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Engineering Bulletin18-002 
Interpretation of Outliers in SmartScan EMS Data Sets 

With any electronic data collection system or method, the potential exists for extreme or unusual data points (outliers) 
within a specific data set.  The source of these outliers can be due to human error (transcribing data), gaps in software 
processing algorithms, electronic network interference, network hardware and wiring failure, and other external factors. 

For users of GMP compliant systems which utilize EMS data sets to ensure compliance, this can be a challenging 
problem.  The goal of any EMS system is to provide a data record of environmental conditions (temperature, humidity, 
particle monitoring, differential pressure in the clean room space etc.), during the production process.  Ensuring the EMS 
data set is accurate and being properly interpreted can mean the difference between releasing product for sale 
versus scrapping production lots or batches which can be quite costly.  SmartScan Technologies has received inquiries 
from our clients on how best to handle these types of situations, and this Engineering Bulletin is meant to address those 
questions and to provide guidance to SmartScan users. 

1. SmartScan Data Processing:  The collection of data from the EMS sensors installed in a client’s SmartScan 
system is configurable both from the SmartScan server and the SmartScan controllers (DA-07, DA-12, 
DA-33) located throughout the system.   The SmartScan server sample rate (how often a SmartScan controller 
is polled for a data point by the Server) is adjustable from the SmartScan server, and is typically every 15 to 30 
seconds, although this can vary depending on the specific clients needs.  The SmartScan controllers (which 
collect data from the sensors and present it to the SmartScan server), has a client adjustable sample rate 
(typically 1 to 5 seconds but this can vary) and adjustable built in filtering which is adjustable by the client 
(level 1 to level 8).  Most client applications are set to use some level of software filtering at the SmartScan 
controllers to average data over a specific sample period and then transfer that data to the server (based on 
the server sample rate setting), for recording and subsequent analysis.

2. SmartScan Data at the Controller and the Server:  SmartScan Technologies recommends the client use data 
captured and logged into the server SQL database for analysis.  It is possible for the client to view data collected 
before filtering at the SmartScan controllers (using diagnostic tools), however we do not recommend this as 
this data is raw and unfiltered.  While data points collected at the SmartScan controller are useful for 
network and sensor troubleshooting, this raw data does not include any software filtering built into the 
controller.  The data collected and stored in the SmartScan server SQL data base should be used for any EMS 
analysis or reporting.

3. Use of Statistical Methods to Remove Outliers from SmartScan Data Sets:  If the client is analyzing a sensor 
data set (temperature, humidity etc.), and notices what appears to be an outlier. SmartScan Technologies 
recommends using the statistical method of Interquartile Range (IQR) analysis to determine if a data point 
or data points is an outlier in the data set.  Outliers are defined by this method as any data point below Q1 – 
1.5*IQR or above Q3 + 1.5*IQR, where Q1 is the lower quartile of the data set, Q3 is the upper quartile of the 
data set and IQR is the interquartile range (Q3-Q1).  Below is an example of how to use this statistical method to 
remove outliers from a data set.  There are also online tools, Excel templates etc. that can be purchased to do 
this automatically.
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How to determine whether a data set contains an outlier 

IQR Calculation Method: 

1. Identify the point furthest from the mean of the data.

2. Determine whether that point is further than 1.5*IQR away from the mean.

3. If so, that point is an outlier and should be eliminated from the data resulting in a new set of data.

4. Repeat steps to determine if new data set contains an outlier until dataset no longer contains outlier.

IQR: Interquartile Range is the range between the median of the upper half and the median of the lower

half of data

Example: 

Data: [ 53 55 51 50 60 52 ] we will check for outliers. 

Sorted: [ 50 51 52 53 55 60 ] where the mean is 53.5 and 60 is the furthest away (60-53.5 > 53.5-50). 

1.5 * IQR = 1.5 * (55-51) = 6 

Since 60-53.5 = 6.5 > 6, 60 is an outlier. 

New Data: [ 53 55 51 50 52 ] we will check for outliers. 

New Data Sorted: [ 50 51 52 53 55 ] where the mean is 52.2 and 55 is the furthest away. 

1.5* IQR = 1.5 * (54-50.5) = 4.5 

Since 55-52.2 = 2.8 < 4.5, 55 is NOT an outlier. 

Our original data had one outlier, which was 60. 

In Summary: 

Input (old) Data = [53 55 51 50 60 52] 

Output (new) Data = [53 55 51 50 52]  Since 60 is an outlier, it is removed 

*Note: A number may be repeated within a dataset that is an outlier. You should not remove all instances but

remove only the first instance and check the new dataset to determine whether this number is still an outlier.


