one of many that are defined in UL 217 and UL 268. Several identical smoke 
alarms must also pass this test in order for random results to be excluded and to 
guarantee a broad quality density among the detectors. 

How Smoke Alarms Can Pass This Test 
Most modern smoke alarms have a photoelectric working principle. For the hamburger 
nuisance test, a light beam is emitted and reflected by the particles. The scatter 
depends on the particle type, the particle concentration, and the scattering angle. 
Based on the scattering signal, the smoke alarm decides whether to trigger an alarm. 
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To pass the hamburger nuisance alarm test, a detector must have a high signal-to-noise 
ratio in order to differentiate hamburger smoke from other types of smoke. 

Analog Devices’ ADPD188BI integrated optical sensor module equips smoke alarm 
manufacturers with the technology that can pass this difficult test. Figure 2 
demonstrates the working principle of the ADPD188BI.
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Figure 2. The working principle of the ADPD188BI.

This new integrated module for smoke detection is composed of a housing with 
two transmitter LEDs—blue with a wavelength of 470 nm and infrared with a 
wavelength of 850 nm—situated in a cavity on its left side. A photodiode and the 
analog front end are situated in the right part of the housing. The LEDs emit light 
and the smoke particles deflect the light back to the photodiode. The LED drivers 
are integrated and switched by the internal time slots. These time slots enable 
the user to regulate the timing of the entire front end without constantly having 
to rewrite the registers.

The analog front end consists of a current-to-voltage converter and an analog 
filter for the ambient light. The latter consists of a band-pass filter for the constant 
ambient light and an integrator for the variable ambient light, as, for example, is emit-
ted by a fluorescent lamp. The integrated analog-to-digital converter then converts 
the voltage into a digital signal. 
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Due to the high integration density, the ADPD188BI smoke sensor module has 
a number of advantages. Because only a few external components are required, 
the entire system can be calibrated more easily. False alarms are further reduced 
by the two-color light wavelength detection because, in addition to the individual 
measurement of each wavelength, ratio formation is possible. Furthermore, the 
module is small and has a lower power consumption than conventional detectors. 
The power consumption with operation of the infrared LED is ~5 μW/Hz. Full 
integration of the LEDs and the photodiode into the analog front end allows 
smoke alarm manufacturers to offer a one-module solution.

The high degree of integration of the ADPD188BI module leads to a “make or break” 
in the hamburger nuisance test. LEDs usually have a high part-to-part variation 
in terms of luminous intensity at a fixed current, for which reason smoke alarm 
calibration has traditionally had to be performed by smoke alarm manufacturers. 
Calibration of the slope and the offset of the LED luminous intensity-to-current 
ensures that all LEDs behave in the same way. Because the LEDs and the com-
plete signal path are integrated into the ADPD188BI, Analog Devices precalibrates 
the sensor module. The spread of the part-to-part variation is thus reduced. 
Because smoke alarm manufacturers can use a precalibrated module, this eases 
system design.

The calibration method used by Analog Devices directly targets the calibration of the 
slope and the offset of the LEDs. For this, the ADPD188BI is placed under a reflector. 
The light reflected back is measured by the integrated photodiode. The slope and the 
offset can be determined separately for each individual ADPD188BI and the calibration 
coefficients are stored in the nonvolatile memory, the eFUSE registers, of the chip. 
The chip variability can be minimized through readout of these coefficients. This 
means that alarm thresholds can be set more sharply in the algorithms, false alarms 
can be reduced, and the UL tests can ultimately be passed.

Figure 3 shows a sample of an ADPD188BI in a standardized UL test environment—once 
with hamburger smoke (left) and once with flaming polyurethane (right).

Figure 3. APDPD188BI UL test results for hamburger smoke and flaming polyurethane in a chamberless environment.
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In each case, the plot is shown over time (x-axis) with the ADPD188BI signal on the 
left y-axis. This is given as the power transfer ratio, which describes the relation-
ship between power for operation of the LEDs and the received power of the 
photodiode. The formula that describes the power transfer ratio is given as follows:

PTR =
PPDSmoke

PLED
This quantity allows various modules to be compared with one another. In contrast, 
the right y-axis shows the obscuration level in %/ft. Whereas the green curve 
depicts the UL reference beam, the blue and purple curves, respectively, show the 
blue and infrared signals from the ADPD188BI. 

As shown in Figure 3, the two signal curves from the ADPD188BI are very different 
in the two scenarios, and demonstrate that the sensor can clearly differentiate 
between the smoke types. One difference is in the signal progression over time, which 
shows that the alarm threshold is reached for polyurethane in a quarter of the 
time (after 220 s) taken for the hamburger smoke (after more than 1000 s). The 
critical level is already detected after 4 minutes in the case of polyurethane.

The high signal-to-noise ratio of the sensor also enables clear distinguishing 
and recording of the change in concentration of the particles, as shown, for 
example, by the sudden increase in the slope in the case of flaming polyurethane. 
This is marked in red in Figure 3.

In addition, the ADPD188BI measures two wavelengths, the ratio of which represents 
another quantity for calibration of the robust algorithm for the detection of ham-
burger smoke and, thus, for passing the hamburger test.

Conclusion
Why the New Integrated Optical Module for Smoke 
Detection Is a Turning Point
The newly introduced hamburger nuisance test is very hard to pass because 
the smoke particles from a burnt hamburger patty do not differ that much from 
normal smoke. A smoke sensor therefore needs a high signal-to-noise ratio in 
order to distinguish between hamburger patty smoke and other types of smoke. 
A low sensor part-to-part variation plays a decisive role in this. Measurements and 
tests are completed and passed more reliably; through this, fewer false alarms 
are generated in the final application. With the new integrated optical module 
for smoke detection, the ADPD188BI, Analog Devices offers a high sensitivity, 
integrated sensor module that not only has a high signal-to-noise ratio and 
two-color detection but also minimizes the part-to-part variation and hence 
simplifies design and algorithm development.
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