
Sof tware-Hardware Co-Design Approach For 
Gas Identi f icat ion

Gas detect ion is  one of  the major  processes  that  has  to  be taken into considerat ion as  an impor tant  par t 
of  a  monitor ing system for  product ion and distr ibut ion of  gases . Gas i s  a  cr i t ica l  resource. Therefore, 
for  safety  reason, i t  i s  imperat ive  to  keep monitor ing in rea l  t ime a l l  parameters  such as  temperature, 
concentrat ion and mixture. The presented research in this  abstract  on gas  ident i f icat ion is  par t  of  an 
ongoing research project  a iming at  the development of  a  low power reconfigurable  se l f-ca l ibrated mult i-
sensing plat form for  gas  appl icat ions . 
 
Gas ident i f icat ion system can be descr ibed as  a  pattern recognit ion problem. Decis ion tree  c lass i f ier 
i s  a  widely  used c lass i f icat ion technique in data  mining due to i t s  low implementat ion complexity. 
I t  i s  a  super vised learning that  consists  in  a  success ion of  spl i ts  that  leads  to  the ident i f icat ion of 
the predefined c lasses . The decis ion tree  a lgor i thm has  been appl ied and evaluated for  the hardware 
implementat ion of  a  gas  ident i f icat ion system. 
 
The data  used for  t ra ining is  col lected from a 16-Array SnO2 gas  sensor, the sensor  array  i s  exposed to 
three t ypes  of  gases  (CO, Ethanol  and H2) at  ten di f ferent  concentrat ions  (20, 40, 60, 80, 100, 120, 140, 
160, 180 and 200ppm), the exper iment i s  repeated twice to  generate  30 patterns  for  t ra ining and another 
30 patterns  for  test ing. 
  
Training is  per formed in MATLAB. It  i s  f i rs t  done us ing the raw data , which is  the s teady states , and 
then us ing transformed data  by apply ing pr incipal  component  analys is . Table  1 shows the decis ion tree 
t ra ining resul ts . These inc lude the trees  obtained from the learning on the or iginal  data  and on di f ferent 
combinat ions of  pr incipal  components . 
 
The resul ted models  are  implemented in C and synthesised us ing V ivado High Level  Synthesis  (HLS) 
tool  for  a  quick prototyping on the heterogeneous Zynq plat form. Table  2 i l lustrates  the on-chip 
resources  usage, maximum running frequency and latency for  the implementat ion of  the tra ined decis ion 
tree  models . The use  of  V ivado HLS helped to opt imise  the hardware des ign by apply ing di f ferent 
direct ives  such as  the one that  a l low loop unrol l ing for  a  better  para l le l i sm. 
 
The best  per formance i s  obtained when the f i rs t  three pr incipal  components  were used for  the tra ining 
which resul ted in an accuracy of  90%. The hardware implementat ion i l lustrated that  a  t rade-off  i s  to 
be found between the accuracy of  the ident i f icat ion and the per formance in terms of  process ing t ime. 
I t  i s  p lanned to use  dr i f t  compensat ion techniques  to  get  more accurate  s teady states  and increase  the 
per formance of  the system. The system can be eas i l y  adapted to other  t ypes  of  gases  by exposing the new 
gas  to  the sensor  array, col lect ing the data , per forming the tra ining and final l y  implementing the model . 
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