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ABSTRACT
The main purpose of crowd sensing systems i
extract information based on the crowd

environment. . This paper briefly explains eachel
of sensors that were widely used in real life gitures.
Each type of sesors is covered from bas
understanding, tools, method of algorithm, ti
finding, way of conducting test, and results. Sasl
visual sensor, acoustic sensor, capacitive, indre
radiofrequency identification and carbon dioxide 1
sensors. The rewiefocused on existing system us
on human occupancy. The goal is to summarize
existing approach from various types, guides
creation of new systems and point toward fu
research directions.

Keyword: Crowd sensing, human occupancy and
carbon dioxide sensor.

1. INTRODUCTION

Crowd sensing system focuses on creating
environment that is basically being aware of hui
present which further response in particular are
applications. The information gather can be idesi
for example the numbef person in a room. Such

adequate system is potentially capable perforr
human detection starting from the lowest level

time data mining all the way into much challeng
data scale depending on limitation of the sensetfil
Nowadays, the regl to sense human is far m
important as ever before because it can
implemented in various applications, either simgui
sophisticated applications.

The implementation of crowd sensing makes di
use of simple application, for instance alarm ¢l
where as any human passes by on the sensor
ventilation system for indoor air quality based
human occupancy, infant monitoring [12], ¢

surveillance systems based on human behaviour
Other works are focusing on detecting, counting
estmating human present, tracking them, and pos:
differentiate between human and nonhuman suk
[20].

Going even further, this data mining from sensans
be gathered by computing approach, either
individual or group of people which depends on
limitations of a particular sensor and user apflce
in order to make a higher level decision. Everysse
has its own drawback that must be considered.
review concludes a variety of creative solutiondak
on multiple sensors development from ny
researchers that will reveal the progress that

been made before in each direction. So, this et
us into a new opportunity of creativ

The scope of this paper provides general view
aspect of consideration while developing crc
sensordased on well defined 6 types of sensor.
instance, visual sensor, acoustic sensor, capeag
infrared, radio frequency and carbon dioxide (C
gas sensors. These sensors operate accordingirts
own traits. Such as, intrinsic traits from humaent,
weight, wave reflectivity, voice, human motic
vibration and body heat. Extrinsic trait is a tfagm
environment properties such as wearable r
frequency identification (RFID) ta

2. OVERVIEW

The approaches reviewed research works were |
on crowd sensing system for years, one can se
Fig.l. In overall, 56 % research papers are with
years. It covers from 42% CO2 gas based detectb
14% on other types. Then, 44% covered for
research papers before 2009, 34% focuses on
sensor ath 10% for the rest of other sens
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3. TYPE OF SENSORS

3.1. Acoustic sensor

Sabatieret al. [40] Introduces passive and act
ultrasonic sensors, generating from footstep a@
and Doppler signatures as human detection
potentially differentiate with other moving non han
object. Ultrasonic sensor is sensitive with slid
contacts sound.

The active method utilizes continuous wave ultras
Doppler  sonar involves transmission
electromagnetic waves to the human body
registration of the backscattered waves by therr.
Melanie B. Rudoyet al. [20] stated, active ultrasoul
sensor transmitting continuous 40 kHz tone tF
returned as Doppler shift signal, due to nat
swaying torso velocity and swinging limbs wk
walking. TVVAR is a correlations process of bc
independent signal with 95 % accuracy different
between human and dog [20].

Both sensors address provide information

fundamental frequency and harmonic [3]. Thyaga
Damarla et al combined ultrasonic, acoustic

seismic sensors for border crossing. Data weredi
together using Dempst&hafer fusion paradm.
Only 6 targets can be identified instead of 7 |

Fusion features is the key for detection with F
percentage of correct modalities. Presenting algor
on estimating subject in covered area really shibw
potential by applying with multiple sjects
depending on position and limitation of peo

3.2. Image sensor

Danny B. Yang et al installed 8 image sen:
network in order to overcome the limited resolui
and blockage of object. Simple processing on in
and lightweight algorithm are nesd to run in rea
time, very effective of estimating people in crowk

in small room but cost increase linearly with
number of camera as the processing time also ise
[10].

Rahmalanret al. estimating crowd density monitorir
visual system in outtbr scenes by using 3 differe
techniqgues of estimating crowd as a compar
among them. Then categorized into a range of de
via Self Organizing Map (SOM) with minor problel
exist, shadow and misrecognition of surface fl
Silhouette visual camarmight not be as advanced
visual camera [31].

Maria Anderssonet al. addresses Hidden Marki
Model (HMM) detection algorithm as automa
classification of only human behaviour tracking
surveillance camera. Data from two visual camese
head deectors and one thermal infrared camera (1
rough pose estimation were collected. TIR came
emitted radiation sensitive and useful in darkras:
it still has risk such as false alarm [1

Mikel Rodriguez et al. improved occlusions,
movements, a&rying density and misleading bo
parts appearance. It builds with a tracl-by-
detection framework without initialization. Visu
cameras can detect human presence and track
more than 100 people in crowded scene but stilel
more potential. [23].

3.3. Radio Frequency sensor

Patwari and Wilson discussed on considerable ft
works of radio frequency (RF) sensor netwc
without carrying radio tag instead only based
changes happen in channel by using multiple
propagation from ultravidebard measurement,
MIMO, deploy RF sensor around building, recei
signal strength and polarization [2

It provides high accuracy compared with single |
for estimating people via device free localizat
(DFL). DFL passive RFID does not need tag
Wagner and Timmermann (2013). RFID rea
antennas are placed directly behind the high mak
passive transponder lines that were placed ar
measurement area [4].

But it needs lots of sensor data that leads to
localization result and computation me. So,
clustering algorithm compensates this system -
off between measurement speed and localiz:
precision.
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3.4. Infrared sensor

Chowdhuryet al. developed pyrelectric in respons
with thermal radiation, warm body causes a pos
differential change and when leaves, reverse ha|
It is a commercial alarm triggering with low cc
power and wider field of view with common issue (
to false alarm [8].

3.5. Capacitive sensor

Miika Valtonen et al. developed passive indoor
human tracking based on low frequency electridi
approach by measuring the capacitance bet\
multiple floor tiles and receiving electrode. Acaay
tests were conducted based on the standing
walking variations. Erroprobability distribution tes
seems to have a little exponentially decreasindn
the error distance increases. It still needs imgnoent
in human posture and walking accuracy despite
module is cheap and everlasting [21:

3.6. Carbon dioxide sensor

A. Characteristic

Leephakpreedat al. introduces the occupar-based
demand control ventilation (DCV) based on C
level measurements while entering and leaving
place. CO2 sensors were placed at indoor (returr
and outdoor (supply) air. Estimation car obtained
if CO2 generation rate of the occupants per pe
closely represent the constant actual activitieh s
seated or walking [44].

S. T. Taylor addresses CO2 is l@ffluents generate
their size, age, fitness, and activity level, nge
proportonal to occupant and their activity level. T
room CO2 is at the CO2 max and a minimum ou
signal at the ambient conditions (400 ppm). Si
zone system is simpler rather multiple detacheanr
test model [39].

S. Costanzoet al. stated people brehe out CO2
depending on their activity level and used as iagic
for room’s occupancy level. Possible natt
ventilation rates range from 3.38 until 7.17 L/s
person. CO2 sensors can be featured as an €
saving [35].

P. Stavoveet al. shows buildup period when peop
are sleeping during night time and decay periocciv
is after the occupant left the room. CO2 product&
dependent on metabolic rate based on human ac
level. Measured equipments were placed at 4 dite
places with 1.1 nter height. No effect of furnishin

based on CO2 distribution. Only constant leve
activity was selected [28].

B. Atmospheredistribution

Marianah Masrieet al. developed IR absorption g
sensor along with humidity and RTD temperal
sensors. It consists of light signals emitted frtbra
LED with modulation frequency. As the CO2 le
increases, the intensity of light reaching the clete
decreases due to gaabsorption. CO range w.
constant at 0.2 ppm. Avoid noise from sunlight
inducing noise from internal circuitry [1

Non-nvasive CO2 monitoring system reduces the
of Sudden Infant Death Syndrome among in
according to Hung Caat al. Metal-oxide based
carbon dioxide sensors (Figaro TGS4161) are pl
around the crib. It has unidentically repeate
concentration. Placing more sensors and enhe
calibration might be an improvement [1

Halgamugeet al. Suggested indoor CO2 levels
between 40@®000 ppm while outdoor are 3-450
ppm High indoor CO2 levels causing drowsy, .
headache at lower activity levels. CO2 sensor req
a warmup period and protected from rain, wind ¢
heat radiation. Sensors were placed at desk he
Once the widents entered, it increased to -800
ppm in 80 min. CO2 levels can increase if winc
and door are kept closed. Overall, room size
number of occupancy need to be considered

Average CO2 generation rate from minimum acti
level is 0.31 L/mm per person according from Douc
and Damiano. Range of operation, drift issues
calibration is needed. The preferred locations
sensors are in multiple placed. Avoiding dor
windows or close to occupants. Rate of C
production against human mbolic activity is
directly proportional [11].

Mikola and Koiv provide CO2 level during sumn
period varied from 340 to 3200 ppm. Meanwh
winter period varied from 370 to 4000 ppm. Then
tightness in room might affect the CO2 level w
tighter air flow holds more concentratio
Temperature difference can be seen during a
period with small effect [2].

Tint and Trauman stated the parameters of in
climate were measured with TESTO 435. Outc
CO2 concentration does affect the indoor air ty
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(IAQ) because of indoor air was provided from
outside air. State of window showed small diffel
values [27].

Simone Steigeet al. measured CO2 distribution
various vertical axis and horizontal axis positiG®D2
gas accumulates at the ceiliragher at the floor. CO
is mixed with warm breathing air, it turns upwa
with it. CO2 accumulate at height between- 2.3 m
above room floor with small variation and does
uniformly distributed. The differences of measu
CO2 dispersion grew u 75% when the doors we
opened. CO2 level measured in kg/mé and -
converted into ppm (parts per million). Sen
positions placed away from openings [-

Marzuki Ismail et al. provides sampling [AC
parameters for every 5 min using data analyzata
were analyzed by using single classification angl
of variance (ANOVA) F test. Result shows signifit
difference (P < 0.05) between the means of &
schools in Kuala Terengganu. Malaysia is locate
the tropical region with a hot and humid mate,
which affected thermal comfort levels of the stude
temperature profile increase slightly from mornio
afternoon as humidity is reversed [1¢:-

Mumma provides test to accurately predict -time
occupancy, with 45 students are involved. Tht
point is not constant; it decreases from 1,000 pp
full occupancy condition then went to 600 ppm w!
only five people are present. actual occupe
estimated within two people error count [3

C. C. Chang and Z.F.Yang used I-dispersive
infrared (NDIR) sensors; It consists of an infra
source with a determined frequency, an opticaltge
where the gas to be detected. The CO2 level &-
1000 ppm will make uncomfortable condition [
People may feel sleepy at 102800 ppm. LED will
turn to red when CO2 level is over 2500 ppm.
designing wireless sensing system based on Zi
technology for monitoring of ventilation in the ¢
space. Open window reduce the density of C

Luther and Atknson seek to justify more accuri
calculation method based upon the amount of pe
their activity and room size should be more catgi
considered. The CO2 levels become high du
occupied periods. Door opening reduced (hal
CO2 levels while inaasing the air exchange r:
over 300%. Humidity has small influences basec

occupancy level in certain place range fror- 66 %.
The entrance or source where the air excha
between indoor and outdoor in room effect the (
level with 50 % reductiofil8].

Nassif provide an alternative C-based demand
control ventilation strategy. The most poss

scenario is where number of people varies ant

accurate information is needed. They able to esti

actual occupancy profiles 100%, 75% and 50%.

hard to estimate accurately the actual numbe

occupants in each zone unless occupancy s

located in each zone but too costly and may

ensure a perfect estimation [z

Sean Meynet al. stated multiple data source ¢
significantly more informave. variability of COzZ
levels with the actual occupancy are high due
fluctuations in ambient CO2 levels. CO2 sen:
suffer from poor response time (abou-20 minutes)
due to delay between occupancy level increases
build up of CO2 concentration. heir approach
reduced average occupancy estimation errors to
Decentralized algorithms should be applied |

C. Related properties

D.l. Shinet al. focuses on centralized monitoring

using web based network rather than individu
manage for eaclincubator. The accuracy of the
sensors influenced by the circuit, and error intet
by A/D converter. It can be done by proper cormt
algorithm in a micrczontroller. Room temperatu
showed constant change with ~ 90 % relative
humidity (RH), due does not rely on the occupal

9.

Van Den Bosscheet al. stated humidity is nc
dependent on occupants with just about—7% of
average humidity when air is heated up to rc
temperature. CO2 sensors are expensive and
bigger drift than humiditysensors. CO2 is a goi
indicator for occupied rooms where smoking is
allowed [47].

Metal-oxide CO2 and humidity sensors are moul
around crib in SAruna and P. Sushma Chowdary. 7
sensitivity, selectivity and humidity dependenceen
tested. Humidy sensor need to be considered |

Melikov et al. proposes the effect of elevated fa
air velocity under different temperature and hutyic
Collected data were analyzed using Sh&Wilk’'s W
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and ANOVA tests. Nose dryness does not effec
humidity or air movement. Air movement does eft
on human eye dryness especially at 30% RH.
irritation effected in high humidity and air movent:
condition [1].

Prasadet al. CO2 sensor (TGS4161) need to exg
with atmospheric level of 350ppm for 10 mtes.
Output is linear in senpg scale. O2 sensor (I-25)
provides a linear output voltage signal relative
percentage of oxygenBoth sensors are resisti
heating and consume a lot of energy. CO2 sensa
short life (6 to 9 months). But data comssion
modeling algorithms helps in saving the energ)
node. Temperature and humidity sensors mus
considered for accurate readings [3Z:

Stock investigates CO exposures among boaters,
734 ppm (outside) compared with 80 ppm (ins
cabin). CO is colorless, odorless, tasteless
produced by incomplete burning of carbon contait
materials such as gasoline or propane fuel. CG
ppm for full exposure, with a ceiling limit of 2@pm
[43].

Raatikainen et al. provides CO2 curves ai
distributions in hourly average. Volatile orgar
compounds (VOCs) are chemicals compound f{
thinners, gasolinpowered machinery,  paint
building materials, cleaning chemicals and cigat
smoke. The data were analyzed with Me-software
platform. CO2 levelndicates less than 750 ppm m
of the time. TVOC concentrations indicating lesan
5 ppm in both study schools [22].

Wendt et al. recommends maintaining indoor F
levels between 30 50%. If too low, bacterie
populations tend to flourish, thus cobuting to
respiratory infections. If too high, will resultir
fungal growth. Occupant activities will raise RHd
range of indoor relative humidity is in between -
60% unsignificantly different neither open nor @d
window. CO2 continuously increaseluring the hig-
occupancy period at Crush Load End (h
occupancy). Longer decay time is associated w
tighter construction. CO2 decay after test. As
CO2level increases, Oxygen (02) percent
decreases at the same time [49].

K. Galatsiset al. shows exhaust pollutant contribut
headaches, nausea, dizziness, eyes irritation
breathing process. As the CO increase, 02

decrease just like between CO2 and O2 gases. Bl
gas is more dangerous than CO2. CO can signific
reduce the O2 vakes compared with CO2 even fas
[13].

Schulteet al. stated low RH impacts on occupant

it is not treat. 1 to 3 ppm of CO concentration
generally rare. It can be observed at chem
laboratories and classrooms near city traffic. #&©
readngs occurred with the present of Odor and G
(0&G) signal, activated by n-CO substances from
food preparation in cafeterias, whiteboard mark
and dry hand washing stations [:

Kobayashiet al. address the combination of sc

sensors and accelerometers. 3 gas sensors

contaminants sensor (TGS2602) for cigarette sir

and cooking scents, methane sensor (TGS2611

gas leak, and CO2 sensor. Accuracy of cor

recognition without accelerceter shows 0.74 of
accuracy. Decision tree has been built by using

algorithm. The combination of multiple gas sc

sensor could creating characteristic of certaimasion

such as person is in toilet or smoking [

Rice stated confined spaces r risk for adverse
effects from the displacement of O2 by CO2 ga
High-level CO2 exposure and l-level O2 causes
headaches, poor memory and concentrate at
sleeping difficulty, double vision, photophobias$oof
eye movement and personality ches. Low-level
CO2 exposure (<3%) produce short term effect
healthy [33].

S. Costanzet al. counted actual number of occupa
by measured CO2 levels to compute the occup
via Meckler equation, assuming the production
CO2 equal to 0.0045 I/s per person. CO2 levelg
to rise and continued until the number of peoplele
off [36].

CO2 sensors require time before detecting (
buildup. Erickson and Cerpa proposes Markov C
(MC) model, describe on how the state of a sys
and room occupancies of a building change over.i
It would be possible to implement occupancy be
on heating ventilation, and air conditioning contrc
strategies [46].

Embedded wireless sensor system presente
Boonsawatet al. by using Star Topology networ
LM335A is used as temperature sensor. The Ard
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Analog Input pin (as A/D converted into digitealue
in the range @023, where 0 represents 0 V and 1
represents 5 V) was read in volts. 4 sensor nog@es
deployed far away from each other-30@ meters. All
data can be stored into the MySQL Database
retrieved later for analysis [6].

D. Algorithm integration

Dong and Andrews implements algorithms for se!
based modelling the objective is to find best fi
these 4 HVAC set point schedules. The environme
sensors network was used for the model of occup
behavioural patterns. behavioural rel are
determined using the minimum description ler
(MDL) criteria and periodicity (PD). SerMarkov
model allows for duration in each state bei
transitioning to the next state. Overall, the fuas
environmental gas sensors will resulting ¢
colledgion from various variables that needed to
analyzing with a suitable algorithm [£

Zheng Yanget al. proposes back propagation (E
artificial neural network (ANN), in estimating tl
number of occupants. In 3 hidden layers, estims
accuracy is 9¥5% compared with single lays
90.82%. Each variable has 13 weights, indicate
influence. Sound, door status and temperature
the lowest priority. Humidity, motion and CO2 le\
are the most influential variables in estimat
occupancy. Temperawrr has low priority an
humidity is less influenced by HVAC syste
Proposed system can estimate occupant 62.41%
time [50].

Fuzzy based simulation model system has |
developed in Karunakaragt al. It operates with I-
THEN rules that define theystem behaviour. Fuz:z
logic controller (FLC) design utilized multi inpand
multi output parameters. Membership functions re
with minimum and maximum levels within 3-
2100ppm, simulated by using Mat-Simulink
environment. FLC maintained the CO2 el within
the permissible limits through the control actioveg
to the supply air fan [30].

Jaradat & AINimr aims to provide Multiple Inpt
Single Output control (MISO) system. Fuzzy lo
provides a nomrathematical model. Four distribut
sensors assumed to be low at firBhen, people ar
entered the room and perform some activates. E
on output FLC, it was able provides 7% energy $a
[24].

Qi Zhenget al. provides the Fuzzy Delg-Analytic

Hierarchy Process (FBHP) method and weigh
were asgned. Then, evaluation scores and gre
were designed using the We-Fechner Law. They
estimate the priority (weight) in order, orga

pollutants > inorganic pollutants > bio pollutar
Organic materials have more influence regart
indoor air qualiy such as VOC along with CO2 le\
[29].

Wafa Bataynehet al. stated FLC provides linguist
variables in words rather than numbers to map i
space. Capacitive humidity sensor provides lit
capacitance change compared with resis
Humidity and terperature measurement need
fused. Evacuatiofan works at highest capacities ¢
the AC and dehumidifier are turned off, if t
humidity, temperature and odour are high.

relationships between inputs and outputs are sal
based on user expert infoation. Simulated scenari
show the effectiveness of the proposed system

4. DISCUSSION

Every sensor is briefly explained in term of thesic
understanding as well as their application. Finc
alternative method other than visual image
acoustic sensor is the reason and its contributic
real life that can be applied in future worn crowd
sensing system.

Later, this review paper can help other researc
pursuing their work. CO2 gas based sensor is pyil
focus and interest area. Understanding its effet
human presence, and identifying its surrounding
environment propertgethat might have influence tl
capability, performance of CO2 sensor and

drawback seems to be the main concerns. Other
of sensor only covers small portion of review tivét

provide knowledge on how they work. T
introduction of CO2 gas sensin crowd sensing
system is expected to continue to grow. T
efficiency and cost effective will be expande

In term of CO2 gas sensor application, 92% of
works are based on occupancy based ventil
system or for indoor air quality (IAQ) in (sed room
(Fig.2). Another 8% focuses on infant monitori
system. CO2 gas sensor needed to combine with
related properties in crowd detection, temperal
humidity, O2 and CO sensors. Overall reading st
all these research papers are less corating on
providing further extensive test, less focuses
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accuracy of and just use these sensor properti
indirect information for certain applicatic

8%

B Occupancy based
ventilation for Indoor
air quality

B Infant monitoring
system

Fig. 2: Carbon dioxide sensor applicat

5. CONCLUSION

Above section provides viewer basknowledge
based on important element in each different se
their objective, tools, methods and results that loa
used later on. Small portions of review regarc
image, acoustic, radio frequency, infrared
capacitive sensors are included. Meatle, vast
majority review papers are based on CO2 gas si
is included that leads to a view where this expent
iIs heading next in term of human crowd detect
Overall, CO2 sensor seem less accurate, low resj
time and tends to has more traoff- component
compared with other type but it can be fitted im
way and still be informative.
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