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Objectives:	
•  Define “automation” and “lab automation” 
•  “Advantages” of laboratory automation 
•  “History” of laboratory automation 
•  “Fluidic module” of sample and reagent flow 
•  Automated “equipments” in the laboratory 
•  “Core lab” 
•  “Future” technologies 



Definitions:	
•  Automation:  is the use of  ”control systems”  and  ”information 

technologies” to reduce the need for human work in the production of 
goods and services. 

•  Laboratory automation: is the use of “instrument” and “specimen 
processing equipment” to  perform clinical assay with only minimal 
involvement of the BMSs. 



Why we need automation?	



Lab automation advantages:	
•  Reduce human error 
•  Safety (Less sample handling – exposure) 
•  Decrease overall laboratory costs 
•  Improve turnaround time (TAT) by auto validation 
•  Improve quality of testing (Precision and accuracy) 
•  Increase productivity 
•  Run more tests  
•  Test in fewer sites (Save space) 
•  Operate with fewer instruments (Core labs) 
•  Retain lower operating costs 
•  Less staffs 
•  Its supports a paperless environment (E-government) 
 



Lab automation disadvantages:	

•  Security threats and quality monitoring 
•  High initial cost of equipment 
•  Displace of workers 
•  High wastage generation 
•  Updating of systems and equipments 

 





Laboratory Automation History:	
•  In the early years of clinical laboratory science--the 1920s, 

1930s, and 1940s tests and assays were performed manually 

•  Evolution of clinical laboratory automation began in the 
late 1950s with the development of “flame photometry” 
and “peripheral blood cell” analysis 

•  First fully automated in clinical laboratory implement in 
Kochi Medical School by Masahide Sasaki (Automation 
Pioneer ). --Modular system 



Laboratory Automation History:	
•  the Coulter Counter in 1957 revolutionized the counting 

of a variety of peripheral blood cells, including red blood 
cells and leukocytes 



First Auto-analyzer:	
•  Technicon Autoanalyzer system - Peristaltic Pump Module 
 
•  Auto Analyzer is an automated analyzer using a special flow 

technique named "continuous flow analysis (CFA)" first made 
by the Technicon Corporation.  

•  The instrument was invented 1957 by Leonard S., PhD and 
commercialized by Jack Whitehead's Technicon Corporation.  

•  The first applications were for clinical analysis, but methods 
for industrial analysis soon followed.  

 



First Auto-analyzer:	



Multiple automatic sequential analysis:	
•  The first multichannel analyzer to perform eight 

determinations simultaneously is described 

•  The analyzer records directly on calibrated paper, 
providing an “immediately usable form” 

•  One operator can perform 960 individual tests per day, 
equal to the output expected per person in a month with 
manual techniques 



A multichannel continuous flow analyzer:	
•  Multichannel analyzers allow 10 simultaneous 

determinations on 1 mL of serum at a rate of 60 
specimens per hour 



Robotic Sample Transport:	
gantry robot 	

The SCARA (Selective Compliance Assembly Robot Arm) 	



Fluidic (Sample & Reagent Flow):	
•  Continuous Flow Analyzer (CFA): 

o  Sample is injected into a flowing carrier solution passing directly into small tubing 
containing reagents 

o  Tubing flow of reagents and patients samples 
o  Air bubbles are possible 
 

•  Flow Injection Analyzer (FIA): 
o  Centrifuge or pump forces to mix sample and reagents 
o  Sample is injected with flowing carrier solution that is mixed with reagents before 

reaching the detector 

•  Discrete Analyzer (DA): 
o  The instrument performs tests on samples that are kept on discrete cuvettes 
o  Separate testing cuvettes for each test and sample 
o  Random and/or irregular access 



Continuous Flow Analyzer (CFA):	
•  In CFA: 
 

o Samples were aspirated into tubing and introduced 
into a sample holder 

o Samples are divided by air bubbles  
o Then reagent is added, combine mixture is then 

transported into a mixing coil 
o A chemical reaction occurred,  
o Then the system pump the chromogenic solution 

into a flow-through cuvette for test analysis. 



Components of CFA:	
•  CFA generally consist of different modules: 
 
1.  Sampler 
2.  Pump 
3.  Mixing coil 
4.  Dialysis 
5.  Distillation 
6.  Heater 
7.  Detector 
8.  Data generator (PC) 



Continuous Flow Analyzer (CFA):	

•  Most CFA, depends on color reactions using flow 
through photometer 

 
•  CFA technique develop into wide principles like: 
1.  ISE 
2.  Flame photometry 
3.  Fluorometry 
 



Continuous Flow Analyzer:	



� CFA is also used in some spectrophotometric  
instruments in which the chemical reaction 
occurs in one reaction channel and then is 
rinsed out and reused for the next sample, 
which may be an entirely different chemical 
reaction. 

� An essential principle of the system is the 
introduction of air bubbles. 

Continuous Flow Analyzer (CFA):	

•  3rd generation CFA, can perform 90 
samples per hour. 



Flow Injection Analyzer (FIA):	
•  FIA was introduced in 1975 by Ruzicka & Hansen. 
•  The auto analyzer technique invented by Skeggs in 

early 1950s. 
•  FIA systems separate each sample from subsequent 

sample with a carrier reagent. 
•  In all FIA, sample and reagent are merged to form a 

concentration gradient that yields analysis results. 
•  FIA can be used for fast and slow reactions 
•  Assays which utilize FIA techniques are e.g. (nitrite, 

nitrate, ammonia and phosphate) 
•  FIA can perform about 60-120 samples per hour 
•  FIA methods are limited by time amount necessary 

to obtain measurable signals 



Flow Injection Analyzer (FIA):	
•  FIA disadvantages are: 
 
1.  Increasing the reagent consumption 
2.  Cost of analysis 

•  Sequential Injection Analysis is 2nd generation of FIA 

•  FIA assay been utilize in many environmental, water, 
biochemical, and biotechnological analysis science 



Flow Injection Analyzer (FIA):	
•  Injecting a plug of sample into a flowing carrier stream 
 
•  FIA is very similar to segmented flow analysis (SFA) 
 
•  Here, no air is injected into sample or reagent stream 
 
•  Over past 30 yrs. FIA technique develop into wide principles like: 
 

1.  Spectrophotometry  
2.  Fluorescence spectroscopy 
3.  Atomic absorption spectroscopy 
4.  Mass spectrometry 



Discrete Analysis (DA):	
� DA is the separation of each sample and reagents 

in a separate container. 
 
� DA have the capability of running multiple tests on 

one sample at a time or multiple samples one test 
at a time. 

� They are the most popular and versatile analyzers 
and have almost completely replaced continuous-
flow and centrifugal analyzers. 





Automation Equipment's in Labs:	

•  Hardware: 
•  Sample barcode labeling and identification units 

o  Barcode readers 
o  Barcode printers 
o  Printers & scanners 

•  Pneumatic systems 
•  Centrifugation (Vertex, mixtures, heaters... Etc.) 
•  POCT kits and analyzer 
 
•  Software: 
•  Hospital Information System (HIS); Labtrack/Trackcare© 
•  Laboratory Information system (LIS) 
•  Reagent management system (RMS) 



Pre-analytical Automation:	



Sample storage:	



Core lab:	



Core lab:	
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Mobile Robotic Lab: 



Nano automation:	
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	Self-Directed Health Care:	

Health Intervention 

Smart House Monitoring 

Data Interpretation 

Early Warning of Disease Onset 

Genomic Screen for Chronic Disease 

Personal Health Improvement 

Proteomic Assessment 



Conclusion:	
•  Automation of the main chemistry analyzers, 

including immunoassay and linking them 
together with pre-analytical and post-analytical 
automation to give total laboratory automation 
has given predictability to result availability. 


