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Introduction: Ion Mobility Spectrometer (IMS) is a 
useful approach for trace analytes detection in gas 
phase sample matrices and it is a real time, light 
weight and no pumping required system which has 
been developed as a small, portable and stand alone 
device[1-5] for a low cost, accuracy and high speed 
approach.  Moreover, IMS is also a friendly operation 
device whether it stands alone or combining with the 
gas chromatography to make it more attractable system 
feature.   

Several portable IMS systems have developed 
for the detection of chemical warfare agents and other 
toxic entities.  Moreover, the portable IMS devices are 
also useful in other applications e.g., drugs, explosives, 
and pollutants [6-8].  

The details of the IMS system can be found in 
our earlier publications[9]. In brief, IMS is a high-
pressure time-of-flight (TOF) method based on elastic 
collisions of an ion with a buffer gas. It is advanta-
geous over the other detection methods because it can 
operate at the same pressure as the ESI resulting in no 
differential pumping when the ions go from ionizer to 
analyzer. The mobility itself is related to the size and 
shape of the ion imparting a second dimension of se-
lectivity which enables IMS to separate isomers such 
as leucine and isoleucine[10]. IMS has been demon-
strated to be very sensitive in detecting organic com-
pounds and is currently the instrument of choice for 
field detection of explosives and chemical/biological 
warfare agents[11] . 
In NASA perspective, one of the primary objectives in 
the burgeoning field of astrobiology is the in situ de-
tection and identification of organic molecules on the 
surface of Mars, Europa, and elsewhere where amino 
acids are believed to be vital to the basic functions of 
terrestrial biology [9]. 
A detailed inventory of organic molecules present on 
extraterrestrial bodies will certainly broaden our gen-
eral understanding of the solar system and may help 
elucidate questions regarding the origin of life on 
Earth and the possibility of life elsewhere in the Uni-
verse. These intriguing possibilities have prompted a 
flurry of activity in terms of investigating various 
means of performing such detection and identification. 
As such, this work is intended to further examine the 
feasibility of high resolution electrospray ionization 
ion mobility spectrometry (ESI-IMS) as a tool for in 
situ analysis of organic compounds [9,12].   

In NASA mission view point, the miniaturized, low 
power and accurate signal predictor that can be at-
tached along with IMS-MS system may pose an attrac-
tive approach to search for life in outer space.  Based 
on this argument, the advanced signal processing soft-
ware may serve as a preliminary step to ensure the 
molecular weight (MW) predictor is an effective ap-
proach.  When done, the hardware system as system-
on-a-chip can follow on to enable the optimal system 
approach for life detection of NASA mission.  The 
final benefits are low cost and robust mission.  
Neural Network Approach: Since 1990, neural net-
works have been widely used in chemistry for classifi-
cation of spectral data into chemical classes or func-
tional groups [13-15].   
At JPL, we developed a novel hardware learning algo-
rithm for neural network namely “Cascade Error Pro-
jection (CEP)[16]” which is used to serve as a tool for 
identification and classification of the chemicals. This 
approach has been demonstrated for learning conver-
gence in weight limited weigh space (hardware con-
straints) [16] and verified in hardware approach [17]. 
The CEP has also been successfully demonstrated for 
its performance for target recognition[18], color seg-
mentation[19] and prediction[17]. 

As a part of this effort, we has developed a Cas-
cade Error Projection (CEP)[16] Neural Network (NN) 
approach and a novel input feature mapping  [20] 
based on the Reimannian metric tensor related to natu-
ral gradient descent [21] to enable fast and reliable 
learning convergence for accurate prediction of re-
duced ion mobility constant based on the molecular 
structure.  

CEP is known as one of the most hardware-
friendly algorithms based on the simplicity of the ar-
chitecture, less bit resolution requirement for synapse, 
and fast convergence. Our goal is to demonstrate the 
feasibility of utilizing neural network approach to es-
tablish that ion mobility spectral data contain sufficient 
information to permit the development of a novel 
“automated identification system” applicable to 
NASA’s future in situ planetary missions. 
Application: In this study, we used the total number 
of molecule is 45 in Amino Acid and carboxilate 
group and 259 descriptors were extracted for each 
molecule.  The sub-group of 5 descriptors per each 
molecule was down-selected from the pool of descrip-
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tors.  Moreover, we randomly picked up 36 molecule 
patterns for training, 4 patterns for cross validating and 
5 patterns for testing and each pattern consists 5 de-
scriptors.  The simulationn results is shown in Figure 1 
by our approach and is shown in Figure 2 by the state 
of the art tool ADAPT developed by Pensylvania State 
University. 
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Figure 1: Simulation results including train-
ing data set (*), cross-validating data (+), and 
prediction data (o) 
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Figure 2: Simulation results of our approach 
of ADAPT from PSU including training data 
set (*), cross-validating data (+), and predic-
tion data (o) 

 
The comparison between two approach are provided in 
Table I shown below: 
Table I: Comparison between CEP by JPL and 
ADAPT by PSU 

 CEP Results ADAPT Results 
TRMSE* 0.0413 0.0614 
CRMSE**  0.0345 0.0240 

PRMSE*** 0.0448 0.0300 
Mean % TE+ 1.7523 3.0847 
Mean % CE++ 2.0497 1.1113 
Mean %PE+++ 2.4719 1.7571 

*  TRMSE: Training Root Mean Squared Error  
**  CVRMSE: Cross-validating Root Mean 

Squared Error 
***  PRMSE: Prediction Root Mean Squared Error 
+ Mean Percentage training error 
++  Mean Percentage cross validation error 
+++ Mean percentage predidction error  
 
Conclusions: It is demonstrated that the proven 
friendly hardware learning algorithm-CEP and a novel 
input feature mapping have a great potential tool to 
fulfill NASA requirements for detecting and accurately 
analyzing chemical compounds in-situ. Such an in-
strument would be able to quickly detect and accu-
rately identify organic compounds as part of an in-situ 
experiment on the surface of a planetary body such as 
Mars, Europa and Titan. In addition, it is also a poten-
tial low power, portable, high sensitivity and real time 
chemical detection device for home land security and 
military related to chemical warfare applications. 
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