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ABSTRACT  

04�series gas sensors Eelong Wo WKe meWal o[ide semicondXcWor �026� famil\ of sensors WKaW can sense 
WKe Sresence of man\ gases. 7Kese sensors find WKeir aSSlicaWion in gas alarm s\sWems as Ne\ comSonenWs. :Kile 
necessar\ sensor circXiW oXWSXW YolWage YalXe for alarm SoinW in a sWandalone gas alarm s\sWem is desiraEle, EXW 
wKaW e[acW comEinaWion of WKe sensor circXiW SarameWers is reTXired" +iWKerWo, WKe deWerminaWion of WKese circXiW 
SarameWers Kas noW Eeen mXcK aWWenWion in WKe researcK commXniW\. 7Kis sWXd\ e[Slores a sWrXcWXred graSKical 
aSSroacK of deWermining 04 series gas sensor circXiW SarameWers for a sWandalone gas alarm s\sWem WKaW \ields 
WKe desired sensor circXiW oXWSXW YolWage YalXe for WKe alarm SoinW. 0odel eTXaWions were deYeloSed for WKe sensor 
d\namics, and Eased on WKese model eTXaWions, graSKs for WKe deWerminaWion of reTXired sensor SarameWers were 
SloWWed for a case of 04�� gas sensor resSonse Wo liTXefied SeWroleXm gas �/3*�. $ sWrXcWXred graSKical aSSroacK 
for deWermining 04�series gas sensor circXiW SarameWers for alarm SoinWs in a sWandalone gas alarm s\sWem 
sKowed WKaW Xsing 04�� gas sensor and /3* as WKe WargeW gas. )or a sensor circXiW oXWSXW YolWage of 2 9 for 
alarm SoinW aW 1��� SSm of /3*, WKe corresSonding YalXe of 52, 56, and 5/ oEWained were 2� Nȍ, 3� Nȍ, and 2� 
Nȍ, resSecWiYel\. +ence, WKe deYeloSed sWrXcWXred graSKical aSSroacK is sXiWaEle for deWermining 04 series gas 
sensor circXiW SarameWers for a sWandalone gas alarm s\sWem Xnder WKe inflXence of iWs associaWed gases. 

.H\ZRUGs: alarm point, base gas, calibration-concentration, gas concentration, gas sensor resistance  

�� INTRODUCTION
04�series gas sensors Eelong Wo WKe famil\ 

of meWal o[ide semicondXcWor �026� gas sensors 
WKaW can deWecW WKe Sresence of some YolaWile, 
o[idi]aEle, or redXciEle gases in an o[\genaWed 
enYironmenW �*yme], 3elegri�6eEasWia and 
/ajara, 2�2��. 04�series gas sensors are 
commonl\ Xsed for gases deWecWion owned Wo WKeir 
KigK sensiWiYiW\, sWaEiliW\, and long�life 
cKaracWerisWics in WKis regard �grneN and .arliN, 
2�12�. )XrWKermore, wKen connecWed as one of WKe 
Easic comSonenWs in WKe sensor circXiW, a cerWain 
YolWage WKaW deSends on WKe W\Se and 
concenWraWion of WKe gas can Ee measXred aW WKe 
circXiW oXWSXW �1a\\ar, 3Xri, and /e, 2�16� 3on]oni 
et al., 2�1��.  

7Ke 04�series gas sensors form WKe major 
comSonenW in man\ gas alarm s\sWems dXe Wo 
WKeir cosW and sensiWiYiW\ adYanWages. DeYeloSed 
E\ �$Kmed et al., 2�1�� is a microconWroller�Eased 
gas alarm s\sWem WKaW Wriggers a EX]]er and /(D 

indicaWor wKen WKe alarm seW SoinW for WKe 04�9 
gas sensor was 3�,��� SSm of 0eWKane gas. 
Designed E\ �.Xmar and .Xmari, 2�19� is an 
$rdXino�Eased s\sWem wiWK 042, 04�, and 
0413� gas sensors caSaEle of moniWoring WKe 
concenWraWion of gases and giYing an alarm wKen 
WKe concenWraWion of WKe YarioXs W\Ses of gases in 
WKe aWmosSKere is aEoYe WKe WKresKold YalXe. $lso 
deYeloSed E\ �,EraKim, 2�1�� is a microconWroller�
Eased carEon mono[ide and carEon dio[ide 
deWecWor Xsing 04�� and 04�13� for carEon 
mono[ide and air TXaliW\ sensing, resSecWiYel\. 
7Ke gas concenWraWion was disSla\ed in SSm on 
/&D. 7Ke alarm is Wriggered wKen WKe WKresKold for 
WKe safe gas concenWraWion is reacKed. +oweYer, 
deWermining WKe sensor circXiW SarameWers Wo 
acKieYe WKe reTXired sensor circXiW oXWSXW YolWage 
for a giYen alarm SoinW Kas noW Eeen well 
researcKed. 7Kerefore, WKis sWXd\ SresenWs a 
sWrXcWXred graSKical meWKod for deWermining WKe 
sensor circXiW SarameWer WKaW \ielded WKe needed 
sensor circXiW oXWSXW YolWage for WKe alarm SoinW.  

7o acKieYe WKe aim of WKis sWXd\, WKe 
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maWKemaWical model eTXaWions WKaW relaWe WKe: �i� 
sensor resisWance �ܴௌ� wiWK WKe gas concenWraWion 
 and WKe sensor resisWance aW sWandard �ݔ�
caliEraWion concenWraWion of WKe sensor Ease gas in 
WKe clean air �ܴை� and �ii� sensor circXiW oXWSXW 
YolWage � ோܸ௅�, load resisWance �ܴ௅� and sensor 
resisWance �ܴௌ� were deYeloSed. 7Ke graSKs WKaW 
relaWe WKe SarameWers WogeWKer were SloWWed Eased 
on WKese model eTXaWions. 

8sing WKese graSKs for a SarWicXlar case of 
an 04�� gas sensor Xnder WKe inflXence of /3*, 
WKe SarameWers WKaW \ielded WKe desired sensor 
circXiW oXWSXW YolWage of 29 for 1��� SSm of /3* 
alarm SoinW were deWermined. 

�� MATERIALS AND METHODS

7Ke model (TXaWions 1 and 2 were deriYed 
�$jiEo\e et al., 2�21a, E, c� Wo esWaElisK WKe 
relaWionsKiS among WKe: 

i. ܴௌ, ݔ and ܴை
ii. ோܸ௅, ܴ௅ and ܴௌ

ܴௌ ൌ ͳͲ̰ሺ௠௟௢௚భబ௫ା௟௢௚భబ௖ା௟௢௚భబோೀሻ��� ������������(T.1��

ோܸ௅ ൌ � ோಽ௏಴಴
ሺଵ଴൫೘೗೚೒భబೣశ೗೚೒భబ೎శ೗೚೒భబೃೀ൯ା�ோಽሻ

����������(T. 2��

7Kese eTXaWions were Xsed Wo SloW WKe 
graSKs Wo deWermine WKe circXiW SarameWers YalXe 
for a SarWicXlar case of an 04�� gas sensor Xnder 
WKe inflXence of /3*. 
���� DHWHUPLQDWLRQ RI RO 

7o deWermine �୓, WKe mesK SloW of )igXre 1 was 
carried oXW Xsing (TXaWion 1. 

Figure 1. Mesh plot of ܴௌ versus ݔ and ܴை for 
MQ-4 gas sensor in the ܪܥସ 

7Ke YalXe of ܴை was deWermined aW 1��� 
SSm of ܪܥସ, since ܴௌ   ܴை aW WKis concenWraWion 
and WKe YalXe of ܴௌ Xnder WKis condiWion is alwa\s 
giYen in WKe sensor daWa sKeeW �$jiEo\e et al., 

2�21a� 

���� DHWHUPLQDWLRQ RI RS LQ WKH JDs XQGHU   
LQYHsWLJDWLRQ 
7o deWermine �ୗ for WKe sensor in /3*, WKe mesK 

of )igXre 2 was SloWWed Xsing   (TXaWion 1. 

Figure 2. Mesh plot of ܴௌ versus ݔ and ܴ௢ for 
MQ-4 gas sensor in LPG 

8sing )igXre 2, WKe YalXe of ܴௌ can Ee 
deWermined for WKe giYen YersXs of � and ܴ௢. 

���� DHWHUPLQDWLRQ RI WKH sHQsRU FLUFXLW RBL 
IRU DODUP SRLQW GHWHUPLQDWLRQ RI RO  
7o deWermine WKe sensor circXiW load resisWance, 

ܴ௅ for alarm SoinW, WKe mesK SloW of )igXre 3 was 
SloWWed Xsing (TXaWion �2�. 

Figure 3. Mesh plot of ோܸ௅ versus ܴௌ and ܴ௅ for 
MQ-4 gas sensor in LPG 

8sing )igXre 3, WKe YalXe of  ܴ௅ can Ee 
deWermined for Nnown YalXes of ோܸ௅and ܴௌ. 

���� E[SHULPHQWDO sHWXS 
7Ke s\sWem was caliEraWed Xsing 

simXlaWion and emXlaWion daWa. 6imXlaWion and 
emXlaWion were acKieYed Xsing (TXaWion 3 and WKe 
e[SerimenWal seWXS of )igXre �, resSecWiYel\ 
�$jiEo\e et al., 2�21E, c�. 
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ݔ ൌ ͳͲ
ቌ
೗೚೒భబ�൬

ೃಽೇ಴಴
ೇೃಽ

షೃಽ൰ష೗೚೒భబ೎ష೗೚೒భబೃೀ
೘ ቍ

    �(T. 3� 

Figure 4. System emulation experimental setup 
�$jiEo\e et al., 2�21E, c� 

7Ke e[SerimenWal emXlaWion seWXS of 
)igXre � consisWs: 

i. a digiWal mXlWi�meWer for moniWoring WKe
sensor circXiW emXlaWed YolWage,

ii. WKe deYeloSed s\sWem,

iii. YariaEle dc Sower sXSSl\ XniW for
sXSSl\ing of WKe sensor circXiW
emXlaWed YolWage and

iY. a laSWoS 3& Wo moniWor and sWore
s\sWem oXWSXW �emXlaWed
concenWraWion�.

7o mimic WKe sensor circXiW oXWSXW YolWage, 
WKe Sower sXSSl\ was connecWed Wo WKe inSXW Sin 
of WKe microconWroller. 7Ken WKe YolWage from WKe 
Sower sXSSl\ was Yaried wiWKin 1.��� 9 and 3.��� 
9. 7Kis is EecaXse WKe e[SecWed minimXm and 
ma[imXm sensor circXiW oXWSXW YolWage range 
wKen /3* concenWraWion was in WKe range of 2�� 
Wo 1���� SSm is EeWween 1.��� and 3.��� 9. 7Ke 
s\sWem oXWSXW �emXlaWed /3* concenWraWion leYel� 
was logged inWo WKe laSWoS 3&. )inall\, WKe 
simXlaWed daWa were SloWWed againsW emXlaWed daWa 
Wo oEWain WKe s\sWem caliEraWion graSK. 

�� RESULTS AND DISCUSSION�
)rom )igXre 1, �୓������ୗ�����ʹͲ�݇ߗ  eacK 

aW caliEraWion concenWraWion of 1��� SSm for ��ସ in 
clean air �$jiEo\e et al., 2�21a�. :Ken �୓ ൌ ʹͲ�݇ߗ  
wiWK WKe sensor in  1��� SSm of /3* WKe 
corresSonding YalXe of �ୗ is ͵ Ͳ�݇ߗ as can Ee seen 
in )igXre 2. $s reYealed in )igXre 3, for a reTXired 
sensor circXiW oXWSXW YolWage YalXe of 2 9 aW an 
alarm SoinW of 1��� SSm for /3*, WKe 

corresSonding YalXe of �୐ is ʹͲ�݇ߗ.  
7Ke s\sWem caliEraWion graSK of )igXre � 

was oEWained E\ SloWWing WKe simXlaWed againsW 
emXlaWed /3* concenWraWion daWa. 

FLJXUH �� s\sWem caliEraWion cXrYe 
6ince WKe SloW \ielded a sWraigKW�line graSK, 

WKe daWa were fiWWed linearl\. 7Ke resXlWing s\sWem 
caliEraWion eTXaWion is sKown in (TXaWion �. 

ݕ  ൌ ݔ ൅ ͺǤ͸           �(T. �� 

wKere ݕ and ݔ are WKe SredicWed and emXlaWed 
/3* concenWraWion in SSm, resSecWiYel\�

�� CONCLUSIONS�
$ sWrXcWXred graSKical meWKod was 

deYeloSed for deWermining 04�series gas sensor 
circXiW SarameWers for alarm SoinWs. 7Ke meWKod 
was demonsWraWed Xsing an 04�� gas sensor and 
/3* as WKe WargeW gas. 7Ke deYeloSed meWKod is 
concise, sWraigKWforward forward, and Wime�saYing. 
7Ke meWKod is less Srone Wo anal\Wical errors since 
all WKaW is reTXired is WKe SroSer YisXal reading of 
WKe SarameWer YalXe from WKe graSK. )or a 
SarWicXlar case of e[SecWed sensor circXiW oXWSXW 
YolWage of 2 9 for alarm SoinW aW 1��� SSm of /3*, 
WKe corresSonding YalXe of �ை ��ୗ and �୐ oEWained 
were ʹͲ�݇ߗ, ͵Ͳ�݇ߗǡ and ʹͲ�݇ߗ resSecWiYel\. 8sing 
simXlaWion and emXlaWion /3* concenWraWion daWa, 
an $rdXino�Eased sWandalone gas�alarm s\sWem 
was deYeloSed and caliEraWed. 

7Ke meWKod can Ee aSSlied Wo an\ W\Se of 
04�series gas sensor Xnder WKe inflXence of iWs 
associaWed gases. 
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