
A Low Power Reconfigurable  Mult i-Sensing 
P latform For Gas Appl icat ion

Presence of  toxic  gases  and accidental  explos ions in gas  industr ies  have turned the researcher  to  innovate 
an e lectronic  nose system which can indicate  the nature  and the parameters  of  the gas  pass ing through 
dif ferent  vesse ls . Therefore, in  this  research we propose a  low power Radio Frequency Identi f icat ion 
(RFID) based gas  sensor  tag which can monitor  the parameters  and indicate  the type of  gas . The 
research work is  div ided in to three main par ts . The fi rs t  two par ts  cover  the des ign and analys is  of  low 
power mult i-sensors  and process ing unit , whi le  the last  par t  focuses  on a  pass ive  RFID module  which 
can provide communicat ion between the sensor  and the process ing unit , as  shown in F ig. 1 . 
In pass ive  RFID appl icat ions , power consumption is  one of  the most  prominent  parameter  because 
most  of  the power i s  har vested from the coming RF s ignal . Therefore  a  r ing-osci l lator  based low power 
temperature  sensor  i s  des igned to measure the gas  thermodynamic condit ions . The osci l lator  i s  des igned 
us ing the Thyr istor  based delay  e lement [7] , in  which the current  source present  for  temperature 
compensat ion has  been displaced to make the delay  e lement as  temperature  dependent . The proposed 
temperature  sensor  consumes 47nW power at  27 ˚C, which increases  l inear ly  with temperature. 
Moreover, a  4x4 array of  t in-oxide gas  sensor  based on convex Micro hotplates  (MHP), i s  a l so ut i l ized to 
ident i fy  the t ype of  gas . The array i s  des igned such that  each sensor  of  an array provide di f ferent  pattern 
for  the same gas . The power consumption caused by the temperature  and gas  sensor  i s  in  the order  of  few 
µW's. The pr ime advantage of  MHP can be v isual ized by the 950 ˚C annealed MHP, which exhibit  the 
thermal  ef f ic iency of  13 ˚C /mW. Moreover  i t  requires  a  dr iv ing voltage of  only  2.8V to reach 300 ˚C in 
less  than 5ms, which make i t  compatible  with power suppl ies  required by CMOS ICs.  
The gas  sensor  wi l l  provide 16 feature  points  at  a  t ime, which can resul ts  in  hardware complexity 
and throughput degradat ion of  the process ing unit . Therefore, a  pr inciple  component  analys is  (PCA) 
a lgor i thm is  implemented to reduce the number of  feature  points . Thereaf ter, a  binar y  decis ion tree 
a lgor i thm is  adopted to c lass i fy  the gases . We implemented both a lgor i thms on heterogeneous Zynq 
plat form. It  i s  obser ved that  the execut ion of  PCA on Zynq programmable  SoC is  1 .41 t imes faster  than 
the corresponding sof tware execut ion, with a  resource ut i l izat ion of  only  23% . 
F inal l y, a  pass ive  ul trahigh-frequency (UHF) RFID transponder  i s  developed for  communicat ing between 
the sensing block and process ing unit . The des igned module  i s  responsible  to  har vest  the power f rom the 
coming RF s ignal  and accomplish the power requirement of  both sensors . The des igned transponder  IC 
achieved minimum sensi t iv i t y  of  -17dBm with a  minimum operat ional  power of  2 .6µW.  
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