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SUMMARY

This paper represents designing results of forest fire monitoring equipment developed by researchers from
Vietnam National University of Forestry. The function of equipment is to automatically detect forest fire and to
transmit this information to forest owners and managers. The system used fire detection algorithm from IP
camera and applied geospatial technology to manage forest fire, early detect hotspot and transmits information
for forest fire fighting. The system includes 01 IP camera connected to the Internet via 3G signal, 01 software
for controlling and analyzing data. To evaluate the possibility of fire detection and the accuracy of the
information transmitted by the model, the authors conducted a control forest fire at different spatial location
and levels of fire intensity. This is an automatic system for early detection of forest fires with high precision,
replacing manually monitoring in forest management. It helps to prevent forest fires spreading and minimizing
the damage caused by forest fires.
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I. INTRODUCTION

Forest fires, also known as wild fires, are
uncontrolled fires occurring in wild areas and
cause significant damage to natural and human
resources. This is a universal problem that both
confronts and confounds many countries. In
fact that, forest fires were only observed when
it was spread out over a large area, leading to
difficulties in controlling and preventing and
even impossible. Such forest fire not only
destroy large amount of natural resources, but
also destroys wildlife and their natural habitat,
wreaks general havoc on ecosystems (a huge
amount of smoke and CO, in the air) and
creates environmental pollution (30% CO; in
the air comes from forest fire).

According to Forest Protection Department,
by 31" December 2014, Vietnam had over
13.8 million hectares forest area (natural forest
and plantation forest covered 10.6 and 3.2
million hectares respectively). In which, over
50% was the forest area of high fire risk,
mainly included pine, melaleuca, bamboo,
acacia, eucalyptus, dipterocarpace and young
natural regeneration forest.

In recent years, forest forest prevention in
Vietnam has been focused on applying
geospatial technology (remote sensing, GIS
GPS) in fire forecasting. Results and practical
applications confirmed that this is an effective
method for early forest fire detection with high
accuracy, quickly wupdated information of
forecasts in term of temporal and spatial.
However, using satellite image for early forest
fire detection is suitable for mountainous area
which is difficult to travel and for minimizing
the damage of the large forest fire. MODIS
satellite provides 4 images every each day, in
many cases forest fire might be detected after 6
hours (not including image processing), then it
does not meet timely for forest fire fighting in
dry season. In valuable forests such as
economic values, historical sites, conservation
areas which are inflammable in dry season, a
system of watchtowers has been built by forest
owners and forest fire could be detected by
human with binoculars.

To contribute solving those problems, the
authors develop early forest fire detection and

information transmission system from ground
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observation stations. This system integrates
geospatial and information technology to
process real-time forest fire information in the
server and sent to other connected devices. The
system includes the hardware and software
which automatic detect fire and transmit data
to users.

II. MATERIAL AND METHODOLOGY
2.1. Image receiver: IP Camera

An IP camera not only captures sequences
of images, but also has its own processor,
memory and operating system. It allows to
load programs to process the captured
information without the need of additional
computer equipment. The number of frame
captured in a second depend on different
camera, normally it get 20 frames in one
second. IP cameras can also be connected to
form networks, making a video surveillance
system more reliable.  Generally the
information provided by IP camera is encoded
data in several formats, such as JPEG and
MIJPEG.

Basically, MJPEC is the series of JPEG
images were captured continuously. Therefore,
JPEG and MJPEG are the same. To detect
objects, IP camera analyses a series of frame in
a large enough of time, but it must ensure the

timeliness for each different task and objects.

Forest fire

Another reason for using IP camera is the
quality of images captured from IP camera is
always guaranteed without interference from
signal transmission. For normal cameras, the
signal transmission by coaxial cable to the
receiver, although placed in an environment
with less interference, the signal transmitted to
the receiver still affected by the material of the
cable, so the image quality photos cannot be
guaranteed for image analysis to detect objects,
especially forest fires.

2.2. Algorithm of Images processing to
detect forest fire

Normally, IP camera uses two basic
protocols to access the images that captured
from the sensor network: protocol Attp (Hyper
Text Transfer Protocol) and r#sp (Real Time
Streaming Protocol). These protocols allow
access data from IP camera in two formats:
protocol Attp allows assess and retrieve directly
JPEG images; protocol rzsp using H.246 codec,
thus received signals need a decoder to obtain
JPEG images. Depending on each different IP
camera, we use different protocols.

Images are captured from camera would be
sort by time and then put in image processor.
After that model detects fire through the sign
of smoke or fire or both of these according to
the flowchart:

--

Forest fire
or not

Figure 1. The flowchart of image processor to detect smoke and fire

Captured images from IP camera usually
have relatively large resolution. The minimum
resolution is 1280 x 720 pixels. If we analyze
image directly, it take a long time, however,
the accuracy is high. By contrast if we reduce
the size and then analysis, it might be quickly
and low quality as well. For forest fire

detection, it is not required to be high speed
but high accuracy. Therefore, obtained image
will be retained quality to analysis.

This paper does not create a new algorithm
for images processor, it integrates some being
applied algorithms to detect forest fire with
high confident level of warming information

JOURNAL OF FOREST SCIENCE AND TECHNOLOGY NO. 5 - 2016 53



Management of Forest Resources and Environment

(Leonardo Millan-Garcia, Gabriel Sanchez-
Mariko Nakano,
Medina, Hector Perez-Meana and Luis Rojas-
Cardenas, 2012; Turgay Celik, Hiiseyin
Ozkaramanli, and Hasan Demirel, 2007):

IP camera module provides DCT blocks of
8 x 8 coefficients of each frame. Then the DCT
Transform)

Perez, Karina Toscano-

(Discrete Cosine inter-
transformation is applied to all blocks of 8 x 8

coefficients of each frame to get DCT blocks

candidates and discard non-smoke region.
After that,
movement region is obtained and tagged as

a series of new images with

fire. If there is no fame is obtained, image is
classified as non-fire.
III. RESULTS AND DISCUSSION
3.1. Structure and operation of forest fire
monitoring
3.1.1. Structure of system

Each camera was established as diagram

of 4 x 4 coefficients. Using the DC values of below:
each DCT blocks to get the smoke region
Camera ——
Internet Update information®
~
~ ""’q.

Modem 3G

Source 12DVC
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Figure 2. The structure diagram of ground monitoring station

Figure 3. IP Camera connect with center via internet

3.1.2. The operation of fire detection system
Each includes 01 1P
connected internet through 3G signal to

station camera
transmit observation signal to the center. This
signal is an image that was captured from
camera. After a predetermined period of time
in server, the software will automatically
access to station to retrieve images to analyze.
Software in server arranges the time to access

to station according to a defined cycle that

ensure all images is collected. The more
stations the more complication in operation in
the system.

Each captured images will be analyzed,
processed to detect smoke and flame by some
algorithms. To detect fire, system will identify
the exact location which is an area or plot of
fire occurrence. Location of fire is identified
through the coordinate of monitoring location,
two observation angles which system captured
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images. Querying the forest map installed
monitoring station, software will determine
exactly fire occurred in the forest area or not,
and the exactly forest plot if fire occurs.

Time for analyzing an image is about 0.3
second. Time for loading an image depend on the
connection speed of 3G network in each station.
However, due to relative low) image resolution
(280 x 720 Pixel- up space of about 140 Kb,
loading image is not taking too long time.

The software is designed to automatically

Internet, 60 seconds was set in software to
acquire image. Captured image will be stored
in hard drivers. After specific interval time, the
images will be deleted automatically (time
storage is depending on the number of IP
camera and the capacity of computer hard
disk). The capacity of recoded images is about
140Kb/ image, therefor, in one day, one
camera will record 1440 images, equivalent to
197Mb of hard drive storage.

The flow chart of image processing in

acquire images from the camera via the  software:
A. Daytime
No fire Fire Image in software
=
- PR - ¥
B. Nighttime
No fire Fire Image in software

Figure 4. Captured image in software from IP camera

Detecting forest fire is based on data
analysis from IP camera by algorithms to
detect smoke and flame. When detected an
abnormality (flame, smoke) the system will
send a message and sound at the same time to
manager. The manager can confirm the
warning by looking at images in website to
make an appropriate treatment.

Software loads images and processes data
continuously via the Internet. Software can

connect to unlimited cameras in many different

“‘

positions. Captured images are analyzed to
determine the location of fire. If a fire occurs,
the system will automatic warn by audio and
send the email or text message to preinstalled
phone number.
3.2. Assessment of the performance of forest
fire detection system

To assess the ability to detect smoke, flame
and assess the accuracy of the information
transmitted by the system for early forest fires
detection from the ground monitoring stations,
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the authors conducted 33 controlled burns,
including 32 burning in daytime and 1 burning
in nighttime in U Minh Thuong National park,

Vietnam National
(figure 5 and 6).

Ba Vi National park, Soc Son Forestry Centre,
University of Forestry

(b)

Figure 5. a) A controlled burning in reality,

b) captured image form device in monitoring station at U Minh Thuong National park

Results of detecting forest fires from
controlled burning:

In total of 33 cases of controlled burning,
system was not detected 5 cases. Because
forest canopy is higher than the view of IP
camera (2 cases); view from camera at 5000 m
is in the line of horizontal view (2 cases); a
remained case was cause of frog.

For camera was setup in 11 m to 13 m
height, it can be easy to detect fire in distance
maximum 4 km equivalent area approximately
5024 ha.

The results from controlled burning in

nighttime indicated that an fire area of 2-4 m?,

(b)
Figure 6. a) A controlled burning at Ba Vi National park, b) A controlled burning in nighttime

flame was continue until the camera captured
the second image, system detected the fire
based on algorithm of color and expansion
direction of flame.
3.3. System of alarming and transmitting
forest fire information

If forest fires are confirmed, system will
send information automatically to installed
email or phone number for managers to
extinguish the fire. This process takes 15 - 20
minutes since the fires occurred. In compared
with the fire detected by satellite images It
takes about 2 hours or required forest rangers
at the watchtower 24/24 hours.
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Figure 7. Processing information from detected fire

When administrator processes (figure 7)
detected fires by click the button of
“processing information”, system will report
information for processing, based on real local
condition, people who directly process
information will decide to choose within 4
options:

n E THO!

HE THONG
o GUMSATCHAYRING  Traos | st | s | car

Process: After extinguishing the fires.

Confirm: When make sure that the fire is
real, the system will send alerts by emails or
SMS to all installed phone numbers and email
address.

Cancel: When detected fire is unreal.

Close: Come back to the alerting fires list.

Figure 8. Captured imaged sent to email of manager

Confirmed information about the fire will
be sent to email, SMS. It allows to update fire
points to website that was designed to connect
with Google Earth and Google Map (fig. 9).
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Fire points are denoted on the map by red dots.
When users click on red dots, system will
provide the shortest way from fire point to fire
station in order to organize optimal solutions.
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show all the fire points on the map
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IV. CONCLUSIONS

With controlled burning of 2 - 4 m? and
observation distance of this system to fire up to
4 km, if smoke can get through the canopy,
system will detect forest fire in 8 minutes right
after beginning; and system analysis and
transmits  information to  stakeholders
simultaneously.

Under the bad condition with fog, cloud
(especially in North region) or installed
location is blocked by the height of surround
object, the system cannot work efficiently.

Ground station of forest fire monitoring
system is active 24/24 hours. In the daytime,
system can detect fires through signal such as

smoke; in the nighttime, it can detect fires

through flame picture.
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NGHIEN CUU THIET KE VA CHE TAO THIET BI GIAM SAT NHAM
PHAT HIEN SOM VA TRUYEN TIN CHAY RUNG

Trin Quang Bao', Mai Ha An’, Lé Ngoc Hoan®

Y23 Tyreomg Pai hoe Lam nghiép

TOM TAT

Bai béo trinh bay két qua ché tao thiét bi giam sat hé théng lira rimg ctia nhom nghién ctru tir Truong Pai hoc

Lam nghiép. Thiét bi c6 chirc nang tw dong phét hién chay rimg va truyén tin chay rimg t6i chu rimng va cac cap

quan ly. Hé thong sir dung thuat toan phat hién chay sém tir Camera IP, dong thoi tmg dung cong nghé khong

gian dia Iy tich hop cong nghé thong tin trong quan 1y Iira rimg, phét hién sém cac diém chay rimg, xir 1y thong

tin va truyén tin phuc vu cong tac chi huy chira chay rung. Hé théng bao gdm 01 camera IP dugc két ndi véi

Internet thong qua tin hiéu 3G, 01 chwong trinh diéu khién va phan tich dir liéu. Dé danh gia kha nang phat hién

va do chinh xac cta thong tin truyén di cia md hinh, nhém tac gia da thtr nghiém dot cé kiém soat cac “diém

chay rung”, cac diém chay rung nay duoc thyc hién & cac vi tri khong gian khac nhau, véi cuong d6 chay khac

nhau. Pay 1a h¢ théng phat hién sém chay rung tu dong c6 do chinh xac cao, thay thé cho viéc quan tric bang

thii cong trong quan 1y rimg, kip thoi ngin ngira nhitng dam chay rimg c6 thé lan rong va giam thiéu ti da

nhitng thiét hai do chdy rung gay ra.

Tur khoa: Camera IP, chay rirng, cong nghé khong gian dia ly, phat hién chay rirng, phén tich anh.
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