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Pittsburgh Research Laboratory 

National Institute for Occupational Safety and Health 
Pittsburgh, PA 15236 
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ABSTRACT 

A series of four coal combustion experiments was conducted at the National Institute for Occupational Safety and Health.' s 
(NIOSH) Pittsburgh Research Laboratory (PRL) in the Safety Research Coal Mine (SRCM) to evaluate the response of fire 
sensors to a small 0.61 m square smoldering coal fire which transitions to flaming combustion in the presence of diesel emis­
sions. An optical path smoke sensor alarmed earlier than a point type diffusion mode ionization smoke sensor, which 
alarmed prior to a co alert value of 5 PPM above ambient. The presence of steady state diesel emissions resulted in a de­
crease in the optical smoke sensor analog output voltage signal by less than 1.4 pct for the three coal fire experin1ents in 
which a diesel engine was operating, whereas the ionization smoke sensor output decreased between 10.8 and 26.7 pct after 
the initial surge of the diesel engine. A commercial diesel discriminating fire sensor did not alarm for a fire in the one ex­
periment for which it was used. The results of the experiments ·demonstrated that an optical path smoke sensor might be used 
to detect a coal fire under the experimental conditions considered of starting a diesel engine followed by a slowly developing 
coal fire. 
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INTRODUCTION 

Mine fire detectors as a part of an atmospheric mine mon­
itoring system are used to monitor temperature and pro­
ducts-of-combustion (POC). Alarm and alert values are 
based upon temperature, CO concentration, and sruoke opti­
cal density. Carbon monoxide and smoke sensor cap-ability 
~as b_een previously evaluated (Edwards and Friel, 1996) for 
In-mine diesel fuel fire conditions. In those experiments, the 
measurements were made in an ambient background of 
fresh air. With the introduction of diesel powered equip­
ment in an increasing number of underground coal mines, 
the capability of mine fire detectors to discriminate a coal 
fire from diesel particulate and CO emissions is a concern 
~or adequate underground mine fire protection. The change 
m the atmospheric CO concentration or optical density must 
n~w be referenced to a changing background of diesel emis­
;ons. Th:re are several approaches to resolve this problem. 
. the CO 1s selected as the signature of interest, one method 
IS to differentiate the CO produced by the fire from that 
produced by the diesel . engine with a second POC signature 

which would be absent from the fire POC. A commercial 
diesel discriminating fire sensor compares the relative CO 
to NO ratio. This method relies upon a historical trend 
analysis of the CO associated with the NO produced by the 
diesel engine under different operating conditions. Evalua­
tion of this technology was macie for a rapidly developing 
coal fire (Litton, et al., 1993). A second approach is to ex­
amine the rate of change in CO production as a stand alone 
POC signature. The rate of change in CO historically col­
lected for a diesel engine can be used to differentiate tlJ.e 
diesel from a fire based upon the rate of CO change associ­
ated with fire growth. A third approach to the problem is to 
differentiate particulate emissions of the diesel from that of 
the fire with smoke sensors. This method relies upon geo­
metric properties such as the smoke particulate size and 
shape, and a physical property such as its index of refrac­
tion. Optical and ionization smoke sensors will respond 
differently to smoke. An optical sensor is generally more 
responsive to larger particles associated with smoldering 
combustion, whereas an ionization sensor is more 
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responsive to smaller particles associated with flaming 
combustion. The characteristic response of a smoke sen­
sor to diesel emissions is to be investigated. 

The objective of this research is to investigate a fire 
detection method to discriminate a coal mine fire from 
diesel emissions. As part of the development of a mine 
fire detection strategy for discriminating a mine fire from 
diesel exhaust, a series of coal fire ex-periments was con­
ducted in the National Institute for Occupational Safety 
and Health (NIOSH), Pittsburgh Research Laboratory's 
(PRL) Safety Research Coal Mine (SRCM) to evaluate 
the response of fire sensors to a slowly developing coal 
fire in the presence of diesel exhaust. These experiments 
provide an opportunity to evaluate the response of stan­
dard CO and smoke mine fire sensors, a commercial gas­
disc::iminating fire sensor, and a commercial optical 
smoke sensor to a slowly developing coal fire which 
could result from :frictional heating of coal in an under­
ground coal mine. The different response characteristics 
of an ionization and an optical smoke sensor to diesel 
exhaust and smoke from an incipient coal fi~e will pro­
vide guidance for future development of mine fire diesel 
discriminating sensors and strategies. The intent of us­
ing a slowly increasing coal fire is to demonstrate the 
capability of early and reliable mine fire detection. 

EXPERIMENT.Al.PROCEDURE 

The coal fire detection e>..-perirnents in the presence of 
diesel engine exhaust were conducted in the mine entry 
and room section of the SRCM shown in figure 1. Room 
10, in which the fire zone is located, has an average 
height and width of 2.0 m and 3.9 m, and F-Butt has an 
aYerage height and width of 1.9 m and 4.5 m. The brat­
tice at Room 10 and B-Butt was adjusted to regulate the 
air flov.: in Room 10 and F-Butt. AL· quantity measure­
ments were made at the fire zone and near the end of F­
Butt, 7.6 m down'\'.\ind of sensor station S2. A hot wire 
anemometer was used to make five point time averaged 
linear air velocity measurements. There was significant 
Yariation in the airflow over the cross section at the fire 
zone in room 10 because of the right angle split 18.4 m 
upv;-i nd of the fire station at B-Butt and because of the 
la::k of thermal equilibrium in the airflow due to a tem­
perature variation between B-Butt and F-Butt alona 

• • C, 

Room 10. Near stauon S2, the air was transported 117 m 
along a straight entry and thermal equilibrium with the 
mine entry surface was established. The air quantity 
measurements at the fire zone and near the end of F-Butt 
are denoted by Qu and Qd respectively. The fire source 
consisted of 10-15 kg of Pittsburgh seam coal with di­
ameter less than 6 cm distributed . uniformly over a pan 
0. 61 m on each side. Less than 1 kg of pulverized coal 

dust was distnbuted over the coal for experiments 2-4 to en­
hance the smoldering combustion. Heating of the coal was 
provided with five, 60 ohm electrical strip heaters connected 
in parallel. Electrical power was supplied incrementally to 
the heaters over a maximum range of 1 to 2 kW. Table 1 
shows the 

T bl 1 E a e >..'Penrnental conditions. 
T 

EXP Qu, m3/s 
Time. s 

Qd,m3/s Smoke Flame -r . 
1 4.52 5.31 240 4490 1244 
2 2.64 4.71 300 2520 348 
3 3.73 15.72 945 3000 362 
4 2.91 4.63 540 2640 330 
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Figure]. Plan view of mine section. 

experimental air quantity conditions as well as the time of 
first observation of smoke production, (Smoke), and flaming 
combustion, (Flame), at the fire source. The increase in air 
quantity, QiQu > 1, is due to leakage into F-Butt around 
brattice curtains along F-Butt from a parallel 
airway which was connected by a borehole . to the swface. 
The smoke expected transport time -r • from the fire to station 
S2 is estimated from the accessible entry volume and the 
measured volumetric flow rates, and is shown in. Table 1. For 
experiment No. 1, there was no diesel in the entry; for ex­
periment Nos. 2-4, there was a diesel scoop operational in F­
Butt 79 m upwind of sensor station S2. In experiment No. 4 . 
there was also a diesel locomotive operational in F-Butt ap­
proximately 15 m upwind of the diesel scoop: Diffusion 
mode CO sensors were located at stations S 1 and S2. The 
sensors were mounted with the diffusion tube inlet approxi­
mately 0.8 m from the rib, and 0.41 m from the roof. 

Two smoke sensors were positioned at station S2. One 
sensor, SA, sampled over a path, and the other, 
SB, at a point. Sensor SA was a commercially available opti­
cal type sensor with a transmitter and receiver. The 
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receiver was positioned at S2 near one rib of the entry, 
and the transmitter was positioned near the opposite rib 
at a distance of 9.5 m upwind from the receiver. The 
optical path length was 9.65 m. Sensor SB was a com­
mer~ially available diffusion mode ionization type mine 
smoke sensor. It was positioned at entry midwidth at S2 
with the smoke inlet the same 0.41 m distance from the 
entry roof as the CO sensors. The analog voltage output 
from the smoke sensors provided an indirect measure of 
the smoke intensity. 

A light obscuration monitor consisting of a light 
source and a photovoltaic cell separated by a distance of 
1 meter was mounted mid-height at S2 with its optical 
path transverse to the airflow and parallel to the entry 
floor. The attenuation in the light by the smoke was 
measured by the voltage output from the photovoltaic 
cell. The smoke optical density D is defined by: 

1 ( f J .1 D = - - log10 - m 
L 10 

(1) 

where the light intensity I is directly proportional to the 
voltage, Io is the intensity in ambient air, and L, equal to 
1.0 min this application, is the optical path length. 

As part of the fire monitoring system for e"--periment 
No. 4, a commercial discriminating mine fire sensor (SC) 
was located at station S2 at entry midwidth with its diffu­
sion tube inlet port 0.41 m from the entry roof. This sen­
sor, which operates in the diffusion mode, contains two 
chemical cells. One cell detects CO, and the other cell 
detects NO. Based upon a historical collection of data 
over a 2-hour period, the sensor through an internal 
processor associates CO with NO produced by the opera­
tional diesel equipment. Any subsequent changes in the 
ratio of CO to NO determines the excess CO produced by 
the fire. 

Prior to each experiment, the sensors were calibrated. 
The diesel engines were moved into the entry after the 
sensor calibration and ventilation measurements. Their 
presence in the entry increased the entry's aerodynarnicr 
resistance which would be ex-pected to reduce the airflow. 
Data from each of the fire sensors was collected in a real­
time mode and transmitted to an above ground mine 
monitoring computer. The data collection occurred evexy 
2 seconds. 

RESULTS 

At station S2, the CO reached an alert value of 5 ppm 
above ambient for experients Nos. 2-4, and the smoke 
optical density reached an alarm value of 0.022 m-1 for 

all four experiments. A CO concentrJ.tion of 5 ppm above 
ambient is designated the alert value for a CO sensor when 
used as part of a coal mine atmospheric mine monitoring 
system (CFR, 1997a). An optical density of 0.022 m·1 is 
designated a smoke sensor alarm value (CFR, 1997b) when 
used at an underground coal mine compressor station. These 
values are relative to the prefire airflow conditions which 
includes the diesel emissions. 

Table 2 shows the average background values of smoke 
detectors SA and SB, and the light transmission measured by 
the optical light monitor before the diesel emissions and be­
fore the fire. TI1e pre.fire values are averages within a 5-
minute time period before the heating of the coal. Starrup of 
the diesel engine resulted in a surge in diesel emissions ,vith a 
transient less than 5 minutes in duration before the emissions 
settled into a steady production rate. The pre-fire anaiog sig­
nal of sensor SA in the presence of diesel emissions decre:1.Sed 
by less than 1.4 pct from its value in clear air, whereas sensor 
SB's signal decreased between 10.8 and 26.7 pct. 

The CO sensors at Sl and S2 were used to detennine the 

POC transport time, rm' listed in Table 2 based upon the 

time difference in a 1 ppm rise in the CO above the ambient 
value when the fire was initiated. These values are aug­
mented by the e:-..-pected transport time from the fire to S 1. 
The measured values of rm exceed the e;,..-pected values r, in 
table 1. This is due to the dispersion of the fire POC through 
turbulent transport along the airway and dilution due to leak­
age into the airway around brattices which block rooms con­
nected to parallel airways. This effect is partially offset by the 
increased air velocity in the entry due to leakage. Measured 
and predicted values of the transport time are in closer 
agreement in experiments 2 and 3 than in experiments 1 and 
4 due to tl1e greater use of pulverized coal dust in experiments 
2 and 3 to produce increased quantities of CO. An increased 
CO production rate will reduce the effect of concentration 

. reduction due to dispersion for a given airflow rate. In ex­
periment No. 1, no pulverized coal was used and in experi­
ment No. 4, half as much was used in comparison with ex­
periment Nos. 2 and 3. The new ambient values for SA and 
SB in the diesel environment were achieved only after quite 
different transient responses to the onset of the diesel emis­
sions. An examination of t11e response of SA and SB to the 
diesel emissions is shown in Figures 2 and 3 for e;,rperiment 
No. 4. TI1e diesel emissions are tracked by the CO measure­
ment in Figures 2 and 3. The maximum rate of increase in 
CO was 0.127 ppm/s with an average rate of 0.0716 ppm/s 
over the320 second period from -9,574 s to -9,254 s. These 
times are relative to initial heating of the coal at zero time. 
Figure 2 shows that SA responds rapidly to the onset of diesel 
emissions when the diesel engines were started, as it would to 
a fire, but returns to an equilibrium value slightly offset from 
its prediesel ambient value. 
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Table 2. Smoke sensor and light transmission. 

SA, volt SB volt Time. s 
fa."P. No. Pre-diesel Pre-fire Pre-diesel 

1 NA 4.025 NA 
2 3.991 3.935 0.897 
3 3.997 3.951 0.913 
4 4.010 3.959 0.899 
NA= not available 
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Figure ]. CO and sensor 5:4 response to diesel emissions 
for experiment No. 4. 

Smoke sensor SB, as shown in figure 3, responds to the 
diesel emissions, but its output signal has an asymptotic 
signal decrease to a new equilibrium value. The new equi­
librium voltages for sensors SA and SB 15 minutes after 
the sensors detect the diesel emissions are offset 3.0 and 
24. 8 p:t, respectively from the prediesel emissions voltages. 
Figure 4 shows a comparison of the response of sensor SA 
and the light monitor. The light monitor's new equilibrium 
value is offset 1.1 pct from the prediesel value. Over the 
subsequent 2. 7 hour period before ignition of the coal fire, 
these equill'brium values for the sensors shift to offset val­
ues of 1.2, 26.7, and 2.0 pct from the prediesel conditions 
for SA, SB, and the light monitor, respectively. 

Pre-fire Pre-diesel Pre-fire I Tm 

0.914 NA 96.28 I 859 
0.800 98.59 97.49 I 405 
0.780 99.6 99.39 I 426 
0.659 98.6 96.6 I 646 

20,-[ ------------~, J.95 
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16 r \ l , -pas 
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..., o.ov 
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TI ME. s 

Figure 3. CO and sensor SB response to diesel emissions. 
for experiment No. 4. 
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Figure 4. Sensor SA and light monitor response to diesel 
emissions for experiment No. 4. 
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Figure 5. Sensor &4 and light monitor response to diesel 
Emissions f~r experiment No. 2. 

The dip in the output signal of sensor SA below its final 
equilibrium value in response to the diesel emissions was a 
char?.cteristic of SA during all three e:'1.-perirnents. The 
response of the light monitor to the diesel emissions was 
quite different for experiment Nos. 2 and 4. Figure 5 shows 
the response of SA and the light monitor for e:'1.-periment 
No. 2. In experiment No. 2, the light monitor's output sig­
nal follo1,ved that of sensor SA with a characteristic dip in 
response to the initial surge of the diesel emissions. The 
difference in the light monitor's response between the ex­
periments can be attributed to the emissions of the locomo­
tive in e:'1.-periment No. 4 which were absent from experi­
ment No. 2 . . 

There is · a difference in optical wavelength between the 
light monitor and sensor SA. The light monitor operates in 
the visible, and SA operates in the infrared. The optical 
scattering and absorption properties of the diesel emissions 
as a function of the light wavelength also differentiates the 
response of optical sensor SA from ionization sensor SB. 
Sensor SB responds to smoke particulate number more ef-
fectively than particulate diameter. . 

The decrease in smoke sensor SA's signal followed by a 
signal increase in response to the diesel emissions. while the 
measured CO increased was a characteristic of the diesel's 
perfonnance in e:'1.-periments 2-4. SA's signal reversal oc­
curred prior to the CO reaching its alert value. The lag 
time between sensor SA's minimum and the CO alert and 
alann times associated with a 5 and 10 ppm diesel emis­
sion CO rise above ambient is listed in table 3. 

Table 3. Lag time of CO alert and alarm times relative to 
time of minimum in SA. 

Exp. Time, s 
C0(5oom) CO(lOoom) 

2 28 NA 
3 40 690 
4 0 32 

A combination of the optical smoke sensor, SA, and 
the CO sensor signal characteristics provides the basis for a 
distinguishing signature for diesel emissions. This charac­
teristic is ·to be compared with the response of smoke sensor 
SA and the CO sensor to a slowly developing coal fire. 

The response of smoke sensors SA and SB to the coal 
fire POC in the presence of diesel emissions for e.xperiment 
No. 4 is shown in Figures 6 - 7. The sensors respond con­
tinuously to a change in the POC associated with the in­
crease in the measured CO concentratioa Smoke sensors 
SA and SB respond similarly to the fire, as opposed to their 
characteristically different response to the diesel emissions 
in Figures 2 and 3. 
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Figure 6. CO and sensor SA response to coal fire f or 
experiment No. 4. 

25 ~--------------- 0.5S 

20 .. 40 .._ ________ , 

, __ _ 
i -".O .. 
! ' ' ' ~ 't .'(ty 

- co ' ' i C . , > ' .. -, i .;, ... ~· 0 

u ·:r 
--- sa 

~ " E 

~ " ~ 

\ ! 
' ' ~JGC 

1 ; 
t! 
IJ 
1 •J.::s 

I 
I 

O'---------------------~ O.:o I I. 
.zao aJ• !,914 Z.99• 

TIME. s 

Figure 7. CO and sensor SB response to coal fire POC for 
experiment No. 4. 

The expected time of arrival of the POC associated with 
smoke and flame generation is indicated in Figures 6-7. 

Although it is not possible to infer the response of sensor 
SA to a variable diesel output from these data, the distinct 
sensor response characteristics to the diesel exhaust and 
coal combustion products indicate a, capability for sensor 
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SA in combination with a CO sensor to discriminate a mine 
fire from diesel emissions. 

A smoke sensor alarm value is defined for this analysis 
as the average sensor output signal less ten standard devia­
tions from the prefire ambient condition. The mean value 
for sensor SA and SB is given in Table 2, and the standard 
deviation for SA and SB is listed for each experiment in 
table 4. The alarm times, based upon the defined variation 
from the sensor's mean value in ambient conditions, for 
smoke sensors SA and SB, as well as the optical density 
relative to the pre-fire ambient environment are shown in 
Table 5. The optical density, D, is calculated from equation 
(1) .\\·ith Io defined as the measured optical transmission 
through the air in the presence of diesel emissions. The 
CO alert time was determined by the CO cell of the diesel 
discriminating mine fire sensor. Since the fires in these 
e;,..l)eriments did not produce CO concentrations of 10 ppm 
above ambient, a comparison is made with the CO alert 
Yalue of 5 ppm. Smoke sensor SA, with an instantaneous 
optical measurement, alarmed earlier than the diffusion 
mode point type smoke sensor SB, which alarmed earlier 
than the diffusion mode CO sensor alert time. A compari-

Table 5 Smoke sensor and CO alarm times 
Sensor SA 

son of these alarm times, with the time for onset of flaming 
combustion and the smoke transport time in Table 

Table 4 S d d d · · f fl b k tan ar ev1at1on o pre- re ac ground signal. 
E:,.,.1), SA, Volt SB, Volt 
1 0.014 0.0028 
2 0.009 0.0026 
3 0.018 0.0033 
4 0.010 0.0028 

1, shows that smoke sensor SA detected the coal fire in its 
smoldering stage for each e>,.l)eriment, whereas the CO alen 
occurred in the coal flaming combustion stage for experi­
ment Nos. 2-4. The average optical density of the smoke 
sensor SA' s alarm relative to the diesel envirorunent for 
e>,.l)eriment Nos. 2-4 was 0.0025 111·1; for sensor SB it was 
0.012 m·1; and for the CO sensor it was 0.024 m·1• These 
values are to be compared with an optical density of 0.022 
m·1 which corresponds to a mine fire smoke sensor alarm 
value. At an optical density of 0.022 m·1 the visibility in 
the smoke is less than 36 m based upon visibility studies 
(Rasbash, 1975). Smoke sensor SA' s signal had decreased 
sensor SB's signal had decreased an an average of 28.1 pct 

Sensor SB I CO= 5 ppm 

E:;.,1). I Alarm time, s D -1 ,m Alarm time, s I D -1 , m Alert time, s D -I .m 
1 2178 0.00081 2550 0.0044 NA NA 

' 
2 1484 0.0026 2072 I 0.0099 3690 0.032 

3 1984 0.0026 2954 0.015 3009 0.016 

4 1788 I 0.0023 2904 0.011 4047 0.023 

from its prefire signal, and smoke average of 11.8 pct from 
its pre-fire signal at an optical density of 0.022 m·1 relative 
to the diesel environment for e:..l)eriment Nos. 2-4. Sensor 
SA ' s significant response to a slowly developing fire, yet its 
ability to mask the diesel emissions, demonstrates that a 
smoke sensor with sensor SA's response characteristics is a 
candidate for a diesel discriminating fire sensor. 

In the transition associated with the starting of the diesel 
engine in experiment Nos. 2-4, sensor SA's signal reached 
minimum values which were 19.2, 5.7, and 4.7 pct de­
creases from the ambient, respectively, before increasing, 
and before the CO alert value of 5 ppm was reached. In the 
transition from the steady diesel emission environment to 
the growth of POC associated with coal combustion in these 
experiments, sensor SA' s signal had decreased 38.0, 25.4, 
arid 26.5 pct from the ambient value in the diesel emissions 

at the 5 ppm CO alert value. This greater response of SA 
to the coal fire POC at a CO value of 5 ppm than to the 
diesel 

emissions before the CO reached 5 ppm is a discriminating 
response characteristic of SA between diesel exhaust and a 
coal fire's POC. This property of the magnitude of the re­
sponse of SA and its simultaneous occurrence with a 5 ppm 
CO alert value is significant for discriminating a coal fire 
from diesel exhaust. 

The rate of increase in diesel emissions associated with 
starting the engine was much greater than the POC rate of 
increase associated with the coal combustion. In e:,.,.l)eri­
ment No. 4, the average rate of increase in CO associated 
with the diesel engine's startup was 0.0716 ppm/s, and the 
average rate of rise in CO associated with the coal combus­
tion was 0.00141 ppm/s. For the slowly developing coal 
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fires in these experiments, sensor SA's signal had a small 
rate of increase, or remained constant, or continued to de­
crease for experiment Nos. 2, 3, and 4, respectively when 
the 5 ppm CO alert was reached. However, the significant 
reduction in SA's signal, between 25.4 and 38.0 pct for 
e;>..-periment Nos. 2-4, had occurred in the case of coal com­
bustion as compared to the diesel engine's startup. This 
indicates a combination of SA and a CO sensor is a possi­
ble candidate for early mine fire detection of a slowly de­
veloping coal fire in a diesel environment. 

The response of SA and SB to POC in experiment No. 1 
without diesel emissions resulted in an alann at an optical 
density significantly less than the relative optical density at 
which alarms occurred in experiment Nos. 2-4. A factor 
which could effect this, is the absence of pulverized coal in 
experiment No. 1. This effects the CO and smoke produc­
tion. The optical density at which an alarm occurs in this 
case shows the advantage of a smoke sensor over a CO sen­
sor for early fire detection. 

Figure 8 shows the response of sensor SC to the slowly 
increasing coal fire of experiment No. 4. The value CCO, 
which is the excess CO produced by the fire, did not ·reach 
zero because of the high ratio of CO to NO. The average 
diesel CO and NO were 17 and 1 ppm above ambient. The 
rate in rise in CO associated with the fire is 0.00141 ppm/s. 
At this rate of rise, the CO reaches an alert value of 5 ppm 
above background in 1 hour. The value of CCO in figure 8 
shows some nonsteady characteristics, but no significant 
rise to indicate a fire. The rate of rise in the CO is offset by 
the decrease in the value of CCO. This indicates sensor SC 
would be more appropriate for an increase in CO from a 
more rapidly developing fire than considered in this ex­
periment. 

CONCLUSIONS 

For the one coal fire e:'..-periment with no die5'!1 equipment, 
and the three experiments with diesel equipment operating 
in a steady state mode, the optical path smoke sensor alar­
med earlier than the diffusion mode ionization smoke sen­
sor. Both smoke sensors alarmed earlier than the diffusion 
mode CO sensor and at an optical density less than o.022m· 
I • 

A commercial diesel discriminating fire sensor based 
upon the ratio of CO to NO failed to detect a slowly in­
creasing coal fire with a CO production rate of 0.00141 
ppm/s. It was shown that the transient emissions associated 
with starting the diesel could be discriminated from a 
slowly developing coal fire with a combination of an optical 
path smoke sensor and a CO sensor. This involved the 
interpretation of the rate of change of the smoke sensor's 
signal associated with diesel emissions as a characteristic to 

be differentiated from that associated with increasing POC 
from developing coal combustion. This result is limited to 
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Figure 8. Response of diesel discriminating mine fire 
sensor SC. 

the experimental conditions considered. Future rese3rc.:1. 
must focus on a decision making process, such as a neural 
network, which can be applied to fire sensor response from 
a wide variety of fire and diesel emission conditions. 
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