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Abstract: Taking the detection device of the lifting lighting system on fire fighting vehicles as the
research object, the structure optimization design of the detection device was carried out to address
the problems of the illuminance meter currently used for current detection of fire fighting vehicles,
such as the need for testing in large open areas and poor environmental adaptability. A set of
integrated detection devices for the “angle & illuminance” of the lifting lighting system on fire
fighting vehicles was obtained. The main body of the device consists of three parts: “angle detection
device”, “illuminance detection device “, and “angle & illuminance data integration terminal”. It can
achieve synchronous detection and real-time monitoring of the angle and illuminance of the lighting
system. The results show that the optimized detection device of the lighting system can detect the
illumination of the lifting lighting system on fire fighting vehicles in small areas on long and narrow
road sections. The angle detection accuracy is 0.1 °, and the illuminance detection accuracy is 0.1 Ix,
with an error of less than 3% compared to the illuminance meters currently used for detection. The
illumination detection device has the function of automatic leveling, ensuring that the device can
smoothly complete the detection work even when placed on uneven road surfaces.

Keywords: fire fighting vehicle; lifting lighting system; integrated; detection device

1. Introduction

As fire-fighting and rescue equipment, commonly used lighting fire fighting vehicles, rescue fire
fighting vehicles, even some foam fire fighting vehicles and compressed air foam system fire fighting
vehicles are equipped with lifting lighting systems, whose lighting capacity directly affects the rescue
efficiency. According to preliminary research, as of the end of 2023, there were approximately 56000
fire fighting vehicles in use by national firefighting and rescue teams of China, 20000 fire fighting
vehicles in use in industries such as petroleum, petrochemical, electric power, and civil aviation.
Above all, nearly 80000 fire fighting vehicles in use nationwide. Among them, the number of fire
fighting vehicles with lifting lighting systems exceeded 15000, accounting for approximately 18.75%
of all. In recent years, the annual purchase volume of fire fighting vehicles for Chinese firefighting
and rescue teams is about 4000, and 1000 for other industries. Among them, there are more than 1200
fighting vehicles with lifting lighting systems, accounting for about 24%.

In the field of measuring illuminance, domestic and foreign experts and scholars have achieved
many research results.

In the research of illuminance meters, Weng ] ] developed a simple illuminance meter with good
system linearity and accuracy based on the design and construction of photoelectric signal
amplification circuits [1]. Luo Z 'Y introduced the design principle and implementation method of a
multi-channel illuminometer for signal detection [2]. Luo Y P has developed a portable illuminance
meter suitable for industrial and outdoor illuminance measurement scenarios [3]. Zhang Y ] proposed
a method for measuring illuminance based on camera images, which can achieve fast and high-
precision measurement of environmental illuminance in images [4]. The study by Kralikova R
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mentioned an illuminometer called RadioLux 111, mainly used for measuring illuminance in the
absence of sunlight [5]. Lebel P introduced the design and application of a handheld luminometer
powered by battery and produced in the United States [6].

In the research of calibration of illuminance meters, Godo K found that the calibration of
illuminance meters largely depends on the measurement distance and their own structure [7].
Kuvaldin E V investigated the main issues in the development, manufacture and calibration of high-
sensitivity illuminance meters [8]. On the basis of studying conventional illuminance meters, Tabaka
P provided 22 different typical spectral sensitivity curves [9].

In the research of illuminance detection systems, Zhang L Q developed a distributed illuminance
detection device with functions such as illuminance measurement, data transmission and storage [10].
Vochozka V studied the use of laboratory equipments and mobile phones with installed applications
to measure illuminance, and further explored the reliability of data collection on mobile phones [11].
Lorenzo O G designed and deployed a platform based on the technology of Internet of Things (IoT)
to collect illumination data and store it centrally [12].

In the research of illuminance detection methods, Xie W K conducted indoor illuminance
measurements under natural and artificial lighting conditions, and analyzed the methods of
illuminance measurement and evaluation of lighting environment [13]. Gou L conducted a study on
lighting measurement methods for highway tunnels in Shanxi due to their low brightness, high
smoke and dust levels [14]. Wang Z B used classroom lighting detection as an example to study the
illuminance testing methods and summarized the tips in the process of illuminance measurement
[15].

On the basis of referring to the above research results, this paper conducted a study on the
integrated detection device for the “angle & illuminance” of the lifting lighting system on fire fighting
vehicles. In response to the high requirements of the testing site for the illumination detection of fire
fighting vehicles, equivalent conversion was adopted to optimize the detection method, in order to
develop a corresponding complete set of detection devices, and the accuracy of illumination detection
was verified through comparative experiments.

2. Analysis of Detection Methods

2.1. Analysis of Test Methods in Current Chinese Standards of Fire Fighting Vehicles

At present, the illuminance of the lifting lighting system on fire fighting vehicles in China needs
to meet the requirements of relevant clauses in “GB 7956.16 - 2019 Fire fighting vehicles - Part 16:
Lighting fire fighting vehicle” [16] and “GB 7956.14 - 2015 Fire fighting vehicles - Part 14: Rescue fire
fighting vehicle” [17]. The standards specify the test requirements for illuminance. In addition to the
environmental illuminance not exceeding 0.1 Ix during testing, the size requirements for the site are
also very high.

2.1.1. Lighting Fire Fighting Vehicle

In the standard for lighting fire fighting vehicles, it is stipulated that the illuminance of each test
point of the main lighting lamp should not be less than 5 Ix within the range from 30 m to 100 m, as
shown in Figure 1a. And the illuminance of each test point of the auxiliary lighting lamp within the
range from 10 m to 30 m should not be less than 5 lx, as shown in Figure 1b. When measuring
illuminance, take the origin “O” as the position of the lifting lighting system on the fire fighting
vehicle, raise the lighting lamp to the highest position and adjust the angle to make its illumination
direction horizontal. Test within the angle range from —35°to 35 ° with the illumination direction
at 0 °. The test points are all the intersection points of the arc and the ray in the figure.
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(b)

Figure 1. Top view of the illumination test of the main lighting lamp (a), and the auxiliary lighting lamp (b).

2.1.2. Rescue Fire Fighting Vehicle

In the standard for rescue fire fighting vehicles, it is stipulated that the illuminance of each test
point within a 50 m range of the lighting system should not be less than 5 lx, as shown in Figure 2.
When measuring illuminance, take the origin “O” as the position of the lifting lighting system on the
fire fighting vehicle, raise the lighting lamp to the highest position and adjust the angle to make its
illumination direction horizontal. Test within the angle range from 0 ° to 35 ° with the illumination
direction at 0 °. The test points are all the intersection points of the arc and the ray in the figure.

Om 10m 20m 30m 40m 50 m 60m"

Figure 2. Test diagram for illuminance of lighting system.

2.2. Difficulty Analysis of Experimental Conditions

According to the test requirements in the standards, the detection of lifting lighting systems for
lighting fire fighting vehicles requires an open flat or cement ground with a radius of 100 m and a
center angle of 70 °. So the area is approximately 6106 m?. Relatively, the detection of lifting lighting
systems for rescue fire fighting vehicles require an open flat or cement ground with a radius of 50 m
and a center angle of 35 °, with an area of approximately 764 m?.

i

During the inspection and testing process of “acceptance of fire fighting vehicles”, “safety testing
and evaluation of fire fighting vehicles in use”, “retirement and scrap of fire fighting vehicles” and
“annual inspection of fire fighting vehicles” for Chinese firefighting and rescue teams, significant
difficulties were found in detecting the illumination of the lifting lighting systems. After
consideration, there are three reasons: Firstly, each detachment does not have sufficient open flat or
cement ground for testing, and the vehicles need to be driven to other nearby places that meet the
requirements of the testing site for testing. However, due to the strict site selection requirements, the
testing period is extended. Secondly, the fire fighting vehicles are in a 24-hour standby state, making

them inconvenient to move. Finally, part of fire fighting vehicles may need to be retired or scrapped
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have not yet been evaluated for their driving safety, which could pose risks on the road. And hauling
them will also impose a significant financial burden on the detachment. If maintenance is required
after evaluation, the maintenance cycle will be long, which will cause inconvenience to the testing
work.

Therefore, it is necessary to solve the problem of inspection site and improve inspection
efficiency through equivalent conversion of experimental methods and optimization of detection
devices.

3. Scheme Design and Device Development

3.1. Equivalent Conversion of Experimental Methods

Taking the lighting fire fighting vehicle as an example, according to the requirements of the
standard, when testing the lifting lighting system, it is necessary to fix the lighting lamp and place
the illuminance meter at various measuring points within the standard site for testing, as shown in
Figure 3a. In order to reduce the area requirement of the site, the position of the illuminance detection
device can be fixed through equivalent conversion, and the illuminance can be tested by
circumferentially rotating the lighting lamp from —35 °to +35 °, as shown in Figure 3b. During the
rotation process, the angle detection device can be used to determine the rotation angle of the lighting

lamp.
_ /l:-!:,g;\:—:l :
Lighting— / i \\\ i
lamp // ! \\\ | Angle
/: | \ | B 5
Conventional Vd : N ! jetgctlon
illuminance 0 | \ ! evice
350 2,
meters ya S ‘“?"35 % i
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S : o | ___— detection
T8 B device
(a) (b)

Figure 3. Comparison chart of testing methods before and after optimization. (a) Current testing method. (b)

Optimized testing method.

3.2. Scheme Design

According to the equivalent conversion concept mentioned earlier, a complete design of an
integrated detection device for the “angle & illuminance” was proposed, which includes three parts:
“angle detection device”, “illuminance detection device”, and “ angle & illuminance data integration
terminal”. As shown in Figure 4, before testing, fix the angle detection device on the pan tilt of the
lifting lighting system, align the illuminance detection device with the direction of illumination of the
lighting lamp, and place it at a distance that meets the standard requirements from the lifting lamp
pole. Then connect the data integration terminal wirelessly to the two detection devices. After turning
on the lighting, the current illuminance value can be displayed on the terminal in real-time. By
rotating the lighting lamp in a circumferential direction, the current angle value can also be displayed

in real-time on it.
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Figure 4. Layout diagram of detection devices.

The model design of the angle detection device is shown in Figure 5, with a built-in angle sensor.
When in use, it needs to be horizontally placed on the top pan tilt of the lifting lighting system, and
the rope hook of the ratchet tensioner should be threaded through the metal pull rings on both sides
of the device, tied together with the pan tilt, to achieve rotation angle detection during the lighting
rotation process.

Work indicator light —__
Power switch button —

S
-

Charging interface

Ratchet tensioner —

Metal pull ring -~

Figure 5. Model diagram of the angle detection device.

The model design of the illuminance detection device is shown in Figure 6. A dust cap is installed
to protect the illuminance sensor at the top, which needs to be removed during use. The bottom is
equipped with an automatic leveling component, which needs to be leveled before detection to
ensure that the illuminance sensor is in accordance with the standard requirement of “the

photosensitive surface is perpendicular to the ground and facing upwards [16,17]”, used for
illuminance detection.


https://doi.org/10.20944/preprints202412.2396.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 December 2024 d0i:10.20944/preprints202412.2396.v1

6 of 11

Dustcap —

Work indicator light —
Power switch button <~

Charging interface - g

Automatic e
leveling -~
component

Figure 6. Model diagram of the illuminance detection device.

Both detection devices are embedded with wireless transceivers, which can be directly
connected to the software on the data integration terminal. The software interface is shown in Figure
7. The connection status of two detection devices will be displayed in the upper left corner, with green
indicating a successful connection signal. The main interface displays a coordinate system with the
horizontal axis as the angle and the vertical axis as the illuminance. The received angle and
illuminance data will be plotted as a curve in real-time. As the illuminance value at the test point
required by the standard is not less than 5 1x, the 5 Ix in the interface will be marked with a whole red
horizontal line to facilitate intuitive observation of the data points that do not meet the standard
requirements. The lower area displays the “current angle value”, “current illuminance value”,
“maximum illuminance value”, “minimum illuminance value”, and “average illuminance value” in
real-time. At the same time, according to the practical needs of fire rescue, an additional item “angle
difference with continuous illuminance greater than 5 1x” has been added to calculate the extent
which the illuminance within the 360 ° circumferential range of the lighting lamp is greater than 5 Ix
when fixed in a certain direction. And it also provides data support for future standard revision. The
bottom area is equipped with “START”, “STOP” and “DATA SAVE” buttons to facilitate the
collection and storage of data during the detection process. In addition, the “CALIBRATION” button
is set for the calibration of the illumination detection device, and the “RETURN” button is used to
return to the initial interface of the software.
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Figure 7. Software diagram of data integration terminal.

3.3. Device Development

In response to the scheme mentioned earlier, a complete set of integrated detection devices for
the angle illuminance of the lifting lighting system on fire fighting vehicles has been developed. The
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finished product is shown in Figure 8, which includes the angle detection device, ratchet tensioner,
illuminance detection device, data integration terminal and the toolbox for them. The integrated
detection device is suitable for environmental temperature ranging from —20 ‘C to +55 ‘C, witha
sampling frequency of 10 Hz. The angle testing accuracy is 0.1 °, the illumination testing accuracy is
0.1 1x, and the maximum working time of the built-in battery is 12 h. The total weight of the device is
less than 10 kg, that making it easy to carry.

I W IRE L

it mbiE

Figure 8. Physical diagram of the entire testing device. (a) Angle detection device. (b) Ratchet tensioner. (c)

Illuminance detection device. (d) Data integration terminal. (e) Toolbox for detection device.

4. Experimentation

In order to verify the effectiveness of equivalent conversion of the experimental method, the
practicality of the entire detection device and the accuracy of illumination detection, a comparison
test was conducted between the measured/calibrated detection device and the portable illuminance
meters A and B used in the current Chinese fire fighting vehicle detection process, as shown in Figure
9a,b. The test samples were a certain lighting fire fighting vehicle and a certain rescue fire fighting
vehicle, and the test data were recorded in Tables 1 and 2.
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Figure 9. [llumination meter A (a) and, B (b).

Table 1. Comparison test of illuminance on a certain lighting fire fighting vehicle.

IlIlumination at 100 m of the Illumination at 30 m of the

Detection device Angle (deg) main lighting lamp (Ix) auxiliary lighting lamp (Ix)

—35 6.3 5.4

The integrated detection —20 6.7 5.6
device for the “angle & -10 7.1 5.6
illuminance” of the 0 7.2 5.8
lifting lighting system on +10 7.2 5.4
fire fighting vehicles +20 7.0 55
+35 6.5 53

—35 6.4 5.4

—20 6.7 5.4

-10 7.1 5.6

INlumination meter A 0 7.2 5.8
+10 7.2 5.4

+20 7.0 5.4

+35 6.5 53

—35 6.4 5.4

—20 6.7 5.6

-10 7.1 5.6

INlumination meter B 0 7.2 59
+10 7.2 5.4

+20 7.0 5.4

+35 6.5 5.3

Table 2. Comparison test of illuminance on a certain rescue fire fighting vehicle.

Detection device Angle (deg) Illumination at 50 m (Ix)
0 9.8
+5 9.8
The integrated detection device +10 9.6
for the “angle & illuminance” of +15 9.2
the lifting lighting system on +20 9.3
fire fighting vehicles +25 9.3
+30 8.8
+35 8.8
0 9.8
INlumination meter A +5 9.8

+10 9.6
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+15 94

+20 9.3

+25 9.3

+30 8.8

+35 8.8

0 9.8

+5 9.8

+10 9.6

. +15 9.2
[lumination meter B 190 9.3
+25 9.3

+30 8.8

+35 8.8

After calculation, the newly developed detection device measured the illuminance value of the
lighting lamp on the lighting fire fighting vehicle at a distance of 100 m, which is different from the
data measured by illuminance meters A and B only at one test point, with a difference of 1.56%. And
the illuminance value measured by the auxiliary lighting lamp at a distance of 30 m differs from the
illuminance meter A by an average of 2.78%, and from the illuminance meter B by an average of
1.77%. The illuminance value measured by the rescue fire fighting vehicle at a distance of 50 m is
different from the value of only one test point on illuminance meter A, with a difference of 2.13%,
which is the same as the data on illuminance meter B. The data above also indicates that the
illumination detection accuracy of the entire developed device is relatively high.

5. Conclusions

This paper focuses on the illumination detection problem of the lifting lighting system on fire
fighting vehicles discovered during the “acceptance of fire fighting vehicles”, “safety testing and
evaluation of fire fighting vehicles in use”, “retirement and scrap of fire fighting vehicles” and
“annual inspection of fire fighting vehicles” for Chinese firefighting and rescue teams. As the teams
do not have testing sites that meet the standard size requirements, equivalent conversion of
illumination detection methods was studied. And an integrated detection device for the “angle &
illuminance” has been developed, which has the following advantages or functions:

(1) Great environmental adaptability. The illumination detection of the lifting lighting system
on fire fighting vehicles can be carried out in small areas with long and narrow road sections, and the
illumination detection device has an automatic leveling function, which can smoothly complete the
detection work even when placed on uneven road surfaces.

(2) High detection accuracy. The angle testing accuracy is 0.1 °, the illuminance testing accuracy
is 0.1 Ix, and the illuminance values measured in the comparative experiment differed by up to 0.2 Ix
from the two high-precision illuminance meters currently used for illuminance detection of fire
fighting vehicles, and both within 3%.

(3) Convenient data processing. The data integration terminal can wirelessly connect angle and
illuminance detection devices, then record the measured data in real-time, draw the “angle &
illuminance” curve, and save the data.

(4) Has expandable functionality. By rotating the lighting lamp once, the angle range that meets
the illumination requirement of more than 5 Ix can be measured, providing data support for the
future revision of relevant standards.
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